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CURRICULUM VITAE

John T. Phillips
Registered Geologlst Certified Engineering Geologist .« Attorney
P.O.Box 893 . Ukiah, CA 95482
707-459-2959

‘SUMMARY

Currently [ maintain active membership in the California Bar, and provide legal assistance as an Attorney,
on a contract basis, on land use issues. As a licensed geologist, I have conducted countless technical
investigations and developed the requisite hazards mitigation and project development design criteria.
‘Generally my technical services are directed toward regulatory compliance matters, ‘assisting clients with
local, State, and Federal permit acquisition, and assistance in administrative law proceedings. My
professional experience is directly applicable to many legal issues relative to land use and/or environmental
law. My experience includes over 3 years minerals and energy exploration, 9 years as a Senior Geologist
and Project Manager for several prominent consulting engineering firms, and for the last 8 years prowdmg a
‘broad spectrum of geologic consultation for numerous clients.

My experience inciudes detailed, site-specific geologic mapping, regional bedrock and structural mapping,
mapping of surface geologic' deposits, geologic stdies for mineral resource management, energy
exploration and production, and geotechnical design. Those studies include landslide identification, rock
slope stability evaluation, tunne) support demands, dam foundations, active fault studies, seismic hazards
assessment, and ground water, aggregate resources assessment, and permit acquisition for major subdivision
development. Typically I perform as Project Manager and supervise technical and support personnel.
Necessarily, 1 maintain certifications from EPA approved Health & Safety courses to access contaminated
or hazardous waste sites, and to perform investigations of hazardous discharge as required by 29 CFR
1910.120.

Presently, I am providing technical design and remediation to mitigate several active landslides that threaten
residential development. Subsequent to a recent site evaluation, I provided litigation support and expert
witness testimony at trial in regard to the risk associated with an active landslide. Additionally, I provided
conceptual design recommendations for a retaining wall structure for landslide mitigation, and provided
cost estimates for slope stabilization. Recently, I completed several consulting projects, inciuding a site-
specific investigation of the Talmage segment of the zoned Maacama fault in Mendocino County. Through
detailed subsurface trenching, I was able to locate the fault and determine, with a high degree of confidence,
that the fauit is "active” within the definition established by the Alquist-Priolo Act.

PROFESSIONAL EXPERIENCE

1989 - Present  Independent CONSULTING GEOLOGIST: Western States.  Consulfation on geology,
geotechnical, and environmental matters. Advise clients on project development related geologic
hazards, including iandslides, faults, ground water resources, and regulatory and environmental
compliance issues. Conduct investigations of hazardons waste discharge.

1997 - 1998 ATTORNEY: Rawles, Hinkle, Carter, Behnke & Oglesby; Ukiah, Cali ﬁ:mm. Provide legal
assistance in land use matters on a contract basis.

1992 - 1994 FORENSIC CONSULTING EXPERT: Garrett Engineers, Inc.; San Francisco, Cah‘ ornia.
Provide site investigation and hazard evaluation for foundation risk due to geologic and/for soils
problems. Provide expert documentation for litigation and insurance claims disputes.
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HARDING LAWSON & ASSOCIATES, Novato Caljfornia. Senior Geologist & Project Manager.
Provide extensive technical support and project management services for detailed geologic site
investigations for project development, facilities design, hazards mitigation and permit acquisition.
Provide design recommendations for large-scale power. installations, co-generation power plant
development, injection well design, open-pit mine site development, and coastline development.
Conducted numerous rock slope evaluations for highway design, mine development and tunnel
excavation, and related tunnel support demands. Additionally, performed numerous investigations
for commercial/residential subdivisions, providing foundation design, surface and subsurface
drainage recommendations, road alignment design, and landslide repair programs. My duties
included the implementation of studies for mine waste classification end discharge, and site
characterization of solid waste landfill projects. Maintained certifications for access to hazardous

sites and investigated contaminated ground water.

INDEPENDENT CONSULTING GEOLOGIST, Santa Rosa, California. Provided geologic con-
sultation setvices for geothermal development and production. Conducted landslide investigations
and performed field studies for the design and construction of a large-scale hydroelectric develop-
ment in the central Sierra Nevada Mountains. ‘

COOPER & CLARK, Novato, California. Senilor Geologist. Geologic investigations for geo-
thermal development, including well site design and landslide investigations. Geologic studies for
residential subdivisions, including landslide repairs, ground water issues, roadway alignments, and
foundation recommendations. Additionally, provided extensive geologic and environmental
studies for project feasibility and permitting. All studies included earthquake hazards evaluation
and seismic design. '

THERMOGENICS, INC., Santa Rosa, California. Senior Geologist. Performed geologic explora-
tion for hydrothermal resources and conducted extensive geotechnical support for the placement of
drilling sites on hiliside terrain. Provided technical support in the design and placement of drilling
fluid containment facilities (hazardous waste ponds).

GEOTHERMAL SERVICES, INC., San Diego, California. Project Geologist. Conducted geo-
thermal exploration; geophysical surveys, down-hole surveys, temperature surveys and heat-flow
analysis on numerous Geothermal Resources Areas in all of the western United States.

CREDENTIALS

EDUCATION

ATTORNEY AT LAW, SBN 181803, admitted to the California Bar, March, 1996

REGISTERED GEOLOGIST, RG 3718, California {since 1982)

G851, Oregon (since 1982)
18434, Arizona (since 1985)
CERTIFIED ENGINEERING GEOLOGIST, EG 1482, California (sinée 1990)
E 851, Oregon (since 1990)
Juris Doctor (JD) Empire College School of Law, 1993
Bachelor of Science (BS), Geology San Diego State University, 1975

Associate of Arts (AA), Physical Science Pasadena City College, 1973
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ADDENDUM: Represemative Projects

® New Irrigation Dam, Potter Valley, California. Conducted geologic mapping and field
investigation for the design and construction of a 25 foot high, earthfill dam embankment and
associated reservoir. Supervised the excavation of several soil test pits and numerous test soil
borings and logged the material encountered. Performed data analysis and made alternative
foundation recommendations based on adverse soil/geclogic parameters.

® Mine Reclamation, Lake County, California. Completed a rock mechanics evaluation for a
proposed 180 foot high cut slope to be excavated at a slope ratio of 1 foot horizontal to 1 foot
vertical for an open-pit, hard rock quarry site. My conclusions and recommendations were
part of the permit application and mine reclamation plan mandated for surface mining
practice under California Public Resources Code Section 2700 et seq.

¢ Expert Witness, Laytonville, Mendocino County, California.  Performed geologic
reconnaissance and siope stability evaluation of an improperly designed and constructed
hillside excavation. Provided testimony for plaintiff at trial; settled for plaintiff.

» Expert Witness, Ukiak, Mendocino County, California. Performed geologic investigation
and subsurface data acquisition of a large earthfill slope placed over a naturally occurring,
active landslide. Provided expert consultation for defendant; case settled.

¢ Expert Witness, Gualala, Mendocino County, California. Performed  geologic
reconnaissance and data evaluation for an ocean bluff residence subject to landsliding.
Provided expert witness support for defendant; case pending.

® Ground Water Investigations, Redwood Valley, Anderson Valley, Robertson Creek, and
Tomki Rd., Mendocino County, California. Conducted stereoscopic analysis of selected
aerial photographs and geologic reconnaissance of moutain property underlain by Franciscan
bedrock for siting drill locations for residential use water wells. Production results were
successful for each site and pump tests indicated flow rates from 5 to 35 gallons per minuet at
respective sites. Several of these sites were previously drilled by others who were
unsuccessful.

e  Landfil! Investigation, Puente Hills Landfill, Los Angeles County, California. Supervising
Geologist for Environ Corp.’s hydrogeologic investigation along subsurface groundwater
barriers at the Class HI disposal site, in accordance with the Waste Discharge Requirements
(WDR) issued by the Regional Water Quality Control Board (RWQCB), Los Angeles Region.

® Landslide Evaluation, Ukiah, California. Performed geologic reconnaissance necessary to
identify an “active” landslide. Provided mitigation recommendations to minimize damage to
an existing residential structure.

®  Fault Study, Willits, California. Conducted geologic mapping and analysis of a proposed
development site along a portion of the zoned Maacama earthquake fault near Willits.
Provided recommendations for minor subdivision and residential development.

® Fault Study and Preliminary Geotechnical Evaluation, West Fork Subdivision, Ukiah,
Califonia. Conducted geologic mapping and performed detailed subsurface investigation of
a proposed major residential subdivision. Developed cross-section and subsurface trench
profiles depicting soils and bedrock conditions along a portion of the “zoned” Maacama fault
near Ukiah. Presented design level seismic criteria, construction setbacks from the active
fault, and presented preliminary foundation design parameters. Presented expert iestimony
for permit acquisition at Planning hearing and for the Board of Supervisors hearing. This
report withstood extensive scrunity by peer review and by review of the State Division of
Mines and Geology

® Fault Study, Konocti Bay, Lake County, California. Performed detailed site evalvation
along a portion of the Konocti Bay Special Studies Zone. Conducted subsurface trenching
and geologic mapping. Provided residential development setback zone and seismic design
criteria. _ '

& Towsely Canyon Landfill, Los Angeles County, California. Supervising Geologist for the
investigation phase for a major proposed landfill site. Conducted geologic evaluation and
supervised field crew and subsurface drilling operations, water sampling, ground water
monitoring, and data collection.
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ADDENDUM: Representative Projects

Palos Verdes Landfill, Los Angeles County, Califomia. Supervising - Geologist for the
investigation phase of a solid waste landfill closure program. Conducted geologic evaluation,
water sampling, ground water monitoring, and subsurface data collection. Managed field
crew and drilling operator for a Class I landfill. Implemented the field work, which required
level B/C safety equipment to protect field personnel from potential contamination.
Louisiana-Pacific Lumber Mill, Cloverdale, California. Served as Project Manager to
investigate subsurface for predesign of a ground water clean-up of a wood preserving facility.
Included scismic refraction, geologic mapping, drilling and sampling, and in sitx bedrock
permeability test.

Texas Hill Mine, Mariposa, California. Geotechnical evaluation of existing gold heap leach
pads at the Mt Gaines Mine. Performed slope stability analysis of several unstable mine
tailings heaps that contained over 150,000 cubic yards of cyanide saturated unconsolidated
soil. Provided remedial slope repair recommendations to protect adjacent streams from
discharge of cyanide soit and pond fluid,

French Creek Hydroelectric Project, Feather River, Sierra Range, California. Project
Manager for detatled geotechnical investigation and design of a diversion dam, low-flow
water transmission tunnel, penstock, and power plant site.

Waste Classification, Blue Moon Mine, Mariposa County, California. Conducted and
managed all aspects of the mine waste classification under local, state, and federal regulations
for the discharge of mining waste and tailings onto land. Project included surface
installations and underground excavations in the volcanogenic, massive sulfide beit along the
Melones fault. Study results were part of the application for operation permits, waste
discharge permits, and NPDES permits.

Spill Prevention and Containment Plan, Geysers, Northern California. Provided technical
evaluation of facilities design and installation as per CFR 40, Section 112 for the Santa Fe
Geothermal Power Plant (in association with RES environmental services, Santa Rosa, CA))
New Castle Hot Springs Road, New Waddell Dam, Central Arizona Project, Arizona.
Conducted site-specific, engineering geologic mapping program and drilling, as well as
pump-in water pressure testing study for the planned expansion on an existing dam and
associated facilities.

Foothill Oaks Subdivision, Windsor, California. Lead Geologist for geotechnical studies for
the design and development of a major subdivision, including fault studies, soils
investigations, detailed geology and geophysical studies.

La Porte Channel Gold Mine, Sierra Range, California. Conducted placer gold exploration

.and mine site evaluation of ground water conditions for an open-pit gold production mine.

Designed and implemented detailed drilling and sampling program for ore reserve production
and mine reclamation. '

Austin Gold Venture Mine, Austin, Nevada. Conducted engineering geology and geologic
hazards studies for the gold mine development and permitting.

Klamath National Forest, Northern California. Project Manager for geologic resources and
hazards investigation. Assessed slope stability, performed geomorphic mapping and
interpreted photogeologic data of a 64 square mile portion of the National Forest.

Sherwin Bowl Ski Area, Mammoth Lakes, California. Prepared al} geology related technical
sections of the Environmental Impact Statement for the proposed new ski area. The project
included the assessment of site and regional geology, soils, avalanche and geology hazards,
ground water, and economic geology.

State Lamnds Parcels No. 7, 8, & 9, The Geysers, Northern California. Performed

environmental geologic assessment and landslide/bedrock mapping for geologic hazards
section of the Environmental Impact Report.
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ADDENDUM: Representative Projects

The Geysers Known Geothermal Resources Area, The ‘Geysers, California. Project
Geologist for the exploration, development, and production of geothermal resources for a
major operator (PG&E Unit 15), southeast Geysers, Sonoma and Lake Counties. Performed
large-scale, detailed bedrock mapping and structural mapping of most of the resource area.
Additional. responsibilities included Geologist-in-Charge of drilling several 10,000-foot
production wells. - :
Warm Springs Dam, Sonoma County, California. Staff geologist working under the Army
Corp of Engineers responsible for geologic mapping of the core foundation of the dam and
discharge tunnel facilities. :

Rock Creek No. 2 Hydroélectric Project, Feather River Canyon, Sierra Range, California.

Conducted detailed geotechnical investi gation of proposed dam site and power plant location,

including low-flow tunnel and penstock alignment. Conceived design recommendations for
dam foundation, tunrel and rock wall excavation, tunnel support and lining requirements, and
rock-bolt program for fractured rock. Analyzed and evaluated geologic and rock properties
data. ‘ '

Pinetree Project, Mariposa County, Califomia. Project manager for the design and
implementation of various investigative assignments for the planned development of a
3,200-acre, 240 million-ton, open-pit gold mine. Assignments ranged from conducting
detailed engineering geologic mapping and geomorphic analysis to performing geochemical
studies for mine waste classification. Provided technical support nmecessary to design
subsurface investigation for acquisition of oriented rock core for rock mechanics analysis and
conduct analysis to provide opinions regarding potential slope stability of proposed 1000-feet
deep open-pit gold mine. : '
Water Resource, Potter Valley, California. Conducted stereoscopic acrial photograph
analysis and geologic reconnaissance 1o ascertain structural and lithologic conditions to make
a determination as to the likelihood of encountering ground water at this remote hillside
property. Site is underlain by alternating deposits of sandstone and shale of Great Valley
sequence (miogeosynclinal facies).

Bull Creek Flat Landslide, Humboldt County, California.  Conducted geolagic
reconnaissance of a large, complex slump block and debris flow landsiide that shows
evidence of ancient, historic, and recent movement. '
Wild Horse Quarry, Femdale, Humboldt County, California. Conducted geologic
reconnaissance and slope stability evaluation of an abandoned sand quarry and provided mine
reclamation recommendations for mine closure.

Big Nickel Ranch, Bakersfield, Kem County, California. Conducted detailed surface and
subsurface geologic investigation for the design and construction of a 25 foot high concrete,
gravity dam and hydro-power generating plant on the Kern River. The dam facilities were
utilized as a diversion structure for collection of tiver flow to supply hydrolic power to
generate 10 mega Watts of power. Performed the supervision of field crew and drilling
operation, and assisted on the geophysical investigation. Studies included technical analysis
and development of design criteria. Site was subject to active faulting.




Testimony of John T. Phillips

SUMMARY STATEMENT

This testimony provides a brief discussion of the significance of the Franciscan formation
with regard to its:

1. potential as awater-bearing formation,

2. potential to support production water wells, and

3. potential to provide a natural source for base flowsin river systems.
The short answers to these questions are:

1. Portions of the Franciscan bedrock can contain locally highly significant water-bearing strata
and thus, can be classified as aquifers.
2. Countless producing water wells exist within the Franciscan formation.
3. Streams and rivers that drain through Franciscan terrain acquire their late summer base flows
from discharges of ground water from adjacent bedrock aquifers.

These opinions are based on my professiona knowledge of geology, my extensive
professional experience with the Franciscan formation, my extensive supervision of drilled wells,
my evaluation of bedrock source spring discharges, and my deep hole hydrothermal exploration

and production background.

INTRODUCTION

My curriculum vitae (exhibit NGWC-1) accurately and correctly describes my

educational background, professiona experience, and my professional license and registration
data. The information presented below is based on my geologic expertise. My education and
experience as an attorney are not pertinent to this testimony.

The principal gquestions addressed in this testimony concern the physical capacity of the
Franciscan formation to collect, store, and discharge ground water. Fundamentally, the question
iswhether Franciscan formation geologic units can be classified as aquifers. It is my

opinion that, locally, geologic units within the Franciscan formation can be classified as aquifers.
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The following discussion first addresses my background and professional experience with
individual rock units within the Franciscan formation, as well as the overall formation. Next, a
brief discussion of the nature of the Franciscan formation is presented. My opinions regarding
ground water, water well production capacity, and stream base flow then are presented. Limited
water well pump test data (performed by others based on my recommendations) also are
presented as Table 1, Table 2, and Table 3. An illustration showing the relative lateral extent of
the Franciscan formation is attached as Figure 1. Figure 1 also shows the approximate locations
of many producing water wells that have been drilled based on my recommendations. The small
cross marks in Figure 1 indicate producing water wells. The larger cross marks with circles
indicate water wells that have the potential to produce more than 50 gallons of water per minute.
Each of these water wells were drilled into, and are producing water solely from bedrock units of

the Franciscan formation.

PROFESSIONAL EXPERIENCE - FRANCISCAN FORMATION
As a professional Registered Geologist and Certified Engineering Geologist, | have had

the unique opportunity to perform extensive exploration and study of the Franciscan formation.
In 1977 and 1978, | performed geologic exploration within the Geysers Geothermal Resource
Area, which is situated within the Franciscan formation, approximately 20 miles southeast of
Hopland, California. In that program, | supervised the drilling of countless intermediate depth
bore holes into Franciscan bedrock. Subsequently, | performed detailed geologic evaluations of
the materials encountered within each boring. The results of my investigation were instrumental
in decisions to submit lease applications and future energy production.

My next assignment was with a geothermal operator and energy producer. My technical
duties ranged from working on energy production and development concerns to providing
technical input for exploration for additional geothermal resources within the Geysers. Of
specific concern to geothermal production is the permeability and porosity of the Franciscan

formation. This is because steam production is a function of naturally occurring very high
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temperatures and ground water movement. For this reason, there are many similarities between a
shallow ground water aquifer in the Franciscan formation and a producing steam well. Although,
steam production is likely to be encountered from 8,000 to 12,000 feet deep while producing
ground water wells generally are less than 1,000 feet deep. During that period of my career, |
personally mapped tens of square miles of Franciscan terrain at map scales of one inch equals
500 feet, or one inch equals 1,000 feet. That scale of mapping alows for a very detailed
evaluation of the geology. To produce those maps, | traversed the ground, as opposed to relying
solely on aeria photographs. The goal of my study of the Franciscan formation was to produce
an understanding of its very deep subsurface conditions. That experience was invaluable in the
development of my current understanding of the Franciscan formation.

After my work for the geothermal operator, | had the opportunity under the auspices of
the U.S. Army Corps of Engineers to be part of a select team of geologists who mapped the core
bedrock foundation of Warm Springs Dam, which is located approximately 10 miles northwest
of Healdsburg, California. Mapping of that foundation was performed at a scale of one inch
equals five feet. Warm Springs Dam is situated in Sonoma County within the Franciscan
formation.

Next, | was associated with geotechnical engineering firms. The geologic tasks that |
performed related to the detailed evaluation of rock strengths, physical properties, landslides, and
other related geologic hazards that occur within Franciscan geology. During the early 1980's, |
performed countless site-specific, detailed geologic evaluations for geothermal well sites in the
Franciscan formation. Those studies formed the technical basis for the placement of deep hole
drilling platforms and hazardous waste containment facilities throughout the Geysers hillside
terrain. Additionaly, | personaly mapped large tracts of Franciscan geology and produced the
geologic hazards portions of numerous environmental impact reports (EIR) for Geysers steam
field and power plant development and permitting.

Through the late 1980's, | continued to work on geologic problems within the Franciscan

formation. Typically, those geologic issues related to civil engineering concerns. My projects
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included road construction, large excavation and fill placement, hillside drainage, landslide
identification and mitigation, and subdivision development and permitting. Additionaly, | have
personal geologic experience with timber harvest engineering related issues, including landslides,
road construction, drainage, and erosion mitigation.

Since the late 1980's, | have repeatedly been asked to locate new ground water well sites
for people who, before consulting with me, were unsuccessful in finding ground water within the
Franciscan formation. Through the years, my geologic experience and extensive investigation of
the Franciscan formation has proven invaluable in my exploration for ground water. My deep
hole geothermal background, coupled with my very detailed near-surface engineering geology
experience, has aided my success in finding ground water in the complex geologic features found
in the Franciscan terrain. My estimate is that | have been successful in finding usable ground
water in the Franciscan formation in more than 80% of the wells that | have recommended
drilling. That success rate provides evidence of the fact that individual geologic units within the

Franciscan formation contain usable ground water and are, therefore, aquifers.

FRANCISCAN FORMATION

The Franciscan formation is a structurally complex, yet mappable assemblage of

sandstone, shale, altered volcanic rocks, chert, and minor percentages of high grade metamorphic
rocks and limestone. Thisis a generalized description, modified from the California Division of
Mines and Geology (CDMG), Bulletin 183, authored by E. H. Bailey, et a, 1964. From that
publication, geologists consider that the bulk (90%) of the Franciscan is composed of clastic
sedimentary rocks. Sandstone comprises the majority of the sedimentary rocks. The Franciscan
sandstone (commonly called "graywacke", based on an older classification of sedimentary rocks)
may have atotal volume of over 350,000 cubic miles. This sandstone is composed of small (sand
size) grains of other rock, with the spaces between the grains of sand filled with silts and clays.
Because the spaces between the grains of sand are filled with fine materials, the rock essentially

possesses no primary permeability.
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Commonly, the Franciscan sandstone is interbedded with shale. This shale is composed
of very fine-grained silts and clays. Because of its fine grained texture, the shale has no primary
permeability (permeability is discussed below). Additionaly, the Franciscan formation contains
a mappable geologic unit referred to as melange. The melange is typically a mixture of any rock
type of the Franciscan formation. Individual rock inclusions are separated by a matrix of highly
deformed and sheared shale-like material. The occurrence of the included rock bodies is random
and chaotic in nature. The melange typically has neither primary nor secondary permeability.

The altered volcanic rocks, cherts, and remaining units of the Franciscan formation are
typically less significant and are not included in this discussion. They can, however, form local
bedrock aquifers or permeable conduits for the movement of ground water. The Franciscan
formation is highly susceptible to landslides. Water contained within a landslide mass can be
significant. Those types of geologic features are not discussed here.

Porosity is defined as the voids or open spaces within a rock unit that can be filled with
water. Permeability is based on the interconnections of void spaces and indicates a geologic
unit's ability to transmit water. Porosity and permeability are critical physical properties that
affect a geologic unit's potential to collect, store, and transmit ground water. The State of
California Department of Water Resources (CDWR), Bulletin 74-81, published in 1981, defines
an aquifer as "a geologic formation, group of formations or part of a formation that is water
bearing and which transmits water in sufficient quantity to supply springs and pumping wells."

It is not uncommon for people to consider that the geologic units contained within the
Franciscan formation are non-water bearing. This type of determination may be based on the
physical nature of the sandstone, shale, and melange, and the abundance of fine grained silt and
clay within these units. An abundance of fine grained material could preclude porosity and,
therefore, limit the permeability of the unit. The void spaces between the sand grains within the
sandstone are filled with silts and clays. The shale displays no potential for void spaces and,
therefore, generaly is impermeable. Although it may have isolated void spaces, the melange
usually does not display any permeability. That is to say, what void spaces in the melange do
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exist are unlikely to communicate with adjacent void spaces and, therefore, water cannot be
transmitted through this unit.

Ground water, however, can occur through any void space that may be contained within a
rock unit. In particular, the Franciscan possesses other physical properties that alow for
extensive "secondary” permeability. The Franciscan sandstone units are often very hard, very
strong, and brittle. These physical properties, coupled with the extensive faulting and mountain
building processes that are associated with the development of the Coast Ranges of mountains,
result in the Franciscan sandstone being highly fractured. Because the fractured rock is hard and
strong, the included fractures can stay open at depth, resulting in a secondary porosity. Where
fractures communicate or connect within the sandstone unit, that unit will possess secondary
permeability. As such, fractured sandstone aquifers are actually quite common within the
Franciscan formation.

Fractured sandstone is a primary geologic target for the identification of potentia ground
water resources and water well sites. Needless to say, the complexity of the Franciscan
formation presents a difficult task to correctly identify a potential ground water resource.
Attempts to drill a water well within the Franciscan formation that are based on a superficial
understanding of the geologic conditions are unlikely to be successful. Consequently, countless

dry holes are encountered when drilled into Franciscan rock.

AQUIFER PRODUCTION CAPACITY /WATER WELL DATA
The California Department of Water Resources, Bulletin 118, dated 1975, states that, "In

much of the upland areas of the State, fractures and other spaces in harder rock formations yield
small quantities of water . . ." The CDWR report further states that, "Advice of a geologist can
greatly decrease the probability of drilling adry hole in search of water in these rock formations.”

These CDWR statements apply directly to the Franciscan formation. Specifically, with
proper geologic investigations, wells can be located in the Franciscan formation and produce

large quantities of water. Faulted and/or highly fractured sandstone beds can display very high
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porosity and permeability, and these physical properties can allow production of several hundred
gallons of water per minute from adrilled well in the Franciscan formation.

The attached Figure 1 shows the locations of producing water wells that have been drilled
in the Franciscan formation based on my recommendations. Several of those wells can produce
pumping rates in excess of 50 gallons per minute. Driller pumping estimates of some of those
wells exceed 400 gallons per minute. Figure 1 also shows the lateral extent of the Franciscan
formation. The base map and geologic data presented in Figure 1 are based on the CDMG,
Bulletin 183. The locations of the water wells shown in Figure 1 are based on my personal
geologic studies. These wells appear to be randomly spaced and their locations are not limited by
geologic factors. The identified production water wells locations only represent property sites
that | have been asked to explore and where | have located sites for production wells. Needless
to say, there are numerous producing water wells throughout the Franciscan terrain that have
been located by others, and are not shown on Figure 1.

Attached as Tables 1, 2, and 3 are several water well pump test records for wells in the
Franciscan formation. These attached well test records were provided by Weeks Drilling and
Pump of Ukiah, California (to protect individual property rights, the specific locations of each of
these water wells are not presented).

Table 1 presents pump test data for awater well drilled in Franciscan rock near Covelo, in
Mendocino County. That test was run for approximately 16 hours. Based on project logistics
and engineering concerns, it was predetermined that a pump rate of 50 gallons per minute (gpm)
would be tested. By the end of the pump test, the water level in the well had dropped about 14
feet (drawdown). This pump test was performed in July, 1999.

Table 2 presents pump test data for a water well drilled in Franciscan rock near
Cloverdale, in Sonoma County. That test was run for approximately 6 hours and performed in a
manner to determine the individual well capacity. The initia pump rate exceeded 200 gpm, and
resulted in significant drawdown. Ultimately, a pump rate of 100 gpm was tested. After several
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hours of pumping at 100 gpm, the test was concluded with "Full Recovery" to the static water
elevation within 15 minutes. Thistest was performed in February, 2000.

Table 3 presents pump test data for a water well drilled in Franciscan rock near
Laytonville, in Mendocino County. That pump test was run for approximately 14 hours;
pumping rates exceeded 500 gpm. After the pump was shut off, the ground water elevations
within the well recovered about 33 feet within 15 minutes. These data indicate that this well can
produce several hundreds of gallons of water per minute. This test was performed in August,
2001.

The pump test data discussed above document the fact that the Franciscan formation

contains aquifers that can produce significant amounts of ground water.

SPRING DISCHARGE / BASE FLOW
Although vast areas of the Coast Ranges are underlain by shale and melange, locally

faulted and/or fractured Franciscan sandstone units also are present. It is my opinion that the
ground water contained within the secondary permeable sections of these fault structures and
fractured sandstone units migrates over time. Cyclical and seasonal rainfall infiltrates the fault
structures and fractured rock units, thus recharging the aquifers. Under the influence of gravity,
the stored ground water moves down gradient and accumulates as a localized aquifer. On
hillside terrain, it is not uncommon for ground water to interface with an exposed slope surface.
Naturally occurring springs develop where ground water drains from a hillside aquifer. It has
been my experience that the Franciscan formation produces long-term, year round "bedrock™
source springs. Springs of this nature predictably occur at the same locations for decades,
centuries, and likely for millennia. Spring discharge rates can be very high; | have observed sets
of springs that have a documented discharge in excess of 600 gallons per minute emanating from
fractured Franciscan sandstone. It is my opinion that these long-term, large production bedrock
springs play a significant role in maintaining the late summer base flows found in many streams

and rivers. Even in the absence of observable spring discharges, ground water contained within



John T. Phillips
North Gualala Water Company

hillside terrain of the Franciscan formation can drain down gradient and provide base flow

recharge to adjacent river systems.

CONCLUSION

Based on my extensive geologic experience working within the Franciscan formation, it

is my opinion that locally, individual units within the Franciscan formation can be significant
ground water aquifers. Based on careful observation and adequate knowledge of specific rock
types, ground water agquifers can be predictably found within the Franciscan formation. Those
aquifers can be utilized by drilled water wells. Additionally, naturally occurring spring
discharges and ground water drainages through fractured rock from Franciscan units support base
flows in adjacent river systems.

| am currently conducting a detailed, site-specific, geologic evaluation of the area
adjacent to the Elk Prairie water wells. At thistime, | have completed a bedrock geologic map of
a 5 sguare mile area that includes Elk Prairie, and portions of the North Fork and Little North
Fork Gualala Rivers.

During the course of this study, | have identified geologic features that are pertinent to
this testimony. Specificaly, there are several springs adjacent to Elk Prairie that add to and
support the base flows of both the North Fork and Little North Fork Gualala Rivers.

It is my opinion that a set of 5 or 6 springs situated adjacent to the North Fork in the
northeast quarter of Section 13, Township 11 North, Range 15 West, M.D.B.& M. are
discharging water directly from a bedrock aquifer. The combined flow of these springs drains
directly into theriver. At least one of these springs has historically been developed and used as a
year round source of fresh water.

Additionally, a small tributary that flows from the center of Section 14 in a southwest
direction to the Little North Fork contains water that actively flows directly from fractured
Franciscan sandstone bedrock. Saturated marsh conditions occur where that tributary empties

onto the older alluvial deposits adjacent to the Little North Fork.



John T. Phillips
North Gualala Water Company

Log Cabin Creek in the northeast quarter of Section 10 is currently flowing. It is my
understanding that Log Cabin Creek is a perennial stream with year round flow. | have traversed
most of that drainage. My observations indicate that bedrock occupies and underlies the channel,
generally above 400 feet elevation. It is my opinion that the flow of water in Log Cabin Creek
originates from springs and flows from a fault in the Franciscan formation. | have mapped the
fault through the headwater of that drainage. Log Cabin Creek drains onto older aluvia deposits
adjacent to the Little North Fork River.

Based on my geologic observations, it is apparent that discharge of ground water from
springs and seeps emanating from fractured rock aquifers contained within the Franciscan
formation surrounding the Elk Prairie site can add significant quantities of surface water flow to

the adjacent streams and rivers.

John T. Phillips

CA RG 3718
CEG 1482
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884 Lincoin Way Ste. 348
Auburn, CA 95603
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RESUME

Patrick B. Cawood

EDUCATION
Portland State College, B.S. Applied Mathematics, 1962.
PROFESSIONAL ORGANIZATIONS
American Institute of Hydrology = Member since 1983

EMPLOYMENT HISTORY

Western Hydrologic Systems, Auburn, CA, Owner, 1982 - present

Surface water studies, accurate stream gaging work for water rights and
conjunctive use projects. Development and marketing of water resources software, in-
house hydrologic data processing, computer and hydrologic consulting. Software
programs include Computation of Surface Water Records, Computation of
Precipitation Records, Hydrologic Plotting Utilities, among others. Writing and
editing computer manuals for a European hydrologic software manufacturer.

Surface water records review for various water agencies.

Operation of the Alameda County gaging stations and maintenance of their
conjunctive use groundwater program.

City of St. Helena. Construction, operation and computation of records for
several gaging stations for the City of St. Helena.

Wagner and Bonsignore Engineers.
Discharge measurement work for North Gualala River study.

- EXHIBIT NGWC-3
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Brophy Irrigation District, |
Canal leakage study using very accurate measuring techniques.

Zone 7, Alameda County Flood Control District

Conducted groundwater recharge studies on the major streams of Livermore
Valley, locating the reaches of gain and loss by streamflow measurements to facilitate
the development of a conjunctive use program of ground water storage. Purchased
water from the SBA is spread through three stream systems, which can recharge
depending on several variables. Approximately 1500 discharge maeasurements were
made over a period of three years. This is a very successful program and is one the best
operated conjunctive use programs in California.

Operated eight gaging stations, cooperating with the USGS Water Resources
Division. Instructed and supervised hydrologic technicians and established standards of
stream gaging, gaging station management, and computation of surface water records. .
Current and historical streamflow and water quality records were analyzed and
summarized.

James C. Hanson, Engineering
Ongoing water rights flow determination using current meters, portable flumes,’
and volumetric methods, spillway computations, weir design, etc.

Teaching seminars on U.S.G.S. surface water techniques, field and office, at
" Tennessee Valley Authority, Idaho Power Company, Southern California Edison
Company, State of California DWR, Monterey County Flood Control, Orange County,
and many more. : '

Data Computation and Review for USGS approval: Northern California Power
‘Agency, Zone 7, Alameda County Flood Control and Water Conservation District.

‘South Florida Water Management District
Review of surface water field and computation methods, surface water and
climatological equipment evaluation, and field technique reviews. o

Hydrofocus, Inc. _

Construction and operation of gaging stations, precipitation gages, and synoptic
studies of streamflow gain/loss. Construction, operation, and records computation of
several gages on Twitchell Island.

David Ford Consulting Engineers.

Digitized Los Angeles County precipitation charts and produced ASCII files for
input to various HEC models. Subcontracted to David Ford Consulting Engineer,
Sacramento, CA.




Pacific Gas and Electric : :

Three year study to compute unimpaired flow estimates at hydro power sites
throughout northern California.. This was a unique study that many engineering
- companies had attempted and failed.

Pearce Hydrology
Computed storm detention pond design using HEC models.

Royal Institute of Technology, Stockholm, 1970 - 1971
Translated the Stanford IV Watershed Model from BALGOL to FORTRAN for
the Verka Experimental Basin in northern Sweden.

Freelance computer programming, 1967 - 1979
Applications programming in Denmark, Sweden, Germany, and the U.S. in

fields of science and engineering. Computer languages included FORTRAN,
ALGOL, PL/I, BASIC, and computer packages such as the BMD statistical programs
and the IBM Linear Programming System. Employers included the following:

Resources for Future, Washington, D.C.

Technical University of Copenhagen

‘Sociology Institute, University of Copenhagen

 Royal Agricultural & Veterinary College, Denmark

University of Copenhagen, Denmark, 1971 - 1972
Instructor for Introduction to Computers and FORTRAN Programming.

U.S. Geological Survey, Washington, D.C. 1963 - 1567

Assistant to W. L. Isherwood in Surface Water Branch Computer Section.
Aided in design, implementation, and conversion to new computers of basic USGS
stream flow computation programs. Special problems such as culvert site
computations and tree ring analysis were also programmed for the first time. Other
programming involved stochastic generation of stream flow records: generation and
testing of random numbers, statistical tests of long records of recorded flows, etc.

U.S. Geological Survey, Oregon and California, 1957 - 1963

Carried out the standard USGS practices of data gathering, computational
techniques, and hydrologic studies in Oregon and California. Stream gaging, running
levels, station construction and maintenance, computation of discharge records,
shifting control, ice-effects, methods of estimating missing record, flood frequency
analysis.

PUBLICATIONS

1. Hydrologic Modeling: An Approach to Digital Simulation. Royal Institute
- of Technology, Stockholm, Sweden, 1971.




2. Om Slaegtsnavne og Hyppigheden af Deres Forekomst. (On Last Names
and the Frequency of Their Occurrence.) Senior author Erik Manniche. In
_ Sociologiske Meddelelser, Series 12, Book 2, 1967/68, University of Copenhagen.

3. Computer Technology in Initial Stages of Project Metropolitan. In
Sociologiske Meddelelser, Series 12, Book 2, 1967/68, University of Copenhagen.

4. General Marginal Tabulation (GMT) and General Cross Tabulation (GXT)
Programs for Sociological Research. Sociological Institute, University of
Copenhagen. In-house publication, 1971.

5. Nogle Computerprogrammer til Genetiske Undersoegelser af Bovine
Blodtype Data. (Some Computer Programs for Genetic Analysis of Bovine Blood
Group Data.) Yearbook of the Institute for Sterility Research, Copenhagaen,
Denmark, 1970.

6. Use of Multiple Regression to Predict Stream Recharge Rates. Zone 7,
Alameda County, California, 1981.

7. The Efficient Use of Portable Flumes. Water Resources Bulletin, USGS,
1982. '

8. A Method for Estimating Ungaged Local Inflow above the Arroyo de la
Laguna Gaging Station. Zone 7, Alameda County, California, 1982.

9. A Critigue of Trends in Surface Water Monitoring and Computation, With
Susan A. Smith and David R. Dawdy. AMS International Conference on Interactive
Information and Processing Systems for Meteorology, Oceanography, and Hydrology,
'Los Angeles, California, 1985.

10. Computation of Surface Water Records, Software Operation Manual, with
Susan A. Smith. In-house publication Western Hydrologic Systems, Los Angeles,
Califoria, 1983.

11. Computation of Precipitation Records, Software Operation Manual, with
Susan A. Smith. In-house publication Western Hydrologic Systems, Los Angeles,
California, 1983.

12. Various articles for Western Hydro’s course work:
Equivalent Mean Gage Height and Subdivision of Gage Heights.
Log Scale Offset. :
Fixed Interval Correction to Short Duration Intensity Series.
Design Sizes for Weirs and Flumes.
Determining Critical Flow in the Field.
Some Real World Stage Shift Techniques.




Estimating Periods of Missing Record Usmg Hydrographic Comparzsons
Weighted Mean Gage Height. 4

13. Why We Don't Use Statistical Curve F itting Technigues to Rate Streams.
Alert Transmission, January, 1999.

14. Some Recent Stream Gaging Foibles. Alert Transmission, January,
2002. :




TESTIMONY OF PATRICK B. CAWOOD
My experience in accurate flow determinations consists of three parts.

My first 11 years of surface water work was spent in several offices of the US
Geologica Survey.

During three years work for Alameda County Flood Control, I made 1500
measurements and found the gaining and losing reaches of three stream systems of
Livermore valley, over dry years and wet years, and throughout the seasons. The results
of thiswork are till in use in the Zone 7 conjunctive use program.

The last 10 years have been spent teaching, studying, writing technical articles, as
well as practicing accurate stream gaging and records computation techniques.

A copy of my resume, which accurately describes my education and experience,
is exhibit NGWC-3.

| made 6 measurements on the upper No. Fk. Gualala River on 9/12/98. These
measurements were measured synoptically in the downstream direction. Synoptic
masurements are made in the downstream direction to minimize any possible problems
due to changesin flow caused by diurnal fluctuations.

Time Stream L ocation (See attached map) Dischargein CFS

9:40 No. Fk. GualalaRiver Point A 4.4

10:45 . Robinson Creek D.s. of road crossing 04
Computed total 4.8

11:15 No. Fk. GualalaRiver Point B. 6.2

12:15 No. Fk. GuaadaRiver Point C 7.1

13:30 No. Fk. GualaaRiver EP1 7.0

14:50 No. Fk. GuaaaRiver EP2 7.9

A map showing the locations of these measurementsis exhibit NGWC- 5. | prepared this
map from the appropriate 7.5 minute USGS quadrangle maps.

| measured all creek inflows between points A and EP2. Robinson Creek is mentioned
above. | estimated the flow of Hoodoo Creek, which also comes in between points A and B, to be
approximately 0.02 cfs. McGann Gulch, which joins the North Fork Gualala River in the vicinity
of point A, was wet, but its flow was zero. No other creeks were flowing into the North Fork
Gualaa River between points A and EP2 on 9/12/98.

Based on my extensive stream gaging experience, | estimate the errors of the discharge
measurements listed in the above table to be plus or minus 3 percent or less.

The lower part of No. Fk. Gualala River was measured on 10/14/98 twice: once in the
morning and once in the afternoon. These measurements were also made in the downstream
direction. The measured flows are listed in the following table.



Stream Location Time Discharge (cfs) Time Discharge (cfs)

No. Fk. Gualala River Point D 9:15 7.6 13:20 7.6
No. Fk. Gualaa River Point E 10:25 7.4 1415 7.4
No. Fk. Gualala River Point F 11:15 6.5 15.05 64






RESUME

Joseph C. Scalmanini

Specialization:

Thirty-five years of experience in ground-water development and management, and oil and gas production.
Assessments of ground-water resources and implementation of ground-water basin management in various
areas of California; ground-water development and management encompassing well design, construction,
operation, and maintenance; ground-water monitoring as part of basin management and as part of ground-
water contamination investigations; artificial ground-water recharge facilities and practices; injection of
industrial waste water: utilization of brackish ground water for industrial water supply and cooling applications.
Industrial design, construction and operation of secondary oil recovery systems involving water and steam

processing, injection and recovery.

Professional Registration:

Registered Civil Engineer, California, CE 28233

Academic Degrees:

M.E. Civil Engineering, University of California, Davis, CA

B.S. Mechanical Engineering, University of Santa Clara, Santa Clara, CA
Professional Experience;

Luhdorff and Scalmanini, Consulting Engineers, Woodland, CA
Partner

University of California, Davis, Davis, CA
Associate Development Engineer -

Shell il Company
Mechanical and Facilities Engineer

Representative Professional Assignments:

1984

1967

1980 to Present
1973 - 1979

1967 - 1973

« Consultant to water districts and utilites, municipalities, corporate and individual farming interests,
corporate and private industry, and other engineering firms on ground-water development, utilization and
management. Consultation with public agencies, corporate and private concerns regarding ground-water
contamination, its identification, monitoring, and management. Consultation with legal profession on
technical aspects of ground-water development and utilization, including well design and construction and

application of pumping equipment.

Statement of Capabilities
and Qualifications
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Representative Professional Assignments (continued):

» Engineering research in ground-water resources, development and management. Coordinated and
conducted engineering projects concerning assessment of ground-water resources in various areas of
California including mountainous and valley regions; application of principles of design, construction,
completion and development of wells, aquifer analyses, design of pumping equipment, optimal and
efficient operation of wells and pumps, and well rehabilitation and maintenance; design of artificial
ground-water recharge facilities and practices, inciuding surface infiltration and deep-well injection;
assessment and deveiopment of brackish ground-water for water supply and cooling applications in
industrial plants. Provided consultation services to engineering firms, local, state and federal agencies,
corporate and private industry and farming interests, and well contractors on the development and
management of ground-water resources.

. Project Engineer on water treatment, injection, and recovery systems for secondary oil recovery in
Southern California oil fields; project engineer for the design and installation of facilities and utilities in a
new oil field development in Central California; design engineer on various pumping and piping
applications of water, oil, gas and other compressible fluids.

Frofessional Affiliations:

American Society of Civil Engineers
- Ground Water Committee, Irrigation and Drainage Division
- Water Resources Planning Committee, Water Resources Planning and Management Division
National Ground Water Association
- Association of Ground Water Scientists and Engineers
American Water Works Association
Naticnal Society of Professional Engineers
California Groundwater Association
Groundwater Resources Association of California

Public Service:

+  Yolo County Aggregate Resources Committee (1975-79), Alternate delegate, hydrologist - analysis of
impacts and development of management plans for extraction of aggregate from Cache Creek basin.

. California Tenth Biennial Conference on Ground Water (1975), Member, Planning
Committee

« Chancellor's Campus (Univ. of Calif., Davis) Water Committee (1976-78), Staff Engineer - analysis
of water supplies and uses, projection of requirements, development of conservation and management
plans.

« City of Davis Water Planning and Conservation Committee (1977-79), Chairman - analysis of water
supplies and uses, projection of requirements, consideration of alternative supplies, development of
conservation and management plans.

+  Yolo County Water Resources Task Force (1979), Member - development of county-wide master water
plan.

Statement of Capabilities
and Qualifications
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Fublic Service (continued):

+ Pacific Gas and Electric Co. ACT? Irrigation Pumping Demonstration Project (1992), Technical
Advisor

» Association of California Water Agencies (1994-1996), Member - Ground-Water Committee

+ Cache Creek Conservancy, {2000-2002), Director

Teaching Activities:
Course Coordinator and Instructor University Extension Courses, University of California, Davis:

Concepts of Ground Water Management (1974, 1976, 1978, 1981)
Legal and Policy Considerations in Ground Water Management (1975, 1976, 1980)
Water Supply Wells and Pumps (1977, 1978,1981, 1983, 1985, 1986)

Instructor, University of California, Davis, Water Science 198, Introductory Hydraulics (1877, 1978, 1979)

Lecturer, University of California, Davis, Water Science 2, 140, 160; Ecology 230; Civil Engineering / Geology
175 (1975 - 1979)

Lecturer on Aquifer Characteristics, Well Hydraulics, and Ground-Water Development, in Technical Training
Classes at the U.S. Army Corps of Engineers' Hydraulic Engineering Center, Davis, CA.

Publications and Presentations:

Scott, V.H. and J.C. Scalmanini, Water Wells and Pumps: Their Design, Construction, |
Operation, and Maintenance, University of California Division of Agricultural Sciences Bulletin No. 1889,
1977. '

Helweg, O.J., Scott, V.H., and J.C. Scalmanini, Improving Well and Pump Efficiency,
American Water Works Association, 1983.

Scalmanini, J.C., and Scott V.H., Design and Operational Criteria for Artificial Groundwater
Recharge Facilities, Water Science and Engineering Paper No. 2009, University of California, Davis,
1979, '

Scalmanini, J.C., Scoft, V.H., and O.J. Helweg, Energy and Efficiency in Wells and Pumps,
vresented at Twelfth Biennial Ground Water Conference, 1978,

Scalmanini, J.C., Johnson Jr., R.M., and E.E. Luhdorff Jr., Development of a Ground-Water
Monitoring Program as a Basis for Coastal Ground-Water Basin Management, presented at the Fall
Conference, American Water Works Association, CA-NV Section, 1983.

Scalmanini, J.C., 3030 Hindsight and 2020 Foresight, Actual Ground-Water Management Experience
Over the Last 15 Years, Soquel Creek Water District, presented at the Association of California Water
Agencies' Ground-Water Management Conference, March 1994.

Statement of Capabilities
and Qualifications
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Publications and Presentations (continued):

Scalmanini, J.C., Legal and Technical Issues Related to Surface Water and Ground-Water Interaction,
presented at the Groundwater Resources Association's California Ground Water & Efficient Usage for the

Year 2000 and Beyond, October 1998.

Scalmanini, J.C., A. Schneider, and V. Cahill (panel presentation), Groundwater Classification: Is the State
Water Resources Control Board’s Jurisdiction Over Ground Water Changing?, presented at the Water
Education Foundation's 2000 Update on Water Law and Policy, July 2000.

Scalmanini, J.C., What the Heck’s a Sub-Basin? Defining Basins and Sub-Basins, presented at the
Association of California Water Agencies' Ground-Water Management: Will CalFed Help or Hinder Workshop,
November 2000.

Statement of Capabilities
and Qualifications




Testimony of Joseph C. Scalmanini
Regarding Ground Water at the ElIk Prairie
North Fork Gualala River, Mendocino County

| am aregistered Civil Engineer in Californiaand principa partner in Luhdorff and Scalmanini,
Consulting Engineers, which specializes in the geologic, hydrologic and engineering activities
associated with the investigation, assessment, devel opment and management of ground-water
resources throughout California. | have conducted and directed ground-water assessments and
investigations, developed and implemented ground-water monitoring and management programs,
and designed ground-water development projects throughout California over the last 30 years.
Prior to the founding of Luhdorff and Scalmanini, Consulting Engineers, | was a Development
Engineer at the University of California, Davis, where | directed applied research in ground water
and taught classes in Hydraulics and Principles of Ground-Water Management. A copy of my
resume, which accurately states my education and experience, is Exhibit NGWC-6.

| have prepared the following testimony regarding the occurrence of ground water and the
impacts of pumping at the Elk Prairie, which islocated adjacent to the North Fork of the Gualala
River in Mendocino County as shown in Figure 1, at the request of the North Gualala Water
Company (NGWC). My testimony is based in part on areview of published works by others and
primarily on my firm's investigation and analysis of geologic and hydrologic conditions at the
Elk Prairie, most of which was conducted in 1996 and 1997. The principal objective of our
investigation and analysis was to develop conclusions regarding the occurrence of ground water
and the characteristics of the aquifer materials which are developed for water supply at the Elk
Prairie. Specifically, we have addressed whether ground water beneath Elk Prairie flowsin a
known and definite subterranean channel; and we have also addressed whether the pumping of
water supply wells at Elk Prairie induces water to infiltrate from the North Fork of the Gualala
River, or whether pumping of ground water instead intercepts ground water that is flowing
beneath Elk Prairie. Our conclusion, based on the geologic and hydrologic factors discussed
below, isthat ground water does not flow within a known and definite subterranean channel
beneath Elk Prairie, but rather flows toward the surface stream, where it partly discharges to
contribute to a gaining reach of the North Fork Gualala River. Our conclusion is also that
ground-water pumping at Elk Prairie for municipal water supply, at the levels necessary to supply
existing and projected water demands for North Gualala Water Company, will intercept ground
water that is flowing toward the River, and will not induce infiltration from the River; in other
words, even with this pumping of these wells to meet part of the existing or projected water



demand of the North Gualala Water Company, the North Fork Gualala River still will have a
gaining reach at Elk Prairie.



I ntroduction

Our analysis of the occurrence of ground water and the impacts of pumping at Elk Prairie can be
divided into three general subject areas: 1) geology and the nature of aguifer materials, including
well completions; 2) field investigation, including geophysical investigation, test hole drilling,
monitoring well and production well construction, monitoring of stream stages and ground-water
levels, agquifer testing, and water quality sampling; and 3) analysis of ground-water levels, well
yields and aquifer characteristics to assess the occurrence of ground water and pumping impacts
on stream flow under existing and projected water demand conditions. In addition to the
preceding, we also reviewed and considered the conclusions reached in a previous analysis of the
occurrence of ground water in light of the information developed and interpreted as part of our
investigation.

Overall, to respond to questions raised about stream-aquifer conditions and pumping impacts on
stream flow, and to establish abasis for defining the occurrence of ground water beneath Elk
Prairie, amulti-step investigation of the occurrence of ground water, its relationship to the River,
and the direct impacts of pumping on stream flow was developed and conducted in five steps, or
phases. This testimony summarizes the multi-step investigation and the resultant conclusions.
Each of the phasesis briefly described as follows.

Geophysical Investigation - Historical exploration of the Elk Prairie aquifer originally consisted
of only one boring, to adepth of 142 feet, when NGWC'’s Well 4 was constructed in 1989.
Consequently, prior to further drilling and construction of monitoring wells and a second
production well, surface geophysical exploration was conducted to initially define the horizontal
and vertical extent of aquifer materials, and the depth of the basement complex underlying the
aquifer materials. The geophysical investigation was intended to partially define the geologic or
lithologic stream-aquifer connection, and to illustrate potential well construction depths.

Lithologic Boringsand Monitoring Wells - Based on the geophysical findings, a network of
test holes was drilled and logged to define geologic and lithologic conditions; al five of the
borings were completed into dedicated monitoring wells for short-term observation during
well/aquifer testing, and for long-term assessment of ground-water conditions beneath Elk
Prairie.

Production Well Construction - A backup water supply well (Well 5) was constructed on Elk



Prairie near Well 4 to protect NGWC’ s source capacity in the event of maintenance or repair of
WEell 4. The well was completed in the same aguifer materials as Well 4.

Ground-Water and Stream Monitoring - The time period between production well
construction (October-November, 1996) and aquifer testing (September-October, 1997) was used
to measure surface and ground-water conditions and to define the relationship between the
stream and the aquifer system while Well 4 was used for normal water supply. Biweekly
measurements of water levels were made in all monitoring and production wells and in the River
as abasisfor defining ground-water elevations and flow directions, and stream status (gaining or
losing reach) adjacent to Elk Prairie.

Well and Aquifer Testing - A constant-rate aquifer test was conducted in Well 4 in September
1997 at its design pumping capacity. The primary objectives of the test were to determine the
characteristics of the aquifer materials in which Wells 4 and 5 are completed and to evaluate the
stream-aquifer interaction. Ultimately, due to precipitation and runoff which affected stream
stage during an initial test, two tests of Well 4 were conducted, the first for 80 hours and the
second for 24 hours. During both tests, water levels were measured in the pumped well, in the
other Elk Prairie wells, and at staff gaugesin the River near the pumped well. Water-quality
samples were collected from both production wells and from the River at the end of the first test.

Ground-Water Occurrence and Pumping I mpacts Analysis - Data collected from all the
preceding steps were analyzed to determine ground-water flow directions and hydraulic gradients
under static conditions; the hydraulic characteristics of the aquifer materials beneath Elk Prairie;
and pumping impacts on both the agquifer system and the stream, i.e. whether pumping intercepts
ground water discharging toward the stream or induces infiltration from the stream, and the
magnitude of such impacts.

The results show that, at Elk Prairie, ground water flows toward the River, at angles that are al
closer to perpendicular to the stream, and not close to the direction of the stream. Ground-water
flow is not channelized, and does not flow parallel to the direction of the stream. Further, under
along period of normal well operations, thereisno local or other reversal of the gradient of
ground-water flow toward the River; thus, even under pumping conditions, there remains a flow
and discharge of ground water to the River, and there is no inducement of infiltration from the
surface flow by the pumping of the production wells. Simulations of the pumping that would be
required to meet increased NGWC water demands in the future show that similar conditions can



be maintained, i.e. no reversal of gradient, maintenance of ground-water flow toward the River,
and no induced infiltration that would reduce stream flow.



Geology and Aquifer Materials

The ElIk Prairieislocated in the northern Coastal Range geologic province straddling the San
Andreas Fault Zone, which is the dominate geologic feature of the region. The northwest-
southeast trending fault zone marks the structural boundary between the northward moving
Pacific tectonic plate to the west and the North American tectonic plate to the east. The San
Andreas Fault creates a weak rock zone which controls the flow direction of the lower reaches of
the forks of the GualalaRiver.

East of the valley formed by the San Andreas Fault, the topography rises in steep slopes to sharp
narrow ridge lines up to elevations of 1,400 feet or more. Bedrock consists of Coastal Belt
Franciscan Complex of Cretaceous and Paleocene ages. This unit consists of marine sandstones,
shales, and conglomerates which have been complexly deformed and folded.

The youngest geologic unit in the area consists of Holocene and possibly Pleistocene age
alluvium deposited by streams along the main stream channels and along the floor of the San
Andreas fault valley. These deposits consist of unconsolidated sand and gravel, silt, and clay
deposits, specifically beneath Elk Prairie adjacent to the North Fork GualaaRiver, that are the
focus of thistestimony. All the production and monitoring wells discussed in this testimony are
completed in these aluvial deposits at Elk Prairie.

Prior to our investigation of the occurrence of ground water and pumping impacts, the only
subsurface information at Elk Prairie was derived from NGWC Well 4. That well was drilled to
142 feet and encountered interbedded sands and gravels and silt or clay beds. In order to
evaluate the thickness and extent of the alluvium, a geophysical survey of the areawas
undertaken using the seismic refraction methods. Based on that geophysical survey, a structure
contour map (or subsurface elevation map) of the top of the Franciscan Complex, beneath the
alluvium, was prepared based on the evidence of higher seismic velocity in the consolidated
Franciscan sandstone. The structure contour map showed a narrow, deep paleo-thalweg
(channdl) filled with alluvium extending below the valley to depths of about 170 feet.

Subsequent to the geophysical survey, lithologic logs of exploratory boreholes and drillers’ logs
of production wells were used to prepare three geologic cross sections along and across Elk
Prairie at the locations shown on Figure 2. These cross sections are presented on Figures 3
through 5. The surface of the Franciscan Complex shown on the cross sections is based on the



geophysical investigation, athough the configuration south of the River is noted to be projected,
due to alack of geophysical information and borehole control south of the River. The cross
sections show that afine-grained silt and clay overbank/floodplain deposit occurs at the surface
and appears to initially thicken northward and then thin toward the valley margin. Coarser-
grained sand and gravel stream channel deposits occur near the present River channel, and extend
to depths of at least 140 feet. The sand and gravel appear to be cleaner near the surface, while
deeper deposits contain more silts and clays. These deeper deposits appear to interbed with fine-
grained beds to the south and may be significantly older. The aluvium appearsto be
stratigraphically complex and may include interbedded landslide (mudflow) and possibly estuary
deposits along with the fluvial (stream) and floodplain deposits. This complexity may be due to
various factors which could have affected sediment deposition such as high sediment yield and
erosion rates, including landsliding; fault disruption, uplift and downwarping; and base level
changes due to sealevel fluctuations or faulting.

Based on topographic expression, and surface geologic mapping, aluvium could extend up the
North Fork Gualala River at least 7,000 feet east of Elk Prairie. The thickness of the alluviumin
the reaches upstream of the Elk Prairie is not known, but both the areal and vertical extent appear
to be notably smaller than the alluvium that forms the aquifer system at Elk Prairie. Both
geologic mapping, as shown in Exhibit NGWC-9, and field observations show the alluvium east
of Elk Prairie to be immediately adjacent to the River, in effect forming the bed of the River
channel, and not extending several hundreds of feet from the River asisthe case locally at Elk
Prairie.

Both the alluvium and the underlying Franciscan Complex in the Elk Prairie area are water
bearing, although they have very different properties. The unconsolidated alluvium is dominated
by coarse-grain sediments (sand and gravel) and is, therefore, highly permeable. This
permeability is both horizontally and vertically heterogenous due in part to the stratigraphic
complexity discussed above. The deeper portion of the alluvial formation appearsto be
somewhat |ess permeable due to a higher percentage of fine-grain sediments (silts and clays).

The consolidated Franciscan Complex has a much lower permeability but is sufficiently porous
to store large volumes of precipitated water which slowly drains to maintain stream base flows
throughout the dry season. Water storage is evidenced by perennia seeps and springs, both
natural and on manmade cutslopes, and shallow depths to saturated soils and weathered bedrock.
The high water content is also seen in the propensity of shallow and deep-seated landsliding



occurring on slopes underlain by the Franciscan Complex. The permeability of the Franciscan
Complex is highly dependent of fracture density, which tends to be higher near seismically active
areas such as Elk Prairie. Ultimately, however, the combination of perennial stream flow in the
North Fork Gualala River, supported only by discharge from the Franciscan Complex beneath
and east of Elk Prairie after the end of the rainfall/runoff season, and a sustained ground-water
gradient nearly perpendicular to the River at Elk Prairie, are evidence of both the water storage
and water yielding characteristics of the Franciscan Complex in those local areas.



Monitoring and Production Wells

Key factorsin the overall assessment of ground-water occurrence and pumping impacts are
ground-water levels, ground-water flow directions and gradients, and stream-aguifer interaction
under both static and pumping conditions.

Visual observations of ground-water discharge from beneath Elk Prairie into the North Fork
Gualala River during low flow/low stage conditions suggest that ground-water elevations are
higher than the adjacent stream stage, at least under some hydrologic conditions. Such
observations a so suggest that, while there is apparent hydraulic continuity between the aquifer
and the stream, pumping may not induce infiltration from the stream, i.e. ground-water elevations
may be sufficiently high that pumping may not cause a gradient reversal and create losing stream
conditions in the reach adjacent to the pumping well. However, visual observations of ground-
water discharge into the River are insufficient, by themselves, to define ground-water gradients,
flow directions, and reactions to pumping. Therefore, to further define the aquifer system and to
understand the hydraulic relationship between the aguifer and the River, an exploratory drilling
program was conducted and a monitoring well network was designed and constructed on the
NGWC property at Elk Prairie on the north side of the North Fork Gualala River. The five-well
monitoring network, illustrated in Figure 6 (which also includes the locations of the production
wells and River staff gauges described below), was laid out in a geometric form capable of
determining ground-water flow directions in response to whatever ground-water levels were
encountered.

As discussed above, the geophysical exploration of Elk Prairie indicated the presence of amore
consolidated formation beneath the unconsolidated alluvial aguifer materialsin which Well 4 is
completed. Asaresult, in addition to more completely defining lithology across the NGWC
property on Elk Prairie, an objective of the drilling associated with monitoring well construction
was to explore to the base of the aluvium in order to verify the seismic geophysical
interpretation of the alluvium/consolidated material interface. Ultimately, the monitoring wells
have been used for ongoing ground-water level measurements which have been compared with
stream stage measurements to identify flow directions to or from the River; they have also been
used for measuring water level drawdown during aquifer testing, and interpreting whether
pumping reversed the natural gradient for ground-water flow toward the River.

Test hole drilling and monitoring well construction were conducted in October 1996 by Taber



Consultants using both auger and direct rotary drilling methods. Two of the boreholes, MW-3
and MW-5 were drilled through the alluvium to confirm its thickness, which is 149 feet and 147
feet, respectively, at those locations. All five of the test holes were completed into two-inch
monitoring wells, each with a 20-foot screen section located opposite permeable aquifer
materials. All of the monitoring wells are sealed in accordance with County standards. The
geologist’ s lithologic logs and as-built construction details of each of the monitoring wells are
included in Exhibit NGWC-8.

Asintroduced above, the first ground-water exploration and development effort on Elk Prairie
was conducted in 1989 when NGWC drilled and constructed its Well 4 as part of an effort to
develop an additional source water supply. Well 4 was drilled using the direct rotary method to
142 feet, dmost al of which (below the top 21 feet) was lithologically described as sand and
gravels. An eight-inch PV C casing assembly was installed in the borehole to a depth of 141 feet;
the casing is perforated from 56 to 134 feet. A gravel envelopeisinstalled in the annular space
from 50 feet to total depth; the upper annular space is sealed with concrete from 50 feet to the
surface. Thedriller’slithologic log and as-built construction details of Well 4 areincluded in
Exhibit NGWC-8 . Well 4 is equipped with a submersible pump designed to discharge about
260 gallons per minute (about 0.6 cubic feet per second, or cfs) and is an approved water supply
source under NGWC'’s Water Supply Permit issued by the State Department of Health Services.

As part of the investigation of ground-water occurrence and pumping impacts beneath the Elk
Prairie, a backup water supply well (Well 5) was constructed about 400 feet east of Well 4. Well
5 was drilled and constructed in November 1996, after the test hole drilling and monitoring well
construction on Elk Prairie. Well 5wasdrilled using the direct rotary drilling method to 137
feet, most of which was lithologically described as sand and gravel with some thin clay lenses or
streaks of clay. An eight-inch PV C casing assembly was installed in the borehole to a depth of
97 feet; the casing is perforated from 55 to 92 feet. A gravel envelopeisinstalled in the annular
space from 50 feet to the total depth of the borehole; the upper 50 feet of the annular spaceis
sealed with cement to the surface. The driller’slithologic log and as-built construction details of
WEell 5 areincluded in Exhibit NGWC-8. PW-5 is equipped with asubmersible pump with a
capacity of approximately 260 gpm and has been approved for water supply service as part of the
NGWC water supply system by DHS.

As part of the original construction of both Well 4 and Well 5, the drilling contractor conducted
step-drawdown tests (pumping tests at a variously increasing capacities) to determine the
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respective well yields and to serve as a basis for design of pumpsto be installed in them. A step-
drawdown test was conducted in Well 4 at eight capacities from 168 gpm to more than 850 gpm
(the limit of the measurement equipment). The duration of each step ranged from 15 minutesto
two hours. The maximum drawdown achieved during step-drawdown testing was 7.4 feet. The
yield of Well 4, as measured by its specific capacity (pumping capacity divided by drawdown)
was typically about 130 gpm/ft (129-137 gpm/ft).

Step-drawdown testing was aso conducted in Well 5 at five capacities from 200 gpm to 700
gpm. The duration of each step ranged from 30 minutes at the lower capacities (200, 300, 400
gpm) to ten hours at 500 gpm and eight hours at 700 gpm. The maximum drawdown achieved
during step-drawdown testing was approximately nine feet at 700 gpm. Theyield of the well, as
measured by its specific capacity during the longest step (500 gpm) was about 90 gpm/ft.

The high specific capacities (small drawdowns experienced at high pumping capacities) in both
wells are indicative that the aquifer materials in which the wells are completed have high
hydraulic conductivity and transmissivity. They also suggest that pumping at the capacity of
permanently installed pumps, e.g. about 260 gpm, may not have a sufficient impact on ground-
water levels around the wells to induce infiltration from the River. Ultimately, however, high
specific capacities are not sufficient, by themselves, to reach a conclusion about induced
infiltration. Consequently, focused testing was conducted and routine operations were monitored
to directly address pumping impacts, as discussed below.
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Ground-Water and River Stage Monitoring

Regular monitoring of Elk Prairie ground-water elevations and North Fork Gualala River stages
began in March 1996. Water levelsin Well 4 and River stages at an adjacent |ocation (Staff
Gauge 1, or SG-1) were measured on aweekly basis between March 1996 and October 1996. In
October and November 1996, the water level monitoring network was expanded to include the
second production well and five monitoring wells described above. Two additional surveyed
control points for measuring River stage (Staff Gauges SG-2 and 3) were also added to the
monitoring network at that time. The completed water level monitoring network at Elk Prairie,
as shown on Figure 6, was in place at that time; it remainsin place today. Beginning with the
completion of the monitoring wells, and continuing through 1997, ground-water levels and River
stage were measured biweekly at all the Elk Prairie monitoring locations. A few measurements
were subsequently made in summer-fall 1998 and 1999, and a number of measurements were
made in late 2001; regular measurements are continuing at present.

Prior to the construction of the monitoring wells, when ground-water and River stage
measurements were limited to Well 4 and SG-1, there was a notable positive hydraulic head
difference between Well 4 and the River, i.e. the static ground-water elevation at Well 4 was
aways higher than the stream elevation at SG-1. The head difference between the two points
was about 1.4 feet throughout the monitored period beginning in March 1996. This head
difference was generally independent of hydraulic conditions: ground-water elevation and stream
stage increased together in wet periods, and declined together in dry periods. Those observations
indicate that ground water was continuously discharging to the stream in the vicinity of NGWC'’s
only Elk Prairiewell at the time, Well 4. Those observations also indicated that ground water
discharging to the River was not solely coming from the alluvium beneath Elk Prairie. Once
stream stage stabilized in summer-fall, ground-water levels also stabilized and there was no
further decline in ground-water levels, which would have had to occur if the discharge to the
River was solely from the alluvium.

After installation of the five monitoring wells and Well 5 in late 1996, the regular measurement
of water levelsin al those wells and at the three stream gauges further delineated the same
picture: there was a perennial gradient for ground-water discharge from beneath Elk Prairie to the
North Fork Gualala River; those conditions prevailed throughout wet and dry periods, and
through regular pumping of Well 4 for water supply, since focused monitoring began in March
1996. The relative elevations of ground water at Well 4 and Monitoring Well 1 and the River
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stage at SG-1 through 2001 are illustrated in Figure 7. Similar hydrographs of ground-water
elevations and stream stage at two other locations on Elk Prairie are illustrated in Figures 8 and
0.

The hydrographs of ground-water elevations and River stages shown on Figures 7-9 have almost
identical shapes, which indicates significant hydraulic connection between the aquifer and the
River. 1n 1996, water-level measurements began after the highest water levelsin the winter, and
levels gradually declined to a seasonal low by August. The gradient between the aquifer and the
River is steepest at SG-1; upstream of SG-1, the gradient between the aquifer and River is not as
steep. However, although the upstream gradient is flatter, the upstream hydrographs have shapes
similar to those at Well 4 - SG-1; there is ayear-round pattern of constant head difference
(gradient) at various locations, all showing a condition of ground-water discharge to the stream
throughout the Elk Prairie area during both wet and dry periods.

To examine ground-water flow directions and gradients, contours of equal ground-water
elevations beneath Elk Prairie were mapped for both high and low levels, January and October
1997, (Figures 10 and 11). Under both conditions, the contour maps show that the hydraulic
gradient is generally from the northeast to southwest and show ground water discharging to the
River along the entire reach adjacent to Elk Prairie.

One of the most significant factors associated with the orientation and elevation of the ground-
water contoursillustrated in Figures 10 and 11 is that the resultant ground-water flow directionis
practically normal (perpendicular) to the surface stream channel at Elk Prairie. Thereisno
channelization of ground-water flow parallel to the River or any subsurface channel that might be
described from the extrapol ated geophysical exploration or extrapolated lithologic cross sections
described above.

Another significant factor associated with the orientation and elevation of ground-water contours,
and perhaps more importantly associated with the hydrographs of water levels, isthe fact that all
the data was collected (and continues to be collected) while NGWC makes regular use of one of
thewells at Elk Prairie for water supply (at the design capacity of the pumping equipment,
approximately 260 gpm, or about 0.6 cfs). Even with that pumping operation in place, all regular
and less frequent measurements have shown no induced gradient for flow from the River to the
production well. There continues to be ground-water flow toward the River, at amost constant
gradients depending on exact location on Elk Prairie, throughout the wet and dry parts of
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multiple years and throughout normal pumping cycles for municipa water supply.

A key question in the overall consideration of ground-water occurrence at Elk Prairie is whether
ground water is channelized. Obviously, the prevailing gradient and direction of ground-water
flow beneath Elk Prairieis not paralel to the River or within any “channel” that might be
interpreted from the geophysical exploration and lithologic descriptions derived from drilling at
the site. Thus, ground water beneath Elk Prairie is not flowing in a subterranean channel; rather,
it isflowing across the alluvium toward the River.

An alternate potential interpretation of the hydrologic picture at ElIk Prairie, however, could be
that ground-water flow is*“channelized” in the alluvium, and is only turned toward the River
beneath Elk Prairie because of the damming effect of the San Andreas rift zone immediately west
of Elk Prairie. Because of this potential alternate interpretation, special attention has been given
in this testimony to whether ground water beneath Elk Prairie is merely the deflected flow of
channelized ground water, or is simply ground water flowing in its prevailing direction, across
the alluvium and toward the River, in response to ground-water inflow from farther upgradient,
i.e. generally north of Elk Prairie.

An essential factor in the overall interpretation of ground-water flow is recognition of the gaining
reach conditions at Elk Prairie. As discussed above, ground-water discharge into the River can
be visually observed under varying River stage conditions. Such observations were part of the
impetus for installation of the extensive well network to measure ground-water gradients and
flow directions. In addition, stream gauging was conducted to quantify the magnitude of flow
increase upstream of and at Elk Prairie. 1n separate testimony, Patrick Cawood documents the
results of his stream flow measurements which show a flow increase of nearly one cfs along Elk
Prairie. Given the essentially constant head differences and gradients measured in ground water
at Elk Prairie over various times of year, all as discussed in thistestimony, it is reasonable to
expect that a generally similar rate of ground-water discharge and related flow increase occurs to
the River throughout the year.

Fundamentally, it is not possible for the source of ground water discharging into the River at Elk
Prairie to have originated in the River farther upstream. The River cannot augment its own flow
in adownstream direction by causing water to flow from the River through porous media
(aluvia aquifer materials) for some distance and then re-emerge at a higher flow rate. In order
to satisfy the fundamental principle of conservation of mass, there needs to be a supplemental
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water source to provide the increased surface flow caused by ground water discharging to the
River.

In the Elk Prairie setting, there are only two possible sources of water that can contribute to a
sustained increase in River flow as aresult of ground-water discharge: drainage from the aluvial
aquifer materials beneath Elk Prairie, and ground-water inflow into those aquifer materials from
the subjacent Franciscan Complex. However, if the alluvial aguifer were draining to support the
gaining River reach, then ground-water levels would have to decline relative to the River stage to
reflect such drainage. In other words, ground water would have to come out of storage in the
alluvium to create discharge to the River; such a storage change would be reflected by
continuously declining ground-water levels independent of River stage conditions (whether the
River is declining or constant over any given period). Observation of actual ground-water levels
at Elk Prairie shows this condition to not be the case. Relative to River stage, ground-water
levels remain essentially constant over all times of the year and associated changesin River stage
(see, for example, any of Figures 7 to 9). Thereis no depletion of ground-water storage that is
contributing to, and sustaining, ground-water discharge to the river adjacent to Elk Prairie.

The only remaining source of water to sustain the generally constant ground-water gradient for
flow toward the River at Elk Prairie is ground-water inflow from the upgradient (generally north)
Franciscan Complex. While there are no wells completed in those materials adjacent to Elk
Prairie, and hence there are no well yield or water level data on the formation at that location,
there are several observations or interpretations that support a ground-water discharge on the
order of onecfs. First, where the Franciscan Complex is noted in the literature to have some
yield, itiswhereit isfractured or otherwise caused to have so-called secondary porosity and
permeability. Theimmediate proximity of the San Andreas fault zone to Elk Prairie suggests the
possihility to probability of fracturing that would cause secondary porosity and permeability to be
present. Second, surface geologic mapping and field observations throughout the watershed
above Elk Prairie show the North Fork of the GualadaRiver, including its narrow aluvid
streambed, to be incised in Franciscan Complex. The North Fork of the Gualala River above Elk
Prairie and the San Andreas Fault (and in fact even upstream of the extent of alluvium) isa
perennial stream, with stream flow continuing throughout the year, for months between the end
of each rainy season and the beginning of the next rainy season. In fact, the River progressively
increases in flow asit proceeds toward Elk Prairie (see Cawood testimony). The only source of
water to sustain, and to increase, stream flow in a downstream direction asfar as EIk Prairieis
the discharge of ground water from the Franciscan Complex in which the River isincised.
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Finally, the water storing and yielding characteristics of the Franciscan Complex are evident by
visual observations adjacent to Elk Prairie and for miles upstream along the banks of the North
Fork of the GualalaRiver. Seepsand small springs emanate from the Franciscan along the north
perimeter of Elk Prairie, suggesting that additional ground-water flow is discharging from the
Franciscan in a downgradient direction toward Elk Prairie. Seeps and springs also emanate from
the steep slopes of the Franciscan, which forms the banks of the River channel, for miles above
Elk Prairie. Those seeps and springs, a photograph of one of which is enclosed as Figure 12,
directly discharge or flow into the River. No attempt has been made to quantify the flows from
the evident seeps and springs, and it would be impractical to attempt to do so. It would be even
more impractical to attempt to quantify ground-water discharges from the Franciscan to the River
or to ground water beneath Elk Prairie, particularly over the extent of the watershed. However,
visual identification of ground-water discharges from the Franciscan Complex, such as can be
observed at numerous locations adjacent to Elk Prairie (which are depicted in Figure 13),
including the one shown in Figure 12, combined with the sustained baseflow in the River as
described above, are evidence from locations both adjacent to Elk Prairie and upstream in the
watershed that the Franciscan Complex has both water storage and yield capacity. Given that
evidence and the lack of any other viable source of water to sustain the ground-water gradient
toward the River beneath Elk Prairie, it can be reasonably concluded that there is ground-water
flow from the Franciscan Complex to the alluvium beneath Elk Prairie, and that there is no flow
boundary at the abutment of aluvium against the Franciscan Complex at that location. In effect,
there must be sufficient ground-water flow from the Franciscan Complex, across its boundary
with the aluvium beneath Elk Prairie, in approximately the direction as schematicaly illustrated
in Figure 14, to support the ground-water discharge to the River.
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Aquifer Characteristics

An aquifer testing program was conducted at Elk Prairie to determine the aquifer characteristics
of the alluvia formation, to further investigate the Elk Prairie stream/aquifer relationship, and to
determine any direct impacts of pumping from beneath Elk Prairie on the North Fork of the
GualaaRiver. Thetesting was conducted in the fall of 1997, so that aquifer and River response
could be evaluated under low stream flow conditions. Monitoring of ground and surface-water
levelsin seven wells and three staff gauges was continued prior to and after the aquifer testing, as
described elsewhere in this testimony, to document seasonal variations in hydrologic conditions
at Elk Prairie.

The aquifer testing at Elk Prairie was conducted using NGWC's Well 4, its only active
production well at the time, since it has asimilar pumping capacity as Well 5, since it islocated a
similar distance as Well 5 from the River, and since the use of Well 4 minimized disruptionsto
NGWC’ s water supply and facilitated the discharge of pumped water away from the Elk Prairie.
Data collection during the aquifer testing was by pressure transducers and data loggers installed
in six observation wells (Well 5, MW-1, MW-2, MW-3, MW-4, and MW-5) and in the River at
SG-1 to automatically measure and record ground-water levels and River stage. Because of
limited access through a small port in the wellhead structure, a transducer could not be installed
in PW-4, and water levels were measured manually in this well.

Two aquifer tests were conducted, both at the normal operating capacity of Well 4 (average
pumping capacity was 258 gpm in both tests); the first test was extended to 80 hours of
continuous, constant rate pumping, while the second was continued for 24 hours. Water level
drawdown during pumping, and recovery after pumping, were measured in the pumped well and
in all six observation wells (Well 5 and the five monitoring wells) plus SG-1.

Aquifer Characteristics

Based on multiple analytical methods to interpret water level drawdown in response to pumping,
the hydraulic characteristics at Elk Prairie were found to include very high transmissivity, with an
average value between 318,000 gallons per day per foot (gpd/ft) and 427,000 gpd/ft. Aquifer
storativity is about 1.1x103, based on averages from all interpretations of both tests; and specific
yield is about 0.13.
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The preceding values of aquifer transmissivity and storage, including specific yield, strongly
suggest minimal drawdown in pumped wells and in the surrounding aquifer, particularly at the
relatively low pumping capacities of Wells4 and 5. Thiswas verified by actual water level
drawdown of only 1.9 feet in Well 4 after 80 hours of continuous pumping; it was further
verified by drawdown of less than one-half foot (in the range of 1.7 to 5.6 inches) in al the
observation wells after 80 hours of pumping.

In fact, even under such an extended pumping test (which far exceeds NGWC'’ s normal
operational pumping cycles of afew minutes each hour), there was insufficient drawdown in the
aquifer system to create a gradient for flow from the River toward the pumped well.

Boundary Effects (River - Aquifer Interaction)

A key factor in both the consideration of the possibilities of channelized ground-water flow or
induced infiltration of stream flow is whether drawdown associated with a pumping well
encounters boundary conditions. A true channel boundary would act as a so-called negative
boundary (because water could not readily flow across such aboundary) and, if encountered,
would tend to steepen the rate of drawdown associated with constant-rate pumping of awell.
Conversely, atrue recharge boundary would act as a so-called positive boundary (because water
from such a recharge source would readily contribute to the well’ s discharge) and, if

encountered, would tend to reduce the rate of drawdown associated with constant-rate pumping
of awell. Neither a positive nor a negative boundary condition was encountered during extended
aquifer testing at Elk Prairie.

During the aguifer testing at Elk Prairie, focus was on the potential effects of the River because it
isthe closest boundary (180 feet away from Well 4) and because a primary purpose of the tests
was to determine the extent of interaction between the aquifer and the stream. Despite the
proximity of the River, however, the aquifer test resultsindicated that it did not act as a source of
recharge to the well during the two aquifer tests.

The S-shaped time-drawdown curves from the aquifer testing are typical of unconfined aquifers,
including the flatter slopes observed after 20 minutes of pumping caused by delayed yield from
the aquifer rather than by recharge from the River. If atrue recharge boundary had been
encountered, the flatter slope would have continued for the duration of pumping and would not
have steepened at the end of the test. If the stream were to act as a full recharge boundary, the
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curve would become completely flat and there would be no additional drawdown in the aquifer
once the cone of depression reached the stream; at that point, induced infiltration from the River
would be contributing all the well’ s discharge.

All of the ground-water elevation contour maps of static conditions (e.g. Figures 10 and 11) show
a steep hydraulic gradient beneath Elk Prairie, with a southwesterly direction of ground-water
flow. This steep slope causes a distortion of the cone of depression around the well so that the
area of influence becomes elliptical rather than circular as more of the water pumped by the well
is derived from the upgradient (northeasterly) portion of the aquifer. Water will not be derived
from the downgradient portion of the aquifer until the cone of depression becomes deep enough
to cause a gradient reversal in adowngradient direction from the well. Drawdown will still be
expected to occur in downgradient monitoring wells such MW-1, however, because the pumping
well intercepts water that would otherwise flow to thisarea. Some drawdown is also expected to
occur at the River staff gauges, because water pumped by the well reduces the amount of ground
water that is contributing to the gaining River in the reach adjacent to the well. The effect of this
reduced gain on stream flow is minor, as was observed in the small amount of stage decline at
SG-1 during the well and aquifer testing. Again, emphasis should be added to the fact that
“impacts’ at the stream are aresult of intercepting ground water flowing toward the stream;
surface water flows in the River along Elk Prairie still exceed the upstream surface water flows
into the vicinity of Elk Prairie.

Ground-water flow directions under pumping conditions are indicated on Figure 15, which shows
the ground-water el evation contours during the second test after 12 hours of a continuous
pumping. This plot shows that ground water continues to discharge to the River at all locations,
including SG-1, under extended pumping conditions as occurred during the aquifer tests (in
contrast to the much shorter pumping cycles typical of NGWC'’s normal operation of the well for
water supply). Sincethereis aground-water divide between Well 4 and SG-1, with ground water
flowing toward the well north of the divide and toward the River south of the divide, even this
extended period of pumping does not induce flow from the River into the aquifer.
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Water Requirements and Potential Pumping I mpacts
Current and Projected NGWC Requirements

In 1996, NGWC’s municipal water requirements were about 190 acre-feet per year; the source
capacity required to meet that average daily water demand was 119 gpm. Based on the number
of service connectionsin the system (916), the average day demand was 0.13 gpm per service
connection. Under 1996 operations, NGWC was able to meet some of its demand from two
treated surface-water sources which have a combined average capacity of 78 gpm. With that
supply in service, the average demand from Well 4 at Elk Prairiewas 41 gpm in 1996. The latter
flow rate equates to an average pumping cycle of about ten minutes per hour at Well 4, whichis
essentially what was observed during monitoring prior to well and aquifer testing at EIk Prairiein
1997.

Future NGWC water reguirements can be projected on the basis of historical unit water demands
and growth projections for NGWC's service area. For purposes of considering potential
pumping scenarios on Elk Prairie, NGWC had previously projected water demand for a 20-year
period based on current unit water requirements (average day demand) and Town Plan growth
projections (2,242 equivalent meters by 2016). Under those conditions, the average annual
demand in 2016 was projected to be about 470 acre-feet per year, or an average day water supply
regquirement of 292 gpm. With the existing surface-water sources in service, the future average
year-round pumping capacity from an Elk Prairie wellfield (one or more wells) would be 214
gpm. Projected future maximum day demand was projected to be about 430 gpm, or about 350
gpm from Elk Prairie with the existing surface-water sources in service.

Recent updating of maximum day demand projections by NGWC suggests that the previous
projections were too high. Growth datain the intervening years now suggests that future (2021)
maximum day demand will be lower, in the range of 300 to 370 gpm, which suggests that the
maximum day demand from Elk Prairie could be as low as about 220 to 300 gpm. Average day
demand would be even lower, on the order of 80 to 110 gpm. In that light, the pumping
scenarios described in the following testimony, which were based on the previous projections of
future NGWC water demand, are based on higher pumping rates than likely to actually occur
between now and 2021. Since most of the previously modeled scenarios result in no induced
infiltration from the River, pumping to meet alower demand would have less impact and
similarly would not induce any infiltration from the River.
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Potential Pumping I mpacts

Given the nature of NGWC'’ s water supply sources, the ability to pump additional ground water
from the alluvial aguifer beneath Elk Prairie would be alogical source to meet the projected
increase in NGWC water demand described above. A logical question, of course, would be
whether such increased pumping would continue to just intercept ground water, or whether such
pumping would cause induced infiltration from the River. The two well and aquifer scenarios,
interception of ground water versus induced infiltration from the River, are schematically
illustrated in Figures 16 and 17. In effect, the objective at Elk Prairie would be to pump at
capacities and durations that preserve the hydraulic picture in Figure 16, where the net ground-
water gradient for flow remains toward the River; the objective would similarly be to limit pump
capacities and durations in order to preclude the development of the hydraulic picture in Figure
17, where some component of discharge from the well is derived from induced infiltration from
the River. In examining Figures 16 and 17, it isimportant to recognize that the distance to which
the cone of depression extends from a pumped well is dictated by aquifer characteristics and
pumping time only. Hence, one objective in trying to avoid induced infiltration from the River is
to limit pumping time such that the cone of depression does not extend far enough to reverse the
natural gradient for ground-water flow toward the River. Another important factor to recognize
in examining Figures 16 and 17 is that pumping capacity directly affects the depth of drawdown
within the cone of depression. Hence, a second objective in trying to avoid induced infiltration
from the River isto limit pumping capacity such that whatever local gradient forms around the
pumped well (within the cone of depression) isrelatively flat rather than steep.

In light of data showing that ground water continued to discharge to the river during the aquifer
tests discussed above, the most logical approach to meeting increased demand is to increase the
duration of pumping cyclesin Well 4. However, while that would not be expected to reverse the
aquifer-stream gradient, it would result in NGWC'’ s dependence on that one well for an ever
increasing portion of total water demand. A major concern with such an approach would be the
lack of water supply capacity in the event of any routine or other down-time in what would then
be NGWC's largest single source of supply. A more reliable alternative to achieve increased
capacity would be to devise a multiple well pumping program which utilizes short pumping
cycles (asin the existing use of Well 4) that would meet increased water demand but would not
be long enough to allow the cone of pumping depression to reverse the aquifer-stream gradient.
NGWC has implemented the beginnings of such an alternative by alternating its current pumping
between Wells 4 and 5; the small pumping impacts at Elk Prairie are now diminished by
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distribution of pumping among two wells rather than just one. In effect, since both wells have
similar pumping capacities (260 gpm), each well is pumped about half the time that Well 4 was
previously pumped by itself.

In light of the high aquifer transmissivity at Elk Prairie, a number of options were developed and
analyzed for increasing water supply at Elk Prairie, generally asfollows:

! alternating pumping between Wells 4 and 5

! increasing the duration or frequency of pumping cycles at Well 4

! increasing the capacity of Well 4

! simultaneous pumping of Wells 4 and 5

! construction of additional wells to further distribute pumping, and to retain

individual low pumping rates and short pumping cycles.

Potential well siteson NGWC'’s property areillustrated on Figure 18, which also includes the
existing Wells 4 and 5, the existing monitoring wells and stream staff gauges, and a number of
additional monitoring sites which were considered in analyzing the potential impacts of using
some combination of wells to meet existing and projected NGWC water demand.

Sixteen different scenarios were analyzed to examine the potential impacts of using various
combinations of the wellsillustrated in Figure 18, at various pumping capacities and pumping
times, to meet projected NGWC water demand. Each scenario was examined by use of an
analytical model, based on measured aquifer characteristics at Elk Prairie, to compute drawdown
impacts around the well(s) and to determine whether or not that drawdown caused the net
ground-water gradient to remain toward the River (Figure 16) or to be reversed (Figure 17). The
sixteen scenarios included:

! individual pumping of Wells4 and 5 at rates of 250 and 500 gpm

! simultaneous pumping of Wells4 and 5 at individual rates of 125 to 375 gpm
(375 to 500 gpm combined)

! individual pumping of hypothetical Wells 6 and 7 at 500 gpm

! simultaneous pumping of various pairs of existing (Wells4 and 5) and
hypothetical (Wells 6 and 7) wells at 250 gpm each (500 gpm combined)

! simultaneous pumping of various combinations of three existing and hypothetical

wells at 125 and 250 gpm each (625 gpm combined)
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! simultaneous pumping of various combinations of two existing and hypothetical
wells at 250 and 500 gpm (750 gpm combined)

All the scenarios were configured to meet the projected future demands described above; in other
words, pumping times would increase or decrease as afunction of pumping capacitiesin order to
meet the same projected water demand.

The detailed results of the 16 scenarios are included in our report entitled I nvestigation of
Ground-Water Occurrence and Pumping Impactsat Elk Prairie (January, 1998), whichis
separately submitted as part of this proceeding as Exhibit NGWC-8. For purposes of this
testimony, it can be summarized that 12 of the 16 scenarios would not result in any reversal of
gradient and thus no inducement of infiltration from the River as aresult of pumping by NGWC
to meet existing or projected future water requirements, e.g. the hydraulic picture as
schematically illustrated in Figure 16.

In light of al the preceding, NGWC can incrementally increase its pumping from Elk Prairie to
meet projected increases in water demand in the future without causing areversal in aquifer-
stream gradient that would induce infiltration from the River. Various options exist for such
increases, including: 1) increasing the design capacity of Well 4 up to 500 gpm; 2) pumping Well
5 simultaneously with Well 4 at a combined capacity up to 500 gpm,; 3) installing and operating a
new Well 6 at a capacity up to 500 gpm; 4) operating Wells 4, 5, and 6 at a combined capacity up
to 625 gpm; and 5) installing a new Well 7 with a capacity of 250 gpm and operating it along
with Well 6 at acombined capacity of 750 gpm. Since Wells 6 and 7 are potential rather than
existing wells, the actual capacities and pumping impacts of these wells would need to be
verified by testing if they are constructed as part of an overall strategy to meet water

reguirements from local ground-water flow without inducing any depletion of the nearby North
Fork of the Gualala River.

Ultimately, it would be appropriate to configure an integrated pumping and monitoring program
at Elk Prairie to ensure that whatever well field isinstalled and operated (which of the 12
scenarios is implemented) does not induce infiltration from the River. Conceptually, assuming
that the existing Wells 4 and 5 remain in service, it islogical that the existing monitoring
network (MW 1-5 plus SG 1-3) would be utilized for regular water level measurements to verify
maintenance of ground-water flow toward (and not from) the River. In the event that pumping
were to cause agradient reversal, some combination of pumping rates, well locations, and
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pumping cycles would have to be adjusted to eliminate such an impact. In general, pumping
operations would have to be conducted in such away that ground-water levels at the monitoring
wells between the production wells and the River would be sustained higher than the River
elevations measured at the stream stage monitoring locations.
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L egal Classification of Ground Water

As discussed in the introduction of this testimony, the scope of our investigation at Elk Prairie
was to investigate the occurrence of ground water and to assess pumping impacts on stream flow.
The investigation into the occurrence of ground water resulted from the SWRCB staff’ s assertion
in December 1992 that NGWC’s Well 4 was pumping ground water flowing in a subterranean
stream. The SWRCB staff’ s assertion was based on its agreement with the conclusionsin a
November 5, 1992 |etter report prepared by Richard C. Slade and Associates. The letter report
discussed the legal classification of ground water beneath the Gualala River system, with focus
on NGWC’'s Well 4. According to the SWRCB staff, the Slade investigation was conducted for
the Sea Ranch Water Company because of itsinterest in NGWC's Well 4 as a potential source of
water supply for the Sea Ranch, although such an interest is not mentioned in the Slade letter
report.

The Slade report states that its hydrogeol ogic assessment was conducted for the purposes of
establishing whether water extracted from NGWC' s Well 4 is from ground water flowingin a
“subterranean stream” or from “percolating” ground water. Despite Slade’ s stated purpose of
establishing the legal classification of ground water extracted by NGWC’ s Well 4, hisreport a'so
discusses NGWC’'s Wells 1-3 (located westerly across the San Andreas Rift Zone from Well 4)
and Sea Ranch Water Company’s Well 2 and four test holes near Well 2 (which is apparently one
of three Sea Ranch Wells). All of the Sea Ranch wells are located along the South Fork Gualala
River. Ultimately, Slade concluded that the entire Gualala River system and, in particular the
ground water extracted by NGWC Well 4, conforms with the definition of a*subterranean
stream” and therefore is under the water-right permitting jurisdiction of the SWRCB.

At the time of Slade’ sinvestigation, the majority of the specific technical data presented and
discussed in this testimony, including essentially all of the ground-water elevation data, was not
available. Some limited ground-water level data was available from Well 4, but it was
apparently not considered by Slade. It would have taken a more detailed investigation than was
conducted by Slade to interpret ground-water gradients and flow directions relative to the River.
However, simple consideration of the difference between the ground-water level at Well 4 and
stream level would have raised questions about the alleged “ channelized” flow, had water levels
been considered. Well yield information from Well 4 was available but apparently not used or
considered by Slade. For example, Slade reported that pumping rates for NGWC Wells 1-4 at
the time of their construction were 50 to 60 gpm. Well 4 actually was test pumped at capacities
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up to 850 gpm when it was constructed, and it has been permanently equipped to pump 260 gpm
since it was connected to the NGWC system in 1989. Independent of those details, the majority
of Slade’ s assessment was based on generalized geologica descriptions, general values of aquifer
characteristics published in the literature, assumed ground-water flow directions, and similarities
in surface water and ground-water quality.

The Slade letter report cites four criteriawhich, according to a personal communication from
Julie Laudon, SWRCB staff, delineate a“ subterranean stream”:

. achannel, well-defined both laterally and vertically;

. shallow aluvium present in the channel;

. geologic contact between the shallow alluvium and underlying bedrock is a flow
boundary marked by a sharp permeability (hydraulic conductivity) contrast; and

. similarity in water quality between water extracted from wells located in the

aluvium, and surface water runoff in the loca stream channdl.

Interestingly, there was no mention in the criteria cited by Slade that there be flow in the
subterranean channel; presumably as aresult of that omission, there is no discussion of ground-
water flow in the Slade letter report. Consequently, Slade drew no conclusion about whether
ground-water was flowing in, or in any way confined in, the subterranean stream channel which
he concluded to be present.

Slade’' s conclusion regarding a subterranean stream was based on some of the geologic and
hydrologic information available at the time, and was organized into severa sub-conclusions: 1)
the aquifer system is arelatively narrow, confined alluvia stream valley which is underlain by
relatively impermeable, consolidated, fractured marine conglomerate, sandstone, and siltstone of
the Franciscan Formation; the latter materials were considered by Slade to be non-water bearing;
2) the alluvia aquifer materials are shallow, ranging in depth from 55 to 105 feet; 3) recharge to
the alluvial aquifer system islargely from influent seepage of stream flow in the Gualala River;
4) recharge to the alluvial aquifer materials from rainfall and from the underlying bedrock
formations appear to be a minor contributing source of water in the alluvium; 5) textbook values
of hydraulic conductivity for alluvium are several orders of magnitude higher than textbook
values for bedrock; and 6) water quality data indicate that the source of NGWC ground water is
from the Gualala River.
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As aresult of the investigation and analysis undertaken as a basis for this testimony, it is now
clear that ground water beneath Elk Prairieis not flowing in a subterranean stream. The bases for
this conclusion are summarized as follows.

The geophysical exploration and test hole drilling parts of the 1996-97 investigation show the
aluvia aguifer system beneath Elk Prairie to be notably wider (possibly up to 0.5 mile) than the
rest of the “relatively narrow” river system described by Slade. It is also substantially deeper (up
to about 170 feet) than Slade' s estimate (up to 105 feet).

Water level datafrom wells and stream stages at Elk Prairie clearly show that recharge to the
aluvia aguifer at Elk Prairie is not from influent seepage of stream flow. Instead, ground water
perennially discharges to the stream and there is no influent seepage, even under pumping
conditions. Water level data also show that recharge from rainfall and/or from the underlying
bedrock formations must be contributing sources of water to the alluvium. Ground-water level
measurements in wells on Elk Prairie show rapid responses to precipitation; and maintenance of
apositive ground-water gradient toward the River (the ground-water flow direction is
perpendicular to the stream, not parallel to it, beneath Elk Prairie) without declining ground-
water levels and storage throughout the dry part of the year show that there is a subsurface flow
from the basement complex to the aluvium, particularly during periods of no precipitation.

The results of pumped well testing show that alluvial aquifer transmissivity is notably higher
than what might have been estimated from the data reported by Slade. While that might suggest
agreater contrast with the underlying bedrock, the maintenance of ground-water flow nearly
perpendicular to the stream, with associated ground-water discharges to the stream, strongly
supports the conclusion that the basement materials are not relatively impermeable, probably
because the Franciscan Formation bedrock is highly fractured, and more interconnected in its
fractures, in the proximity of the San Andreas Fault Zone.

Finally, although there are similarities in surface-water quality and ground-water quality, these
water qualities are not identical. For example, the concentrations of total dissolved solidsin
ground water are 30 to 40 percent higher than in surface water. The hydraulic gradients under all
static and pumping conditions clearly show that ground water discharges to the North Fork
Gualala River from beneath Elk Prairie. The source of surface water is, in part, ground-water
discharge and not the other way around as reported by Slade.
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Further consideration of the findings of the investigation on which this testimony is based
suggest that, particularly during the dry season when there is no surface runoff, the maintenance
of alive stream above Elk Prairie, with a gaining reach adjacent to Elk Prairie results from
discharge of ground water either directly from the fractured Franciscan bedrock material or from
aluvial materials adjacent to the stream that are, in turn, receiving inflow from subjacent
fractured bedrock.

In conclusion, thereis a perennial ground-water gradient causing flow in a perpendicular
direction toward the North Fork Gualala River and no “channelized” ground-water flow parallel
to the River at Elk Prairie. These conditions and the response of the aquifer to precipitation, to
pumping, and to dry-season lack of rainfall recharge all show that ground water is not recharged
by influent stream seepage and is not flowing in adefined channel. Ground water beneath Elk
Prairie is maintained by some combination of deep percolation of precipitation and subsurface
flow from the basement complex. Similarities in surface-water quality and ground-water quality
are not the result of recharge from the North Fork Gualala River, since ground water is
discharging to the River, and not being recharged by it, under both static and pumping
conditions. Consequently, ground water beneath Elk Prairie does not occur in a subterranean
stream.

Finally, although it has not been alleged by either Slade or SWRCB staff that ground water
beneath Elk Prairie isthe underflow of the River, it is noteworthy that such is not the case for the
same basic reason that ground water is not flowing in a subterranean stream. The perennial
ground-water flow direction at large anglesto the River, and not paralel to it, is contrary to the
requirement that underflow be moving in the same general direction as the surface stream.
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Summary and Conclusion

Based on the findings of our investigation of the occurrence of ground water beneath Elk Prairie
and itsinteraction with surface water in the adjacent North Fork of the Gualala River, a number
of summary points and conclusions to this testimony can be drawn as follows.

Surface geophysical (seismic refraction) exploration was conducted to initially define the areal
and vertical extent of the alluvial aquifer and the location of the basement complex underlying
the aguifer. The resultant description of the aquifer system beneath Elk Prairieis ashallow,
broad, v-shaped trough or channel generally parallel to the North Fork GualaaRiver. At its
deepest, on the north side of the River near NGWC Wells 4 and 5, the alluvia aguifer is about
170 feet thick and underlain by fractured and slightly-weathered Franciscan Complex.

A network of five test holes was drilled and logged to define geologic and lithologic conditions,
and to aid in interpretation of the geophysical exploration work; all of the borings were
completed into dedicated monitoring wells. Two of the boreholes were drilled through the
alluvium to confirm its thickness, which is 149 and 147 feet at sites MW-3 and 5 respectively. A
backup water supply well (Well 5) was constructed on the Elk Prairie approximately 400 feet
east of Well 4 to protect NGWC'’ s source capacity in the event of maintenance or repair of Well
4. Well 5 was completed in the same aquifer materials as Well 4, although the completions of
the two wells are not identical due to difference in lithology at the respective sites.

Water-level monitoring in Well 4 and a staff gauge in the River (SG-1) began in March 1996,
and two additional staff gauges were installed upstream of SG-1 in October 1996. Water levels
were measured biweekly at two production wells, five monitoring wells, and three staff gauges
through the end of 1997; sporadic observations have been made since then. Hydrographs and
ground-water elevation contour plots developed from these dataindicate that the reach of the
North Fork Gualala River adjacent to Elk Prairie was a gaining reach under all hydrologic
conditions that occurred between March 1996 and December 1997, including pumping
conditions during Well 4's normal pumping cycles for domestic water supply. Similar conditions
have occurred on all occasions when water levels have been measured in 1998 through the
present; normal pumping operations have continued throughout that period aswell. While there
isdirect hydraulic continuity between the aquifer system and the River, all measured ground-
water levels are above the River; and, as aresult, ground water discharges to the stream under al
River stages.
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In addition to observations of water level responses to day-to-day operations, two constant-rate
pumped well and aquifer tests were conducted in Well 4 at a pumping rate of approximately 260
gallons per minute, which isits design capacity. The tests were conducted during low stream
flow conditions in September and October 1997 in order to observe “worst case” conditions for
possible pumping impacts on stream flow. The tests were also extended well beyond the
duration of any existing or projected pumping cycle by NGWC, again to examine “worst case’
conditions. During the tests, there were no reversals of gradient, and hence no induced
infiltration from the stream to the aquifer. Measurements of ground-water levels and resultant
contour mapping of equal ground-water elevations show continuous ground-water discharge
toward the River throughout the tests.

Based on interpretation of the well and aquifer testing, the average transmissivity of the aquifer
materials beneath Elk Prairie is between 300,000 and 400,000 gpd/ft, and the corresponding
hydraulic conductivity is on the order of 4,500 gpd/ft>. Both are high values, typica of coarse
sands and gravels as are present in the aquifer beneath Elk Prairie. It iscommon that, with such
high hydraulic conductivity and aquifer transmissivity, water-level drawdown in pumped wells
and in the surrounding aquifer istypically small, as observed during the testing and the regular
operation of Well 4.

The ability to pump more ground water from the alluvial aquifer beneath the Elk Prairie would
help NGWC meet its projected future water demand. The aquifer test results indicate that more
water could be pumped from the aquifer while continuing to maintain a positive gradient for
ground-water discharge to the River. Various options available to NGWC to increase pumpage
from Elk Prairie include alternating pumpage between Wells 4 and 5, increasing the pumping
capacity of Well 4, and constructing additional wells at the site. Simulations using an analytical
model based on measured aquifer characteristics at the site indicate that any of 12 different
scenarios would not cause a simulated gradient reversal, including one scenario at 375 gpm, Six
scenarios at 500 gpm, two scenarios at 625 gpm, and one scenario at 750 gpm.

Based on the various components of the Elk Prairie exploration, monitoring, and testing, it can be
concluded that NGWC can continue to operate Well 4 at its design capacity, with extended
pumping cycles to meet daily and seasonal fluctuationsin water demand, and not cause any
induced infiltration from the North Fork GualalaRiver. Similarly, NGWC can operate Well 5 at
asimilar capacity on intermittent pumping cycles without causing any induced infiltration from
the River aslong as both wells are not pumped at the same time. However, if Well 5 were
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equipped with asmaller capacity pump and Well 4 with alarger capacity pump, these wells
could be pumped simultaneously at a combined capacity of up to 500 gpm. Finally, as water
demand in the system increases in the future, NGWC could install one or two additional
production wells at Elk Prairie, located asimilar or greater distance from the River and equipped
at asimilar capacity and operate them in a similar manner without causing any induced
infiltration from the River. The addition of that source capacity would provide sufficient supply
to meet increased water demand based on the Town’s General Plan over the next 20 years.
Coincident with the increase in pumping at Elk Prairie to meet increased future water demand, it
would be appropriate to implement a monitoring program to ensure that whatever well field is
installed and operated does not induce infiltration from the River.

Finally, the results of the overall Elk Prairie ground-water investigation show a perennial
gradient for ground-water flow toward, and discharge into, the North Fork Gualala River from
beneath ElIk Prairie. Thereisno “channelized” ground-water flow parallel to, or in the same
genera direction as, the River at Elk Prairie. These conditions and the response of the aquifer to
precipitation, to pumping, and to dry season lack of rainfall recharge all show that ground water
is not recharged by influent stream seepage. During the dry season, both ground water and
stream flow are maintained by subsurface flow from the basement complex. Similaritiesin
surface and ground-water quality are not the result of recharge from the North Fork Gualala
River to the aquifer system, because ground water discharges to the River under both static and
pumping conditions regardless of stream stage. Asaresult of all these factors, ground water
beneath Elk Prairie does not occur is a subterranean stream, nor does it occur as underflow of the
River.
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EXHIBIT NGWC-8

Luhdorff & Scalmanini Consulting Engineers: “Investigation of Ground-
Water Occurrence and Pumping Impacts at EIk Prairie” (January 1988)

See hard copy of report
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Geologic Map of North Gualala River Watershed

See hard copy of map
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USGS 7.5” McGuire Ridge, California Quadrangle Topographic Map

See hard copy of map
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USGS 7.5’ Gualala, California Quadrangle Topographic Map

See hard copy of map




EXHIBIT NGWC-12

U.S. Dept. of the Interior, U.S. Geologic Survey, “Topographic Map
Symbols” '

See hard copy of map
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DFG EXHIBIT 1

{1 Harllee Branch, Staff Counsel

California Department of Fish and Game
Office of the General Counsel

1416 9th Street, 12th Floor

Sacramento, CA 95814

Telephone: (916) 657-4091

Fax: (916) 354-3805

STATE OF CALIFORNIA

STATE WATER RESOURCES CONTROL BOARD

In the Matter of: ) :
: : . )  TESTIMONY OF KIT H. CUSTIS,

HEARING REGARDING THE LEGAL )  CERTIFIED ENGINEERING
CLASSIFICATION OF GROUNDWATER }  GEOLOGIST (CEG)
EXTRACTED FROM THE NORTH GUALALA )
WATER COMPANY’S WELLS 4 AND 5 )
UNDER PERMIT 14853 )

)

TESTIMONY OF KIT CUSTIS

I, Kit Custis, provide the following written testimony under penalt.y of perjury in relation
to the State Water Resources Control Board’s Hearing Regardiﬁg the Legal Classification of
Groundwater Extracted from the North Gualala Water Company’s Wells 4 and 5 Under Peﬁnit
14853.

Q1: Please state your name and your professional qualifications.

1. I hold Bachelor of Science and Master of Science degrees in Geology frdm
California State University, Northridge, and have over 55 units of graduate credit at UC Davis as
part of a PhD program in Hydrological Sciences. [ am a California Registered Geologist,
RG3942; a Certified Engineering Geologist, EG1219; and a Certified Hydrogeologist, HG254. 1
have more than twenty-three years of professional experience in engineering geology and

hydrology. I am presently employed as a Senior Engineering Geologist with the Department of

1 Testimony of Kit H. Custis -- Page 1
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Conservation’s California Geological Survey (formerly the Division of Mines and Geology) in

the North Coast Watershed Assessment Program providing hydrologic and fluvial geomorphic
analysis and mapping. Through an interagency contract, I also regularly provide technical
analysis for the Department of Fish and Game (DFG) on the effects of pumping wells on sufface
streﬁm flows.

2. My career as an engineering geologist has included work for both private
scientific consulting companies and public agencies. My work for private companies has
included the following: 1) hydrogeologic evaluations of groundwater resources and potential for
groundwater contamination; 2) oversight of groundwater monitoring programs; 3) hazardous
waste site assessments; 4) well design; 5) geotechnical, seismic and landslide hazard
investigations and moni‘;oring; and 6) development and design of database and computer
mapping applications.

3. Other private projects have included the following: 1) geotechnical and
groundwater studies of hillside homes and developments; 2) geologic and seismic hazard
aséeésment for large dams; 3) project geologisf at nuclear power plants; and 4) statewide
resource surveys.

4. My experience working for public agencies has included the following: 1)
statewide manager of investigations to find sources (ﬁ‘ pollution to public drinking water wells;
2) case officer for over 30 contaminated soil and groundwater cleanup projects; 3) preparation
and oversight of WDR’s and NPDES permits, Monitoring and Reporting Programs and Cleanup
and Abatement Orders; 4) evaluation of geologic hazards for hospitals and schools; 5) evaluation
of mined land reclamation plans; 6) evaluation of stability of slopes and erosion controls on

mined lands; 7) research for the U.S. Environmental Protection Agency on the application of

Testimony of Kit H. Custis -- Page 2
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geophysical methods to acid mine drainage investigations; 8) preparation of a cleanup plan to
abate acid mine drainage from the abandoned Spenceville copper mine through interagency
contract with DFG; 9) assistance in implementation of wzitershed restoration grant projects, also
through interagency contract with DFG.

5. My resume has been provided separately as DFG Exhibit 2.

Q2: Please begin by providing a brief overview of the general geologic and hydrologic |
conditions in the North Fork Gualala River watershed, where North Gualala Water
Company’s Wells 4 and 5 are located.

6. The North Fork Gualala River is a perennial stream that drains an area of
approximately 25,400 acres (39.7 square miles) above the North Gualala Water Company’s
(NGWC) well site (DFG Exhibit 3). Approximately 110 miles (177 km) of perennial stream
channel exists upstream of the North Fork’s confluence with the Little North Fork Gualala based

on the 1:24,000 United States Geological Survey (USGS) 7-1/2 minute blue-line streams (DFG

‘Exhibit 4). The average annual rainfall in the North Fork Gualala watershed ranges between 39

to 49 inches, with an average of approximately 43 inches (DFG Exhibit 5). In the area of Elk
Prairie, which is home to NGWC’s wells, annual rainfall is approximately 41 inches. Vegetation
covering the western portion of the North Fork Gualala watershed, including Elk Prairie, is
mostly timber with minor areas of grass and shrubs.

7. A stream gage was installed in 2001 on the North Fork Gualala (USGS station

|#1 1467553) just downstream from the confluence with the Little North Fork. However, the

period of record for this gage is insufficient to develop a long-term hydrograph. The only long-
term record of river flows is from the gage that existed from 1950 to 1971 and 1991 to 1994
(USGS station #11467300) on the South Fork of the Gualala just below the confluence with the

Wheatfield Fork of the Gualala River. The upstream watershed for this gage is 161 square miles
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-~ approximately 4 times that of the North Fork Gualala. The geology and hydrology of the
southern Gualala watershed are sufficiently similar to allow this gage to be used to estimate
flows in the North Fork watershed.

8. Reports and records of the average precipitation patterns in Mendocino County
find that between the months of May and October, little rain falls (DFG Exhibits 6 and 7).
Therefore, the flow in the Gualala watershed between the months of May and October may be
assumed to be baseflow derived primarily from groundwater. At the previous South Fork gage,
flows from May to October made up approximately 5 percent of the annual flow (DFG Exhibit
8). An average baseflow above the South Fork gage during this time is estimated at
approximately 41 cfs. If it is assumed that the baseflows in the North Fork Gualala watershed
are proportional by area to the South Fork gage watershed, being of similar geology, hydrology
and topography, then an average baséﬂow of approximately 10 cfs can be estimated for the
North Fork during the months of May to October.

9. The North Fork Gualala River lies in an incised bedrock canyon cut into the
Triassic/late Cretaceous age Franciscan Formation. DFG Exhibit 9 is a geologic map of the
northern third of the Gualala watershed illustrating alluvium extending up from the confluence of
the North and Little North Forks of the Gualala River for approximately 8 miles. The western
portion of the watershed is underlain by the sandstones and occasional shale of the Coastal Belt
of the Franciscan Formation (DFG Exhibits 9 and 10). The eastern portion of the watershed is
partially underlain by the mélange of the Central Franciscan. The mélange.consists of a variable
abundance of hard, resistant blocks of chert, metamorphosed rocks, sandstone, greenstdne,
serpentinite in a sheared shale and sandstone gouge matrix. Shallow and deep-seated landslides

are common in both types of bedrock as shown on DFG Exhibit 9.
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|| Tombs Creek Fault, the San Andreas has influenced the orientation of stream channels

1| Gualala, the Little North Fork Gualala and the North Fork Gualala below the Little North Fork

rconfluence. These rivers are essentially linear channels flowing within the San Andreas Fault

10.  The dominant geologic structure in the Gualala watershed is the San Andreas

Fault, which cuts a linear northwest treﬁding valley through the western portion of the watershed.

Along with other sub-parallel faults to the east that are today only potentially active, such as the

throughout the Gualala watershed. The best example is the orientation of the South Fork

Zone. .The western edge of the NGWC properties lies at the San Andreas Fault Zone, and wells
1, 2 and 3 are within the zone.

11.  The alluvial valley fill at Elk Prairie is approximately 1,200 feet wide. The active
channel of the North Fork Gualala River flows approximately 800 feet south of the northern
alluvial-bedrock contact. The meanders of the North Fork Gualala’s active channel have larger
amplitudes and radius of curvatures east and upstream of Elk Prairie. Although the
unconsolidated alluvial material that fills the incised channel of the North Fork Gualala are
mapped in DFG Exhibit 9 in yellow and appear to extend only 8 miles upstream of the NGWC’s
wells, these channel sands and gravels actually extend further upstream. quéver, the map scale
(1 inch = 2,000 feet) precludes mapping these small sediments.

Q3: In your professional opinion, is a subsurface channel present at the location of North
Gualala Water Company’s Wells 4 and 5?

12.  Yes.
Q4: Please describe how you came to this conclusibn. |

13.  DFG Exhibit 9 shows the alluvium of the Nérth Fork Gualala filling the bottom
of an incised sinuous bedrock canyon. The incision of this canyon likely occurred during uplift

and inundation of the western Gualala watershed over the last 300,000 years or more to create at
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least five marine terraces along the Gualala coast (DFG Exhibits 11, 12, and 13). During the

marine low stand of the last glacial period 15,000 years ago, the sea level dropped approximately
390 feet below today’s elevation -- resulting in the erosion of the North Fork Gualala channel at
Elk Prairie to at least 170 feet below today’s elevation. Evidence for the depth of this erosion
event at the well site is found in Geologic Cross-Sections A-A’, B-B’, and C-Cf in addition to
the well logs (see generally pp. 19-24) contained in DFG Exhibit 14 —a 1998 report by Luhdorff
& Scalmanini Consulting Engineers on their subsurface investigation of pumping impacts from
the NGWC’s production wells PW-4 and PW-5 at Elk Prairie. Similar evidence is also contained
on page 7 of the 1996 Bailey Scientific Elk Prairie seismic survey report, which was included as
Appendix A of the Luhdorff Séalmanini report (DFG Exhibit 15, p. 7). The depth of the North
Fork Gualala River channel alluvium at Elk Prairie is consistent with what would be estimated
by projecting the slope of the surrounding bedrock into the subsurface. Other estimates of the
depth of alluvium at and upstream of Elk Prairie derived by down slope projection of the
topography are shown in the chart contained on page 27 of DFG Exhibit 14. The approximate
location of these profiles is superimposed as cross-sections 1, 2, and 3 on the Elk Prairie detail of]
DFG Exhibit 9a.

14.  The Luhdorff & Scalmanini report found that the near-surface deposits at Elk
Prairie consist of fine-grain soils, sandy silt to silty clay (DFG Exhibit 14, page 7). Below these
soils is the coarser-grained alluvial aquifer consisting mostly of sands and gravels with
occasional interbeds of fine-grained materials (DFG Exhibit 14, page 7; Figures 2-2, 2-3 and 2-4|
on pp. 6-8). The thickness of the fine-grained surface soils apparently increases as it extends
northward towards the bedrock -- sloping down and away from the active stream channel. The

ﬁne-graiﬁed surface soils also appear to thicken to the northwest. The top of the coarse-grained
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| DFG Exhibit 14, Figureé 2-2 and 2-3, pp. 6-7, show that the coarse-grained alluvial aquifcf

alluvial aquifer is rapproximately 7 feet below the surface at monitoring well MW-5. The depth
to the top of aquifer increases to 17 feet at production well PW-5 and still deeper to 37 feet at
monitoring well MW-2, and to 57 feet at MW-4.

15.  The lowermost portion of the coarse-grained alluvial aquifer underlying Elk
Prairie is bound by bedrock of Coastal Belt Franciscan Formation that consists primarily of

greywacke sandstone and minor shale (DFG Exhibits 9 and 10). Geologic cross-sections in

overlies a fresh Franciscan sandstone bedrock unit, TKfss. The geophysical investigation of
Bailey Scientific (DFG Exhibit 15, page 10) concluded that the Elk Prairie alluvium is underlain|
by 1) local landslide debris, 2) soil and weathered bedrock, and 3) fresh bedrock. In the legend of]
Bailey Scientific’s cross-section A-A’ (DFG Exhibit 15, last page); the fresh bedrock unit is
described as, “[s]lightly weathered, well-fractured Franciscan sandstone with an occasional well-
weathered (clayey) zone.” Bedrock fractures are described as being “very tight.”

16.  Although sitefspeciﬁc subsurface information is lacking for the depth of alluvium
south of the active North Fork Gualala channel at Elk Prairie, the close agreement between the
estimated alluvium depth based on projecting the slopes downward and the site specific drilling
data supports the down slope projection of the surface topography to estimate subsurface
conditions.

| 17.  Therefore, the presence of the coarse-grained subsurface channel is demonstrated
by: 1) the incision of the canyon during the last glacial period to a depth of at least 170 feet
greater than today’s alluvium surface; 2) the Holocene coarse-grained alluvium filling between

the incised bedrock canyon walls through which the North Fork Gualala flows today; and 3) the

| Testimony of Kit H. Custis -- Page 7
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relatively impermeable in comparison to the alluviam?

bounding of the coarse-grained alluvium by either fine-grained alluvium or fresh Franciscan

Formation sandstone bedrock forming a subsurface channel of coarse-grained alluvium.

Q5: In your professional opinion, is groundwater flowing in the subsurface channel you
described?

18.  Yes.

Q6: Please describe how you arrived at this determination.

19.  Groundwater elevation data for Elk Prairie shows that the sand and gravel aquifer
of the subterranean channel underlying the North Fork Gualala River in this area is saturated and
groundwater is flowing in a generally southwesterly direction (DFG Exhibit 14, Figures 4-4 and
4-5, for example). This southwesterly flow results from the fact that groundwater generally flows
from high to low elevations (potential). At Elk Prairie, gradient drops in elevation moving
generally from east to west.

Q7: In your professional opinion, are the bed and banks of the channel you described

20.  Yes.

Q8: Please describe how you arrived at this conclusion.

21.  The permeability of the alluvial aquifer is 2.5 to 3 times greater than the
surrounding greywacke sandstone bedrock.

22.  The Luhdorff & Scalmanini report estimated the permeability of the coarse-
grained aquifer beneath Elk Prairie at 4,500 gpd/ft® (gallons per day per square foot) (DFG
Exhibit 14, page 41). The specific capacity of the pumping wells - the amount of water yielded
per foot of drawdown -- ranged from 90 gpmfft. (gallons per minute per foot) for production well
PW-5 to 130 gpm/ft for production well PW-4 (DFG Exhibit 14, pages 11 and 12). Step-

drawdown pump tests demonstrated that NGWC wells PW-4 and PW-5 can yield a respective

Testimony of Kit H. Custis - Page 8 - '
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maximum pumping rate of 850 and 700 gpm (gallons per minute) with respective drawdowns of
7.4 and 9 feet (DFG Exhibit 14, pages 11 and 12).

23.  Anestimate of the groundwater yield and hydraulic characteristics of the Coastal

Belt Franciscan bedrock that surround Elk Prairie can be found in the regional groundwater

studies of coastal Mendocino County and Sonoma County. Parfitt and Germain (DFG Exhibit

6) placed the Gualala watershed in their Point Arena Subunit. Elk Prairie lies within the inland

| portion of this subunit and is part of their “Critical Water Resources-bedrock unit,” or “CWRbr”

(DFG Exhibit 6, Figure 3). The CRWhbr unit is described as “groundwater available from
.usually low vielding bedrock wells.” Parfitt and Germain recommend that for the CRWbr unit
the minimum land-use density be 20-acres or larger (DFG Exhibit 6, page 18), assuming an
average per capital water of 0.2 acre-feet per year (DFG Exhibit 6, page 15), unless “proof of
water” is demonstrated. From this statement, Parfitt and Germain imply that lots in the Gualala_
watershed underlain by the Coastal Belt Franéiscan have very limited sustained rechargé to
bedrock to supply domestic water wells. By my calculation, for every inch of deep bedrock

recharge, approximately 1.67 acre-feet of groundwater is made available (20 acres x 1/12 feet =

11 1.67 acre-ft). With a per capifa use of 0.2 acre-ft per year, this volume of sustainable recharge

can serve up to 8 people.

24.  Parfitt and Germain also found that the average specific capacity of wells in the
Coastal Belt Franciscan greywacke was 0.265 gpm/ft with well drawdowns averaging
approximately 68 feet (DFG Exhibit 6, Table 6). Ford (DFG Exhibit 16) investigated the

occurrence of groundwater in the Sonoma County portion of the Gualala watershed and found

| similar conditions. Ford found that the yields of wells drilled into the Franciscan bedrock

generally are low, ranging from 1 to 3 gpm with an average specific capacity of 0.22 gpm/ft

Testimony of Kit H. Custis -- Page 9
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| (DFG Exhibit 16, pages 147 and 148). As part of my own Gualala watershed study, I reviewed

well logs to evaluate the depth of allux}ium and the permeability of bedrock in the Gualala
watershed. My review of logs for 17 bedrocic wells in the Coastal Belt Franciscan of the Gualala
watershed foﬁnd similar results to Ford, and Parfitt and Germain (DFG Exhibits 16 and 6,
respectively). I calculated an average bedrock specific capacity of 0.21 gpm/ft, but the data werel
iog-n(;rmally distributed with a positive skew. This means that most data are less than the mean
value. A better representation for this small, skewed data sets is the median value, or rhiddle
value, of specific capacity which was approximately 0.10 gpm/ft for the Coastal Belt Franciscan.
I also estimated hydraulic conductivity assuming the conversion of specific capacity to
transmissivity proposed by Driscoll for the unsaturated case (DFG Exhibit 17, page 1021). 1
then assumed the thickness of bedrock-yielding water to be the same as the well screen length.
As with the specific capacity, the hydraulic conductivity data are log-normally distributed with a
positive skew. I calculated a median value of hydraulic conductivity of approximately 1.7
gpd/ft*. A calculation of the ratio of alluvium-to-bedrock for either the specific capacity or
hydraulic conductivity finds that bedrock ranges from 2.5 to 3 orders of magnitude less
permeable or water yielding than the subterranean channel ailuvium (Qalc/bedrocks. =450; Qaly.
/ bedrocky = 1800).

Q9: In your professional opinion, how does water recharge to the subterranean channel
alluvium occur at Elk Prairie?

25.  There are several possible means by which recharge could occur, including
subsurface flow from the subterranean channel alluvium upstream, recharge from surface water

through the sand and gravel bed of the stream channel, or a combination of both.
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Q10: What is the basis for this determination?

26.  The hydrology of the Casper Creek watersheds in the J aékson State Forest.near
Fort Bragg has been studied since 1963 to evaluate impacts from different tfpes of silvicultural
practices on watershed conditions. The studies in Caspar Creek are particularly applicable to the
North Fork Gualala because both watersheds have several important characteristics in common:
1) both are underlain by the same .Coastal Belt Franciscan bedrock; 2) both are overlain by
coastal redwood and Douglas-fir coniferous forests; and 3) both have nearly equivalent annual
precipitation -; 43 to 46 inches per year. Findings from studies done in Caspar Creek of the
subsurface drainage processes, summer flows, water yield, and water balance can therefore be
applied to the North Fork Gualala watershed. Ziemer (DFG Exhibit 18) studied the water
balance of both basins over a five year period. He estimated the average annual potential
evapotranspiration at approximately 50 percent of the annual precipitation. A measurement of
the actual runoff from each of the two sub-basins, when compared to the potential runoff, found
that 2 to 6 percent of the water was not accounted for. This loss of flow could be due to deep
recharge of bedrock. This rate of deep groundwater percolation is similar to that estimated by
Parfitt and Germain (DFG Exhibit 6). Keppeler and Brown (DFG Exhibit 19) studied
subsurface drainage process and found that for forested lands such as Caspar Creek and the

North Fork Gualala watershed, “fsjeasonal effects of subsurface flows are manifest in the

 storage properties of forest soils. During the summer, water drains from soils and spports

perennial streamflow (baseflow).” Keppeler and Brown’s study also found that much of the

‘streamflow during the winter is from shallow soil pipes that rapidly drain off infiltrating

precipitation. Thus, research on north coast forested watersheds suggests that most of the

infiltrating precipitation drains to sireams through shallow soils and/or weathered bedrock.

1| Testimony of Kit H. Custis -- Page 11
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27.  Asdiscussed above, the only long-term surface water flow gage in the Gualala
watershed was on the South Fork (USGS station #11467300). Since the Nbr_th Fork Gualala is
simiiar to the watershed above this South Fork gage, except being one-quarter of the size, an
estimate of 10 cfs average base flow can be used for the months of May through October. This
average base flow can be provided through the slow drainage of groundwater in the shallow soils
and weathered bedrock. If the average thickness of the channel bank soils is assumed to be at
least 1 meter and the hydraulic conductivity and the hydraulic gradient of the shallow soils is
similar to that. used in the SWRCB’s 1999 Garrapata Decision 1639 -- 1 foot/day and 0.25
respectively -- then the banks of the 111.9 milesr of blue-line channel in the North FOr_k Gualala
watershed above Elk Prairie ¢an provide the average May-to-October base flow of 10 cfs (110
mi. x 5280 fi./mi. x 2 banks x 1 ft./day x 0.25 ft./ft. x 3 ft./86,400 sec/day = 10.08 cfs).

28.  Other information leads me to conclude that groundwater recharge to the Elk
Prairie alluvium is derived from the active channel of the North Fork Gualala River. A channel
meander in the North Fork Gualala River is located approximately 300 feet east of production
well PW-5 and approximately 300 feet southeast of monitoring well MW-4 (DFG Exhibit 14,
Figure 4-1). This channel meander is a pool that éncompasses a point bar, likely composed of
sands and gravels similar to the active North Fork Gualala stream channel. DFG Exhibit 20 isa
1936 aerial photograph of Elk Prairie. The channel meander is visible in the upper right portion
of the photograph. The meander is evident as a large (approximately 5 acre) exposure of channel
sediment that includes a cutoff chute which suggests a buildup of alluvial sediments. DFG
Exhibit 21 is a portion of a 1993 USGS digital orthophoto of Elk Prairie showing recent North
Fork Gualala conditions with riparian vegetation overgrowing the point bar, visible just right of

the center of the photograph. Even with vegetation, this point bar will allow surface waters to
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infiltrate whenever the river stage exceeds groundwater levels. Typically, point bars will be

flooded at least partially each year. Well logs for monitoring well MW-5 indicate that the sands
and gravels of the subterranean channel are encountered at a depth of approximately 7 feet below|
the Elk Prairie floodplain (DFG Exhibit 22). This elevation is approximately the same height as
the active channel cut bank, visible just off the stream in the upper portion of the top photbgraph
of the North Fork Gualala in DFG Exhibit 23. When combined with the depth of the meander
pool (several feet is a typical measurement), it appears that the coarse-grained active North Fork
Guaiala channel deposits are directly interconnected with at least the upper coarse-grair'xed
aquifer materials.

29.  Although we do not have any data on the stage of the North Fork Gualala at this
meander relative to the NGWC wells, there is some data on the elevation of the fiver and well
water provided in Table 4 of DFG Exhibit 14 that shows surface waters likely infiltrated into the
groundwater for short periods. For example, on January 24, 1997, the water level measured on
the river at staff gage SG-1 (34.33 fi.) was higher than groundwater levels measured in
monitoring well MW-3 (33.78 ft.) and production well PW-4 (34.15 ft.). Also for six sampling
periods beginhing October 31, 1996, and ending November 27, 1996, water levels on the river at
SG-3 were consistently higher than groundwater levels in monitoring well MW-5. In both of
these instances the direction of the gradient is our of the active North Fork Gualala stream
channel. These two examples of gradient reversal suggest that for some period of time the river
was losing water to the subsurface. The October and November 1996 samples are very
interesting since SG-3 is closest to the meander point bar. At the same time, surface water levels
in the area of the meander point bar have to be somewhat higher than SG-3 which results in

surface water losses to the groundwater aquifer.
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30.  Insummary, I conclude that the bed and banks of the subterranean stream under

Elk Prairie are relativeiy impermeable because 1) the sand and gravel aquifer which NGWC’s
i)roduction wells PW-4 and PW-5 are pumping from is bounded by the slopes of an ancient
valley that was cut into fresh greywacke sandstone bedrock that has a measured specific capacity
and an estimated hydraulic conductivity 2.5 to 3 times less than the sand and gravel aquifgr; 2)
estimafes of deep recharge to the bedrock are no greater than several inches per year; 3) a mass
balance of the watershed indicates that May to October baseflows are likgly provided from
drainage of shallow soils rather than deep bedrock; 4) a 5-acre sand and gravel point bar and
channel meander that can function as a potential aquifer recharge area lies just upstream of the
NGWC’s wells and is likely flooded during part of the year; and 5) water level data show that at
least during part of the year, surface water is being lost to the subsurface aquifer.

Q11: In your opinion, is it possible that water recharge to the subsurface channel alluvium
may be occurring through flow from the bedrock base surrounding the channel?

31, No. Although the Luhdorff & Scaimanini report came to this conclusion, I
disagree. Luhdorff & Scalmanini concluded as follows:

“...[T]he results of the overall Elk Prairie ground-water investigation show a
perennial gradient for ground-water flow towards, and discharge into, the North.
Fork Gualala River from beneath Elk Prairie. There is no channelized ground-
~water flow parallel to the River at Elk Prairie. These conditions and the response
of the aquifer to precipitation, to pumping, and to dry season lack of rainfall
recharge all show that groundwater is not recharged by influent stream seepage.
Groundwater is maintained by some combination of deep percolation of
precipitation and subsurface flow from the basement complex. Similarities in
surface and ground-water quality are not the result of recharge from the North
Fork Gualala River because groundwater discharges to the River under both static
and pumping conditions regardless of the stream stage.*

(DFG Exhibit 14, pp. 42-43) Based on the facts discussed above under Question §, in my
opinion, signiﬁcént groundwater recharge to the subsurface alluvium through bedrock is unlikely

because of the low permeability and low water yielding capacity of the tightly fractured
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sandstone greywacke bedrock. Data from the Luhdorff & Scalmanini report, as well as other

information, leads me to conclude that recharge_ to the subterranean stream alluvium at Elk
Prairie is occurring through other possible pathways. As I stated in my answer to Question 10,
these pathways include subsurface flow from the subterranean channel alluvium upstream,
recharge frdm surface water through the sand and gravel bed of the stream channel, or a
combination of both.

32.  To support its conclusion that recharge is occurring from seepage from the
bedrock, the Luhdorff & Scalmanini report presents maps of groundwater contours for both static
and pumping conditions at Elk Prairic (DFG Exhibit 14 -- Figures 4-4, 4-5 and 5-4). Howevér,
the subsurface water level measurements for these maps are taken only in the subterranean
channel alluvium; no data are presented on bedrock groundwater levels or gradients. Thus, the
direction of the groundwater gradiént derived from well water levels is orﬂy applicable to the
relatively small area of the alluvium in the immediate vicinity of NGWC’s well field. The
direction of flow from the 5edrock, if it exists, is unknown.

Q12: In your opinion, is the course of the subsurface channel in Elk Prairie known or
capable of being known by reasonable inference?

33.  Yes.

Q13: Please describe how you came to this conclusion.

34.  The course of the subterranean channel beneath Elk Prairie follows the general
meanders of the North Fork Gualala for at least § miles upstream. The alluvial materials of both
the surface and the subterranean channels lie within a bedrock canyon incised into the Coastal
Belt Franciscan formation. Generally, the course of the subterranean channel can be determined
simply by projecting the slopes of the canyon to where the sides meet beneath the alluvium.

Incision into bedrock at Elk Prairie forms a canyon which slopes to at least 170 feet below
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presént surface elevation (DFG Exhibit 14, j)age 6). Downstream of Elk Prairie, thé cburse of
the subterranean channel likely bends to the south in alignment with the linear valley of the San
Andreas Fault. Additional details of the geologic setting for the subterranean chamiel beneath
Elk Prairie are given in my answers to Questions 2, 4 and 8, above.

Q14: In your professional opinion, does the pumping of North Gualala Water Company’s
Wells 4 and 5 have an impact on the North Fork Gualala River?

35.  Yes. Pumped well tests conducted by Luhdorff & Scalmanini on production well
PW-4 demonstrated a hydraulic response in thé stream at staff gage SG-1 during the aquifer tests
and a rebound at the cessation of pumping (DFG Exhibit 14, Figures 4-7, 4-8, and Table 4-3).
In addition, water levels of the groundwater were lowered during pumping. For example, the 30
foot ;ontour around SG-1 on October 7, 1997 (DFG Exhibit 14, Figure 4-5) shifted northward
towards production well PW-4 -- as seen in DFG Exhibit 14, Figure 5-4. By my calculations,
the groundwater level at the apex of the 30 foot contour around SG-1 dropped approximately 0.7
feet (8 inches) during the pumping test. This response demonstrates that the stream and the
subterranéan channel are hydraulically connected and that pumping of the NGWC wells causes a
measurable drop in water table at the surface stream. Although Luhdorff & Scalmanini’s report
finds that the rapid response of the water table rise in river stage rather was the result of deep
groundwater percolation into bedrock, in my opinion, the subterranean channel’s direct hydraulic
connection with the active stream is a more likely explanation. At the end of summer, when this
response was measured, the shallow soils would have been deficient in moisture and early
rainfall would likely be absorbed rather than percolate deep into the bedrock.
Q15: In your opinion, are there any areas of North Gualala Water Company’s Elk Prairie

property which do not have the same geologic and hydrelogic characteristics you have
described in your testimony above?:
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36. - No. The entire Elk Prairie property overlays the same subterranean channel that I
described above. Ihave no reason to believe and no data illustrating that subsurface geologic
and hydrologic conditions have created a distinct and separate alluvial aquifer.

| I, Kit H. Custis, declare under penalty of perjury under the laws of the State of California
that I have read the foregoing “Testimony of Kit H. Custis™ and know its contents. The matters
stated in it are true of my own knowledge except as to those matters which are stated based on
information and belief, and as to those matters as I believe them to be true.

Executed on May 3 , 2002 at Sacramento, California.

O

By: KITH. CUSTIS
Certified Engineering Geologist

Testimony of Kit H. Custis -- Page 17 ' .
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_ Kit H. Custis

1999- present, Senior Eagincering Geologist, DOC-Div. Mines & Geology

1998.1999, Associate Engineering Geologint, Central Valiey Regional WQCB

© 1985-1998, Associate Engineering Geologist, Calif. Department of Conservation

1988-1989, Engineering Geologist, Luhdorff and Scalmanini, Woodland, CA

1988, Hydrogeologist, Herzog Associates, Sacramemo. CA

19841388, Sr. Engineering Gealogist (Supervisory), California Sue WRCE, Sacramento, CA
1981-1983; Consulting Geologist, Los Angeies, CA

1980.1981, Enginesring Geologist, Erec Westers, Ine., Long Bsach, CA

1977.1979, Engineering Geologist, Foundation Engineering Co.. Tarzans, CA

Educario

B.S., Geology, 1977, California State University, Northridge, California
M.S,, Geolegy, 1984, California State Universiy, Northridge, California
Ph.D. progrim in Hydrologic Sciences, 1990-1997, University of California,Davis

Professions! Exoer;

- Tweny -throe years experience in engineering geology and hydrology, including svaluation of ground water and
surface water resource and contaminant problems, geaphysical surveys, program management, geologic mapping
and sampling, CEQA evaluations, computer application in data Managemen, remote sensing and geologic magping,
reguistory oversight of statc hazardous waste programs, investigation of geologic and scismi¢ hazards, and landsiide

and slope stability analysis, fluvial geomorphic analysis snd channs! resioration design. '

Duties at Foundation Engineering included field mapping and site investigations for geologic and soils sngineering
studies in Los Angeles Basin. Responsibilities at Ertec Westers, included field maepping, geomorphic analysis,
landslide investigations and repont preparation on geologic and seismic hazards for commercial and governmental
projects. Served us Semior Enginsring Geologist {Supervisory) for California State Water Resources Control
Board. Duties included statewide manzgement of AB1805 Foliew-Up Program which sonducted investigmions 1o
find saurces of known poliution of public drinkingswater weils. Responsibilities included designing and .
implementing programmatic and technics! guidance for over fifty professiona staff located throughout the siate.
Duties at Herzog Associstes included conducting hazardous waste site assessments, ground water resouree
assesements, geotschnical and landslide investigations. Duties at Luhderffand Scalmanini included hydrogeologic.
evaluation of ground water resources and patential far ground water contamination, water wel] design, oversight of
Sacramento Arca Water Works Association groundwster monitering progrum, and development and design of data
base and computer mapping applications. Dutics st the Californis Cantral Vailey Regional Water Quality Controi
Bowd inciuded overseeing 30 cleanups of contaminated soil and groundwater, prepaning and oversesing WDRy and
'NPDES permits, Menitoring and Reporting Programs and Cleanup and Abatement Orders. Duties with the
Califomia Department of Conservation included evalusting geologic hazards for hospitals and schocls in
compliance with Title 24 reguiations, avalusting mined land reclamation plans submined in compliance with
. SMARA, evaluating stability of slope and erogion controilt on mined lands, rssarching for the U.S. Environmenta)
Protection Agency the application of geophysical methods to acid mine drainage investigations, preparing a clean.
up plan 10 abate acid mine drainage from the sbandoned Spenceville copper mine for the California Departmen: of
Fish and Gams, preparing a reclamation plan for the abandoned Gambonini mercury mine for San Francisco Bay
- Regional Water Quality Contrel Board, researching the spplication of hydrologic and hydrochemical modeling to
identify and axaexs the ritks of mined lands 10 watersheds using rada and remote ssasing imagery. Presently serving
25 & Senior Engineering Geologist with the Division of Mines and Geology to provide 10 the Department of Fish and
Game (DPG) fluvial geomorphic and shannc! resteration design review of project subminzd far $B 271 grant funds,
provide tachnical oversight for cleanup of Spenaville mine, and techsical analysis for compisints filed by DFG naff
on depletion of stream flows by pumping wells.

Professional Resisiat
Registered Geoiogist: California #3542
Centified Enginsering Geologist: California 4EG1219
Cenified Hydrogeologist: California #HG234




DFG EXHIBIT 3

= Statist or Area held

Sum: 105260318.44729

Count; 3

Mean: 35086772.81576

Maximum: 43071991.70162

Minimum: 26630261.12876

“1 Range: 16441730.57286

| Variance: 67749213735939.29700
Standard Deviation: 8230991.05430
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Statistics for Kilo_lengt field

[Sum 179838
i Count; 144
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PRIZM annual precipitation for North Fork Gualala watershed, values are in
inches.




DFG EXHIBIT 6
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B ' Excerpts from Parfitt, D.G., and Germain, L.F., 1982, Mendocino

County Coastal Ground Water Study, DWR, Northern District report, 86 pp. and
appendices.
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DFG EXHIBIT 7

Summary of monthly precipitation record for Fort Ross 1971 to 2000, from WRCC, 2002.

FORT ROSS, CALIFORNIA (043191}
Period of Record Monthly Climate Summary
Period of Record : 7/ 1/1948 to 12/31/2000
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Average Max. Temperature (F) 26.9 58.6 59.3 61.1 62.9 65.7 66.3 67.1 68.3 66.1 6l1.6 57.5
62.6 '

Average Min. Temperature (F) 41.4 42.4 42.1 42.4 44.2 46.8 47.8 48.7 48.7 46.9 44,2 41.4
44.7

Average Total Precipitation {(in.) 8.26 6.11 5.35 2.64 . 0.96 0.40 0.10 0.28 ©.61 2.47 5.16 6.16
38.52 . .

Average Total SnowFall (in.) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0

Average Snow Depth (in.) 0 0 0 0 0 G 0 0 0 0 0 0
0

Percent of possible observations for period of record. .
Max. Temp.: 21.9% Min. Temp.: 91.7% Precipitation: 95.7% Snowfall: 96.4% Snow Depth: 96.3%
Check Station Metadata or Metadata graphics for more detail about data completeness.

Western Regional Climate Center, wrecc@dri.edu




DFG EXHIBIT 8

_ Summary of monthly mean discharge for the period of record for “South Fork

~~ "Gualala River near Annapolis”, USGS station #11467500, from DWR, 2002.

SOUTH FORK GUALALA RIVER NEAR ANNAPOLIS
USGS GAUGE #11467500
MEAN MONTHLY DISCHARGE AND ANNUAL YIELD
WATER YEARS 1951-1971 and 1991-1994
{units in cfs, NR = no record)
Water o LR, onth WR | Yield
Year Nov | Dec | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep || Min | Max | Avg | Mean | (ac-ft)
1951 | NR | NR | 1,343]1,420|1,280] 747 | 98 | 159 | 28 | 12 | 4 Z | NR | NR | NR | NR NR
1952 || 21 | 312 [2,343]2,111| 1,140 905 | 167 | 89 | 34 | 17 | 7 | 4 | 4 [2343| 596 | 7,150 | 434,118
53 | 4 | 18 1847|2501 135 | 481 | 362 | 163 | 53 | 19 | © | 7 |l 4 |2501| 466 | 5,507 | 342.446
1954 || 14 | 343 | 270 |2,165] 863 | 843 | 983 | 109 | 40 | 14 | 25 | 11 || 11 |2,165] 473 | 5,680 | 341,394
1955 || 15 | 375 | 782 | 588 | 147 | B3 | 658 | 135 | 33 | 13 | 5 | 4 || 4 ;
1956 || 6 | 88 |3,060]2,367]|1,650] 273 | 102 | 78 | 27 | 11 | 5 | 5 | 5
1957 || 38 | 24 | 15 | 482 |1,089] 943 | 309 | 660 | 103 | 24 | 9 [ 90 || ©
1958 || 736 | 225 | 577 |1,322|4,407] 870 |1,266] 98 | 61 | 20 | 9 | 6 || 6
1959 || 7 | 20 | 22 [1,134]|1,533] 164 | 68 | 33 | 14 | 4 | 3 | 36 || 3
960 I 11 | 8 | 13 | 510 [1.713]1.188] 188 | 78 | 31 | 13 | ¢ 5 Il 5
1961 || 8 | 87 | 970 | 586 |1,506]1,084] 172 | 68 | 30 | 9 | 5 4 4
1962 || 6 | 266 | 417 | 260 |2,385|1,023] 119 | 52 | 21 | 11 | 6 | 6 || &
1963 § 434 | 71 | 560 | 663 | 1.144] 643 |1,401] 152 | 47 | 21 | 11 | . 7 0 7
1964 | 37 | B79 | 146 | 820 | 150 | 135 | 56 | 32 | 18 | 8 | 4 | 3 | 3
1065 | 22 | 481 |2,276]1,589] 273 | 162 | 955 | 118 | 44 | 18 | 10 | 6 | 6
1966 || 7 | 461 | 544 |1,312| 906 | 448 | 151 | 61 | 22 | 12 | 6 | 2 || 2
1967 || 1 | 556 |1,028]1.909] 390 | 905 | 866 | 159 | 77 [ 21 | B | 5 1
1968 || 13 | 36 | 338 | 972 |1.043] 632 | 124 | 652 | 21 | o | @ 70 7
1969 || 24 | 61 |1,28412,677|1,798] 486 | 240 | 66 | 31 | 12 | 65 | 4 § 4
1970 | 15 | 25 |1,445(4,152| 613 | 314 | 73 | 33 | 14 | 3 | 2 | 2 | 2
(1971 | 8 | 395 [2250[1,357| 132 | 858 | 244 | 72 | 20 | 11 | 5 |4 | 4
1991 f NR | NR | NR | NR [NR | NR | NR [ NR | 12 | 5 | 2 | 1 § NR
1992 | 13 | 22 | NR | 183 | NR | NR | 182 | 45 | 20 | 11 | 3 | 2 § NR
1993 || 12 | 16 | NR | NR | NR | NR | 337 | 196 | 197 | 42 | 14 | 6 J NR
1994 § 5 | 21 | NR | NR | NR | 117 | 61 | 35 | 12 | NR | NR | NR | NR
Min |1 ] & | 13 | 183[132] 83 | 66 [ 32 [ 12 | 3 | 2 | 1
Max || 736 | 870 |3,060|4,152|4.407]1,188] 1,401 660 | 197 | 42 | 25 | 90
Ava || 63 | 208 |1,026]1,413]1,159] 603 | 383 | 114 | 41 | 14 | 7 | 9

Daily discharge for the three new stream gauges within the Gualala watershed.
used to magnify the low flow data, from DWR, 2002..

.-~ Gualala River
Daily Discharge, Water Year 2001
(preliminary data)
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DFG EXHIBIT 9a

Excerpt from Geology and landslide map of lower North Fork Gualala
river, yellow unit is Quaternary alluvium, section taken from full exhibit map by
Fuller, M.S., Haydon, W.D., Purcell,. M.G., and Custis, K., 2002, Draft Geology
and Geomorphic Features Related to Landsliding, Gualala River Watershed,
Sonoma and Mendocino Counties, California, Sheet 1, Northern Section, scale
1:24,000.
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FRANCISCAN AND RELATED ROCKS,
 AND THER SIGNIFICANCE IN THE

| GEOLOGY OF WESTERN

. CALIFORNIA |

By EDGAR H. BA!LEY, WILLIAM P. IRWIN, cm& DAVlD. L. JONES, Geologists -

U.S. Geological Survey, Menlo Park, California
' - 1964

BULLETIN 183
CALIFORNIA DIVISION OF MINES AND GEOLOGY
1416 Ninth Street, Sacramenta 95814
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Abstract

A heterogenecus assemblage of eugeosynclinal rocks found on the San Francisco
peninsula has long been variously referred to as the Franciscan Series, Franciscan Group,
or Franciscan Formation, and other rocks throughout the Coast Ranges have been
correlated with these on the basis of lithologic similarity. The predominant rock is
graywacke, but shale, altered mafic volcanic rock {greenstone), chert, and minor limé-
stone are a part of the assemblage. Also included are metamorphic rocks of the zeolite, .
blueschist (glaucophane schist), and eclogite facies. Ultramafic rocks, lorgely ‘serpen-
tinites, are an integral part of this eugeosynclinal assemblage, but they are excluded
from the Franciscan Formation as they intrude most of the other rocks in it. This
assemblage of rocks was deposited in one or more deep marine troughs, probably on
a basaltic subsiratum or peridotite, - o

This eugeosynclinal assemblage underlies o major part of western Colifornic and. is
' prominently exposed in the Coast Ranges. lts known area of outcrop is 15,000 square

miles, and its total terresirial and offshore extent may be 75,000 square miles. lts total
thickness cannot be determined by normal stratigraphic methods, but is probably more
than 50,000 feet. ' o _

The assemblage of rocks grouped together as the Franciscan ranges in age from at

least Late Jurassic to Late Cretaceous, but rocks deposited during the entire nge $pan
~generally are not present in any one_area. Although some discrete arecs of clder or
younger Franciscan rocks are recognized, the data available now allow us to describe
‘the characteristics of each prominent kind of rock only in general terms applicable to
the -entire assemblage. Thus, although some rocks, for example the greenstones, may
‘be consistently different in the older and younger parts of the Franciscan, we are not
yet able to discern this, and we must, therefore, describe the variations without ataching
age significance to them. ' , , '
The graywacke is dominantly medium grained and typically is interbedded with
minor shale and rarer conglomerate. Bedding is irregular, and the thickness of individual
beds ranges from less than an inch to many tens of feet. Current features and graded
beds are rare. Most of these sedimentary rocks have more than 10 percent mairix,
consisting of chlorite and mica, and varieties classed as arkosic, feldspathic, and lithic
graywacke are all widespread. Angular monomineralic ‘grains are predeminanily
feldspor and quartz; the quartz/feldspar ratio, although widely variable, averages
slightly less than 1/1. Sedic plagioclase is the dominant feldspar, and over extensive
areas plagiociase is the only feldspar present. In some areas, hiowever, K-feldspar is
common and may exceed 15 percen,;. locaily, Lithic fragments may comprise over haif
the rock; generally thay are greenitona and chert, but may be shale or schist, Cement
is normally a fine-grained paste of micaceous minerals and rock flour, but uncommonly
is calcite or silica. The predominant chemical characteristics of the graywacke are:
" KzO/NaaO < 1, FesOy/FeO < 1, and combined water (HzO-}-)}> 2 percent. The physical
features indicate rapid deposition of unsorted material, presumably by turbidity or fluxo-
turbidity currents. The mineralogic and chemical features indicats derivation of the noa-
K-feldspar-bearing portion from o metamorphic terrane, and the K-feldspar-bearing
portion from a granitic and metamorphic terrane, with minimal chemical weathering.

[=2]



The shale and silistone accompanying graywacke are
dark gray to black in color, and ore essentially micro-
graywacke with only a small amount of clay minerals. Like
the graywacke, they have a KsO/Na;O ratio close to 1
and o Fey;03/FeO ratio ‘appreciably less than 1.

Conglomerate, although minor, is widespread as small
lenses. Nearly all varieties include pebbles and cobbles of

mationa! origin, as. well as occasional pebbles of granite.
Glaucophane schist pebbles are rare and are regarded
as evidence of intraformational origin.

timestone, largely of chemical origin, oceurs sporadically
along @ narrow belt extending from near Gilroy to Garber-
ville. it is economically important as a source rock for
cement and .geologically important as the source of diag-
nostic fossils. A varlety colored red by goethite is associated
with voleanic rocks and was precipitated in deep water
through heating and agitation by submerine eruptions. A
thicker white variety is also associated with volcanic rocks,
and locally contains abundant peliets, osliths, and fossil
detritus that suggest a shallower environment.

Altered mafic volcanic rocks, termed greenstones, com-
prise about a tenth of the assemblage and are widespread.
Most. consist of pillows, tuffs, or breccias resulfing from

.- .submarine eruptions, but some massive units may be intry-

sive.: The volcanic accumulations range in size from a few

-7 feet to. many-thousanids of feet in thickness and 20 miles
[in- extent. Plagioclase and augite are the chief minerals,
and.olivine Is rare. Altered mafic glass is o nearly ubiqui-

+  tous component. Plagioclase ranges from bytownite or
labradorite to albite; pyroxenes are augite, subcaleic

© augite, pigeonite, or fitancugite. Some pillow lavas con-
tain pumpellyite. The least hydrous massive varieties, which
are the least altered, are chemically similar to tholeiitic
basalt, but with soda intermediate between spilite and
tholeiite. However, most greenstones are abnormally hy-

. drous, and their composition has been altered through
reaction with sea water. As pillows and matrices provide
samples of o single magma that have had different oppor-

tunities for sea water reaction, analyses of the core, rim, '

and matrix for two pillows were obtained. If magnesia is
regarded as @ constant, these analyses show from the
center outward large losses in silica, aluming, lime, and
soda, and smaller losses of iron; only potash was enriched
in the shell or matrix. Pillow structure probably resulss
from jet eruptions beneath the ocean, with the pillows
forming by sclidification of a shell around large drops of
magma that result from the breaking up of the jet of
magma. The concentration of sada in the core and potash
in the rim may be due to reciprocal alkali transfer resulting
from unusually steep thermal gradients caused by marginal
cecling. After accumulation on the sea floor, reheating of
the chilled borders of the pillows, due 1o equalization of
heat in the pile of pillows, gives rise to characteristic
plumose and variolific textures by promoting crystallization
in the glass. :

- Keratophyre, or quartz-keratophyre, oceurs in several
areas mapped as Franciscan, However, becayse they every.
where oceur either as intrusions into Franeiscan rocks or
along tectonic zones between Franciscen .and younger
rocks, their inclusion as a part of the Franciscan may not
be warranted, .

6 ’ Cartrornia DivisioN oF MINEs anp GEOLoGY

" extrafermational origin, but south of Sebastopol most con-
glomerdtes contain abundant pebbies of possible infrafor- -

[Bull, 183

Chert and a distinctive shale. occurring with it are
quontitatively minor; however, as they are believed to be

chemical precipitates formed by the reaction of magma .3

and- sea’ water under considerabls hydrostatic pressure,
they are important as indicators of the oceanic depth in
which part of the Franciscan was deposited. Rhythmically
interlayered red or green chert and shale form lenses less
than 50 feet thick and less than & mile in extent, generally
with and above greenstones. The thin beds of chert within
each chert-shale lens dre disconfinuous and terminate
abruptly; they have o fairly constant thickness of an inch
or two regardiess of their position in the lenses, Individual
beds of chert or colored shale are not interdigitated with
Franciscan graywacke or the black shale that accompanies
it. The chert consists of quartz -or chalcedonic quartz
colored by goethite or hematite and comtains no clastic
grains of quartz or feldspar. Radiolaria may be abundant
or vlrtfuully absent. The silica content ranges from 93 to 97
percent, and the impurities are alumina or ferric iron,
representing on admixture of the material of the shale
parting layers. These layers consist of goethite, or locally
“hematite, mica, and quartz, but shreds of volcaric glass
may also be present. The shale accompanying chert differs
from the normal Franciscan bilack shale in having o
K20/NazO rafio of about 10 instead of 7, and both more
iron and o larger Fe,0y/Fe0 ratio. |t differs from deep

~ sea “red clay” in that the K:0/NaxO rafie is much larger.
The association of chert-shale lenses with greenstone-

suggests a genetic relation. The lenses may represent silica,
aluming, and iron released by submarine volcanic rocks ot
the time of voleanic eruption, the eruptien occurring ot o
depth great enolgh for sea water at the reactive interface
to be heated to o temperature of about 350°C without
boiling. At this temperature and at a pressure equal fo that
of oceanic depths of 13,000 feet, water can dissolve aver
1,000 ppm of silica. Such heated, silica-enriched water
would rise, be cooled, and quickly become aversaturated
with respect fo silica. Silica would then be polymerized and
precipitated as « gsl, apparently along with aluminum
and ferrous hydroxide, and it would rain down onto the
sea floor forming a mass of impure silica gel. Subsequently,
by a process of diffusion and crysallization, layers that
superficially resemble normal sedimentary beds would form.
Similar though smaller layers were formed experimentaily

by Davis using sodium silicate and powdered Frandiscan

shale. This postulated origin for the chert-shale lenses
seams to be the only one compatible with all their unusuol
structural and chemical features, and it implies that deposi-
tion of some Franciscan rocks must have been at o depth
nearly equivalent to or greater than the average of the
Pacific Ocean.

Ultramafic rock, chiefly serpentinite, constitutes o wide-
spread part of the eugeosynclinal assemblags, and # is of
econamic importance as the host rock for deposits of
chromite, magnesite, and asbestos, and. for many mercury
deposits; but this rock also causes serious engineering
problems because some kinds of it are weak and subject
to sliding. Most masses are tabular paraliel to the general -
bedding of the rocks they intrude, though this does not
imply intrusion when the beds were horizontal. The largest
sill-like mass is 70 miles fong and has an outcrop width of
several miles; it generally separates Franciscan rocks in the
northern Coast Ranges from miogeosynclinal rocks of the
Great Valley. The highly sheared condition and lack of
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placed as serpentine, rather than as ultramafic magma.
Several pluglike masses also intrude the Franciscan rocks
and these differ from the tabular masses in being less ser-
pentinized and by including considerable dunite in contrast
to a preponderance of peridotite in the tabular masses.
Chemical analyses of fresh and serpentinized vltramafic
rocks, and of chromite from them, indicate they.belong to
the alpine type. .

The assemblage of Franciscan rocks, though dominantly
unmefamorphosed, includes metamorphic rocks of the zeo-
lite, blueschist, and eclogite facies, and rarer rocks aitered
by metasomatism. Laumontite is the typical new mineral in
zeolite facies rocks. Glaucophane, lawsonite, jadeite, stil-
pnomelane, pumpellyite, aragonite, and other minerals less
diagnostic of the metamorphic environment occur in the
bluaschists, In spite of the prevalence of Na-minerals, most
blueschists are neither soda-rich nor enriched in soda. The
‘blueschists -have three principal modes of occurrence. In
one mode metamorphic rocks with either glaucophane or
jadeite occur in small isolated patches within, and grade
info, unaltered graywacke, shale, or greenstone. Some of
these metamorphosed rocks are in contact with serpentine,
but many others are not. In a second mode of cccurrence,
clearly unrelated to serpentine, similar metamorphic rocks
.occupy araas that are several miles wide and tens of miles
~long; locally indicating a limited form of regional or lead
* - metamorphism: Tha:third mode of occurrence, which is both
- the most curious cnd widespread, is as isolated rounded
; - masses-of schist ronging from a few feet to a few hundred
- feet in diameter -and- generolly surrounded by nonmeta-
v morphosed rock, Although all the kinds of metamorphic
5 - .z rocks. ocgur os isolated masses, the most common are
. eclogites and glaucophane-eclogites, which are known only
in this latter type of occurrence. Such blacks oceur in ser-
pentine, in shear zones, and amid unaltered Franciscan
rocks; they probiobly are tectonic inclusions. _

Considerations of the probable pressure-femperature
field of formation of the blueschists indicate that pressures
were abnormally high (>-5Kb} relative to the temperature
(«C300°C). If the metomorphism of the broader arsus is
due to load, the rocks must have reached a depth of about
70,000 feet, through downwarping and - accumulation, so
rapidly that a nermat thermal gradient was not established.
'In addition they must have been uplifted soon after their
- depression and metamorphism, so as to prohibit the estab-
lishment of a normal thermal gradient that would have
raised the temperature sufficiently to convert the blue-
schists to greenschist or a higher grade facies.

Fossils are rare in rocks of Franciscan lithology, but at
least 25 localities have yielded fossils diagnostic of age.
These indicate a span in age from Late Jurassic (Tithonian)
.to-af least Late Cretaceous (Turonian). Most of the older
fossils are from rocks east of the Hayward fault, or an
extension of this fault drawn from Berkeley to Eureka, and
all of the Late Cretaceous fossils are from areas west of
this line,

The fossil evidence indicates the Franciscan rocks are, at
least in part, age equivalents of a better known miogeo-
synclinal assemblage which we refer to as the Great Valley
$equence as it is best exposed on the west edge of the
valley, although it alsc extends farther west into the Coast
anges. The Great Valley sequence, which is at least
40,000 feet thick, includes units known as Knoxville (Upper

peripheral metamorphism suggests that the sills were em-
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Jurassic), Paskenta and Horsetown {Lower Cretaceous), and

-Chico (Upper Cretaceous), and many.other names have

been applied locally. The micgeosynclinal Great Valley
sequence differs from the eugeosynclinal Franciscan by -
having: no greenstone or cheri, except in its basal parl;
a higher proportion of mudstone and shale; more uniform
and thinly bedded sandstone beds; a greater percentage
of conglomerafe; many: more fossils; and much less struc-
tural deformity. _

The K-feldspar content of graywacke of both the Fran-
ciscan and Great Valley assemblages wos studied. The
median K-feldspar content of units of the Great Vailey
sequence is: Upper Jurassic (Knoxville), 0.5 percent; Lower
Cretaceous, 1.1 percent; and Upper Cretaceous, 13 per-
cent, The median valves for different creas of Franciscan
rocks are: east of the San Andreas and Hayward (ex-
tended) faults, O percent; Bay area, west of the Hayward
fault and north to Cazadero, G percent; coastal belt, west
of the exiended Hayward fault and north of Cazadero,
4.5 percent; and wast of the Nacimiento fault, nearly O per-
cent but with many more high values than for the first two
aracs listed. o .

The increase of K-feldspar with- decrease in age reflects
progressive unroofing of the Late Jurassic to mid-Creta-
ceous Klamath Mountain and Sierra Nevada batholiths in.
the major source area, and thus the content of K-feldspar
provides an indication of approximate age. However, be-.
cause of the possibility of other sources for the sediments,
the absencs of K-feldspar is not an infallible- indication of
a pre-Late Jurassic age in the Coast Runge rocks.

- The specific gravity of the Franciscan graywacke differs

from that of the units of the Great Vallsy sequence. The

median values for these units are: Upper Jurassic (Knox-
ville), 2.59; Lower Cretaceocus, 2.57; and Upper Cretaceous,
2.55. The median. values for different areas of Franciscan
rocks ate: east of the San  Andreas fault and the Hayward
foault (extended), 2.85; Bay area, west of the Hayward
fault and north to Cazadero, 2.65; coastal belt, west of
the extendad Hayward fault and north of Cazadero, 2.60;
and west of the Macimiento foult, 2.62. Valves grecter
than 2.68 were obtained only in Franciscan rocks, and
values greater than 2.70 were obtained only from gray-
wackes that were found to be metamorphosed.

The Franciscan rocks east of the San Andreas and Hay-
ward (extended) faults are known from fossils to include
rocks equivalent in oge o the Knoxville Formation
{Tithonian) and Lower Cretaceous sirata of the Great
Valley, but they also probably include pre-Knoxville rocks
of post-Galice or Mariposs (Kimmeridgian) age. This is
Indicated by the structural position of the Franciscan be-
neath the Knoxville. Also ‘the Franciscan unit is likely to
represent the large amcunt of debris stripped from the
Klamath Mountains and Sierra Nevada during the earliest
part of the Nevadan orogeny. The Franciscan rocks be-
tween the San Andreas and Hayward faults in the Bay
area are of Cretacecus age, and their low content of
K-feldspar suggests they were derived dominantly from
pre-axisting Franciscan rocks,

The basement for the Franciscan is not exposed, but as
the inclusions brought up in the yltramafic masses are all
Franciscan rock types, the Franciscan probably was de-
posited directly on a basalfic crust or on peridotite. The
problem of the basement of the Franciscan has not been
clarified by geophysical werk. . :
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Although “the Franciscan is pervasively deformed by
folds nd faults, the structures within it cannot generailly
be ascertained because of Its persistent heterogeneity and

Tack of key beds. Most folds trend northwest, but arcuate

map ‘patterns around plunging folds are rarely obtained,

 probably because of widespread faulting along, and par-

allel to, the axial parts of the folds, The major faults,

which have a similar trend, are shear zones that in places -

are as much as o mile wide, These contain large blocks of
more resistant Franciscan rocks in o sheared matrix, and

include tectonic inclusions of schist and sheared masses of

serpentine. Because of their physical properties, the recog-
nition of shear zones is of utmost importance in planning
for construction projects.

The larger structural features of the Coasi Ranges, which
determine the distribution of the maijor lithic units, include
other rocks in addition to the Frenciscan: Formation and,
consequently, are better known than structures within the
Franciscan. Two types of structural terranes are recognized:
one has a crystalline basement like the metamorphic and
plutonic rocks of the Klamath Mountains and Sierra Ne-

- ¥ada; the other, which includes all the Franciscan rocks, -

rests on a bdsement that is unknown but thot probably is

~-basaific substratum or peridotite. On the crystalline base-
- ment the sedimentary strata are relatively thin, broadly
.felded, and cut by few faults; on the other basement the
.sedimentary rocks»are thick, more highly deformed, and
- more Javited. The ferranes with these two different base-

ments: are, so far-as known, separated. by major faults,
‘Thefault thot separates the Franciscan rocks of the

7 -northern Coast Ranges from the crystalline rocks of the
~ Klamath Mountains and Sierra Nevada extends south from

the Oregon border to the northemn end of the serpentine
mass that lies between the Franciscan rocks and the mic-
geosynclinal rocks of the Great Valley. South of this point
the separafion between the crystalline basement and un-
known basement continues, beneath the ‘miogeosynclinal
cover, along the great mognetic high that trends the length
of the Great Valley, :

The western limit of this area of rocks with unknown
basement.is-the San Andrecs fault, which trends northward
through the Coast Ranges and joins the Mendocino Escarp-

ment fault zone. West of the San Andreas fault zone is a.-
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crystalline block with granitic plutons and with no known §
sedimentary strata of Late Jurassic to late Cretacecus §
{pre-Campanian) oge. This block, which is only 40 miles §
wide but 300 miles long, is bounded on the west by the
Nacimiento fault. To the west of the Nacimiento fault is
another terrane of rocks with unknown basement in which
the eugeosynciinal Franciscan rocks are largely covered
by yoaunger racks or by the Pacific Ocean.

Other major structures pertinent to an understanding of
the distribution of the Fronciscan rocks are within the
terrane lying east of the San Andreas fault. The Hayward
fault, which diverges eastward from the San Andreas fault,
is.more important thon has hitherto been recognized. In ¢
general way, it divides the Franciscan into two parts, with

the Franciscan rocks to the east being Late Jurassic to Early 3R

Cretaceous in age and those io the west being younger
and including rocks that are Late Cretacsous in age. Also,
it sharply separotes Late Cretacsous Francisean rocks on
the west from Late Cretacecus strata of fhe Great Valley
sequence on the east, , _ )

East of the Hayward favlt the rocks appear fo be
broadly arched to form the Diablo anfiform. In the Diable
Range the axial portion of the antiform is unmistakable,
as it is the site of several piercements; north of San Fran-
cisco Bay the antiform s less well defined, and north of
Clear Lake its pesition is uncertain. :

The recognition of: (1) the post-Knoxville age for part -
of the Franciscan rocks, (2) the Late Cretaceous age for
the granite between the San Andreas and Nacimiento'
faults, and (3} the significance of the K-feldspar content in
the graywackes, clearly defines many. problems pertaining -
to the distribution of the Franciscan rocks and coeval strata
of the Great Valley sequence. Previous considerations of .
Franciscan rocks grading -upward to Knoxvifle rocks or
grading laterally into Knoxville or other sirata of the Great
Valley sequence must be modified, and apparently the
modificotion must include major tectonic dislocation,  Sev-
eral mechanisms that might account for the major disloca-
tions are large strike-slip mavement, rifting and westward
driffing of the entire Coast Ranges, and thrust fauiting or
gravity sliding, However, none of the mechanisms discussed
will alone completely explain the data now avallable,.
although some combination of these dislocatians may pro-
vide a satisfactory solution,
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cept is theoretically appealing, but sufficient data were
not available to demonstrate the nature of the facies
transition. A further outgrowth of Irwin’s reconnais-
sance study of the northern Coast Ranges was the rec-
ognition (Bailey and Irwin, 1959) that the K-feldspar
content of much of the Franciscan of northern Cali-
fornia differed markedly from the Late Jurassic Knox-
ville and the Cretaceous rocks of the Sacramento Val-
ley sequence. The Knoxville was found to average
about €.5 percent K-feldspar, the Lower Cretaceous
rocks about 2.8 percent, and the Upper Cretaceous
rocks about 10.6 percent. The Franciscan rocks imme-
diately west of the Sacramento Valley rocks in north-
ern California, on the other hand, was found to -con-
tain generally no K-feldspar, and this striking differ-
ence between rocks of similar age seems to preclude a
simple facies change. Bailey and Irwin also found that
a belt of dominantly sedimentary rocks, lying west of
U.S. Highway 101, had 2 high K-feldspar content, and
they suggested excluding this belt; which they termed

- the “coastal belt,” from the Franciscan Formation.

... DISTRIBUTION OF THE.FRANCISCAN

- . The. assemblage of Franciscan rocks extends along

the: western margin of North America for most of the
length of the State of California. By customary usage,
the northern boundary of the Franciscan is the Cali-
fornia-Oregon border, where it is exposed only in a
narrow band between the Pacific Ocean and the older
rocks of the Klamath Mountains province. Southward,
the eastern limir is the major fault that forms the west-

- ern and southern boundary of the Klamath Mountains

province and extends for over 150 miles to the Great
Valley of California. South of this junction, the eastern
limit of Franciscan exposures follows the western bor-
der. of the Great Valley to its southern end, where
Franciscan rocks are largely covered by the younger
rocks of the Santa Ynez Mountains of the ;Transverse
Ranges. A more easterly extension of the Franciscan
rocks beneath the mantle of miogeosynclinal sedimen-
tary rocks in the Great Valley has been postulated
chiefly on the basis of rocks recovered from a few
deep drill holes. However, because the older rocks of
the western Sierra Nevada Foothills are somewhat sim-

~ ilar to the Franciscan rocks, the assignment of these

cores to the Franciscan unit can be questioned.

The western margin of Franciscan exposures north
of the Transverse Ranges is the Pacific shore, but,
within much of the southern and part of the northern

- Coast ‘Ranges, the Franciscan is strangely absent in a

long corridor of metamorphic and granitic rocks that
lies between the San Andreas and Nacimiento faults
{see fig. 3). West and south of the Nacimiento fault,
the Franciscan rocks on the mainland are covered by
a mantle of younger sedimentary rocks over extensive
areas, and doubtless the coastal waters of the Pacific
Ocean also conceal considerable Franciscan rock.

- cene age suggests an offshore southeastern extensio

'share extent, aithough the total area of outcrop
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South of the Transverse Ranges, metamg
rocks underlying the Palos Verdes Hills on the pj
land - (Woodring and others, 1946) and on Santa
lina Island (Bailey, 1941) have been described
possible continuation of the Franciscan. Accord
Woodford (1960, p. 408), the widespread prese
glaucophane schist in the San Onofre Breccia of

the schist for at least 65 miles. Glaucophane-
rocks, thought to be part of the Franciscan,
sampled in place -on the Sixtymile, Fortymile, ;i
Thirtymile Banks offshore from San Diego (Em
1960, p. 66). Further southward, rocks that mg
correlative with the Franciscan have been desc
(Hanna, 1925, 1927; Beal, 1948; van West, 1958
several places, chiefly on islands along the soy
half of the west coast of Baja California, _

In southern Oregon, the extension of rocks ma
as Franciscan in California was assigned by Wells
Peck (1961) to the Dothan Formation of Late }
sic age. Near Roseburg, Oregon, the part of
Myrtle Formation of Diller (1898) that was. des
as the Dillard Series by Louderback (1905) also s
likely to be correlative with the Franciscan (I
1960). Farther north in Washington, Canada,
Alaska are other similar rocks, some of which
be correlated with the Franciscan, as it forms o
small part-of a great circum-Pacific belt of t
Mesozoic eugeosynclinal deposits. This belt als
characterized by the coincidence of serpentine in
sions (Hess, 1955), low-grade metamorphic roc
the zeolite (Coombs, 1960), blueschist (Schurman)
1951), and greenschist facies, and by modern oce
troughs, volcanism, and seismic activity.

In sumimary, the Franciscan, as restricted to
fornia, is distributed over an area of as much as 75
square miles, if one includes its total terrestrial and

little less than 15,000 square miles. The total area
deposition of Franciscan and other correlative eug
synclinal rocks, however, extended not only throug
the length of California, a distance of 750 miles, ‘b
also for hundreds of miles beyond the State boundari
and over a width of a little more than 100 miles.

THICKNESS OF THE FRANCISCAN

The thickness of the Franciscan doubtless is.greatis
but this cannot be ascertained by conventional straf
graphic methods because of the intensity of deform:
tion, the lack of reasonably continuous exposures, an
the absence of recognizable horizons or sequences.
might be used to tie partial sections togerher. Reasof
able estimates of a minimum thickness can be made b
several methods, but even speculations on the .max
mum thickness are ruled out because the baseé /is nof#
known, Severa] features suggest the Franciscan mu
be very thick, but none of these leads to a close esti
mate of thickness. The occurrence of highly deforme



‘Franciscan rocks in belts, having a width of several tens

of miles across the tectonic grain, but with no ex-
posures of a basement and few inliers of younger
rocks, leads to the assumption that the Franciscan is
tens of thousands of feet thick. Similarily, the fact
that in several places volcanic accumulations many
thousands of feet thick are enclosed in still thicker
" sedimentity- rocks suggests thicknesses in excess of
10,600 feet. In contrast, we find that the more reliable
siacements of thickness made by geologists, who
studied a dozen different areas, range from 2,700 to
20,000 feet, with thicknesses in the 5,000- to 10,000-
foot interval being the most common. These thick-
nesses apparently were thought to be partial sections
measured on reasonably cohesive blocks of Franciscan
rocks, rather than the total thickness to be found in
each area. No one has been able to construct a com-
posite total section by tying together partial sections
by means of matching key horizons or sequences.

The problem of thickness is further complicated by
the fact that the eugeosynclinal assemblage probably
consists of more than one sequence of rocks that are
. similar lithologically but separate in time, with some

- of the younger part seemingly formed by cannibalism
of the older..If some of the older sequence is locally
. .eroded “to - provide the debris to form a younger
. sequence, how.is this taken into account in 2 meaning-
. ful statement. of the total thickness of the Franciscan?
-~ It is obvious that the thickness of the Franciscan where
overlain by the Knoxville, of Late Jurassic age, bears
_ no relation to the thickness where the Franciscan is of
mid-Cretaceous age. '

An approximation, as to the minimum total thickness
might be made by adding together minimum total
thicknesses of sections thought to have been deposited
at different times. McKee (1958a) reports a measur-
able thickness in the Pacheco Pass area of 4 miles, with
an additional 2 miles of rocks believed also to be
present. These rocks are probably pre-Knoxville in
age, as they seem to be overlain by Knoxyille sedi-
mentary rocks, are in part regionally metamorphosed,
and contain no K-feldspar (see pp. 139). To this Juras-
sic section of about 30,000 feet, we might add a section
of mid-Cretaceous age exposed in the southern part of

Marin County, which, according to J. Schlocker (oral -

communication, 1960), is aboutr 9,000 feetr thick. The
age of this section is based on the presence of small
amounts of K-feldspar in some of the graywacke and
on sparse fossil data. In addition, rocks of very early
Cretaceous age are known to be included in the Fran-
ciscan, but we know of no estimate of their thickness.
If we assume that they are as thick as the mid-
Cretaceous sequence, we arrive at an approximation of
zbout 50,000 feet for the entire eugosynclinal as-
semblage. This estimate of thickness, while very large,

seemns reasonable when it is compared with the 40,000
or more feet of contemporaneous miogeosynclinal
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sedimentary rocks present in. the bordering Great
Valley: ‘

A consideration of the significance of the meta-
morphic grade of regionally metamorphosed parts of
the Franciscan gives an independent clue to its total
thickness. As is discussed in further detail in the

section on metamorphic rocks (see pp. 111); the blue-

schists, and especially the aragonite found in them, in-
dicate that these parts of the Franciscan were subjected
to 2 load equivalent to at least 50,000 feet of overlying
rock. Further, for the metamorphic assemblages to
have persisted, the rocks must have been uplifted and
eroded quickly after their deposition, thereby indicat-
ing that the 50,000 feet Is 2 measure of the thickness of
the Franciscan rocks and not an indication of the
quantity of rocks deposited on it in some younger
period. _ :
CLASTIC SEDIMENTARY ROCKS

Clastic sedimentary rocks form nearly 90 percent of
the assemblage of Franciscan rocks and probably
nearly 90 percent of these are dirty, unsorted sand-
stone or graywacke, with the remainder being mainly
siltstone or shale.” Conglomerate, although locally
prominent, is quantitatively unimportant, The clastic
sedimentary rocks, except for the conglomerate, are -

- characterized physically, by being composed of
‘angular and poorly sorted grains; mineralogicailly, by a -

high content of feldspar and rock fragments; and
chemically, by an abnormally high ratio of soda to
potash, Sandstones are dominantly feldspathic and
lithic graywackes, which locally grade to tuffs, but
some have so little matrix that they might be classed as -
arenites. Siltstones and shales are apparently quite
similar to the graywackes though finer grained; they
could be termed micrograywackes, since they conrain
an abnermally large amount of minute mineral grains
and a small amount of clay minerals.

Graywacke

By far the most abundant rock of the Franciscan
is graywacke, which has a truly astonishing volume.
Even if the average thickness of the Franciscan is re-
garded as only 25,000 feet, and the depositional area in
California and offshore is about 75,000 square miles,
the total volume of the Franciscan graywacke is more
than 350,000 cubic miles. To make this large figure
more meaningful we might point out that this is suffi-
cient sand to cover the State of California to a depth
of 10,000 feet or the entire conterminous United States
to a depth of 600 feet. As might be expected in a unit
of this great bulk and areal extent, the Franciscan
graywacke is not everywhere the same, nor has it been
studied sufficiently to permit definition of the limits
of its variation. Systematic changes, either spatially or
temporally, have not been identified, except for
K-feldspar content in some areas.

Much of the available data regarding the Franciscan
graywacke deals only with a specific area studied as a
basis for a thesis, and few geologists have attempted a
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.. land -mass under. rigorous ¢

study of regional variation, prevenance, or source.
The conclusions of those who have considered the
broader. problems are repeated briefly here, prior to

descriptions.of the rock, so that the reader will have a -

better appreciation of the conflicting views that have
been expressed and the difficulty of synthesizing the
data.

Davis (1918b), summarizing what was then known
of the “Franciscan sandstone,” included admirable de-
scriptions of some of the unusual sedimentary features
shown by the rocks in the San Francisco Bay area,

general statements of mineral content, and information.

on the more common heavy minerals. He concluded
that most of the graywacke was a contnental deposit
laid down by streams in a region sufficiently arid that

| . decay of rock minerals was very slight.

Taliaferro (1943a) presented considerably more
factual data, including some heavy mineral and chem-
ical analyses of graywackes, and he suggested that the

graywackes show a southerly incresse in guartz,

sphene, epidote, tourmaline, and biotite, which in-
crease he attributed to a difference in source rocks.
Taliaferro (1943a, p. 139) believed that the Franciscan

. graywacke-

“* ¢ * -was derived from a high, rugged, recently uplifted
limatic conditions, high rainfall,
.and possibly a cold-climate in the highlands with well-wooded
. lowersiopes. The rivers from this area were large and of high

gradient and brought down great floods of unaltered detritus
into 2 shallow sinking basin. The land mass from which the
greater . part of the Franciscan detritus was derived was made
up of granodiorite, crystalline schists, quartzites, recrystailized

black cherts, and numerous intrusions of quartz and feldspar.

porphyries.”

Soliman (1958) made a detailed study of the gray-
wacke in the Isabel-Eylar area; east of Mount Hamil-
ton, and compared these rocks with a few specimens
from areas north of San Francisco and as far south as
the San Benito quadrangle. As a result of the examina-

tion of several hundred thin sections, 135 of which

were point counted to determine mineral percentages,

-and 30 heayy mineral analyses, he concluded’that the
‘graywackes in northern California have less maturity

and contain a greater percentage of rock fragments
and less quartz and feldspar than do graywackes in the
Diablo Range. He found that epidote decreased from
north to south and also from west to east. Soliman
concluded that the Franciscan sediments were depos-
ited in a great trough that was filled chiefly from the

- north, with some additions from the sides. Variations

in graywacke were attributed primarily to a north-to-
south change in relief of a landmass lying east of the

trough, and secondarily to the distance from the major

source 'to the north. An unusual abundance of pink
sphene, hypersthene, diopsidic augite, pink garnet,
and hyacinth zircon in the Diablo Range was attrib-
uted to local derivation of those minerals from a land-
mass of pre-Mesozoic metamorphic and igneous rocks
lying to the west,
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Bailey and Irwin (1959) studied the regional varia-
tion in K-feldspar content of graywacke in both the

northérn Coast Ranges and the western border -of the -

Great Valley. In successively younger Mesozoic rocks
of the Great Valley, they found a systematic increase
in the quantity of K—feldspar, with the average rang-
ing from half a percent in rocks of Late Jurassic age
to more than 10 percent in rocks of Late Cretaceous
age. Gray'wackes in the northern Coast Ranges were
divided into rwo units on the basis of their K-feldspar
content. One unit, lying generally in the western half
of the Coast Ranges and at least in part of mid-Creta-
ceous age, was found to have an average K-feldspar
content of about 8 percent; it was referred to as the

“rocks of the coastal belt” and excluded from the

Franciscan Formation. The other. unit, comprising a
central belt in which most of the samples conmined
little or no K-feldspar, was assigned to the Franciscan;

. and graywackes in the same area with anomalously

high content of K-feldspar were thought to be ex-
plained by infolding or infaulting of younger rocks.

Occurrence and megascopic features. Exposures of

Franciscan graywacke are in most places poor and

discontinuous. Areas of Franciscan sedimentary rocks
usually are mantled by at least a few feet of light-

colored soil, through which protrude-small knobs of ..

the underlying rock. The best and most continuous
outcrops occur in the main stream canyons, but even
here rocks generally crop out only over the width
of the stream at flood stage. In some areas, however,
especially where more recent uplift is particularly pro-
nounced, as in parts of the northern Coast Range arxd
in diapiric plugs like ‘those of Mount Diablo and New
Idria, massive graywacke forms well-exposed cliffs a
few hundred feetr high. Excellent artificial exposures
have been provided in recent years by cuts being made
by highways, roads, quarries, or large buildings, In
most areas, however, the fragmentary nature of the
exposures permits observation of only small-scale de-
tails of sedimentary structures or bedding and does
not allow tracing of a speciﬁc bed for more than a
short distance, Thus, little is known about the ‘con-
tingity or lenticularity of individual beds.

Bedding of the Franciscan graywacke is best char-

acterized by both the irregularity in thickness of the
beds and the unusually great thickness of some of
them. Single units, as defined by the distances berween
shale partings or interbeds, have thicknesses ranging
from half an inch up to at least tens, and perhaps
hundreds, of feet. Although there is an apparent ten-
dency for beds .in some areas to be unususally thick or
unusually thin, no rhythmic pattern to the variation
in thickness has been detected. Commonly a well-
exposed section will show a variation in bed thicknesses
from-an inch up to perhaps as must as 10 feet, with

all intermediate thicknesses.represented and distributed .

through the section at random. The quantity of shale
present as parting layers between graywacke beds. is
generally small, amounting to less than a fifth of the
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Photo 7. Massive Franciscan graywockes an bedding u.ppnrcai in lower 40 fest
of expesure. Big Austin Cresk, Skaggs quadrangle.




Phato 8. Tightly folded Fronclsean (Coastal belt) graywacke and shals. On High-
way betwean Fort Bragg and Willi, sost side of Glanblair guadrange. Note hammer

loft of center for scais.

graywacke-shale sequence, but no relation between the

+. - quantity of shale and the thickness of the graywacke -
- beds has been noted. : oo

. Sedimentary structures of the Franciscan graywacke.

. have: not. been-studied:in detail, but our observations-
" indicate “that-most -of:ithe. graywacke beds are non-

graded ‘and. possess littleinvermal structure;nther than
a vagye platy: lamnination which-is due to aligament of

flat shale chips and bitswof carbenaceous rimtrer. Sole -

markings, ripple markspcsdasbedding, andiigraded bed-
ding have been seen onlyieysfew areas; Lo
Franciscin outcrop. belt;cherasual thicks graywacke

- with siltstone. or by & sequencesin. which shale and -
siltstone-predominate, Tazsome of these finer grained -
- mnenccs sedimentary strictures are unusually abun-

t _

ocally in the .

beds are replaced. by thin:grayiacke bedsealternating -

is sharp. Sole markings, including; both. grogwe: cass::
"and flute casts; have been observed at the- base &f SOMR::
. beds, but these markingy tarely "can be seen~owing-.

- ‘The area:about Mount Hamilton, in the Diablo

Range; is one in which rhythmically alternating beds

- of :graywacke and siltstone or shale form a large part

of “the: total sedimentary .sequence. In this area the

- graywacke generally. shows well:developed graded

bedding, with beds ranging in thickness from less than

an inch to several feer."The ‘upper shalyportion of .
- many of these graded ‘beds is finely laminated:and may: -
*_bedding has not been observed in-the grayswicke. hege
or -eisewhere, and convolure bedding is BOCOMBION: .
The contact between successive graded units:generally. -

exhibit small-scale  crosshedding. Large-scale

both to the lack of adequate-exposures of the-under-

_sides of beds, and, at least to some extent, to oblitera-
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tion of sole markings by shearing along bedding planes.

33 this irea carbonaceous material is abundanr, pare.:.
‘ticolarly in: the upper parts:of graded beds and in the

‘overlying fine-grained siltstone and shale. Most.of-this
material consists of degraded, shredded bits of charcoal
which in places retains cellular structure, c

In many places where graywacke beds are thin, ‘they
can be seen to be lenticular, but much of this lenticu-
larity is a secondary feature resulting from develop-
ment of shear planes that intersect bedding planes at
low angles. Where shear planes are closely spaced,
their intersection with bedding planes forms well-
developed boudinage, but more commonly the com-
bination of irregular thickness of beds and irregular
spacing of shear planes results in a chaotic jumble of
short bed segments and lenticles. Not uncommeonly
during deformation, shale has been injected plastically

, oy
Thick-bedded Franciscan

Phato 9 (balow).
below center far scale, (Phatn by Safem Rice.)

Howew

graywacke, with minor bads:of. biack. shale. Roed
cut in swa cfif about flve miles southeast of Crescont City, Dei Nnm.?wnw-:ﬂgh hammer
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into fractures in the graywacke, thus forming planar

: fsurfa‘t;:es;''’.é.ﬁgi’.we);;u;;,,‘i':ll'ia?asive.-.i,grag,rwacke and shale that

easily -shistaken for - normal bedding - planes.
r, the bedding of otherwise massive graywacke
can, in:some places, be determined by the orientation
of mica; shale flakes, or bits of carbonaceous material
This method provides 2 means of checking whether
a thin shale parting is a bed or is materia] that has been
plastically injected along a fracture,

The appearance of fresh. Franciscan graywacke
varies with differences in grain size, proportions of
the component minerals and rock grains, and the

can

‘amount of pressure it has undergone. All varieties,

however, are well indurated, poerly sorted, dirty sand-
stones containing abundant quartz, feldspar, and some
rock fragments. The predominant color of fresh speci-
mens is gray, but'may range from light to dark gray to
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Pheto 10. Tightly foldad and faultsd Franciscan(?) shale and thin-budded graywacke in quarry one mile south of Novate. Several specimens

of Inocsramus schmid# of Campanian age havs been found in these bads.

bluish or greenish gray. Upon weathering, the color
changes first to lighter gray and then to tan. Hydro-
thermal alteration may change the color to nearly
white.

Most of the graywacke appears on cursory inspec-
ton to have an average grain size of about half a milli-
meter, bur this appearance is somewhat misleading as

“the rock is poorly sorted and one tends to overesd-
- mate the average grain size when disregarding the finer

.igrains. The grains range in shape from dominantdy
. - ‘angular to ‘subangular and, more rarely, subrounded.
“. Typical specimens, especially if not entirely fresh,
ave a.“salt and pepper” aspect, owing to the promi-
ence .of white feldspars and black grains of shale,

mific ‘rocks, or carbonaceous material. In addition,.

~ many contain larger flakes of shale and shiny flakes of
_mica, either muscovire or biotite. Much of the gray-
wacke appears merely very well compacted, but in

some areas it has been so compressed that the shale
and mafic rock fragments have been flattened and
impart a slight schistosity to the rock, forming what
is sometimes referred to as a semischist. The gray-
wacke -is dense and virtually nonporous. In many
specimens it is difficult to disunguish with a hand lens

- any material that would be called matrix. Although the
‘graywacke is generally well indurated and hard, many

beds are cut by innumerable invisible cracks and are

“so shattered that it is difficult to collect a piece the

size of a hand specimen. Veining by quartz or calcite
is widespread, and Iocally veins of adularia, albite, or
laumontite are-found:

 Microscopic™ features,
wide diversity among rocks that are now grouped
together as Franciscan graywacke, but guantitative
data on the components generally are difficult to ob-

-section study reveals




Stab'l.:e graing .
(Mainiy quartz, also includes
chert and quartzite)

Less stable grains {Rock
fragments other than

cnert and quartzite,
mica, etec.)

X )

Feldspar grains

Figure 4. Ternary diagram shewing proportions of stable grains,
less stable gralny, and feldspar grains in 80 Franciscan graywackss
{54 northern Colifornio, 25 ceniral Celifornial. Matrix net included.
fram Soliman (1958). .

tain. This difficulty is chiefly because many of the
feldspars are fresh and untwinned, and thus they are
not easily distinguished from quartz, and much of the
plagioclase is albite that is scarcely distinguishable
from K-feldspar. The finest grained material of the

matrix is generally unresolvable, and measurement of

even the quantity of matrix is difficult, because in
many of the rocks there is a gradation rather than a
sharp break in size between clasts and matrix. Some
of the difficulties .of measurement might be overcome
by the application of preferential stains. to the plagio-
clase and K-feldspar (Bailey and Stevens, 1960), but
because these methods have not yer been applied to

“thin sections of these rocks, the available data on

quartz/feldspar or plagioclase/K-feldspar ratios ob-
tained from thin sections cannot be considered as en-
tirely reliable. Grain counts made following a separa-
tion of light and heavy fractions are probably little
better because of the same inherent difficulties, and, in
addition, the graywacke is so indurated that treat-

‘ment drastic enough to separate.individual grains also

will shatter or dissolve some of the components. Thin
sections, however, do reveal features not discernable
with ‘2 hand lens, and the estirnates that have been
made of component percentages give a general idea
of the variability found among the graywackes even
though - these estimates. do nat.permit one to place
rigid limits on the variations or.to be confident of any
regional variation. '

Franaiscay o Westery CALIFORNIA - S

The predominant features seen in thin section are

the general lack of abrasion and the lack of ,si:_iﬂ:ingﬁ"d_ﬁ o

the grains of the rock. Most of the grains aps angulas’
and ‘this is especially true for the monomineralic
grains. Rock fragments tend to be subangular or sub-
rounded, but in many sectons the compaction of the
rock has led to a modification of the shape of the
softer composite rock fragments by their yielding
to fit between the monomineralic grains, The mono-

- mineralic grains are chiefly feldspar and quartz, but

most sections contain 2 few grains of epidoteé-group
minerals, apatite, and zircon. The quantity of rock
fragments ranges from near zero to as much. as three-
fourths of the rock. In many sections the predominant
rock fragments are mafic lava, apparently quite like
the greenstone in the assemblage of Franciscan rocks,
and- all gradations berween such volcanic-rich gray-
wackes and tuffs are known. Other lithic graywackes
contain very few mafic rock fragmenrs buc instead
conrain clasts of shale, chert, quartzite, Of - quartz-seri-
ciee schist.

Most of the Franciscan graywacke has 2 matrix con-
tent of at least '10 percent and thus would fall into
the “wacke” classification of Gilberr (Williams and
others, 1954, p. 292). Of 80 specimens point counted
by Soliman (1958), about 42 percent would fall into
the arkosic wacke subdivision, 23 percent into the
feldspathic - wacke subdivision, and 35 percent into
the lithic wacke subdivision (fig. 4).

Quartz grains make up from 10.tc 50 percent of
most of the Franciscan graywackes, with the average
of available measurements being about 30 percent, The
average value of normative quartz in the 21 chemical
analyses of Franciscan graywacke included with this
report is 31.5 percent. Extreme values for quartz grains
of 5 to 60 percent based on point counts of thin sec-
tons are recorded by Soliman (1958), and his range
for “stable grains,” shown in figure 4 is from 23 to
62 percent. Soliman’s values for quartz and “stable
grains” are high as compared with measurements made
by others, and with chemical analyses. The quartz
grains are generaily angular to subangular, but rare
rounded or even -euhedral grains are present. Most
quartz grains are clear, and many contain minute
liquid- and gas-filled cavities. Many show undulstory
extinction, and some grains are composite, consisting
of several crystal units separated by sutured bound-
aries.

Feldspar generally is the dominant mineral in the
graywackes and, in some specimens, probably amounts
to as much as 60 percent of the rock. Feldspar occurs
most abundantly as- monomineralic grains, bur it is
also a prominent constituent of many of the rock
fragments. The percent of clastic feldspar grains in
80 graywacke specimens from nerchern and cenrral.

‘California was determined by point counts by Soliman.: .
(1958). Figure 4; taken from his report; indicatesifelds:: -

spar amounts to from 9 to 46 percent of the clasdc -

~ grains, with more than half the specimens containing -




Photo 11 (left}. Lithic graywdcks with clasts
of greenstans, altered mafic gless, shale, chert,
quartz, orthoclase, plagioclase, epidote, biatite,
and myrmekite: Tombs Cresk gquadrangle.
(Coustal belt unit) {58.274).

Photo 12 (righf). Faldspathic graywacke
with clastr of \quartz, olbite, muscovite; bialite,
chlorite, mafic voteanié- rocks - and gloss) and
shole. Pillsbury. Loke guadrangle (B-35).
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Phote 13 {right}. Feldspathic graywacke
with quertz, plagioclate, orthoclase, muscovita,
biotits, apidote, mafic voleanic rocks, and
shala, Fort fess quadrangle. (Coastai belt unit}
{60-305).

Phate 14 {left), Feldspathic graywacks with
quartz, plagiociase, orthoclase, biotite, epidale,
mafic voleanic rocks, und shals, Vary litts
matrix. Fart Ress guadrangle {58-191).




between 20 and 30 percent. The average value of

".pormative feldspar in 21 analyses of Franciscan gray-. ==
wackes is 43.5 percent. Grain counts or peint counts. -
reported by Soliman and others are probably all low. .

with respect to total feldspar, because the grain counts
are made on 2 light fraction that does nor include
the mafic feldspar-bearing rock fragments and point
counts normally include only the monomineralic
grains. The minimum and maximum for feldspar con-
tent is the 5 to 55 percent reported for the Pacheco
Pass area by McKee (19582), and the average of all
of the measurements and estimates we found in the
literature is about 35 percent. Normative feldspar cal-
culated from the available chexmcal analyses averages
about 45 percent,

Over wide areas plagioclase is the only feldspar
present as grains in the Franciscan graywacke; in
some areas, however, orthoclase is also present. The
plagioclase is highly sodic, and most investigators have
reported it as either albite or oligoclase, Our thin-
section studies indicare albite is most common, oligo-
clase less so, and andesine comparatively minor. Soli-
man - (1958) reports that labradorite and bytownite
also occur in minor amounts. Normative plagioclase
calculated from analyses ranges from Ang to Ang
and averages An,s;. As the abundance of K-feldspar
can apparently be used to separate otherwise indis-
tinguishable sequences of graywacke, and also has
genetic implicarions as to possible source areas, it is
discussed eisewhere in the report in considerable de-
tail (see pp. 139 et seq. ). _

The feldspar grains, though tending to be more
nearly square or rectangular, are comparable in size
and angularity to the quartz grains. Many show no
twinning, bur in some sections they can be distin-
guished from quartz because they are more cloudy
and more susceptible to incipient alteradon. Some are
composite and appear to have been replaced by groups
of smaller crystals of a different kind of plagioclase.

The quartz/feldspar ratio has been measured by
various means or estimated by at least two dozen
geologists, who report figures ranging from 1:2 to

'10:1. The point counts of Soliman (1958) indicate a

ratio of siliceous grains, including chert, to feldspar
of 2:1 (see fig. 4), but his values for the siliceous
grains seem to be high. The average of all of the daca
available is very close to 1:1. Norms calculated from
chemical analyses of 21 graywackes indicate an aver-
age ratio of 3 quartz to 4 feldspar, but it should be
recognized that some of the normative quarrz is pres-
ent as chert or quartzite, and some of the normatve
feldspar represents material occurring in rock frag-
ments. We have no data indicating a difference in
quartz/feldspar ratics berween the graywackes with

K-feldspar and those without, but 2 significant differ- .
© ence may exist.

‘Rock fragments are the next most abundant com-
ponent of the graywackes, but they have received
little study. Reported percentages of rock clasts range
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from a minimum of 2 to. a maximum of 55, but as the

- velcanic graywackes apparently grade into tuffs with

am:incresse in volcanic fragments and an elimination
of nearly all of the quartz, the reported maximum of
§5 percent is rather arbitrary. Even less information .
is available on the proportions of the various kinds
of rock fragments, and nothing has been noted re-
garding the relation of the total quantity to kind of
rock fragment.

The most abundant rock clasts are various kinds of
fine-grained mafic voleanic rocks, apparently like the
greenstone flows, tuffs, and breccias that are inter-
layered with the sedimentary rocks. Altered mafic
glass fragments are very common, and minute frag-
ments of altered glassy material seem to provide the
major part of the matrix for many of the more lithic
graywackes. Chert fragments also are commeon, and
some of these that are red and conmain radiolaria re-
semble those found in rhythmically layered sequences
of the Franciscan Formation. Other chert fragments,
which are common in some of the graywackes, are
black and carbonaceous; they seem to be unlike any
found as beds in the Franciscan. Recrystallized cherts,

“many of which contain shreds of rmica, are also com-

mon. Shale fragments are a ubiquitous component, but

‘pieces of fine-grained graywacke are rare. McKee

{1958a} reports that in the Pacheco Pass area detrital
grains of quartz diorite are prominent in the part of
the Franciscan thar he believes to be the oldest ex-
posed. Fragments of quartz-mica schists are not un-
common, but clastic grains of glaucophane schist or

Figure 5. Ternary diagram showing proportions of
stable graing, unstobie groim, end matrix in 79
Franciscan groywackes {51 northern California, 28
cantral California). From Soliman (1958).

Statle grains

{(Mainly quartz, also
inciudes chert and
quartzite]

4 . 3

Unstacle grains (Rock

Matrix

- fragments, other than

chert and quartzite; and
fzldspars, mica etc.)




(9t61) "1 D ‘Apnon  +jg

(CE6L) "4 "9 *wyosog -9g-§(

“Ajuwo saipnis BO1323s~UIYL (%1 -d ‘eggEf) “§ ‘s3Frag gy
..:cc sIatpnis cc«u.uomf:.me_,—. A_:. *d .memmv D .e_u«ﬂ.._ 11

- (§S6T) "4"W "yoeppen - "9y

(BS61) "W S ‘uvmyjog gl

(81 *d TS6E) “2r '-Q "W ‘wepusala)  p]

31

qussaad g1 ‘juswiesry Aq pakoanssg x g (0961 "uwurieatunugod ywio) SRI[A[ "A5N0[Y9g  g[-7]

9181, 1o 's31A¥3Yy Jo quasiad g, = M TA[UO SITPNIS woijdoseuigy (€1 *d 'ZSe1) 'g "y ‘staway, 11
. g¥owwod, X0 ‘Sotavdy jo juadaad G uﬁ {YE6T} "V " ‘wesuyopr -qf
’ FE *Aqwe s3iphas uwoijoes-uryl {E1 *d "g5el) 2 T ‘fes1ig g

Omm—. .EQWQEO—“F .< .U .-wm:.:..,m.u:ﬂmu:um humwhm:rm:: mv.—.u.m-.—ﬂum .NN-‘_HIM-‘
. (v1 *d 'g561) v g ‘a1% g
(61 *d ‘0S61) v "9 ‘oy9p pue ‘+y 'p ‘Burumey -

Xeal | “wiaoy eaues 77
X ___Eperapy  qz)
EP1RIOPY  "0&

Roﬂﬂ_nmm _._Hm ,QM
yesg earpediaig gl
qeg waln) g
Uwwpinog unol - 97

xXE | IXIx X[

XX

XPXIX[X

X[ XX
XXX
X|X

XXX X XIXIX|[X XX XX X ierhg-jaqes] g7
X 3 E x b 4 b4 UOIT1WRY IUNON-IFOL UBG P
W XX {X|X] : X X X yaneg oasiauesy ueg g1
e HKIXIXXEX] I X]xX x| X x| XX XX X Yaloy edstouesg wag g
o S 'Y 2 £ ledoaseqag -1
KX IX]|X X X X X x [edeaseqag gy
S a b aye] Jomo] g
z X 1X X X SIT[{Ih '8
rm X x X x X & quwodsumlyg vy
11X X1 X X yeeg Auoyyuy ‘g
X XX - _ offacy g
X|x \ B p 4 g x b4 : 1988897 -y
x| IxIxis X Xk X[ XXX o x ~ Sangsyoolg ‘g
XXl (XX o i e pie > runlaog-s|epuisg ‘g
: o - XE: 41X ey angg 1
ﬂﬂ%%«.wu,mumumwmumownﬂﬂﬂuwﬂmwﬂwwm%@am%mmmmqm -l Fl o
selm o je fer w13 oo |2 |lo|2le ||z i3l o YA e |T) et e | —~]|o 1o P2 Sy )
wiafd Inlale-fe o lolalrnde]s |o e fefolels Slrmite o i oo jo (o lule lo (o FR RN
=lojelagjg i idioclalolofuln |Jojo [9 ]| |ninic]lals iv-|a ola g | jr|w)e b —lole
UM it o fp [ o [~fefo i ]elr e In |3 |ee | jmfre]e|{o [ fr er e e s fer oo J0a- |er e lm]o u—mca.——uﬂna
o o | pr =l in S et i [frlaie o ]le |l o ' e B 1ol i i (o | @ §{cr | -
e | - lonfeolo|elole [0 | (o e lxrlo|n | e le fo {-r £y ol | e .
L ) Ll Lobl ol N @ 10 io o o -] " o P o
o e o {0 g fo = - I LJ o
o ol o A s o
> - L

1964}

“tayanminsn USITIULL ) sjorsul AsDay 9 wanBly




32 - S o Cartrormia Division or MinNes anp GeoLogy

jadeitized rocks have been reported only by McKee- -

(1958a). The shapes of the rock fragments-are vari-
able, In many graywackes, the fragments of relatively
weak rocks, sach as the mafic volcanics, have been
‘bent to fit between the harder grains, while the harder
rocks, sach as the cherts, are undeformed.

Estimates of the quantity of matrix in these gray-
wackes range from 8 percent to as much as 50 per-
cent, but probably these have been made on different
bases by different geologists. In many of the gray-
wackes there is no clearly discernible break in grain
size between the coarsest clasts and the finest matrix
material, and, as a result, the distinction between clasts
and matrix is arbitrary. The problem is furcther com-
pounded if slight metamorphism has resulted in the
growth of new crystalline aggregates, some of which
are larger than the smallest of the original clasts. In
general, however, geologists include under the term
“matrix” the dark-colored and nearly unidentifiable
paste, which probably has a grain size of less than 0.02
mm. In spite of the difficulty of measuring the quan-
tity of matrix, it is obvious that the quantity varies
considerably; in some graywackes the clasts appear
largely separated by matrix, while in the majority the
grains appear closely packed with only narrow films
of matrix between them. Figure 5 shows that the quan-
tity of matrix, as determined by Soliman (1958) by
point counts on 80 Franciscan graywackes, is generally
berween 5 and 25 percent.

The nature of the matrix material is largely indeter-
minate in thin section, but much of it appears to be
sericitic or chloritic. An X-ray study of the finest
fraction obtained from crushed graywacke of the San
Francisco Bay area by J. Schlocker (oral communica-
tion, 1963) indicates mica is more sbundant than chlor-
ite, except in some volcanic-rich wackes, and there is
little, if any, kaolinite. Both the mica and chlorite are
fairly well ordered but some contain 2 low percentage
of expandable layers. Calculetions of norms also indi-
cate chlorite is generally more abundant than kaolinice
and may exceed muscovite, but this would include
compenents in rock grains as well as in the matrix. In
some graywacke the original matrix is sufficiently re-
crystallized to permit one to identify new quartz, seri-
cite, chlorite, and albite; however, most Franciscan
graywackes are recrysailized so little that the margins
of the clastic grains have not been rendered fuzzy by
the growth of new minerals.

The cement for these hard tough rocks is generally
just the paste or matrix. Recrystallized quartz is some-
times visible in the matrix of the more feldspathic
graywackes, suggesting that their marrix is more sili-

ceous than the average, and a higher proportion of '

chlorite is present in' the matrix of graywackes with
abundant mafic rock fragments. Occasionally one finds
specimens with a true calcite cement, but, more com-

monly, calcite cement occurs in stall irregular patches. . -

that suggest a selective replacement of the more nor-
mal matrix. Quartz_ also locally replaces most or all of

[Bull. 183

:--the matrix, especially in areas in which all the gray-

wackes show incipient metamorphism. - - . .

Other constituencs of the graywackes are heavy de-
trital grains which are readily separated by the use of
heavy liquids. More than 50 separations have been re-
ported, and these are summarized in figure 6. In this
table an attempt has been made to indicate abundance,
even though not all of the data are comparable because
of difference in both the treatment and reporting of
results. The minerals most investigators find to be
abundant are biotite, chlorite, minerals of the epidote
group, sphene, and zircon; other apparently wide-
spread minerals present in smaller amounts are apatite,
garner, hornblende, ilmenite, leucoxene, magnetite,
pyrite, and tourmaline. More uncommon minerals in-
clude brookite, gahnite, kyanite, lawsonite, piedmon-
tite, pumpellyite, and rutile. Chromite or picotite,
which would be indicative of derivation from ultra-
mafic rocks, are rarely reported even though several
geologists have reported serpentine as one of the com-
mon lithic fragments in the graywacke. Much of the
reported serpentine may be chloritized mafic glass,
with which it is easily confused. Glaucophane, which

is so readily recognized that it could scarcely be over- -

looked, was found sas clastic grains in heavy concen-
trates only by Soliman (1958). Staurolite, which oc-
curs in upper Mesozoic sedimentary rocks of the

Great Valley (Briggs, 1953b), has not been found.

Among the common heavy minerals are several (such
as apatite, biotite, chlorite, and hornblende) thar are
relatively unstable and readily destroyed by weather-
ing and abrasion. Andalusire, kyanite, piedmontite, and

probably also lawsonite and pumpellyite, though not.

abundanr, indicate that at least part of the source rocks
were regionally metamorphosed.

Chemical features. The chemical composition of
21 representative graywackes is given in table 1, and
the distribution of the sample localities is- shown in
figure 7. A comparison of the average of these analyses
with graywackes found in other parts of the world can
be made by reference to table 2. Prominent charac-
teristics of Franciscan graywackes are: (1) soda com-
monly exceeds potash, or, expressed differently, the
K20/N2,0 ratio is less than 1, (2) the ratio of ferric
to ferrous oxide (Fe;0;/FeQ) is generally less than 1,
and (3) combined water (HyO+) is generally more
than 2 percent. ‘

Molecular norms are also given in tables 1 and 2, and
because not all geologists are familiar with this type of
presentadon of data, or the ease with which the

molecular norms can be obtained from a chemical

analysis, the method will be briefly explained. In the
conversion of analyses given in weight percent of the
constituent oxides into minerals, use is made of the
molecular units of Niggli (1936); and the method of
calculation follows that of Eskola (1954) and Barth

~(1955). The merhod is based on determining the num-

ber of cations of the virious cationic elements in a unit
volume of rock. This is done by first reducing the

P .
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Table 1. Analyses and molecular norms of Franciscan graywackes, - o

1 2 3 4 5 [ 7 3 9 10 11 12 13 14 15 16 17 18 19 20 21
§6.8 | 7.3 &8.5 58.8 Nr(nzi{n2jea.7|s7s]{sr.2|584)7.7|7m.9 .3 69.0168.9|67.0167.3]60.967.1] 703
ad 1.8 0.6 0.3 0.3 ¢4] 0.5] 0.5} 06] 05| 05| 0.4} 0.6| 0.4 071 06| 06 06) 0.6 0.5 0.4
1.4 12.4 12.3% 14.5 2713071071131 14.6] 146 | 142 142 21,3 | 140 1.7 12.7 | 14.1 { 5.5 | 16.4 | 14.9] 14.0
1.5} 0.6 1.3 0.6 0.3 Lo 0.7 2.1 2.7 19) 2.4| 18] 1.1]| 0.8] 1.0 1.5] 0.9 04) 14 1.0] 0.6
5.0{ 4.0 3.4 2.5 36t 24 1.2 1.3 1.9 2.3 1.4 13| 28| 2.6 4.2} 28] 4.0 3.8] 4.4 2.91 2.8
0.2] 041 . - -4 O 0.1 0.1} 0.1} 0.1 0.2 | 62| 0.1 Ob} 01} 0.1 0] 0.1 0.1 o1
3.r]. 2.3 2.2 1.9 1.8} 2.2 2.7] 1.3 ETE 2.3 1.2 1.3 2.7 2.1 3B} 25| 2.8 1.91 3.1 16| 1.7
761 3.3 1.8 2.1 1.8] 1.51 0.6 5.0 1.1 1.8 82] 0.7| 06| 1.3 1.3 1.9 1.3 06 3.9 2.0 1.5
3.3 3.0 6.0 - 1.9 2.7 4.3 3.2 3.6 3.7 3.7F 339 43| 3.8) 4.1 20| 2.7 3.4 42 42| 31 3.7
0.; ;.2 1.3 }.; 1.3 1.; | 1.4 1.7 1.9 .91 2.0 2.4 09§ 1.2] 2.3 2.1 1.6f 3.2 0.6]1 2.3]| 2.2
3. N 1.1 &) 2.5 L 2.2 2.4 33| 2.8 2.8] 1.8 3.7 2.8 2.2
1.4 03| o3| o3} 01 o3 }” 32 35] 34| 31 2'*{ 0.4} 02] 03] 07| 06f 02] 05| o8| 02
5.1 0.8 o.d 0.1 0.31 0.1 0.4 i - - 4.8 -1 01} 0.1 -1 03] 0.1 -3 011 029 0a
0.1 | ok 0.2 0.4 il 01 o.tf| 0.1 0.1 61| 0] 01| 0.} 00 028 01| 0.1 0.1 0.1 0.1 ©.1
‘99.57] W9 _41) +100.47]=4100, 13 "99_.93 ~99 85| 99 99 99 00 1100 (100 99.711=99_49/100 {100 % |10 (w00 9 |100
MOLECULAR NORM-CATANORM
3.5 ] 34.8 20.4 5.4 41.91 35,5 | 40.8 | 29.8 | 33.5 1 29.8 | 25.0 | 31.9 | 40.3 | 34.1 | 37.4} 36.8 31,41 22.3|18.8| 319 32.8
£5] 740 8.0 6.5 80| 65| 2.0 10.5|12.0 11.51 12.0] 4.5 | 5.5| 7.0] 14.5 13.0f 10,0 19.5] 4.0 14.5) 13.5
n.0]| 280 54.8 3a.0 25.5 | 19.5 | 30.07 33,51 35,0 35.01.30.5 | 40.5| 35.5 | 38.0| 19.0 25.5({ 32.51'38.5139.0] 29.5 ] 4.0
4.5112.51 4.3 8.0 65| 5.5 1.6] 60| 50| 85 9.0| 25| 05| 5.0/ 55| 7.0 $.0| 2.0Y18.0f 8.0} 8.5
4.0 2.2 . 2.5 5.9 331 5.3 3.7 5.2 4.0 3.9 4.1 4.5 4.9 47| 42| 5.7 49| 2.9} 5.2 3.7
.01 6.8 6.2 5.4 521 66 7.8} 3.8 5.0| 6.4¢ 3.4/ 36| 7.8 60| 11.2] 72| 5.0 54§ 9.0 4.8] 4.8
7.00 3.4 3.2 3.0 5.0 2.4 3.8 aa .- 1.8 . -3 300 3.0 05 28] 5.0 5.4 5.0 3.2] 2.3
1.6 0.8 .4 0.8 0.3 1.2 0.8 2.1 3.0] 2.1 .51 2.0} K.2¢ 0.9 1.2 1.61 0.9 G.4 1.5 1.2 0.8
| 2.8 1.0 0.4 0.6 0.6( 0.8 g.é 1.0 06| 06) 0.6] G:8| 0.6 1.0¢ 1.0] 1.0| 0.8 1.0| 0.8| 0.6
. . - a- s - - .1 - -- - . - - . - - - .- . -
0.3 0.3 9.5 0.8 0.31-9.3] 0.3 4.3 0.3 0.3 051 0.3 0.3 0.3 081 03f 0.3 0.3{ 0.6 0.3] 0.3
11.6 1.6 Q.5 0.2 08l 046 o4l 9.6 - -- 1 12.6 -1 0.5 9.2 - Q.81 0.2 -1 0.2] 06 0.2
MOLECULAR NORMS MAKING USE OF COMBINED WATER
35.9 1.9 25.9 4097343 |4.1]30.0)34.0|30.5] 246} 31.0]39.8)33.5] 39.0] 17.5 B 48 19.9] 32.7] 323
3.0 8.0 I4.5 .- - - 2.5 .- 3.0 45 3.0 . - 551 5.0 -] 9.0 - 3.0 8.5
4.5 58.8 “.0 32.0 | 45,0 31.0{ 39.5 | 40.0 | 43.5 | 39.5 | 43.0 | 36.0 ] 43.0¢ 24.5 | 32.5 37.5F 40.5 | 57.0 | 37.5 | 40.8
8.5 7.9 7.2 B35 7.5] 9.6 3.1 4.1 6% 2.9 3.0 90| 7.5[13.5) 811109} 9.0{11.6| 6.5] 6.4
1.2 . 3.4 4 L4 3.4 1.0] 0.8 1.2 1.3) 3.6 4.6 421 2.2F 2.0] 1.4 -] 2,61 1.2 3.4
5.8 e 1.8 11.2] 9.1 | 12.6 | 1.2} 16.8 | 11.9¢ 10.5 B3| 7.71 9.8) 128 11.2} 14.0| 14.71 $.6] 16.1 7.0
0.8 1.4 0.8 Q.3 1.2] 0.8B] 2.1 3.0 2.1 2.5 20| 1.21 0.9 1.2 16} 0.9 0.4 1.5 1.21 0.8
1.6 1.0 9.4 06| G6) 08 06| 1.0 06| 06| 0.6 0.8] 0.6 1.0] 1.0 1.0 0.8 10| 08| 0.6
- - .- - - - .1 . - - - - - = .- - . - - a—
0.3 0.5 0.8 0.3 0.3} 0.3 03¢ 0.3 0.3 0.57 037 03] 039 0.5) 0.3) 0.3} 03] 0.6} 0.3 0.3
1.6 Q0.5 0.2 G.8] 06] 0.4 9.6 . - | 12,6 - | 0.6} 0.2 --{ 0.8] 0.2 ] %2 0.6] 0.2
|c=0.7
%dn in ph.g[ i1 . 7 i8 20 12 3 15 12 20 23 6 1 12 22 2 i3 5 32 21 15
1. “Neoccomian Sandsteme” from headwaters of Bagley Cresk, Mount Diablo, Calif. (Tuarner, 1891, p. 412). Analysis by W. H, Melvilie,
2. Graywucke (NA 450}, New Almaden dismict, Santa Clara County, Calif. Analysis by Mrs. A. C. Visidis.
3. Franciscan “sandstone,” Sulphur Bank, Calif. {Becker, 1888, p, 82). Analysis by W. H. Melville.
4. Franciscan “sandstone” from quurry of Oakland Paviog Co., Piedmont, Alameda County, Calif. (Davis, 1518b, p, 22). Analysis by . W. Hanson,
5. Pranci “'sandstoze,” junction of Buckeye Gulch and Hospiml Canyon, Carbons quadrangle, Stamisiaus County, Calif. {Talieferre, 1943z, p. 1386).
Analysis by Herdsman Laboratory, Glasgow. :
6. Graywacke (302/74), Valley Ford, Sebastopol guadrangle, Sonoma County, Calif. {Bloxam, 1956, p. 493), Anaysis by E. H, Oslund.
7-12. By rapid vock analysis method described in 1. 8. Geol. Survey Bull. 10356-C Analyses by P. L. D. Elmore, I. H. Bazlow, S. D, Botts, and Gillison
Chloe. H,0 trearsd as combined water in caleulating molecular norms.
?. Francisesn graywacke (39-76) from saddle 4,900 # N. 54* W. of Bummer Peak, Skaggs Springs 7}-minute quadrangls, NEY of Skaggs quad-
rangle, Somoma County, Calif.
. 8. Franciscan graywacke (59-108) from 450 £ N. 40° W. of “peak 1135” near center of east edgs of Skaggs Springs quadmangle, Sonoma County,
Cos.'-Fmémn"w raywacke (59-358) from 3,150 £t 5. 85" W. of Gabes Rock, Cazadero 7Viminute quadrangle, SEW of Skagge quadrangle, Somoma
mnty, 3
10. Pranciscan (coaseal beit) graywacke (59-337) Bom saddls 1,200 ft south of The Nubbie, Tombs Creek 7V%i-minute quadrangle, NW4 of Skaggs
O e oo ey acke (5 M. 62° E. of Reese Gap, Skaggs § Sonoma G Cali
. ! coas t) grayw 9.119) from rdge 7,000 £ N. . o 4D, prings quadrangle, County, if.
12, ansimcs?}?nl belt} praywacke (59-308) in canyon of Wheatfield Fork of Cualals Biver a: morth boundary of Tombs Creek guadrangle,
Sonomo County, -
13. Franciscan geaywacke (80-RGC-38-1), 4,000 £t N. 25° W.. of Blaper Point Lighthouse, Angel Island, Marin County, Calif. rapid rock analysis
method. Analysis by P. L. D. Elmore, S D. Botes, I H. Bardow, and M. D. Mack. ’ @, Cait: By mpid
14. Frapciscan graywacks, Quarry Point, Angel Islend, Marin County, Caiif, (Bloxem, 1960, p. 559). Analysis by T. W. Blozam.
Gnlh?-zl- By mapid rock analysis method described in U. 9. Geol. Survey Bull 1036-C. Analyses by P. L. D. Elmore, . D. Botts, I. H. Barlow, and
son Chlge. :
15, Schum graywacke (3-39-A), on shors 750 f: southeast of Campbell Point, Angel Island, Marin County, Calif.
16, qusmn gmywacks (SF-373) near sea level 3,350 ft east of Lands Pnd, San Francisco North quedraagle, San Frapcisco, Calif. :
17. Franciscan graywickes (SF-2114), west side (I, 3. Highway 101, at 2 point 5,050 ft northwest of lighthouse at Lime Point, San Francisco North
quadrangle, Marin County, Calif, . : .
18, Arkosic graywacks (SF-2122), Frandscan{}), quarry 4,100 ft east from “peak 1314,” San Brume M, in, San Francisco South quadrangle, San

Mateo Count.y, Calif,

19. Pranciscan volcanic graywacke ($F-2140), vorth sids of intersection of Masonic and Roosevelt Aves., San Prandisco, Calif,
20.. Franciscan graywacke (SF-2141), sast side of Laguna Honda, San isco, .\ o :
21..Franciscan graywacke (SF-2143), 200 ft west of Kearny Street and 50 £+ south of Francisco Sereet, Telegraph Fill, San Francisco, Calif.
"Toﬂd-niwla‘mlmﬂyﬁswhickr?omanaﬂduwo.m. . . ) .
00" ZrQy, 0.05, and

® Also contains BaQ .
* Also conmaing ZrQ, 0.

§0; 0.15.
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Figure 7. Location of anaiyzed graywackes listed in tobfe 1. .

weight percent of the oxides to equivalent molecular
proportions by dividing by the molecular weight of 2
single-cation oxide: e.g., for SiO; one simply divides
by the molecular weight of silica, but for Al,Q; one
divides by the molecular weight of AlQ;, etc. (In
this step one may also multiply each component by
1,000 to eliminate decimals.) All the hydrogen of com-
bined water is considered to be in the form of (OH)
ions in the rock, so it; as well as other rarer constitu-
ents such as F and Cl, are regarded as anions and
therefore not included. When the equivalent molecu-
lar proportions of the cations have been obtained, they
are summed, and each is divided by the sum, thus yield-
ing the percent of each cation in 2 unit volume and in
a total of 100 cations. These cations can then be readily
combined to form various minerals, and a systemartic
procedure for making the combination to yield a
standard “catanorm” is given by Barth (1955). Becanse
the cations are made inidally to total 100 percent, the
minerals made into an assemnblage that utilizes all the
cations will also total 100 percent. This method of
recasting an analysis into normative minerals is ap-
preciably faster than the CIP.W. method, but its
greatest advantage is the ease with which the cation
proportions can be recast inco the different normative
mineral assemblages that most closely approximate the

[Bull. 183

actual mineral assemblages of different analyzed rocks.
The final results are usually expressed, as they are in
this report, as molecular norms, which differ only
slightly from weight norms and are equally suitable
for construction of the various types of diagrams used
to compare some, or all, of the components of ana-
lyzed rocks. ,'

The standard catanorms calculated from the gray-
wacke analyses are useful for comparative purposes,
but; because they are designed to represent the mineral
assemblages that might result from the cooling of a
magma of the same composition, they do not give
a proper picture of the mineral components actu-
ally present in the graywacke. For example, nearly

Tabie 2. Compariton of Franciscan graywackes
with otber graywackes,

|
1 C2 3 4 5 6
S5i0s..e. .....| 67.5 | 642 647 1681 [ 711 697
TiQy. .. —aal 0.3 0.5 0.5 0.7 Q.5 0.6
Ay 135 [ 141 (148 [ 154 [13.9 | 14.3
FeyOgeu oo .. 1.2 1.0 1.5 1.0 tr 1.0
FeO__...._.._..| 3.0 4.2 3.9 3.4 2.7 2.5
MnO...... S 0.1 0.1 0.1 0.2 6.05| 0.1

MgO....._..._.] 2.2 2.9 2.2 1.8 1.3 1.2
CaO.._.._.._.| 2.4 3.5 3.1 2.3 1.8 1.9
NaO ._........] 3.6 3.4 31 2.6 3.7 3.5
RO ... 1.7 2.0 1.9 2.2 23 2.4
HO+. .......| 2.5 2.1 2.4 51 { 19 | 1.9
HoQomooo .. 0.4 0.1 0.7 : Q.26 0.4
COsemee . 0.8 1.6 1.3 - 0.12{ 0.1
| 10 0.1 0.1 0.2 0.2 0.1 0.2
Total......_| 99.5 | 99.8 [100.4 [100.0 | 99.8 [99.9
MOLECULAR NORM-CATANORM

Q oL 31.3 2507 13001 |34.3 132.4 1327
Ofcumcanaoo-o ) 1006 112,90 [ 105 [ 135 4 14.0 | 14.5
abo. ... ..)33.8 [31.5 |29.0 |24.5 1345 133.0
AN o 6.2 6.5 6.0 §10.5 7.5 8.0
[ S 4.0 4.6 6.3 5.7 3.0 35
L T 6.3 3.2 6.4 5.2 3.6 3.4
1 T B T | 5.4 4.6 3.6 1.8 2.2
mto_o. ... ....] 1.3 1.0 1.6 1.2 - 1.2
] S 0.3 0.6 0.6 1.0 0.6 1.0
CY S 0.4 0.3 G.3 0.5 0.3 0.5
Cecanen. ... 2.0 4.2 3.4 .- 0.2 0.2

I

MOLECULAR NORM—MAKING USE OF COMBINED WATER
{0 31.5 ) 28.2 1303 1354 [31.1 |31.4
Ofacemmnnaaanas| 3.5 1.5 13.0 | 11.5
plag. ..o..._....|40.0 1400 350 |35.0 [42.0 | 41.0
chl .. .. __..... 7.9 '11.¢ 9.1 7.4 6.1 4.6

kaol___...._.__. 2.4 - 34 0.6 §.2 4.6

Moo neman 9.8 1147 |16.1 | 18.9 1.4 4.2
- 11 S 1.3 i.0 1.6 1.2 . 1.2
|1 0.8 Q.6 0.6 1.0 0.6 1.0
Y 0.4 0.3 0.5 0.5 0.3 0.5
€O mmmm s e o 2.0 4.2 3.4 .- 0.2 0.2
pAninplag.._.{ 15,5 {162 |17.1 |[30.0 |17.8 [ 19.5

1. Average of 21 Franciscan graywackss included in table 1 of thit
repott. .

2. Average graywacke (Pettijobn, 1949, p. 250).

3. Average of 23 graywackes {Pettijohn, 1957, p. 307). Omitted from
analysis and total is SO, of 0.04,

4. Average of 30 graywackss (Tyrrell, 1933, p. 26). Fe,0; modified to -
give correct summaton. .

5. Composite of 20 Wellington graywackes, New Zzaland (Reed, 1957,
P 22).

6. Average of 14 New Zealand lower Mesoroic *

ine” graywackes
(Resd, 1937, p. 220, :
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report, {Molecular nomms)
NoS. I=til, trom Taliaferro
{ 19333,p.137) -
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average of nos. 1~21
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Quartz
Triangle with shadad
corners is the
arithmetic average of
the 21 sampies.

Feldspar Rest

Figure 8 Ternary diagram showing narmative quartz, faldspar, and
“rest” in 24 Fronciscan graywackes.

all of the molecular norms contain corundum Q),
which does not mean the sediments contain corundum
but instead indicates an excess of alumina over that
required to form feldspars from the alkalies. In addi-
don, all of the analyses show normative orthoclase,
yet staining of the samples has indicated chat the potas-
sium in most is not present in feldspar but rather, in
such minerals as muscovite, celadonite, or a K-bearing
clay mineral. '

To give a closer approximation of the mineral com-
position of the graywackes, we have calculated the
other molecular norms shown on tables 1 and 2 using
2 theoretical chlorite [3(Mg,Fe)-25i-4(OH)] musco-
vite [K-3Al-38i-2(OH)], and kaolinite [Al-8i-
2(OH)]. To form these hydrous or (OH)-bearing
minerals requires the use of the water, which is not
used in calculating the standard catanorm; but, making
use of the water permits one to establish 2 balance be-
tween muscovite, orthoclase, and kaolinite. The result-
ant molecular norm is a better approximation of the
actual mineral content of the graywacke, but as no
K is assigned to celadenite, illite, or other K-bearing
clay, there is too much normative muscovite, or in
Some cases, too much orthoclase, )

The molecular norms calculated by this method
have been used to construct rwo ternary diagrams, fig-
ures 8 and 9, which serve to give a visual impression
of the components and variations in Franciscan gray-
wacke. '

Figure 8, on which the corners are quarrtz, total feld-
Spar, and “rest,” indicates the ratio of guartz to total
feldspar, including the feldspar in rock fragments as
well as in monomineralic grains, ranges from 3:2 to
I:3. It also shows the mafic components range from 10

Orthociase . Plagicclase

Figure 9. Ternary dicgram showing normative quarty, arthoclase,
plegioclase, and “rest in 21 Fr graywack

to 32 percent, although the inchision of 13.6 percent
calcite with the “rest” ‘of one of the samples makes it
appear to have 44 percent mafics. Other norms and
modes gleaned from the literature are also shown in
the diagram.

Figure 9, with corners of quartz, orthoclase, and
plagioclase, shows each sample as a triangle, with the
side opposite a corner indicating the percent of that
corner component. As the values used for quartz,
orthoclase, and plagioclase are true percents, rather
than recalculated so as to add to 100 percent, the size

of the triangle indicates the amount of other com-.

ponents, The range in quantity of each of the apex
components can be read from the diagram, and it is
interesting that there is no apparent trend toward a
change in the mafic, or “rest,” compoment with a
change in any of the other three main componerits.

As these diagrams are almost entirely based on recal-
culation of analyses they may not accurately repre-
sent the exact mineral composition of any of the rocks,

bur, owing to the difficulries of making precise point

counts of sections, or grain counts based on mineral
separations, the results may be as accurate as modal
analyses. In any event, they show well the range in
mineral composition present in the Franciscan gray-
wackes,

Origin. In summary, graywackes of the Franciscan
eugeosynclinal assemblage are similar in texture and
composition to orogenic, eugeosynclinal deposits
found in other parts of the world. The vast volume of
terrigenous material, as well as the great thickness
locally of individual beds and the presence of a high
matrix-content, points to a very rapid deposition or

i
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“pouring-in” of the sedimentary material, The absence
of interlayered limestone or calcareous cement in most

of the Franciscan alse suggests continuous and rapid.

- deposition. Lack of rounded quartz and feldspar grains,
as well as the high percentage of labile rock fragments,
indicates rapid mechanical erosion of a nearby source

- area. The low Fe;Oy/FeO ratio and paucity of inter-

layered clay beds also indicate the lack of chemical
weathering in the source area. Apparently marine con-
ditions prevailed throughout the deposition of Fran-
ciscan rocks, and, although graded beds and sole mark-
ings are not commonly seen, the sandstone textures,
the lack of large-scale crossbedding and ripple marks,
as well as the absence of an indigenous shelly fauna,
point to turbidity current and fluxo-turbidity current
deposition in a deepwater environment (Dzulynski
and others, 1959). A few scattered observations show
a general north-south orientation of current-produced
sole marlings, but reliable observations showing cuz-
rent direction are so few that no conclusion regarding
direction of source should be made now on this basis,

The nature of the source area from which the Fran-
ciscan sediments were derived is imperfectly under-
stood. The lithic fragments indicate a mixed crystal-
line and sedimentary terrane, and the presence locally
of volcanic-rich graywacke and tuffaceous beds points
to 2 volcanic source for some of the sediments. Much
of the latter material, however, may have been
derived from penecontemporaneous, intra-Franciscan
volcanism.

The Franciscan graywacke is similar to other gray-
wackes in having a K;0/Na,O ratio of less than 1.0
(Pettijohn, 1957; Middleton, 1960, p. 1017), and in
having albite as the dominant feldspar. The reason for
the low K,O/Na;O ratio, both in the Franciscan and
other similar units, is not understood, but Middieton
(1960, p. 1017, 1018) has suggested the three follow-
ing possible explanarions:

L. Soda-rich source rocks. Alkaline granite, quartz diorite,
granodiorite, andesite, basale, spilite, and granite gneiss would
provide a rario of less than 1.0 '

2. Regional soda meramorphism. Little support is given to
this idea because of the lack of petrographic evidence point-
ing to this mechanism.

3. Incomplere weathering of source rocks. Licle favor is
given this concept because K-feldspars are more resistant to
normal weathering than are plagioclase feldspars, and Na, O

is removed from rocks during weathering at lease as rapidly,
and commonly more rapidly, than K,O.

To this list should also be added the possibility of
derivation either from a suite of older eugeosynclinal
rocks with similar characteristics, or from their meta-
morphosed equivalents. o

Middieton (1960, p. 1018) concludes that “* * *
the peculiar characteristics of high-rank graywackes
are a result of 2 partial volcanic (spilitic) provenance,
combined with rapid erosion and lictle chemical
~weathering.” This statement is obviously applicable to
the Franciscan graywackes, but certainly does not
explain fully their anomaleus compesition.

(Buil. 183

Alteration. Much of the Franciscan graywacke has
not been appreciably altered or sufficiently metamor-
phosed for it to contain discemible new minerals or
to have developed schistosity. In some areas, however,
the graywacke has been subjected to various kinds
of alteration, more drastic than those that can be
attributed to diagenesis. One cannot always be sure
what kind of alteration is involved, and some of the
most carefully studied changes have been ascribed to
different types of metamorphism or alteraton by dif-
ferent geologists. However, there is general agreement
that regional or load metamorphism, contact meta-
morphism, pneumatolytic alteration, and hydrothermal
alteration have each affected the graywackes in certain
local areas. The most widespread alteration of the
graywacke is the result of regional or load meta-
morphism, but, as this type of metamorphism also
affects the other rocks of the assemblage, it is discussed
at considerable length under the separate heading of
Metamorphic rocks. In this part of the texe, some
metagraywackes formed by regional metamorphism
are mentioned briefly because they resemble the un-
altered graywacke so closely thac their metamorphic
character may not be recognized; however, the main
discussion here will deal with the alterations brought
about by processes that are more local. .

Regional metamorphism of Franciscan graywacke
under conditions of only static load -and deep burial
may result in the formation of nonschistose rocks,
which superficially appear unmetamorphosed but are
properly assigned to either the zeolite or blueschist
metamorphic facies. Graywackes thar should be as-
signed to the zeolite facies can generally be recognized
by the presence of white, sugary veins of laumontite.
Graywackes that have been subjected to blueschist
facies metamorphism may contain either jadeite or
glaucophane, depending on how soda released by the
breakdown of plagioclase has been recombined. Meta-
graywackes containing glaucophane are normally rec-
ognizable because even a little glaucophone gives the
racks a bluish cast, but unsheared graywackes that are
extensively jadeitized are not readily recognized. They
are, however, heavier than normal graywacke, and we
have found thar all graywackes with a specific gravity
greater than 2.70 contain metamorphic minerals and
are really meragraywackes.

Graywacke altered by contact metamorphism is
rare, as are situations where one might expect this
kind of alteration. Virtually no granitic rocks incrude
the Franciscan graywacke, intrusive Franciscan mafic
rocks are uncommen, as are more acid Tertiary intru-
sives, and apparently most of the ultramafic masses
were injected plastically as serpentine at temperatures
far below their melting point. However, Chesterman
(1960) has carefully described graywacke at Leech
Lake Mounrain (Covelo quadrangle) in which new
minerals are formed by contact metamorphism along
the margins of serpentinized peridotite sills. He found
that in the graywacke within a foot of the ultramafic
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inerusive diopside-jadeite is abundant, and mafic rock

- fragments have been destroyed; at about a foot from

the contact the pyroxene is aegirine and minor blue
amphibole is present. Three feet from the contact
glaucophane has given way to actinolite, and 15 feet
from the contact z blue-green hornblende is present.
In this area other graywacke engulfed in the peridotite
has been converted to rodingite conraining 2 diopside-
jadeite-acmite pyroxene. The development of a little
blue amphibole in the conract rocks is of particular
interest, as many geologists have attributed the orgin
of the glaucophane schists of the Coast Ranges to
metamorphism that is related to mafic and uleramafic
intrusives, though they also generally suggest that the

. process is pneumatolytic and involves the introduction

of material.

Pneumarolytic dlteration of graywacke, involving
introduction or loss of elements, may be difficult to
distinguish from regional metamorphism, in which
there is ofren some limited migration of elements but
no overall change in the chemical composition of the
entire rock mass. The formation of glaucophane schists
has been attributed by Taliaferro (1943b, p. 175) and
others o pneumatolytic alteration, but it is the writers’
belief that analyses generally indicate these schists are
comparable in chemical compeosition to the rocks from
which they were derived (rable 14a and b). These
glaucophane-bearing metagraywackes and schists are
therefore treated as products of isochemical reactons
in the later section on metamorphic rocks. Veins of
quartz, calcite, aibite, and adulapa occur rather com-
monly in the Franciscan graywackes, and they too
have been cited as evidence of pneumarolyrtic altera-
ton.. However, these veins can be equally well ex-
plained as resulting from local solution of minerals in
the graywacke, and they may provide one of the
earliest indications of load metamorphism. The veins
are most common in areas CONtaining some metamor-
phic rocks but are more widespread than the limits
of regionally metamorphosed graywacke now recog-
nized. Unfortunately, no one has yet systematically
mapped their distribution even throughout the extent
of a single 15-minute quadrangle. Though pneuma-
tolytic alteration appears to us to be uncommon, some
unusual Franciscan rocks have unquestionably been
enriched in boron. The most striking examples are
tourmalinized graywackes at the East Peak of Mount
Tamalpais, in Marin County, mentioned by Rice
(1960). In the most altered graywacke, rourmaline
amounts to more than 50 percent, and adularia is also
a major constituent. As the rocks are vuggy, they are
believed by Rice to have been altered when at shallow
depth. Another boren-bearing silicate, axinire, has been
found in veins with prehnite a few miles farther west
at Stinson Ranch. Axinite veinleis also are reported
to occur in the Trout Creek manganese mine ores,

Black Rock Mountain quadrangle, Trinity County

(Hewett and others, 1961, p. 58). In none of these
areas is there any nearby intrusive igneous rock thar

“can be regarded as the source of the boron.

" Hydrothermal' alteration has modified Franciscan
graywacke over areas ranging in size from a few square
feet to nearly a square mile (Bailey, 1946, p. 214; Yates
and Hilpert, 1945, p. 22, 1946, p. 253). Most of the
larger areas of alteration are in the vicinity of mercury
deposits, but some that are obviously relared to Ter-
tiary volcanism contain no known mercury. minerals,
and still ocher, generally small, areas can be related
only to fault zones. In the Eastern Mayacmas mercury
district, Lake and Napa Counties, hydrothermally al- -
tered graywacke is widespread and parcdicularly well
developed near the Oat Hill mine, In the Western
Mayacmas district altered graywacke occurs about
some of the mercury mines, but the alteradon is con-
siderably more pronounced along a zone of more
recent hydrothermal actvicy that includes The Gey-
sers and the Lictle Geysers but contains only minor
amounts of mercury. In Lake County hydrothermally
altered graywacke is prominenct along a fault chat ex-
tends from Bartlett Springs northwest to Craberee Hot
Springs in Lake Pillsbury quadrangle. The alteration
seems to have been most intense near Bartlert Springs,
but only at Crabtree Hot Springs has a little quick-
silver and arsenic mineralization been noted (Fair-
banks, 1893b, p. 61). .

-Areas of hydrothermal alteration can generally be
‘recognized readily, because the alteration leads to a
bleaching of the graywacke, and also, in most areas,
to the development of closely spaced veinlets of
quartz, ferroan dolomite, calcite, or siliceous limonite,
The bleaching of the rocks is 2 result of removal of
iron, which may go into a carbonate, or an oxide, or
combine with sulfur to form pyrite. A more subtle
and more pervasive change is the alteration of the feld-
spars to clay minerals, and, in the most extreme altera-
tion, quartz is lost so that the final product is largely
clay. The pardcular clay mineral formed is different
from place to place, but the clays from only a few
areas have been adequately studied. Pre-1950 reports
refer to kaolin or kaolinitization, bur because these
minerals were identified without benefic of X-ray
techniques, they probably should be discounted. We
found that greasy graywacke from. the Culver-Baer
mine, Sonoma Councty, consisted largely of monetmor-
illonice, with minor kaolinite and chlorite. Julius
Schlocker {oral communication, March 1961) found
that in the San Francisco area some graywackes have
been completely altered to kaolinite group minerals,
others contain abundant monemerillonite, and in sall
others the end product is a chlorite rock, or a mixrure
of chlorite, random layered chlorite and mica, and talc.
He also found that pyrite is generally formed as a
result of hydrothermal alteradon. D, E, White (cral
communication, March 1961) reports yer a different
type of hydrothermal alteration at the Sulphur Bank
mine, Lake Councy, where clays are absent below the
water table, but where an ammonium-bearing mineral,
apparently a feldspar * or zeolite, has replaced the origi-

‘A new mineral, named buddingronite; see Erd, R.C., and
others: Am. Mineralogist, v. 49, p. 831-850.
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- nal plagioclase of the graywacke. In The Geysers area,
in eastern Sonoma County, J. R. McNiw (written

communication, 1961) found acid leaching in the oxi-

~ dation zone converted Franciscan graywacke into 2
porous mass of alunite, opal, and residual quartz; below

the oxidation zone the hydrothermal alteradion of the-

graywacke resulted in the formadon of pyrite, the
growth of sericite in the groundmass. and feldspar
grains, and the deposition of calcite and gquartz in
fracrtures. Both kaolinite and dickite were identified in
muds thrown from the stearn wells,

Shale.

Shale, including siltstone, probably amounts to about
10 percent of the Franciscan sedimentary rocks. It has
been so little studied that no definidve descripton is
now possible nor is the relative abundance of siltstone
and claystone lmown. It is obvious, however, that
there are two unlike and readily distinguishable
varieries of shale—a dark-gray to black variety occur-
ring chiefly interbedded with graywacke, and a red or
green ferruginous variety occurring interbedded with
chert. Because the lateer is restricted in its distribudon
and clearly has an origin closely related to thar of the
chert, it is discussed in this report along with the cherts
and is omirted from the following description.

Occurrence and megascopic features. The Fran-
ciscan shale, though generally dark gray or black, is in
some places a grayish tan or even olive color, and these
rocks tend to weather to sdll lighrer shades. However,
weathered shale usually is not seen in outcrop because
of soil cover, and narural exposures that are pre-
dominantly shale are uncommon. Shale is best seen
where it forms thin seams between much thicker
layers of gravwacke, but locally it forms units a few
feet thick. Sections of still greater thickness with only
a few interbeds of graywacke are unusual in the Fran-
ciscan, but some beds 2s much as 500 feet thick have
been reported. Where shale is especially abundant it
forms a zone of structural weakness that is readily
crumpled and sheared, and in many roadcuts what may
once have been sections of shale a few hundred feet
thick are now seen to be so disturbed that no estimate
of initial thickness is possible. Widespread shearing
may also partly account for the general absence of
graded bedding, which seems to be common only in
the somewhat unusual, graywacke-shale sequence east
of Mount Hamilton.

The shales are normally fissile and dull in luster, but
in some arsas they are phyllitic and shiny, apparently
because of an increase in the size of micas. Although
the shales are highly folded in many places, slaty cleav-
age has been cobserved only in western Tehama County
in an area where the graywacke has been converted to
a sernischist.

Microscopic features. Mineralogically the Fran-
ciscan shales seem to be quite similar to the gray-

(Bull, 183

- wackes, with a high proportion of angular mineral or

rock fragments and only a small amount of clay
minerals. The mineral grains that can be identfied in

Table 3. Analyses of shales accompanying graywackes
in the Franciscan.
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1. Franciscan black siltstone (INA-315) from Fern Hill, New Almaden
distict, Sapnta Clara County, Calif. Analysis by Mz, A. €. Vlisidis, U.S.
Geological Survey.

2-4, By rapid rock analysis method described in UL.$. Geol. Survey Bull.
1036-C. Analyses by P, L. D. Elmore, 5. D. Bors, I. H. Barlow, and
Gillison Chlae. )

2. Franciscan siltstone (SE-1140) from North Broadway Tunnel at »
point 150 £t east of center line of Jones Street, San Francisce, Calif.

3. Franciscan shale (SF-2126) from quarty 1200 ft NW of Point Sar
Pedzo, San Quentin guadrangle, Marin County, Calif. .
4, Franciscan metashale, south side of State Highway 132 at B.M. 950,
2,800 ft W. of east edge of Pacheco Peak guadrangle, Santa Clarn

County, Calif. ’

5. Average of 14,

6. Average of 78 shales (Clarke, 1924, p. 631). Net included are 0.05
Ba® and 0.81 C.
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thin section are the same as those in the graywacke,
being chiefly quartz and feldspar, and fine-grained

- chiorite and sericite. The principal clay-size constitu-

ents were determined by X-ray on about two dozen
samples from the San Francisco area by J. Schlocker.
He reports (oral communication, 1963) that in the
gray, green, or black shales mica generally pre-
dominates, chlorite is normally also abundant, and
kaolinite is either absent or very minor. Both the mica
and chlorite may contain some expandable layers. In
tan shales, which are presumed to be weathered,
mixed-layer mica-montmorillonite or vermiculite pre-
dominates and may amount to as much as 90 percent
of the fine fraction. Although the fresh shales are dark
in color, the organic content is probably low except in
those varieties showing. obvious carbonized plant re-
mains. Authigenic pyrite is rarely found. Un-
commonly the shales are calcareous, and limestone

- nodules have been found in only a few places, Unusual

phosphatic nodules were found in shales in San Fran-
cisco by Julius Schlocker (oral communication, 1962).

Chemical features. Chemical analyses of four Fran-
ciscan shales are shown in table 3, along with their
average and an average of 78 other shales for com-
parison. Both anhydrous and hydrous norms for these
are included, as it is often more convenient to compare
normative minerals than oxide percents. These Fran-
ciscan shales differ from the given average shale in
that they contain more silica, have a smaller porash to
soda ratio, and have a ferric to ferrous iron ratio
that is not only smaller but generally less than 1. In
these respects Franciscan shales are more like the aver-
age Franciscan graywacke (see table 1, and fig. 14):
It is interesting that in the standard catanorm all the
shale samples have considerable orthoclase, but in
contrast to the graywackes, all the normatve ortho-
clase can be converted to muscovite if the combined
water is used in forming a normative mineral assem-
blage. This is partly the result of the shales contain-
ing more combined water, but it results chiefly from
their containing somewhat more alumina, which is
also shown by the larger amount of corundum (C) in
the standard catanorm,

Conglomerate

Conglomerates are invariably reported to be “rare”
or “uncommon’” in the assemblage of Franciscan rocks,
but they are so widespread that they were noted in
nearly every I5-minute quadrangle in which Fran-
ciscan rocks have been mapped. Their typical occur-

_rence is as lenses a2 few tens of feet thick and exposed
—over lengths of a few hundred feet or less; however,

the largest exposure reported is a lens 2,000 feet long
and 75 feer thick in the section west of Mount Hamil-
ton. Because the conglomerate is so limited in extent,
none of the maps referred to in this study shows it

_with a separate lithologic symbol.
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The matrix of the conglomerate is everywhere gray-
wacke and is generally regarded to be the same s
in the enclosing graywacke beds. The largest boulders
reported have a maximum dimension of 214 feet; the
average size of the clasts is between 1 and 4 inches. No
general trend toward an incresse in either the average
or maximum size of pebbles or boulders, either across
or along the area of deposition, is apparent to us,
although Taliaferro (19432, p. 140, 143) swessed a
westward coarsening as indicating derivation from a
landmass to the west. :

The clasts of the conglomerate can be conveniently
grouped, as shown in figure 10, into one of two cate-
gories: (1) lithic rypes that were not formed originally
as part of the Franciscan and must have been brought
into the depositional area, and (2) lithic types thar are
present in the Franciscan and thus indicate either can-
nibalism of previously deposited Franciscan rocks or
incroduction of similar foreign rocks. Included in the
first category are quartzite, black chert, and various
quartz and feldspar porphyries which form a promi-
nent part of most of the Franciscan conglomerates.
Granire, quartz-diorite, and granitic rocks of inter-
mediate composition also are assigned to the first
category, because the Franciscan is not known to be
intruded by granite. In the second category are in-
cluded graywacke, shale, red and green cherr, mafic
volcanic rocks, and glaucophane schist. It will be noted
in figure 10 that most conglomerates in the area south
of Sebastopol contain some of these possibly intra-
formational rocks along with rocks of the first cate-
gory, but a few Franciscan conglomerates, such as
those of the Tesla quadrangle, consist entirely of rocks
that could have an intraformational source. It is per-
haps also significant that the areas containing conglom-
erates with clasts of possible intraformational origin
are also the areas containing granitic pebbles and
boulders.

Only unusually hard and resistant varieties of rocks
comprise the clasts that must have an excraformational
source, and they are invariably well rounded and in
places polished. In contrast, several of the rocks of
possible intraformational origin, such as the gray-
wackes and shales which are relatively easily broken
and abraded, commonly also occur 2s subrounded to
angular fragments. The extraformational clasts have

- obviously been abraded much more than those of

possible intraformational origin. The exrraformational
clasts have been transported in streams or rivers for
at least tens of miles, or traveled shorter discances and
become stagnant along a shoreline where they were
subject to wave action, or are second generation
pebbles reworked from older conglomerates. Con-
versely, the pebbles of possible intraformational origin
have not received such intense abrasion. The origin
of conglomerates composed only of the hard exera-
formational pebbles can be readily explained by sev-
eral hypotheses, but that of conglomerates composed
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Figure 10. Rocks in Franciscan conglomerates.

of these and intraformational rocks are more restricted

a5 to possible origin.

The conglomerates provide clues to the origin and
depositional environment of the Franciscan assemblage

of rocks even though they form 2 very minor part
of the entire unit., The anomaly presented by the con-

glomerates composed of pebbles of mixed origin has’

been pointed out; other unusual features of the con-

it
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glomerates are: (1) their Very rare occurrence, both in
time and space, yet widespread distribution, (2) their
coarseness, especially as related to the small size of the
conglomerate lenses, and (3) the unsorted or unwashed
character of their matrix, The last two of these fea-
tures are readily explained by postulating thac the
conglomerates were moved to their position by density
currents moving normally to the axis of the basin.
Mixed conglomerates might be expected in areas where
the margin of the basin was uplifted to form a shore-
line subject to wave action near the mouth of a river
carrying extraformational rocks. Whatever the origin
of the conglomerates, they represent an unusual event
happening infrequently and ar widely spaced locali-
ties, but repeated many times during the depositional
period,

The presence of quartzite, black cherr, and porphy-
ties has been pointed o as an indication of a western
source by Taliaferro {1943a, p- 143). We believe thac
the quartzite and black chere might well have been
derived from erosion of Paleozoic and lower Mesozoic
rocks of the western Sierra Nevada and the Klamath
Mounuains, or by reworking of pebbles from glder
formations found in these areas, as, for example, con-
glomerate of the Bragdon Formation of Mississippian
age (Kinkel and others, 1956, p. 40). The porphyries
bear some resemblance to the voleanic rocks of Juras-
sic age in the cencral Sierra Nevada, although their
Quartz conrent seems to be somewhat higher, and they
also resemble the Balaklala Rhyolite of Devonian age
in the Klamath Mountains (Kinke] and others, 1958,
p. 17-32).

Most of the rocks that might be of intraformational
origin also might have been derived from erosion of
the Paleozoic and lower Mesozoic formations of the
Sierra Nevada and Klamarh Mountains, However, the
source of some which appear on hand lens examination
to be nondiagnostic probably could be determined
if they were adequately studied in thin section, For
example, colored cherts from pre-Franciscan rocks
may contain radjolaria chat differ from those in Fran-
ciscan cherts, and the mineral assemnblages of some of
the pre-Franciscan metamorphic rocks, if worked out
in detail, doubtless will be found to differ from the
assemblages found in the Franciscan. Probably the
only kind of rock that can be positively identified in
the field and confidently interpreted as being derived
from erosion of Franciscan terrane is glaucophane
schist, which is highly uncommon in the Sierra Nevada
and Klamath Mountains, although parts of the South
Fork Mountains contain crossite-epidote schist. How-
ever, jadeitized graywacke would have the same sig-
nificance, if it could be recognized,

Glaucophane schists are reported to be present in
the conglomerate in the area east of Mount Hamilton
(Maddock, 1955, Soliman, 1958), in Belmont and San
Carlos (Schlocker, oral communication, 1960), and in

the core of Mount Diablo (Davis, 1918b); we have
also found these schists in the New Idria diapiric mass
and in the massive conglomerate of the “coasta] belt
rfocks” along Buckeye Creek (Hopland quadrangle)
in northern Sonoma County, These OCCUITENCeS seern
to offer evidence of intraformational erosion and re-
deposition of preexisting Franciscan rocks in younger
parts of the same unit. Further, considering the overall
rarity of glaucophane schist in the Franciscan terrane,
it is a reasonable inference that Franciscan congiom-
erates containing pebbles of glaucophane schist also
coneain 2 larger proportion of other intraformational
rocks, even though these cannor be so positively
identified.
' YOLCANIC ROCKS

Occurrence and megascopic  features. Volcanic
rocks, which probably comprise abour 10 percent of

- the Franciscan eugeosynclinal assemblage, are wide-

spread, bur as they are somewhar erratically distrib-
uted in space, and probably also in time, the quantity
present in any area the size of 2 15-minute quadrangle
ranges from as little as | percent to as much as 30
percent of the Franciscan exposure, Although consid-
erable uncertainty exists regarding the relative ages of
the varjous exposed sequences of Franciscan rocks, the
volcanic rocks seem to be least common in an old
part of the Franciscan lying east of Mount Hamilton
and in the young “coastal belt” of Bailey and Irwin
(1959). The relative abundance of voleanic rocks

_ within the Franciscan geosyncline shows no syste-

matic variation from east to wese or north to south.

The voleanic rocks clearly include large amounts
of both massive and fragmental types, but their origi-
nal character in many places is difficuit to ascertain
because of their altered and broken condition. Pillow
lavas are common and widely distributed. Although
some sequences hundreds of feer thick clearly consist’
entirely of pillows, the more common exposures of
greenstone contain distinguishable pillows only here
and there, and the character of the rest of the mass

s uncertain, Masses described zs flows are generally

so regarded simply because they do not show fearures
diagnostic of their true origin. Others described as
sills, for example the main “sill” on Angel Island (Ran-
some, 1894), have been found later ro conrtain pillow
Structure, suggesting an extrusive origin. Good ex-
posures of pillows can be seen along the west side of
US. Highway 101, 1% miles north of the Golden
Gatre Bridge, at-Squaw Rock § miles sourh of Hopland,
or in quarries 5 miles south of Williss. Other thick
volcanic sequences are largely tuffs or tuff breccias
made up of altered mafic glass and fine-grained vesicu-
lar basalt and show only crude bedding and sorting.
Good examples can be seen along Los Gatos Creek
just south of Los Gatos (Los Gatos quadrangle), or
near Bodfish Creek in the San Juan Bautista quad-
rangle (Allen, 1946, p, 23).
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THE SAN ANDREAS FAULT ZONE NEAR POINT REYES:
LATE QUATERNARY DEPOSITION, DEFORMATION,
AND PALEOSEISMOLOGY

- Karen Grove,' Tina M. Niemi 2

INTRODUCTION

This field trip will examine late Quaternary
sedimentary deposits along a section of the San
Andreas Fault {(SAF) that lies in a valley between
the Point Reyes Peninsula and Bolinas Ridge
(Figure 1). The Point Reyes Peninsula (west of the
fault valley) is part of the Salinian terrane, a dis-
placed fragment of continental crust that consists
of Cretaceous plutonic and older metamorphic rock
overlain by lower Eocene to Pliocene marine sedi-
mentary rocks (Clark and Brabb, 1997). Bolinas
Ridge {east of the fault valley) consists of highly
deforrmed Mesozoic Franciscan subduction-com-
plex rock. Because of persistent right-lateral dis-
placernent, the SAF juxtaposes bedrock units that
have been offset by at least 300 km.

The SAF at this location was last active during
the 1906 San Francisco earthquake, when maxi-
mum horizontal displacement of about 5 m was
measured by G K. Gilbert near Olema (Lawson,
1908). Niemni and Hall's (1992) palecseismology
study on the 1906 trace south of Olema revealed
a time-averaged minimum dextral slip rate of
24+3 mm/yr during the past 2,000 years and an
average recurrence interval for large earthquakes of
221+40 yr. The 1906 SAF trace lies in the center
of the valley whose edges are defined by additional

. faults that Galloway {1977) named the eastern and
‘western boundary faults (Figure 1C), These faults -
probably extend the length of the valley, although in
places they are obscured by alluvial fan, stream or
landslide deposits, or by vegetative cover.

The narrowest part of the SAF valley, at Five
Brooks {Figure 1C), is the north end of a topo-

'Dapardment of Geosciences, San Francisco State
University, San Francisco, CA 941324163

*Department of Geosciences, University of
Missouri-Kansas City, Kansas City, MO 84110-2499
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graphic and structural high where Franciscan
basement is exposed at the land surface and over.
lain to the south by the Plio(?)-Pleistocene Merced
Formation, a shallow-marine deposit {Figure 2).
North of Five Brooks, basement is mostly covered
by a suite of late Quaternary sediments deposited
in the SAF zone during a time of climate change
and fault-related deformation.

This trip will focus on two late Pleistocene forma- & |
tions—the Millerton Formation (MF) and Qlema &
Creek Formation {OCF)—and late Holocene a3
deposits. The MF and OCF were deposited at sea- .
ward and landward ends of a paleoestuary; the
transition between them is covered by younger
sediments (Figure 2). The deposits have been.
incised and are now exposed in creek beds and
Tomales Bay headlands. The MF and OCF prov1de
a record of post-130 ka deposition and deforma-
tion in the fauit zone. Late Holocene nonmarine
deposits have been trenched to evaluate fault offset -
and deforma-tional style. They provide a record of
recent deposition and deformation in the fault zone. .

FIELD STOP DESCRIPTEONS
AND ROAD LOG

Road log begins at the intersection of State High-
way 1 and Dillon Beach Road, in the village of
Tomales. _

Miles Cum Miles

00 0.0 _ i3
In Tomales, head west from Highway 1
onto Dillon Beach Road. :

20 2.0
Tum left from Dlllon Beach Road and
go through the gate onto a dirt road.
NOTE: Permission must be obtained
from Audobon Canyon Ranch {ACR)

Location
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Figure 3B
Toms Point
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Figure 1. (A) Location of study area in Caiifornia. SAF=San Andreas Fault. (B) The Point Reyes Peninsula,
separated from Marin County mainland by SAF. The San Gregorio Fault (SGF) joins SAF south of study area.
Offghore faults from McCulloch (1989). (C) Generalized geology map medified from Galloway (1977}, Clark and

Brabb (1997). MR, medial ridge.
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Figure 2. Intecpretation of subsurface geology along length of SAF valley. Constraints are surface geology, an oil
well log at the latitude of Point Reyés Station, water well logs in the valley between Paint Reyes Station and Five
Brooks, and gravity data between Point Reyes and Qlema. o '

to enter the property and to obtain combinations
for locked gates,

Miles Cum Miles Location

11 31
Intersection with second dirt road and first
locked gate. Turn right and continue through
gate, taking left fork when the choice arises.

1.1 42
Second locked gate and entrance to the ACR
Preserve. :

STOP 1—Toms Point

The coastal Miwoks were inhabiting the area
around Tornales Bay when Europeans arrived in
the region. Unfortunately {as throughout California),
the natives and their culture were effectively exter-
minated soon after the Spanish missions were es-
tablished in the early 1800s {Mason, 1980). Toms
Point was named for Tom Wood, a deserter from
a ship who settled with an Indian woman and her
people, and built a home (constructed from wreck-
age salvaged from the sea) aiong the north end of
Tomales Bay (Quinn, 1981}. Tom’s prowess with
horses led to his acting as business manager for

~ the tribes of Marin, Sonoma and Solano counties
(Quinn, 1981). In the mid-1850s, American, English
and French sailing ships would land near Toms
Point to barter with the Indians: “summertime

- would see a thousand Indians along the shore,
waiting to frade their hides, skins, and tallow for
bright calicos, trinkets, blankets and whiskey”
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(Mason, 1980). Since the lafe 1850s, dairy farms
established by European immigrants have domi-
nated the landscape. '

The MF is exposed at three headlands along the
northeast edge of Tomales Bay—Millerton Point
(type locality}, Tomasini Point, and Toms Point

(Figure 1C). These headlands are erosional rem-

nants of deposits that formerly extended across

the bay. The MF consists of estuarine and alluvial
gravel, sand and mud, with extensive faunal and
floral assemblages. Estuarine mud near the base

of the formation at Toms Point has yielded ages
around 130 ka from thermoluminescence dating
(Grove and others, 1995; TL locality on Figure 3B)
and aminostratigraphic dating {Kennedy and others,
1992).

The MF consists of fining-upward sequences
that record interplay between tectonic activity
and climatic change {Figure 3). The fining-upward
sequences probably correspond to transgressions
associated with the three stage 5 substages {Figure
3A}. When sea level began to rise, streams that had
become established during the lowstand (e.g., stage
6) deposited sand and gravel in the valley. As sea
level rose (to substage 5e), marine water enterfad
the valley and created a progressively deepening
bay and a fining-upward sedimentary sequence
(A in Figure 3D). When the sea withdrew (to sub-
stage 5d), marine water left the valley and some
incision occurred until streams became established,
and sand and gravel were again deposited. During
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Figure 3. (A) Geology map of Millerton Formation (MF) at Toms Point. (B) Sketch from photomosaic of MF
along northwest side of the headland (profile location A-A’ in 3A). Note that direction of profile is rotated from
map dirgction to match the view seen from beach level at Toms Point. Circled numbers refer to unconformity-
bounded sequences on the northeast (&) and southwest (w) sides of fault zone. Matching numbers do not
-imply corre-lations across the fauit. SAF=San Andreas Fault. TL=thermoluminescence sampling site. Vertical
exaggeration, 3X. (C) marine oxygen isotope stages. Adapted from Toscano, 1992. (D) Model for Millerton
Formation sequences. Lithologic patterns same as profile legend. Fining-upward cycles are deposited during
times of rising sea fevel. During times of falling sea level there is nondeposition and erosion. Earthquakes
deform the strata during that time, and an angular unconformity is produced when deposition resumes.
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~ the depositional hiatus {erosion in Figure 3D),
numerous earthquakes occurred and previously
deposited sediments were deformed by faulting and
folding. When streams became reestablished, they
eroded the underlying tilted sediments and pro-
duced a surface of erosion. As sea level rose (to
substage 5c¢j, another fining-upward sequence was
deposited with angular discordance, creating an
angular unconformity (B in Figure 3D).

- Following retreat of the sea at the end of stage 5,
"~ only nonmarine sediments were deposited in
streams, marshes, ponds, and dunes that filled the
low areas between uplifting fold limbs (cycles 3e
and 3w in Figure 3B). During stage 2, when sea
level fell at least 120 km below its present level,

the valley was deeply incised and most of the MF,
which extended across the valley, was removed.
This erosional phase continues today as the bay
headlands are subjected to weathering processes.
Estuarine deposition resumed during the Holocene
transgression in modern Tomales Bay.

Walk along the northwest side of the headland to
obtain an “up-close view” of sedimentary facies of
the MF and deformation associated with the SAF
(a low tide is helpful). Note that stumping and
erosion along the dliff cause exposures to change
yearly; consequently your view may differ some-
what from that shown in Figure 3B. At Toms Point
the MF is bisected by three active strands of the
SAF, which truncate beds and juxtapose contrast-
ing stratigraphic sequences. After the 1906 earth-
quake, G.K. Gilbert (in Lawson, 1908) described
the deformation at Toms Point, but it is not clear
from his descriptions which strands were active
during the 1906 event.

Exposed on the northeast side of the fault zone is
the uppermost part of one fining-upward sequence
(1e on Figure 3B) and a complete sequence that
fines upward from fluvial gravel to estuarine sand
and mud (2e). A third sequence {3e) consists of
nonmarine sand dune deposits. The beds dip
. northeast, and are increasingly steep in the older
sequences (Figure 3B). A depositional model is
presented above and in Figure 3D. Strata are
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highly sheared adjacent to the northeast SAF
sirand (Figure 3B).

A spring that causes perennial wetness corre-
sponds to the middle SAF strand, which separates
two deformed fault blocks (Figure 3B}. Vertical
beds between the central and southwestern strands
include a distinctive peat bed offset by a small
thrust fault. The stratigraphic sequence southwest
of the fault zone is more difficult to see because of
extensive landsliding and vegetativ_e cover, but at
least two fining-upward sequences and a nonma-
rine sequence is visible (Figure 3B). Franciscan
basement rock is exposed at the base of this
section,

Walk to the top of the headland to obtain a view

of the valley and to see the morphology of the fault
zone at the land surface. A linear depression paral-
lel to the fault strands visible on the northwest cliff
face probably resulted from the weak nature of the
deformed strata. The sequences observed on the
northwest cliff face are also visible on the south-
west cliff face, but exposures are poorer because of
extensive landsliding and vegetative cover. To the
north, the SAF also cuts through Sand Point, but
the trace is obscured by sand dunes.

Retrace the 4.2 miles to Tomales via dirt roads
and Dillon Beach Road, being certain to close all
locked and unlocked gates securely behind Youl.
Log resumnes in Tomales, at the intersection of Dil-
lon Beach Road and State Highway 1.

Miles Cum Miles Location

0.0 0.0
. Turn south (right} onto Highway 1. The
road continues along the south side of
Walker Creek and then along the east
shore of Tomales Bay.

6.7 8.7
Cypress Point, ACR

43 11.0 |
Tomasini Point, MF exposures in the cliff
faces. '
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0.7 117
-Millerton State Park. Type locality for
the MF. '

50 167
Point Reyes Station. Continue south on
Highway 1. '

02 169
Intersection with Sir Francis Drake Road.
Turn west (right).

0.8 175 ,'
Intersection with Bear Valley Road. Turn
south (left).

0.5 18.0
Turn left onto dirt road leading to QOlema
Marsh.

STOP 2—Olema Marsh

Park in the dirt parking lot and walk up the ridge
to the east. This is a medial ridge that bisects the
valley (Figure 1C); the part to the east is drained
by Olema Creek, and the part to the west is drained
by Bear Valley Creek. At this stop we will get an
overview of the valley and discuss the subsurface

E georhetry of the fault zone. The marsh is over the

1906 trace of the SAF.

An oil well was drilled 'in the 1950s at the north
end of the medial ridge close to this stop (location
shown in Figure 1C). No oil was found, but the
lithologic and electric logs provide inforrmation
about the subsurface geology. Franciscan basement
rock was encountered at-a depth of about 280 m
and a coarsening-upward sequence of interbedded
coarse- and fine-grained sediments is probably
the subsurface transition between the OCF and MF
(Figure 2). The lithologic logs of water wells drilled -
in the valley contain descriptions of sediments
similar to the OCF and MF. Facies beneath the
surface at the Olema Marsh are probably transi-
‘tional between more marine facies of the MF and

“more nonmarine facies of the OCF,

A high-resolution gravity survey parallel to the
valley showed decreasing gravity values between
Olema and Point Reyes Station (Quinn and Grove,
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1994, consistent with increasing depth to base-
ment rock between where it outcrops at the surface
near Five Brooks (Figure 1} and where it is nearly
300 m deep here at Stop 2. The gravity data, com-
bined with lithologic and electric-log data from
wells, provide evidence for the subsurface configu-
ration of units shown in Figure 2.

Stop 2 is at a subsiding part of the valley where
sediments are collecting. Structural and strati-
graphic data suggest that this basinal area was
south of Olema during OCF deposition and that
the basin was subsequently contracted, causing the
subsiding area to migrate northward {Grove and
others, 1995). This migration may be the resuit of
interacting fault strands that include not only the
1906 strand but also the eastern and westermn
boundary faults. Three fluvial terrace levels that
overlie OCF deposits between Olema and Five
Brooks attest to progressive uplift of the valley since
OCF deposition. Truncation of the OCF by valley-
bounding faults attests to their recent activity and

- progressive narrowing of the valley.

Return to Bear Valiey Road, where mileage
resumes.

Miles Cum Miles Location

0 0.0
: Turn left onto Bear Valley Road and contin-
ue southward.

12 12
Turn right into the entrance for the Point
Reyes National Seashore Headquarters
and continue to parking lot at the end of the
road.

STOP 3—Point Reyes National
Seashore Headquarters

The Bear Valley Visitor Center of Point Reyes
National Seashore is on the site of Skinner Ranch
at the time of the 1906 earthquake. After the 1906
earthquake, G.K. Gilbert mapped 4.4 to 4.9 m of
right-lateral slip from a displaced fence, a row of
raspberry bushes, path, and the southeast comer
of the cow barn on Skinner Ranch (Lawson, 1908}

GROVE, NIEMI
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Although none of these features have survived,
the sidehill bench of the 1906 fault trace and a re-
construction of both the bam and the offset fence
can be seen along the Earthquake Trail.

At this stop we will look at an exposure of the
uppermost part of the OCF in the banks of Bear
Valley Creek. The OCF is discontinuously exposed
for 3.5 km along the length of the SAF valley
between the 1906 trace and the eastern boundary
fault, where it is primarily visible in the incised

_banks of Olema Creek and its tributaries (Figures
1C and 4A). Silty-clay deposits near the base of
the OCF vielded a thermoluminescence date of
132+28 ka {Grove and others, 1995). The OCF is
deformed into upright, open folds with axes trend-
ing northwest at low angles to .the SAF trend
(Grove and others, 1995),

Detailed stratigraphic measurements of the OCF
revealed a minimum thickness of 160 m (Grove
and others, 1995; Figure 4B). There is a general
upward trend from marine mud to nonmarine allu-
vium. Fine-grained silt and clay are more prevalent
in the southern (older) part of the outcrop belt,
and coarser-grained sand and gravel dominate the
northern (younger} part. The OCF probably grades
upward into the older alluvium unit (Qoa) that
makes up the medial ridge, including the location
at Stop 3 (Figures 1C and 4A}. Figure 4B illustraies
the four depositional facies that comprise the OCF.
Gravel clasts in the formation are predominately
granitic, and sand clasts are primarily quartz and
feldspar grains also derived from a granitic source.
Since deposition of the OCF, the granitic bedrock
source has been offset several km to the northwest
from the OCF outcrop belt {Figure 1C).

The lower part of the OCF is interpreted as
deposits from the fluvially-dominated part of an
estuary interbedded with sand and gravel brought
to the estuary by streams and alluvial fans {Grove
and others, 1995). This setting was similar to the
area around the head of Tomales Bay today.

. Because sea level during substage 5e was higher
than today, marine water could flood farther south
into the valley.

GROVE, NIEMI

SP119 %

The upper part of the OCF is interpreted as
deposits in a broad alluvial valley, where stream
channels meandered over a floodplain with marsh-
es and shallow lakes formed in depressions be-
tween faults. Alluvial fans fed sediment into
the valley frorn the west. This setting was similar,
although the valley was wider, to the modern Qle-
ma Creek floodplain located northeast of the medial
ridge (Figure 1C). Marine water did not reach Five -
Brooks after the 5e substage. Alternations between
fine- and coarse-grained deposits reflect the com-
bined influences of subsidence along the SAF zone
and climatic variations that affected the position of
base level and the amount of sediment delivered to
the basin,

Upward decreasing dips in the OCF imply that
deposits in the south end of the outcrop belt began
to be shortened and upilifted as deposition contin-
ued farther north. Sediments shingle northward
from Five Brooks (Figure 2}, as a result of the
migrating depocenter. Angular unconformities,
such as those observed in the MF, are not seen
in the OCF, probably because at this position in
the valley, deposition was more continucus during
sea-level regressions, and deformation was more
disseminated throughout the formation. The
OCF is beveled by three levels of terrace deposits
{Figure 4A).

To get to Stop 3, walk from the parking lot along
the south (right} path of the Earthquake Trail sever-
al minutes until the path turns north (left), Instead
of following the path, continue straight through the
grass meadow and into Bear Valley Creek. NOTE:
You must obtain permission from the Park Rangers
to walk off the trail and into the creek. Also be
aware of high creek flows during winter months.
Exposed along the east bank of the creek are sedi-
ments of the OCF. The sediments are channel sand
and gravel with interbedded finer-grained overbank
deposits. This is the upper, alluvial part of the OCF
(Figure 4}, which north of Olema is mostly buried
beneath younger alluvium, including terrace depos-
its (Figure 2). Note the granitic clasts, which were
derived from granitic basement in the Salinian ter-
rane. The south end of the granite basement is west -




GEOLOGIC FIELD TRIPS IN NORTHERN CALIFORNIA . 183

T — Figure 4. (A) Topo-
% Oiem’a f,:':\"\\. AP XY graphic map ofthe -
A \ m Yo og_mi 7o & o northern end of the
. | \\ 150 4=, <=Q g = "_’.ﬁj , OCF outcrop belt
A ) /"JQ — showing the axpo-
: ) N sure pattern of OCF
- g::;:ggﬂv L Q_\J {Qoc)and averlying
R . cut-and-fillterrace

depasits. Contour
interval: 40 feet,
Qt1: topograph-
ically lowest
(youngest)terrace;
e Y= Qt2 and Qt3:
100 “tea—g= A topographically

T — higher and ocider.
Qoa (older allu-
vium}overiies Qoc

- _i Cemstery andis probably
7 S continuous with it. -
p "\‘ .
_—Q\;,_, T~ Both Qoc and Qoa
SHE have been incised
SEX = and the incised
=2 { valley is.currently
=5 -\ being filled with Qal
=2 .
T ;“‘"\/ | {(vounger alluvium).
%J\/: “_ Adapted from Grove
\/r“‘\h and others (1995). -
d (B)Generalized
3 stratigraphic
NN column of Olema
e ™~ .
b N N Creek Formation
:ﬁ: TN (Qoc) facies.
o | S Wy Detailed measured
258 L { section in Grove
(e ) and others {1995).
- A 7
) j 0 LI
.\ .\ ( metars clay silf sand gravel
e | NN |
o 0.25 05 [Z=1 Alluvial fans ' aliuvial fan facies
' Kiometars " LQal ] Recent afluvium channel, deita facies
=3 Fluvial terraces T | j
A - {1=youngest} interchannel, marsh facies
1 Fluvial terrace estuaring, lacustrine facies
(undifferentiated) cerich lavers
Oider alluvium organic-rich fay
A Olema Craek Fm B

GROVE, NIEMI




184

- L NN el o Gontowr Interval 1 m
. AN S ~~ {dashed contours at 0.25 m)
i . . 0 5 10 15 zom
L T
Fiaid date and mop compiation \\ .

oy Naseer Martecac ard J. Christian Giarks, . S

Figure 5. Detailed topographic map of a landslide
debris lobe offset along the 1906 trace of the San
Andreas Fault. See Figure 4 for location.

. of Stop 3 but is offset northward from most of the
OCF outcrop belt (Figure 1C).

STOP 4— Point Reyes National Seashore
Headquarters / Vedanta Retreat

The outcrop of the OCF at Stop 3 is exposed in
the banks of Bear Valley Creek. We will follow the
creek southeast until it makes a sharp bend. Climb
up the south bank of the creek across a fence onto
private property of the Vedanta Retreat. Walk
southeast along the 1906 trace of the SAF at the
base of the medial ridge for about 100 yards. Here
we will view a subsurface exposure of the SAF in
a paleoseismic trench.

The SAF zone in this area contains stream
deflections, shutter ridges, ponded drainages, and
sag ponds that attest to the intricate relationship
between fault slip and the evolution of drainage
patterns. The topography of this region has been
created by recurrent tectonic movement and by
climatically-controlled cycles of incision and aggra-
* dation of fluvial systems. A medial ridge in the cen-
ter of the fault valley is the remnant of late Pleis-

tocene fluvial deposits {Qoa) and terraces (Qt) that
. sthratigraphically overlie MF and OCF (Figure 2)

(Hall and Hughes, 1980). The straight southwest-
~ ern margin of medial ridge is largely coincident
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with the 1906 trace of the SAF while the northeast.
ern margin has been eroded by the meanders of
Olema Creek during the Holocene. The medial
ridge is breached in three places—by a broad wind
gap near the entrance to the park, a water gap and
a wind gap (Figure 4A) on the Vedanta property to
the south (Stop 5). '

Bear Valley Creek is a perennial stream with a
drainage area of approximately 12 km? predomi-
nantly within the Monterey Formation. It flows
northeastward until it reaches the medial ridge
where it is deflected to the northwest, parallel to
the SAF. The Bear Valley drainage probably cut the
150-m-wide water gap in the medial ridge at the -
Vedanta Retreat approximately 460 =75 m to
the southeast (Figure 4A). Repeated slip on the
SAF has offset the drainage from the gap. Assum-
ing the erosion of the medial ridge occurred during
the Wisconsinan deglaciation (after 18 ka), the

measured offset yields a slip rate for the SAF of 21- |
- 30 mm/yr (Niemi, 1992).

At the Bear Valley fan trench site, several geo-

- morphic units are exposed at the surface. The

slopes of the medial ridge, here composed. of granit-
ic detritus, are pervasively disrupted by land-slid-
ing. This is seen in the hillside landslide scars and
hollows, colluvial aprons, and landslide debris at
the base of the ridge. West of the medial ridge in
the meadow are the gentle slopes of the Bear Valley
alluvial fan. Along the fault between the fan and the
ridge is a linear depression formed by localized
coseismic subsidence.

The trench site was chosen at a location wﬁere
a small landslide debris lobe has been offset from -
the hillside scar by repeated faulting of the SAF.

Detailed topographic mapping of the site (Figure 5)

shows the debris lobe has been offset about 20 m
from the hillside hollow. The active trace of the SAF
is clearly exposed in the trench as an west-dipping
fault. The fault juxtaposes light-colored, ridge-
derived debris to the west against dark-colored,
organic rich soils to the east. Repeated earthquakes
on the fault at this location caused the zone of sub-
sidence between the debris lobe and the ridge.

s
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05 05 _

Intersection of Bear Valley

Road and Sir Francis '
Drake Road/Highway 1. o
Turn right and continue -
south to the stop sign in

Olema.

0.1 06
Olema stop sign. Continue
south on Highway 1.

02 08

Entrance to the Vedanta
Society Retreat. Turn
right and continue to
the Retreat buildings.

NOTE: Permission must
be obtained from the
Vedanta Society to contin-
ue beyond the buildings.

STOP 5-—-Vedanta
Retreat

This stop at the Vedan- i
ta Refreat is the site of a o
paleoseismological study
of the SAF. The objective
of this study was to docu-
ment the late Holocene
slip rate on the 1906
trace of the SAF from
offset streams and to
characterize pre-1906
seismic events based on
the sedimentary record

exposed in backhoe trenches (Niemi, 1992; Niemi

Walk back to the Point Reyes Seashore Head-
quarters parking lot entrance, and proceed to the
Headquarters entrance (at Bear Valley Road)
where mileage resumes.

and Hall, 1992).

Along the Vedanta driveway, we cross Olema
Creek, which flows northwestward into Tomales

Bay. The entrenchment of Olema Creek several

Miles Cum Miles Location

0 00
Turn right onto Bear Valley Road and con-
tinue east toward Qlema.

meters into its floodplain deposits is apparently
historical (Niemi and Hall, 1996). South of the
driveway is the late Holocene floodplain of the

GROVE,NiEMI
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once-meandering and aggrading Olema Creek. On
the right, within a water gap in the medial ridge, is
the large colonial white house built in 1869 as the
residence of judge and cattleman Payne Shafter,
who once owned nearly all of Point Reyes Peninsu-
la. G.K. Gilbert made these observations of the
1906 rupture on the Shafter Ranch: 1) the SAF is a
single strand within a secondary zone of cracking
3-4.5 m wide, 2} local subsidence ponded a lake of
water 70 cm deep along the fault trace, and 3) the
1906 trace shifted from the base of the medial ridge
to a sidehill bench southeast of a gap in the ridge
(Lawson, 1908).

The wind gap study site is an abandoned water
gap that was cut across the medial ridge, which at
this location is composed entirely of Monterey For-
mation detritus probably derived from Bear Valley
Creek (Figure 4A). South of the gap, the 1906 trace
lies high on the ridge and is marked by a linear si-
dehill bench and sag. At the gap, the 1906 trace
steps 20 m to the left, creating a restraining geome-
try marked by thrust faults {Figure 6).

Subsurface information about fault characteris-
tics and channel morphologies within the wind
gap and in the marsh to the west was obtained by
trenching. Before 1,700 years ago, streams origi-
nating west of the fauit, principally Gravel Creek,
flowed eastward through the gap. Slip on the SAF
has deflected this stream and diverted its drainage
to the northwest by two processes: 1) lateral trans-
lation of a shutter ridge into the gap, and 2) devel-
opment of a graben-like trough along the fault
trace. Gravel Creek has subsequently built an allu-
vial fan into the south end of the marsh and now
reaches Olema Creek by flowing through the water
gap at the Vedanta Retreat barn.

East of the SAF at the north end of the wind

gap, a distinct channel deposit, 2.5-3.0 m wide, of

pebble- to cobble-sized Monterey clasts and wood
 debris represents the last narrow Gravel Creek
channel to flow through the gap. West of the SAF in
trenches parallel to and northwest of the wind gap,
‘a channel of the same dimensions, lithology, and
age has been identified (Figure 6). Detrital sticks

GROVE, NIEMI
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within both channel deposits have radiocarbon
ages that cluster about 1,800 years B.P. These
matching channel segments show 425 + 3.5 m
of right separation, suggesting a minimum slip rate
of 24 + 3 mm/yr.
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Paleoseismicity and Crustal Deformation along the
Northern San Andreas Fault, Fort Ross to Point Arena, California

Dorothy J. Merritts

Department of Geosciences, Franklin and Marshall College, Lancaster, PA 17604-3003

Carol S. Prentice

Western Earthquake Hazards, US Geclogical Survey, 3435 Middlefiel Rd, MS 977, Menle Park, CA 94025

Tom W. Gardner

Department of Geosciences, Trinity University, 715 Stadium Dr., San Antonio, TX 78212-7200

INTRODUCTION

The primary goals of this project were to constrain rates of slip, timing of paleosexsmxc events, and rates
and styles of deformation along the northern San Andreas fauit (SAF) from Fort Ross to Point Arena in coastal
California (Figure 1). A crew of 17 geology students, professors, government scientists, and private consultants
used a variety of techniques to assess rates and styles of deformation along the SAF. Methods of analysis included
backhoe excavations across the SAF; mapping of geologic units, fault structures, and offset geomorphic features
. along the SAF with aerial photos, satellite images, and a total geodetic station; and surveying of uplifted marine
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" Figure 1. Tectonic setting, northern San Andreas fauit. Field area shaded gray.

terraces  along  the fault w1th GPS
equipment.

THE SAN ANDREAS FAULT IN
NORTHERN CALIFORNIA

The San Andreas Fault (SAF) is a
transform boundary separating the Pagific

" and North American plates (Figure 1). It

formed about 26-28 m.y. ago, when part
of the ancestral spreading center of the
Farallon (present-day Gorda) plate was
subducted beneath the North American
plate (Atwater, 1970}, In northern
California, the SAF separates Franciscan-
bearing terranes to the east from a block of
late Mesozoic to late Cenozoic volcanic
and sedimentary rocks that were deposted
in a shoaling basin along the plate margin.
This block, named the Gualala Block, has
been translated bundreds of kilometers to
the north by right-lateral slip along the
SAF.

Although the general details and
history of the evolution of the SAF have

- been determined by many geologists over

the past century, a number of problems
remain. Here, we focus on those problems
pertinent to the coastai area between Forth

Ross and Point Arena, spanaing the entire length of the Gualala block. This area was the focus of a Ph. D
dissertation by Dr. Carol Prentice at California Institute of Technology (Prentice, 1989). Qur work here builds upon

her investigation.



A fundamental geologic problem regards the occurrence of isolated, anomalous exposures of rocks typical of
the Franciscan Complex west of the SAF, within the Gualala Block. If they are indeed Franciscan rocks, then their
incorporation into material west of the SAF requires a more complex modet of fault evolution than simple right-
lateral slip. Relevant to this issue of the nature of deformation along the SAF is the existence of compressional

_ structures and uplifted Quaternary marine terraces at several locations along the northern segment of the fault. One
of these locations is the Gualala block, which is flanked along its western perimeter by a flight of wave-cut marine
platforms that vary in altitude, indicating both uplift and differential tilting since the time of formation. At Point
Arena, extensive outcrops of thrust faults indicate that compression is occurring, even though the orientation of the
SAF at this location, which makes a slight clockwise bend, would suggest that extension might occur, not
compression. Another significant problem is related to the timing and rate of slip along the right-lateral fault. Only
one historic event has occurred on the northern segment of the SAF. The rupture trace of this event, the 1906 San
Francisco earthquake, was about 435 km, from San Juan Bautista to Point Delgada (Prentice et al., 1999). (Recent

- determination that rupture did indeed extend all the way to Point Delgada was the result of 2 1595 Keck project (see
Merritts and Beutner, 1996).) Several workers have used paleoseismological methods to determine slip rates based
on several earthquake events (e.g., Prentice, 1989; Niemi and Hall, 1992). Most rates are on the order of 19-23
mm/yr, but much more information is needed to fully understand the history of seismic activity along the northern
segment of the SAF. -

STUDENT PROJECTS o

Students worked on each of these different fundamental problems related to deformation along the northern
SAF. Two students worked on projects that used paleoseismological techniques to constrain slip rates. With
guidance from paleoseismologists Carol Prentice and Rob Landgridge of the USGS, Chris Crosby excavated three
trenches near a stream that appeared to be offset at Fort Ross, where the SAF comes onshore. Historic photos
indicated that several meters of offset occured during the 1906 earthquake; however, the trenching investigation found
no evidence of offset in late Holocene deposits. After detailed surveying with a total geodetic station, and careful
reoccupation of 1906 photo sites, the trio of investigators determined that the 1906 rupture--and the offset streamn
seen in historic photos--is now hidden beneath Highway 1 (the Coastal Highway). The ~7-m, right-jog in the
strearn at Fort Ross appears to indicate right-lateral offset, but in fact is not related to faulting. Crosby determined,
instead, that it is due to landsliding that deflected the stream, a conclusion that many will find intriguing, since the
site is a common stop for examining an offset stream along the “San Andreas fault”.

Aletha Lee worked with two geologists from William Lettis and Associates, John Baldwin and Keith
Knudsen, to excavate several trenches across and along the SAF at Point Arena, in a fluvial terrace deposit of Alder
Creek. The trenches were sited in order to match piercing points across the fault so as to estimate slip rates.
Numerous samples of charcoal were taken to establish age control of the strata exposed in the wrench walls. Aletha
analyzed samples of sediment from the trench walls and exposures along Alder Creek to assess preliminary
correlations of piercing points from the logging. By comparing the sedimentologic analysis with her highly detailed
(and beautiful!) trench logs, she concludes that a single channel has indeed been offset by repeated faulting. '

David Allderdice collected samples of rocks that appeared to be Franciscan both east and west of the trace of
the SAF. He benefited from much guidance by Robert McLaughlin of the USGS, an expert on Franciscan rocks and
geologic mapping along the San Andreas fault. From his petrologic analysis, Allderdice concludes that rocks which
contain little or no potassium feldspar, sampled from locations close to the SAF, can be readily correlated to other
terranes east of the fault, in the Franciscan Central Belt. Furthermore, rocks with Franciscan affinities close to the -
SAF are relatively unsheared and coherent, suggesting that they were incorporated as large discreet blocks. Allderdice
concludes that the blocks might have been emplaced in the Gualala block along widely spaced faults, with little post-
lithification internal deformaton. ' ‘

In another project related to the issue of complex deformation along the SAF, Meadow Koslen worked with
Michael Rymer of the USGS to complete detailed structural analyses of numerous exposures of thrust faults near
Point Arena. Rymer has extensive experience with detailed structural analysis elsewhere along the SAF where
deformation is highly complex. Koslen cleaned five exposures of thrust faults along the faces of cliffs and sinkholes
that reveal thrusting of Miocene-age Point Arena Formation over Quaternary-age terrace deposits. Koslen concludes
from detailed logging of these exposures that the faults are a single, low-angle thrust sheet with a curviplanar
geometry. Her detailed topographic surveying reveals up to 24 cm of surface deformation above this thrust sheet. In




addition, her analysis of both fold and fault structures enabled her to develop a history of compressional strain along
the SAF, revealing a change in direction of compressional deformation during late Quaternary time,
The remaining five projects were related closely to one another, and all dealt with the problem of vertical
deformation.and differential tilting along the coastline. One of the best methods of assessing rates of uplift, and
variations in such rates, is analysis of the inner edge altitudes of wave-cut, bedrock marine platforms. However, the
method relies upon correlation of these platforms with sez-level highstands. As a consequence, one student—Jessica
Darter—did a thorough literature review in order to compile an up-to-date sea-level curve. This curve, with data on
the timing and altitude of numerous late-Quaternary highstands, is essential to the work of four other students.
These students divided the coastline into separate regions. Each student used GPS equipment and a coastal beacon
signal to acquire highly detailed surveys with excelient vertical and horizontal control (submeter resolution for
vertical, and cm-resolution for horizontal position). - In the south, Erica Richardson surveyed flights of marine
. terraces between the Russian River, just south of Fort Ross, and the town of Gualala, about midway along the

* Gualala block. Richardson found that uplift rates are low (between 0.5 and 1 m/ky), but slightly higher than rates
determined farther south along the SAF. In addition, she determined that uplift rates increase gradually to the norih..
In a novel manner, she was able to calculate a slip rate for the SAF by matching a marine terrace west ot‘ the SAF -
Fort Ress with its corollary to the south, near the Russian River.

Stacy Tellinghuisen worked from the town of Gualala northward to Point Arena, at the edge of the SAF.
She determined that uplift rates remain fairly low, between about 0.5 and 0.7 mvky, however, she found several
locations where terraces are faulted—sometimes many meters—and hence occur at elevations much lower than
elsewhere nearby. Her findings provide clues for where to look for active faults. Furthermore, the terrace elevations
and uplift rates drop significantly at Point Arena, as they near the San Andreas Fauit. Tellinghuisen proposes the
existence of a south-dipping thrust or reverse fault in the vicinity of the Coast Guard Station that is dropping the
Gualala Block down on the north side of the fault. This fault might well be that mapped in such detail by Koslen.

Charles Hampton worked from just north of the SAF northward to the town of Mendocino. All of his
matine terrace survey transects were on the North American plate, whereas those of Tellinghuisen and Richardson
were on the Pacific Plate (with exception of Richardson’s survey transect south of Fort Ross near the Russian
River). Hampton determined that uplift rates increase from north to south; in essence, this is a mirror image of what
was found by Richardson. Hampton's surveys included some particularly extensive marine terraces with excellent
exposures of inner edges, and he was able to acquire an exceptional amount of control on the variation in inner-edge
altitude along the coast. Combining his data with that of Richardson and Tellinghuisen produces a span of surveyed
coastline some 100 km in length. Immediately north of where Hampton completed his last transect, Merritts (1989)
‘has completed similar types of analyses all the way to the end of the SAF, at the Mendocino triple junction, an
additional distance of 140 km. We now have the most complete database {in terms of distance and quality of
altitudinal control) of terrace deformation that exists along the SAF, and perhaps anywhere in the world.

As is clear from the summary of the marine terrace work of Richardson, Tellinghuisen, and Hampton,
vertical deformation is most intense close to the SAF as it approaches shore at Point Arena. In this complex area,
numerous reverse and thrust faults occur, and marine terraces are laterally offset as well as vertically disrupted by
faulting and perhaps even folding. Michael Toomey tackled this complex area, striving to correlate marine terraces
across the SAF in order to determine how rates of uplift change. He concluded that uplift rates do indeed increase
markedly from west to east across the fault, and furthermore that the terrace inner edges are offset laterally. Carol
Prentice had done preliminary work on this idea, and Toomey followed up on her suggestion to do detailed GPS
surveying along the terrace inner edges. Toomey derived a possible slip rate based on his estimates of plausible
terrace ages and amount of terrace offset. His rate is similar to that of other workers on the northern San Andreas
fault, but spans a much greater time period of tens of thousands to hundreds of thousands of years, whereas those
from trench excavations span only a few thousand years at most.

INTERACTIONS WITH SCIENTISTS FROM OUTSIDE THE PROJECT

The first day of the project was spent at the USGS in Menlo Park in order to orient students to the research
questions. Dr. Carl Wentworth, USGS, gave one of several presentations. He completed a Ph.D. at Stanford based
on a structural geologic analysis of rocks in the Fort Ross to Point Arena area.  John Baldwin and Carol Prentice
summarized their research in the Fort Ross to Point Arena area, and Dorothy Merritts explained the variety of
possible research projects. The second day was spent with Jeff Hamilton, a specialist in GPS surveying. He
provided five hours of hands-on training in the use of differential GPS methods to all members of the project. The
next few days were spent completing a reconnaissance of the project areas, under the guidance of Dr. Tom Anderson



of Sonoma State University. An expert in sedimentary rocks in the area, Tom provided an excellent foundation for
our work. As 2 local geologist with much mapping experience, he knew of many excellent places to point out
specific geologic features. Exposures of Tertiary turbidites were particularly impressive. '

After the first few days, students began to select and develop their individual projects. At this time, Noah Snyder of
MIT visited for several days. ‘He was instrumental in helping several students to define their project goals and
agendas, and he accompanied several students to their field areas. Bob McLaughlin of the USGS visited for one day
near the end of the field season in order to work with Dave Allderdice on mapping Franciscan rocks.
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Uplift of Holocene marine terraces along the San Andreas fault:
Fort Ross to Gualala, California

Erica Richardson
Department of Geology, Carleton College, 300 N. College St., Northfield, MN 55057
Faculty sponsor: Dave Bice : '

INTRODUCTION :

The Gualala block in Northemn California (Merritts, this volume) marks the northern most exposure of the
North Americap plate west of the San Andreas Fault. Exposed Pleistocene marine terraces dominate the topography
of Northern California's coastline. These elevated wave-cut platforms result from a combination of sea-level
fluctuations and tectonic uplift along the seismically active plate boundary between the North American and Pacifie
plates.  Terraces in coastal regions provide a relatively complete and detailed record of Quaternary crustal
deformation over great distances. As a result, the Gualala block terraces provide an opportunity to examine the
lateral offset and uplift rates along this segment of the fault. '

This study will focus on the deformation that occurred from the Russian River to the Town of Gualala, A
. series of thirteen ransects was completed in the field and provided the profiles necessary to make uplift correlations.
Using the displacement of these marine terraces from their original formation elevation to present day location, I
calculated the uplift rates along this section of the San Andreas Fault. I considered the rate of lateral offset along the
fault using the displacement of the entire block northward. Missing terrace platforms south of the Gualala block,
east of the San Andreas fault create a rough gauge of lateral motion.

METHODS _

In the field. Transect locations were chosen using aerial photos and topographic maps. Using Giobal
Positioning Systems (GPS), we mapped out the positioning of the terraces within centimeter accuracy. Localized
relief along platforms cause elevation variation (Bradley & Griggs, 1976); therefore, we collected data points
throughout the transects creating a more complete and accurate cross-section image. Points of consideration
included inper edges (IE), outer edges (OE), mid wreads (MT), and mid risers (MR). In cenjunction with the
landform type, the distance to bedrock was also recorded. By creating this highly accurate, detailed database 1
hoped to correlate the different aged terraces with higher precision.

_ In the Lab. The plots using the GPS data displayed the terrace elevations from two perspectives. Profiles
of individual terraces displayed individual platforms. By combining all of the transects along the coast I attemnpted
to correlate each terrace platform laterally along the coast. '

The differences in altitudinal spacing of paleo-terraces create a framework for determining the tectonic
activity in an area (Lajoie, 1986; Merritts & Bull, 1989; Muhs et al., 1990). Using a recently compiled sca level
curve, I completed terrace correlations despite the lack of dateable material along the northern coast of California.

~ Using these data, the Gualala terraces are applied to the sea-curve for correlation. These correlations allow
for uplift rates to be calculated by subtracting the real sea-level from relative sea-level (Lajoie, 1986).

apparent (uplifi} = relative{terrace elevations} - real{sea-level curve) :

By plotting the difference between the original elevations of the terrace in comparison to its present day elevation I
hope to determine the nature of variations in uplift rate along the San Andreas fault. :

RESULTS

. Using the thirteen transects (Fig. 1) covering the southern half of the Gaulala block I distinguished six

_different wave-cut platform ¢levations. When compared to the New Guinea sea-level curve the Gualala terraces
correlate to sea-level high-stands ranging from 80 ka to 330 ka (Fig. 2). Once the correlation of terrace platforms
have been made, uplift rates can be calculated. However, along the Gualata biock the limited supply of datable coral
samples complicate the terrace correlation process.
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DISCUSSION

Transect Cerrelation. The lowest terrace along the Gualala block remains the only dated temrace in this
region. Near the lighthouse at Point Arena, Kennedy collected Balanophyllia corals from two localities (Kennedy,
1982). The team used Uranium-series dating to determine this benchmarking terrace as an erosional expression of
the 80K high stand.

There is a certain level of subjectivity when correlating sea-level high-stands with terraces plotied on the
YZ plot, where Y runs parallel to the coast and Z indicates elevation. In the case of the Gualala biock, due to the
lack of dated platforms, even more assumptions are made. The area near Sea Ranch produced the most reliable
comrelations, while the alignment of southern transects proved more obscure. The area experiencing the greatest
amount of confusion lies at the southern most edge of the Gualala block where the transects are closest to the San
Andreas fault.

A series of questionable terrace platforms appear in the southern transects at roughly 60m of elevatwa
One explanation for the unexpected southemn terrace is that the platform reflects the 194 high-stand that was poorly
developed in the northern areas of this section. In fact, a complete sequence of terraces at a single transect location
rarely occurs (Bull, 1984). This terrace correlation seems unlikely considering the fact that the northern section
displays the most complete terrace sequence with between 5 and 7 platforms at each transect.

After further consideration, I determined that the rnost plausible explanation for this 60m terrace resulted
from a series of psuede inner edge points. Poor satellite reception on the day of the Fisk Cove transects seems to
have resulted in misplacements in the GPS data record. Vertical precision prior to the Fisk Cove transect generally
hovered around .5 m; however, during the Fisk Cove transect precision was as high as 2.36 m. Overall, the GPS
* data provided high level of accuracy; however, in this situation, the unusually high PDOP value warrants re-
consideration of the presurmned elevation.




The other transects with a record of a 60m platform appear at the southern most point of the Gualala bleck.
Here, the flight of terrace platforms are tuncated by the San Andreas fault. Under these conditions, the fault scarp
creates an apparent inner edge elevation. Throughout the entire region, the fault and subsequent landslides obscure
the original platform shape and location. Under these assumptions, the 60m southern platform does not exist and

should not factor into the uplift rate calculations (Fig. 2).

220 Figure 2. YZ plot with terrace
Alnner adge bedroc correlatdon. Dashed boxes
Alnner edge ukno represent assumed platform
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* Uplift Rates. Assuming the terrace comrelations previously discussed, it appears that the uplift rates
increase towards the north from .24 m/ka at Fort Ross to .58 m/ka at Sea Ranch Equestrian (Fig. 3). Fort Ross South
transect provides the southern uplift rate on the Gualala Block, as the two southern most profiles labeled trench site
1 and trench site 2 preserved only one platform. On the North American plate east of the San Andreas, the uplift rate
is consjderably. higher. The Russian River and Russiap Gulch North profiles revealed rates of .77 m/yr and .72
m/kyr respectively. This drastic change in uplift rates seems possible considering the shift in location across the
fault. These changes in uplift rates correspond to the overall trends in uplift along the San Andreas.

Lateral Offset. The coastline south of the Gualala block consists of steep cliffs over-300 m high that’
extend for 5.3 km before the terrace formations reappear just-north of the Russian River Valley. Due to the San
Andreas right lateral displacement, the fault transported the terraces along with the Gualala block northward. By
determining the age of the terraces on both ends of the cliff face, I calculated a rudimentary rate of lateral offset,
The youngest terrace exposed at the southern most tip of the Gualala block corresponds to the 125Ka marine terrace

_at an elevation of approximately fifty meters. The first terrace to the south of the cliff sequence stands at a similar
elevation suggesting that Russian River terraces also result from the 125Ka lugh stand.
distance/time = Lateral slip rate
Therefore:
5.3 km/ 125 ka = 4.3x 10" kqn/year or 4.3 cm/year
This calculation supports the present estimates of 4.8cm/y of relative movement between the North American Plate
and the Pacific Plate (DeMets, 1987).

CONCLUSION

The marine terraces found along the Gualala Block seem to provide reasonable evidence for calculatmg
uplift rates along the San Andreas Fault despite the absences in datable material. Through the data collected and the
terrace correlations made, uplift increases towards the north. While the results of this study revolve around a
number of assumptions, the general trend of increasing uplift towards the north is clearly established. The rates I
found ranging from .24 m/ka to .58m/ka seem to correlate well with other rates calculated along the coast during this
KECK project. Further studies attempting to pin point the exact clevations of past sea-level high-stands will
strengthen these results.
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on Figure 2- l These cross secnons are presented on Figures 2-2 through 2-4, ‘The surface of the

Franciscan Complex shown on the cross sections is based on the Bailey Scientific analysis,
although the configuration south of the river is noted to be projected, as discussed above. The
cross sections show that a fine-grained silt and clay overbank/floodplain deposit occurs at the
surface and appears to initially thicken northward and then thin toward the valley margin.
Coarser-grained sand and gravel stream channel deposits occur near the present river channel
and extend to depths of at least 140 feet. The sand and gravel appear to be cleaner near the
surface, while deeper deposits contain more silts and clays. These deeper deposits appear to
interbed with fine-grained beds to the south and may be significantly older. The alluvinm
appears to be stratlgraphlcally complex and may include mterbedded landslide (mudflow) and
possibly estuary deposits along with the fluvial (stream) and ﬂoodplam depos1ts This

complexity may be due to various factors which could have affected sediment deposmon high

sediment yield and erosion rates, including landsliding; fault disruption, uplift and downwarping;

“and base level changes due to sea level fluctuations or faulting.

O the western side of the fault valley (at the locations of NGWC Wells 1,2 and 3), the alluvium
also appears to consist of sand and gravels interbedded with silts and clays. Organic and woody
debris was noted in several of the boreholes. The stratified relationships of these deposits
indicate that the alluvium has a complex geologlc history Whlch is difficult to dehncate with the
limited subsurface data avmlable

Based on topograpmc expression, alluvium could extend up the North Fork Gualala River at least

S

._7 000 feet east of Well 4 (about 2, 500 feet west of the R15W/R14W line on McQuire Rldge, 7-
1/2 minute topographic quadrangle). The thickness of the alluvium in this reach is not known,

but both the areal and vertical extent appear to be notably smaller than the alluvxmn that forms
the aquifer system at Elk Prairie. Other alluvial flats or terraces may occur even ﬁnther east, to
near the junction of Lost Creek; however, these deposits appear to be even more chsconnnuous

and thinner than the downstream deposits.
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Prairie were analyzed; including 'altemating pumpage between PW-4 and 5, increasing‘the
pumping capacity of PW-4, and constructing additional Wells at the site. Two additional
production well locations and total capacities of 250 to 750 gpm were evaluated using an
analytical model. Simulations based on measured aquifer characteristics at the site indicate that
four of the 16 scenarios analyzed would cause a reversal of gradient between the aquifer and the
River, including pumping of PW-4 and 5 simqltaneously'at their current capacities. The
remaining 12 scenarios did not cause a simulated gradient reversal, including one scenario at 375

gpm, six scenarios at S00 gpm, two scenarios at 625 gpm, and one scenario at 750 gpm.

Based on the various components of the Elk Prairie exploration, monitoring, and testing, it can

be concluded that NGWC can continue to operate well PW-4 at its design capacity, with
extended pumplng cycles to meet daily and seasonal fluctuations in water dernand, and not cause
any induced infiltration from the North Fork Gualala River. Sumlarly, NGWC can permanently
e_qulp backup well PW-5 with similar permanent pumping equipment and operate that well on
in_tefmittent pumping cycles without causing any induced infiltration from the river as long as
both wells are not pumped at the same time. However, if PW-5 were equipped with a smaller
-capacity pump and PW-4 with a larger capacity pump, these wells could be pumped-
simultaneously at a combined capacity of up to 500 gpm. Finally, as water demand in the system |
increases in the future, NGWC could install one or two additional production wells at Elk Prairie,
located a similar or greater distance from the River and equipped at a similar capacity, and
operate them in a similar manner without causing any induced infiltration from the River. The
addition of that source capacity would provide sufficient supply to meet incfeased-- water demand

based on the Town’s General Plan over the next 20 years.

Finally, the results of the overall Elk Prairie ground-water investigation show a perennial
gradient for ground-water flow toward, and discharge into, the North Fork Gualala River from

_ beneath Elk Prairie. There is no "channelized" ground-water flow parallel to the River at Elk
Prairie. These conditions and the response of the aquifer to precipitation, to pumping, and to dry
season lack of rainfall recharge all show that ground water is not recharged by influent stream

seepage. Ground water is maintained by some combination of deep percolation of precipitation
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and subsurface flow from the basement complex. Similarities in surface and ground-water
quality are not the result of recharge from the North Fork Gualala River because ground water
discharges to the River under both static and pumping conditions regardless of stream stage.

Consequently, ground water beneath Elk Prairie does not occur in a subterranean stream, nor

* does it occur as underflow of the River.
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1 Name

Date of
Installation

Elevation (ft, msh)

 Depth (1)

Total Well | P

- PW-4

- PW-S

MW-1

MW-2

| Mw3

MW-4
MW-5
$G-1
$G-2

‘8G-3

1 1141396

- 10/23/96

I;QR;}@:&

10721796
3196
10/96

10/96

e

4595
4493
44,01
4328
42.35
4482
43.87
3151
32.48

3327

87

50

- 44

48
s
53
NA
NA

NA

YT

2343
ser4 |

2848

NA

NA

18t

237




Table 4-2 (continned) -

MW-i _
(Elov, 44.01) [ {Eles

48) | (Mlev. 33.27)

st
30.50

30,80 -

30.37
3173
EX e
32.64
3161
3231
32.84
3143
3144

a2y o
340

3T

dogs |
L A
am ]

3088
3078
0.7
30.66
30:55

- 3038

30.61
30.55
- 30,70

3059

3162
3060
1142

3

3220 1.
-
A 3RaE

3323

3285
3244
331
078
33.50
3379
3287

| 325t
L8239

3221

210

3207

3195

3192
31.88

" A182

31.80
3176
3182
3171
3173

1.7

32.58
3L
- 316

3244




Table 4-3
Summary of Elk i’rairie Aqnifar Tests

‘Static Water Pumping Watar

Observation | Distance  Test Test Test Dimhatgey ~Level Levelat . Drawdown at |
Pumped Well or Staff [from PW.d  Start Start  Durath Before Test.  End of Test* End of Test* |
Well Gatge ) Date . Time (hrs (msh) (sl B ¢ T

PW-4 PW4 = 09/1597 12:00pm. 80 258 31.87 2997 1.90
MW-1 179 . . ' 30.70 30.37 .34
MW-2 213 . 31.86 3145 0.41

MW-3 205 3148 3120 0.28
MW-4 - 578 33.63 33.17 0.47
MW-5 425 31.95 3181 0,14
PW-5 1 392 32.40 32.05 6.36

5G-1 181 29,984+ 28.80% 0.09*+
- PW-4 PW-4 - 100797 900am. 24 258 31.76 - 20.95 1.81
MWL | 179 - ' 30.59 3032 0.28
- MW.2 213 3166 3132 o 034
MW-3 205 3139 313 - 025

Mw4 | 578 3352 33.16 036

MW-5 425 31.86 3176 0.11

PW-5 392 3229 31,99 630
5G-1 181 29.99 26.86 004
SG4 _3,‘38_:;8‘ 450 44.50 0.00

* Bmcefpreoipimn hwmthr. lwmmmmmmwmmmr

b mmmgemmmmafwmmmmmmwmpmmm memafmm -
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ND
82
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01
1
0.0098
% T
0.66
3
20
62
6.06
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NP
ND
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553553555853
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3533
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09/18/97 - 180

0059

Historical Surface- and Groand—: "
Surface- or o 3 . o *rmmmm
Sample Ground-Water Diate . Eouﬁmm’l‘urﬁdhy fron Manganese = pH Solids
Location ) - Sample Szmpled (mhodcsu} NTU) (ng/L)  (mgh) (pH Units) (mg/L)
‘North Fork Gualala River: ~150 Feet Downstream Surface  OTROMBT 030 <0050 0020 12 77
of Confluence With Littie North Fork B : S :
Production Well #4 Ground  OB24A5 ~ 208 . 050  O.150 <0010 72 104
Production Well #4 Ground 11305 259 030 0110 - <0005 70 136
' Notth Fork Gualala River: AtSG-1 ~ ° . Sufaee 113005 190 - 020 @033 0010 75 95
North Fork Gualata River: ~150 Feet Downstream Swface 115095 196 020 0030 0008 72 98
‘of Confluence With Little North Fork | R
Produiction Well #4 Qrowsd 121895 263, &12_"- 0.014 ”'m'nﬂs 69 -
" Production Well #4 Ground  OLI96 48 025 <0010 <0005 74 151
North Fork Gualala River: At SO-1 Sufice  OLIZ6 163 . 030 0016 . 0006 72 78
Production Well #5. CGround 111496 265 029 <0020 <005 < — . —
" Production Well #5 Gromd 112086 28 065 020 <000 76 114
" Production Well #4 Growed - OWIS7 250 — 0023 <0005 69 140
 Production Well #5 Ground  OS/19/9T 220 —~ Q100 00098 7 130
North Fork Gualala River: At S»G-l Surface - 0.120 7.5

0o

iy




Table 5.1 o

Aquifer Characteristics Caleulated from Elk Prairie Aquifer Tests -
: . _ Cooper-Jacob - Neuman :
N Test Drawdown at| - (SewkLog) _ . {Log-Lep)
P Pumped Observation |Distsnce  Start Duration Q  End of Test* [Travsmissivity ... . I'Transmisgivity . =
Well Weil () Date  (hrs) -~ (gpm) (%) | (gpd/R); Storativity |  (gpd/ft) - Storativity Specific Yield f -
PW-4 PW-4 - 09/15 80 258 1.90 272,000 _
MW-} 179 034 | 592,000 - 00012 444,000 . 0.0013 0.06
MW-2 213 ' 041 - | 334,000 00021 | 197800 - 00020 024
MW-3 205 T _ 0.28 702,000 0.0033 - 446,000 0.0016 0.04
MW-4 578 - 047 - 332,000 0.0002 213,000 0.0002 0.03
MW-5 425 614 i '
PW-5 392 036 . 394,000 0.0004 285000 - 0.0006 0.08
PW-4 PW-4 - 10/07 24 258 L.81 262,000 -
MW-1 719 0.28 631,000 0.0009 | 526,000 0.0016 0.10
MW-2 213 0.34 255,000 00018 '
“MW-3 205 0.25 695000 © 0.0008 680,000 00018 - 031
MW-4 - 578 0.36 334000 - 00001 | 283,000 - 0.0002 010
. MW-5 425 - ' o1t e ‘ B
PW-5 392 030 326,000 0.0005 360,000 0.0005 0.2
Average 427,000 - 00011 381,000 0.0011 0.13
Median 333,000 0.0009 360,000 0.0013 C 010

* Because of precipitation lote in the second test, drawdown for this test Is based on manual measuremants recorded afler 12 hovrs.
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420 Moll Court
Senoma; GA 96476-6707
TEL/EAX @ 707-939-1344

30 December 1996
Project 465

Mr. George C. Rau
Rau and Associates, Inc.

. 100 North Pine Street

Ukiah, California 95482

Subject: Seismic Survey
-~ Elk Prairie
Gualala., Callfornla

" Dear Mr. Rau:

In accordance with your request we herewith submit our
report that details the results of our seismic refraction survey

conducted on two North Gualala Water Company properties, one

parcel located in Elk Prairie (North Fork Gualala River) and the
other nearby (confluence of Little North Fork and North Fork).

Our study combined: (1) a review of the geologlc literature
pertinent to the area, (2) a geologic reconnalssance: (3) aerial
photograph 1nterpretatlon, and (4) a seismic refraction survey
(staked and flagged). The information derived and 1nterpreted
from these investigative teéchniques was incorporated with
additional information produced by exploratory borings and water
wells drilled by others on the two properties.

U51ng the information derived from these various sources we
herein discuss the geclegy and geophysics and define the depth to

rock (i.e., thickness of alluvium} by presenting a map that
depicts contours on "fresh" rock. 1In addition we have drawn a

cross—-section through Elk Prairie. These drawings are for your
use in evaluating the hydrology of the water company's two

properties.

It has been our pleasure to assist you with this interesting
project, and we hope you will feel free to contact us should our.

type of service be reguired on future projects.

Respectfully submitted,

¢ Certlfled Englneeriﬁg Geologlst
No. 762

ADB:fb
Encl.

ENGINEERING GEQOLOGY * GEOPHYSICS *- MONITORING




velocities thus allowed us to detect the rock as measured by

Traverses "U", "W", "X", and "Y¥".

A subsequently drilled monitering well (MW-2) reveaied that
the 8500 ft./sec. seismic velocity measureé_at depths of 62 ft.
and 68 ft. in Traverse "v" represents a very dense deposit of
sand, gravel, andé cobbles. The.rgsults of the monitoring wells
and seismic survey indicate that this deposit, significantly
_shalléwer than the rock detected by-adjacent'seismic traverses,
is limited to the general area of Traverse "V' on the water
company preperty.

For locations of borings, water'wells, test pit, and seismic

traverses, please refer to the accompanying site map.

Taber Consultants drilled the five exploration/monitoring
wells and encountered alluvium consisting of interbedded layers :
of clay, sand, graveliy clay:, sandy gravel, and clayey gravel
over rock. The gravel layers produced heavy resistance to
dfilling, and hecause of this difficulty only'mcnitoring wells
MW-3 and MW-5 extended to rock. MWfB encountered sandstone at a

. depth of 149 ft. (ei.-lOB) and extended into it for 22 ft., with
resistance increasing with depth until near refusal was
experienced at the bottom. MW~-5 intercepted "fresh" sandstone
at a depth of 147 ft. (el.-103) and penetrated an additional 8

£t., experiencing pfactical refusal at that peoint.

The depths to rock dgtermined by the seismic survey compare
Lfavorably with depths to rock measured by the two borings of
Taber Consultants. In the three borings that did not reach rock
the neérby seismic traverse is in agreement to the extent that it

measures rock below the bottom of the boring.

- Water well W-5 was subsequenﬁly drilled by Weeks Drilling
and Pump Company at the location shown on the site map. The

d:iller, Earl Sheridan, states (oral communication and drill leg)




Conclusions

Based upon the results of our investigation, we have drawn a‘
'cdntour map of the rock surface that lies buried beneath the
- water company's two parcels. This paleo-contour map expresses
the buried rock surface that we have interpreted from our seismic

- survey and the logs of exploration/monitoring wells and water

wells.

' We have extended our interpretation beyond the limits of the
two parcels to the adjoining hills. Due to a lack of sufficient
information we have not drawn the contours across the San Andreas
fault zone. However, the paleo-thread (deepest channel in the
rock)} undoubtedly extends into the fault zone and, at some point
‘between the two properties, turns south and continues to the
ocean. In Elk Prairie (surface approximately el.43) the lowest :
‘point that we have interpreted for the paleo-thread is
| approximately el.-130, which is still some 200 ft. above the
lowest sea level during the maximum (approximately';a,ooo years’
ago) of the last glacial advance {Wisconsinan). The elevation of
the paleo-thread drops as it approaches the Wisconsinan sea
lével, which is estimated by the geologic community to have been
- &t approximately el.-330, based upon oxygen isotope'analyses of
deep.sea cores. As thé sea level rose above the rock surface in
Elk Prairie, marine and brackish water clays were interbedded
with gravei and. sand deposited by the North Fork as it debouched
into. the 1ittlé embayment of Elk Prairie. All rivers along the
céaéthhave guch'drowned mouths; the Noyc River harbor at Fort
Ahragg is an excellent analog to Elk Prairie. The paleo-thread is
only slightly sinuous, which is typical for a stream entrenched
in rock. The modern North Fork expresses the higher sinuousity
of a streanm flowing through alluvium, which is less confining

than rock.



P

Using the contours drawn on the rock's surface we have

‘produced a cross-section (refer to site map for location) across

Elk Prairie. The earth materials are divided into three units:
(1) alluvium, including local landslide debris at the base; (2)
s0il and weathered rock, and (3) "fresh" raock. The weathered
rock does not continue across Elk Prairie because it has been
eroded in the central portion of the valley where the activity of

the North Fork has been concentrated. Please refer to the

accompanying cross-section drawing.
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Excerpts from Ford, R.S., 1975, Evaluation of Ground Water
Resources: Sonoma County, Vo!ume 1: Geo#oglc and Hydrologic Data, DWR
Bulletin 118-4, 177 pp.
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-

Driscoll, F.G., 1986, Groundwater and Wells, page 1021 for
estimating transmissivity from specific capacity.
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Five S}wéa'r'Water balance for Cas

Caspar Creek
Thomthwaite Potential Evapotranspiration
Water Years 1990 - 1995
AlR '
- | TEMP || Heat |Unadj || Lat ([AdjPET| Precip | P-PET
MONTH (¢) \Index | PE [Corr | (mm) | (mm} | (mm)

Aug - ' 15.34f 546§ 2.36[35.40f 8354 2.71] -80.83)
Sep 1429 490 2.16] 31.20] 6739 9.10] -58.2¢)
Oct 1225 388 1.79)28.80f 51.55] 72.60] 21.05] .
{Nov 854 225] 1.15/2510] 2887 7493 4807
Dec 8.84] 1.61 0.88]24.50] 21.568] 164.04] 142.4
lJan 872 232 1.18)2540| 29.97] 26353 233.55]
{Feb 940 260] 1.29[2510] 32.38] 164.04] 131, I
[Mar 10.95] 3.28] 1.56) 30.90] 4820 214.88 1.66.68%
Apr 11.74f 364 1.70]33.30] 5661 9284 3623
(May 1277] _4.13)  1.88) 37.00] 69.56] 102.74] 33.18
Jun 1418] 485] 214[37.30] 7082 2595 5387
ul 15.56] 5.58] 240l 37.90] 9006 0.93 -90.03
ANNUAL 4450 660.42 1188.30] 527.88

easured North

IE)rk Streamflow

mm) 503
ﬁfﬂe&sured South-

Fork Streamflow

(mm) 461
Last Updated on December 30, 1997, by Boh Ziemer
http:/fwww.rst.psw. 5. fed. us/projects/water/Thornthwaite. html 4/16/02

par Creek, Jackson state Forest, by

R.R. Ziemer, 1997, hitp:/fwww.rsl.psw.fs.fed.us/projects/water/Thornthwaite.htm. .
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Subsurface Drainage Processes and Management Impacts'

Elizabeth Keppeler? and David Brown?®

Abstract: Storm-induced streamflow in forested upland watersheds is linked to
rainfall by transient, variably saturated flow through several different flow
paths. In the absence of exposed bedrock, shallow flow-restrictive layers, or
compacted soil surfaces, virteally ell of the infiltrated rainfall reaches the stream
as subsurface flow, Subsurface runoff can occur within micropores (voids between
soil grains), various types of macropores (structural voids between aggregates,
plant and animal-induced biopores), and through fractures in weathered and
consolidated bedrock. In addition to generating flow through the subsurface,
transient rain events can also cause large increases in fluid pressures within a
hillsjope. [f pore pressures exceed stability limits of soils and shallow geologic
materials, landslides and debris flows may result. Subsurface monitoring of
pipeflows and pore pressures in unchanneled swales at North Fork Caspar Creek
in the Jackson Demonstration State Forest began in 1985. Four sites have been
established to investigate the effects of imber harvest (KI and K2) and road
building (E-road) for comparison with an snmanaged control drainage (M1).
Flow through large soil pipes at these sites is highly transient ir respanse to storm
events, reafhirzg peak discharges on the order of 100 to 1,000 L min’'. Pore
pressures at these sites also respond dynamically to transient rain events, but to
date have not exceeded slope stability limits. Most soil pipes cease flowing in the
dry summer perfod and hilislope soil moisture declines to far below saturation.
" The clearcut logging and skyline-cable yarding of the K2 site resulted in dramatic
increases in soil pipeflow and subsurface pore pressures. During the first 4 years
after timber harvest, pore pressures increased 9 lo 35 percent for the mean peak
_ storm event in the control M1 site. Peak sodl pipeflow response was far greater,
increasing 400 percent in the 4-year postlogging period. These results suggest
that the soil pipes are a critical component of subsurface hillslope drainage,
acting to moderate the pore pressure response. As the subsoil matrix becomes
saturated and pore pressures build, soil pipes efficiently capture excess water
and route it b the stream channel. This logging does not appear to have impaired
the hillslope drainage function, Methods and resuits at the E-road site are quite
different. Here, the mid-swale road construction and tractor yarding have
resulted in large changes in the pore pressure response. Positive pore pressures
were negligible in the upper portion of this instrumented swale before
disturbance. Subsequent Lo the road construction in May 1990, there was little
indication of immediate impacts. But, after the completion of felling and tractor
yarding in late summer 1991, dramatic changes in pore pressure response were
observed beginning in hydrologic year 1993 and continuing to date (1998).
Largest pore pressure increases have occurred at sensor locations in and up-slope
of the road prism. Below the road, the response is muted. These data support
previous studies documenting the profound effects of roading and tractor Igging
an watersheds and provide special insight ints these effects for this region.

1. An abbreviated version of this paper was presented at the Conference on Coastal
Watersheds: The Caspar Creek Story, May §, 1998, Ukiah, California

2 Hydrologist, Redwood Sciences Laboratery, Pacific Southwest Research Station, USDA
- ForestService, 802N, MainSt., FortBragg, CA 95437 (ekeppeler@rsl.psw.f5.fed us)

3 Agsiseant Professor, DepartmentofGeosciences, California State University, Chico,
CA 95929 (dbrown@shasta.csuchico.edu)

USDA Forest Service Gen, Tach. Rep, PSW-GTR:168, 1998

he hydrologic response of forested watersheds to rain events

occurs through several interrelated flow processes. Soil surface
conditions determine whether rainfall will run off as surface flow or
whether it will infiltrate and travel through the subsurface.
Infiltration capacities for soils in the coastal redwood region exceed
maximum rainfall intensities commeon in the region. Exceptions
occur in isolated areas where bedrock is exposed at the land surface.
More widespread are infiltzation limitations resulting from soil
compaction associated with road building, landings, and other
constructed surfaces. Over the great majority of forested landscapes,
rainfall infiltrates into the soil and flows through the subsurface to
streams, rivers, and lakes. :

Subsurface flow may occur within soil horizons, regolith
{weathered bedrock), or bedrock (fig. I). The conductive and
storage properties of a given earth material as well as the spatial
relations of adjoining materials strongly influence the actual flow
path through the subsurface. For example, water may flow within
soil horizons through the matrix, a porous medium of individual
grains. Pores on the individual grain scale transmit water very
slowly, several orders of magnitude less than surface water flows,
Larger pores (on the order of 1 mm in diameter or larger) are
commonty referred to as macropores, and can conduct substantial
quantities of water at rates approaching surface flow velocities. By
virtue of their geometry, macropores can be shown to conduct water
more rapidly under high moisture conditions than the “micropores™
of the soil matrix. Macropore geometry and type varies with depth
below the land surface arising from various biologic and soil-
forming processes (fig. I). Interconnected large macropores {on the
order of 2 cm in diameter or larger) are often referred to as “soil
pipes.” These features are erosion pathways that extend within the
shatlow- subsurface horizons as continuous or interconnected
conduits forming complex branching networks (Albright 1992). An
important hydrologic attribute of macropores is that the
surrounding soils must be saturated before water can flow into
these large pores. Thus, the antecedent moisture conditions in forest
soils strongly control the importance of flow through macroperes;
and hence, the hydrologic response of a watershed to a precipitation
event. Similarly, fractures in regolith or bedrock may dominate the
flow response under saturated conditions, and thus define a
significant flow path distinct from the soil matrix or macropores.

The movement of water into and through these flow paths has
two consequences of both theoretical interest and practical
application to the management of forestlands. First, surface runoff
in streams is generated on two widely different time scales: (1) ona
seasonal basis and (2) during individual precipitation events.
Runoff volume, timing, and duration affect both water supply and
flood propagation. Seasonal effects of subsurface flows are manifest
in the storage properties of forest soils. During the summer, water
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Subsurface Drainage Processes and Management Impacts

Keppeler and Brown

Soil Horizons: root holes, animal and
insect burrows, and voids betwee
soil aggregates :

Parent Material: voids created by
weathering, structural voids

Regolith: residual (weathered)
fractures and structural voids

Fractured Bedrock: fractures and
joints

Figure 1-—Hypothetical soil cross-section with characteristic voids and flow path variations.

drains from soils and supports perennial streamflow (baseflow).
This drainage creates a water deficit in the soil that must be
replenished before maximum flow through a hillslope can occur,

The second consequence of transient subsurface flow is directly
related to the storm-driven evolution of pore pressures at the
hillslope scale. Gravity is the primary force driving the flow of water
in upland forested watersheds. However, if soil compaction closes
pore spaces and prevents or reduces drainage through macropores,
water pressure may increase such that the strength of the hillslope
is lost and shallow landslides or debris flows may occur. Mass
failures are a significant source of sediment reaching streams and
are generated from background earth surface processes and from
human activities such as road building. Dynamic interactions
between pore pressures, drainage geometry, and the material
properties of soil and bedrock can significantly influence the
stability of slopes and channel heads, as well as sediment releases to
streams (Dietrich and others 1986).

Research investigations at Caspar Creek have explored these
hillslope and subsurface drainage processes with the dual objectives
of identifying impacts associated with logging and road building
and reducing the risk of mass failures associated with timber harvest
activities in the redwood region. :

Methods

Headwater swales were selected for monitoring in both a control
(MUN) and two designated treatment sub-basins (KJE and EAG) of
the North Fork experimental watershed (Preface, fig. 2, these
proceedings). All study sites are moderately steep zero-order basins
located in the North Fork watershed at an approximate elevation of
300 m (fig. 2)- An almost 100-year-old second-growth forest
occupied these sites at the initiation of these investigations (Henry,
these proceedings). All study swales are drained by one or more soil
pipes with outflow in evidence at the base of the swale axis. Pipeflow

26

varies seasonally from less than 0.01 L min’ to more than 1,000 L min*
at individual soil pipes. Most soil pipes are intermittent or
seasonally dry.

The vegetation community is a coniferous forest type with a

(A} M1 SWALE (B) K1 SWALE

Pipeflow

2;‘\.

T

.-Pipafiow

(C) K2 SWALE (D) E-ROAD SWALE

_- Pipeflow

Pipeflow

Figure 2—North Fork Caspar Creek study swales (2-m contour interval).

USDA Forest Service Gen. Tach, Rap. PSW-GTR. 168, 1998,




Coastal Watersheds: The Caspar Creek Story

closed canopy consisting of coastal redwood (Sequoia sempervirens
(D. Don) Endl.) and Douglas-fir {Psendotsuga menziesii {Mirb.)
Franco) as the dominant tree species. Although not measured
during this study, the diameter-at-breast height is estimated to
range from approximately 0.3 m to 1.5 m. Forests in the Caspar
Creek watersheds were clearcut and burned in the late 1800s (Tilley
and Rice 1977; Napolitano, these proceedings), and are generally
typical second-growth forests. Other tree species occurring at this
site include grand fir (Abies grandis (Dougl. ex D. Don) Lindl.),
western hemlock (Tsuga heterophylla (Raf)) Sarg.), and tanoak
{Lithocarpus densiflorus (Hook. and Arn.) Rohn).

The soil at these sites has been classified as a clayey, mixed
isomesic Typic Tropudult described as the Van Damme series (Huff
and others 1985). Surface soils tend to have a loamy texture and
increasing clay content with depth (Wosika 1981). Discontinuous
argillic horizons have been observed in scattered soil pits (Dahlgren
1998). Soil thicknesses range from 1.0 m along the ridges to L5 m in
the swales (Wostka 1981). The parent material below this depth range
is a highly weathered layer of fractured regolith derived from the
underlying graywacke sandstone of Cretaceous age known as the
Franciscan Assembiage (Huff and others 1985). Geologically recent
tectonic forces (1 my b.p.) acting along the San Andreas fault system
just offshore have contributed to a gradual uplift of up to 200 m
(Jenny 1980). Field estimates of hydraulic conductivities were made
using slug tests in piezometers in EAG, KJE, and MUN swales.
Saturated hydraulic conductivity estimates for the regolith above the
hard bedrock contact range on the order of 102 to 10" m s,

Local climate is heavily influenced by the site’s proximity to the
coast (approximately 10 km to the west), Like most of coastal
California, the large majority of the rainfall eccurs during late fall and
winter months. The mean annual rainfall for this area is 1190 mm
(46.85 in). Relatively little rainfall occurs between the months of
April and October, but coastal fog may supply moisture to the soils
via fog drip. Air temperatures range from a January mean of 7°Cto a
high of about 15 °C in July.

M1 Site

The M1 site is the designated control site and thus retains
continuous second-growth forest cover. This 1.7-ha swaie (fig. 2a)is
the largest subsurface study site. The terrain slope varies from 20 to
50 percent. One large and several small soil pipes drain the swale.
These soil pipes were fitted for instrumentation in 1986 {Ziemer
and Albright 1987). The large 80 cm (height) by 60 cm (width) pipe,
M106, has discharged the highest pipeflow peak recorded in the
North Fork watershed—1,700 L min' on January 20, 1993. This
pipe occurs at the interface between the upper soil and an argillic
horizon (Albright 1992). Two transects of piezometers, denoted A
(three instruments) and C (four instruments), were installed to
bedrock (at depths of up to approximately 6.0 m) on the side slopes
above the piping gage station (Brown 1995). A nest of piezometers
was installed at the confluence of the two subswales. Two
" piezometer nests were installed at the confluence of the subswales
(piezometers Bl and B2) and just upslope of the swale at the bottom
of the C transect (piezometers C1 and C2). Two additional

USDA Farest Service Gen, Tach. Rap, PSW-GTR-168. 1998,
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piezometers were installed to bedrock, one in each of the two upper
tributary swales (Brown 1995). On the basis of the 'soil borings
excavated during piezometer installations, a geologic cross-section
was prepared across the A-C transects (fig. 3). Soit horizons and
regolith thicknesses were fairly uniform throughout both slopes.

K1 Site

A second pipeflow site, K1, was developed near the KJE stream
gaging station in 1986 (Preface, fig. 2, these proceedings). This 1.0-
ha swale (fig. 2b) is drained by several soil pipes within the upper
0.5 m of the soil with diameters ranging from 10 to 20 cm (Albright
1992). Most are flashy and ephemeral, yielding significant flows
only during storm events. Pipeflow, surface flow, and matrix flowat
the soil face were gaged at this second site, but no subsurface pore
pressure measurements were made. The site was clearcut and
skyline yarded from the ridge in 1989 as part of the Caspar East
timber sale unit K (Henry, these proceedings). No slash burning or
other site preparation was done in this unit after timber harvest.

K2 Site

This 0.8-ha zerc-order swale (fig. 2c) was first instrumented for
pipeflow measurements in 1986. Three soil pipes were gaged at this
site. The largest soil pipe, K201, is 50 cm in diameter and emerges
from the exposed soil face at 4 depth of less than 1.5 m from the
ground surface (Albright 1992). In 1987, a network of piezometers
and tensiometers was established along five hillslope transects
(Keppeler and others 1994) that were aligned perpendicular to a
west-facing K2 hillslope. To prevent excessive disturbance of this
steep 70 percent slope, a system of ladders and catwalks was built
before instrument installation. Hillslope installations include: 31
bedrock piezometers, 27 1.5-m-deep piezometers, and 25
tensiometers at depths of 30, 45, 60, 120, and 150 cm. Three of
these instrument transects (A, B, C) are about 20 m in length and
extend from near the swale axis to mid-siope positions. The other
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Figure 3—Cross-section of soils, geology, soil pipe, and piezometer
instaftations at the MT site,
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two transects (D and E) extend nearly to the ridge. Two additional
bedrock piezometers are installed in the swale axis. After two
“winters of data collection, the K2 site was clearcut and skyline
yarded from the ridge during August 1989 (Henry, these
proceedings). No stash burning or other site preparation was done
in this unit following timber harvest.

E-Road Site

The smallest and most recent Caspar Creek subsurface monitoring
site is the E-road swale. This 0.4-ha swale is located in the EAG sub-
basin and cutblock E of the North Fork (Preface, fig. 2, these
proceedings). This north-facing swale is drained by two
instrumented soil pipes. A single 44-m-long transect consisting of
six bedrock and two shallower piezometer installations extends
through the swale axis from the soil pipe excavation to z position 38
m from the ridge (fig. 2d). Piezometer depths range from < 1.5 miat
the lower end of this transect to almost 8 m at the top. The terrain
slope along this transect averages 35 percent. This site was
instrumented in fall 1989 to evaluate the impacts of road
construction on hillslope drainage processes. Predisturbance
monitoring of pore pressures and pipeflow occurred during the
winter 1990. In June 1990, a seasonal road was built across this
swale to a yarder landing on the unit divide. The road centerline
crosses the instrument transect at the R4P2 piezometer. The grade
of this 30-m road segment averages 19 percent. The fill depth is 3m

at its maximum, 2 m at the centerline, 1.6 m at R3P2, and <1 mat

R2P2 (near the base of the roadfill). This haul road was rocked for
use during October and November of 1990 when a portion of the
Unit E cutblock was harvested using a cable skyline yarder at the
end of this spur. In late-summer 1991, the timber not cut during the
road right-of-way felling was harvested using tractor yarding above
and long-lining below the road. Broadcast burning of the unit
occurred in late November. Because of the north-facing aspect of
this swale, fuel consumption was incomplete.

Instrumentation

Field investigations were undertaken first to identify the most
upslope occurrence of gullying or sinkholes associated with
pipeflow outlets at each study swale. At these existing collapses,
handcrews excavated a near-vertical soil face to facilitate the capture
of pipeflow and soil matrix discharge. Soil pipes ranging in diameter
from 2 to 60 cm and occurring within 2 m of the soil profile were
instrumented. Flow from individual sources {pipes, overland flow,
and soil matrix flow) was captured by first driving metal flashing
collectors into the excavated soil profile, then connecting these
collectors to PVC (polyvinyl chloride) pipe, and finally routing the
flow into an upright PVC standpipe container. Drainage holes were
drilled into these standpipe containers and a laboratory calibration
was done to establish the relationship between stage in the
container and discharge. Containers were designed with a variety of
drain hole diameters and placements to accommodate a wide range
of discharges. Using electronic pressure transducers and data
loégers, container stages were recorded at 10-min intervals during
the winter season and at 30-min intervals during the lowflow season.
Frequent manual discharge measurements were made at these
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pipeflow sites to verify and refine the standpipe container
calibrations (Ziemer and Albright 1987).

To measure the pore pressure response along selected transects
in these study swales, piezometer wells were installed by hand-
augering 10-crn-diameter holes through the soil profile. A PVC pipe
(38 or 51 mm diameter) was then cut to extend from the base of the
hole to several centimeters above the ground surface. The lower 15-
cm length of this pipe was slotted with a hack saw. Plastic mesh
screen was wrapped around the slotted portion of the pipe before
the pipe was placed in the augered hole. The hole was backfilled
first with pea gravel for about 25 cm of the depth, then 15 to 20 em
of bentonite, and finaily, with natural soil. Hillslope instruments
were assigned a transect identifier and numbered beginning with
the base of the slope and progressing up the hill. P2 indicates a
“bedrock” piezometer, and P1 indicates a shallower installation.

Bedrock installations were augered to the physical limit of the
hand auger device. At somesites, rock fragments in the lower saprolite
prevented the auger from reaching compatent bedrock. Shallower
piezometers were installed at certain sites where a low-permeability
clay layer (argillic horizon) was encountered. Finally, a few
piezometers were installed into competent bedrock using a rock drill.
Water levels (pore pressures) were monitored using a combination of
techniques. Manual measurements were made at all piezometers at
least weekly using an electronic water surface detector. Electronic
pressure transducers connected to a data logger sensed piezometer
water levels at 15-min intervals during the winter and less frequently
during the lowflow periods at the K2 and E-road swales (Keppeler and
Cafferata 1991, Keppeler and others 1994). Accuracy of these
measurements was generally within a (.05-m tolerance. At the M1
site, a comparable transducer/data-logger combination provided
water level heights with a design accuracy of approximately 0.01 m
along three transects (A, B, and C). Only very rarely did the electronic
data differ from hand measurements by more than 0.02 m. Pressure
heads in the piezometers were logged at 15-min intervals during
storm periods, and at 2-hr intervals between storms. :

Soil tensiometers were installed at some sites to provide a
measure of soil moisture in unsaturated conditions and to indicate
when the shallower soil horizons became seasonally saturated.
These devices are commonly used for assessing agricultural
irrigation needs. Qur tensiometers consist of a porous ceramiic cup
connected to a closed tube and a vacuum gage. The cup is buried in
the soil and the tube is filled with water. As the soil moisture tension
equilibrates with the water tension in the tube, a vacuum is created
and indicated on the gage. At field capacity, this tension is 33 cb. As
the soil drains, tensions exceeding 85 cb may be recorded. These
gages were read manually at weekly intervals and, in some cases,
cannected to a data logger via a pressure transducer allowing for
frequent readings and recordings. Keppeler (these proceedings)
reports summer soil moisture changes at these sites.

Analyses

Ziemer (1992} evaluated changes in peak pipeflow after the logging
of the K1 and K2 swales using data from hydrologic year 1987
through 1991. Regression analysis was used to develop a
relationship between individual scil pipes at the K1 and K2 sites
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and the M1 site control, as well as total pipe discharge per site. A
second set of regressions was developed using the postlogging
pipeflow peaks. Chow's test {Chow 1960) was used to detect
differences between these regression lines (p < 0.05). For this report,
additional peak pipeflow data through hydrologic year 1993 from
the K201 and M106 sources were analyzed using this regression
approach. This analysis included 38 prelogging and 41 postlogging
storm peak pairs from K201 and M106.

Keppeler and others (1994) evaluated the piezometric response
to logging in the K2 site. Regression analysis was used to define the
prelogging relationship between peak pore pressures along selected
K2 transects and peak discharge (log,) at the M106 soil pipe.
Postlogging regressions were then developed for storm peaks
occurring during hydrologic years 1990-1993. Zar's test for
comparing regression lines (Zar 1974) was used to detect differences
between the calibration and postlogging relationships (p < 0.05). A
similar procedure was applied to evaluate piezometric pressure
heads during nonstorm periods.

Initial analysis of the pore pressure response to road building
was done nonstatistically by comparing E-road piezometric peaks
and ranges before and after road construction and tractor logging.
Inaddition, further analysis was attempted using E-road piezometer
peaks regressed on peak discharge (log, ) at the M106 soil pipe.
Only preliminary screening of other factors relating to the E-road
subsurface response has been performed.

Results and Discussion
Pipeflow

Increased peak pipeflow was detected at the fully clearcut K2 site
during the first winter after logging (1990), but larger increases
were observed one year later (Ziemer 1992). During 1990 and 1991,
peak pipeflow at K2 (pipe K201) was 370 percent greater than
predicted by the calibration relationship with M1 (pipe M106).
Extending this analysis to include peak discharges through 1993
provides further insight into the pipeflow response to logging. With
38 peaks ranging up to 525 L min™ (M106) in the prelogging data
set, alinear regression provides a very good fit to the data (r* = 0.96)
as evident in figure 4b. The postlogging data set contains 41 peaks,
with all but two of the M106 peak discharges less than 300 L min™.
Those two large peaks exceed the prelogging data by a substantial
margin (fig. 4a), and present an interesting complication to
evaluating treatment effects. The largest storm produced a peak at
M106 of 1700 L min" on January 20, 1993, triple the size of the
largest M106 peak in the prelogging data set. The return interval for
this peak is approximately 8 years based on the 35-yr North Fork
peakflow record. The postlogging relationship between M106 and
K201 is much more variable than the prelogging relationship.
Although pipe K201 yields maximum discharges of up to 500 L min®,
it appears to be capable of unrestricted discharge only until about
250 L min™. The recurrence interval of the comparable North Fork
. streamflow peak is approximately 0.3 years. K201 discharge appears
to be restricted by pipe capacity above a discharge of about 250 L min®,
whereas M106 can pass discharges of at least 1,700 L min®. The
other instrumented soil pipes also exhibit peak discharge
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restrictions at even lower discharges. In contrast to open channel
conditions, pipeflow is limited by the physical capacity of the pipe.
The cross-sectional area of pipe K201 is much less than M106; thus,
discharge capacity at K201 is more limited than M106. Field
observatiens indicate that upslope of the M1, K2, and K1 gaging
sites; several ungaged pipe outlets produce significant discharge
volumes during larger storm peaks. These “overflow” features
provide further evidence of the hydraulic limitations of these main
soil pipe pathways.
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Because of these physical limitations, 2 linear regression
analysis of the postlogging K201 and M106 peakflow data is not
appropriate for moderate to high peak discharges. However, it is
clear that a substantial increase in K201 pipeflow occurred after
* logging (fig. 4). When the postlogging data are fit by a locally
weighted regression (Cleveland 1993), it is evident that the greatest
departures from pretreatment data occur at discharges of less than
200 L min at M106. Abave this level, K201 peaks begin to level off.
When the M106 discharges exceed 500 L min*, it is not possible to
detect any postlogging change in K201 discharge peaks. The
prelogging regression equation predicts that at the mean M106
peak pipeflow of 118 L min™ the expected K201 peak is 51 L min*,
* but the postlogging locally weighted regression predicts a peak of

143 L min™ — a 280 percent increase (fig. 4b).
The maximum postlogging increase at K201 was more than
300 L min for two moderate storm events that occurred January 7,
1990 and December 10, 1992 (fig. 4b). These storms produced
discharges at North Fork Caspar with return intervals of 1.7 times
- per year. The largest proportionate increases in pipe peakflow
occurred during two minor storms in February 1991, when winger
rainfall totals had been far below normal. These were the first
stormflow responses at M1 for that year indicating that antecedent
soil moisture conditions were just reaching saturation, whereas K2
soils were more fully saturated. As previously explained, the soil in
the vicinity of the pipe pathway must be saturated before water can

flow through these conduits. Ziemer’s evaluation of Caspar Creek

streamflow peaks (these proceedings) states that the largest
increases in peak discharges occur when the greatest differences in
soil moisture exist between the [ogged and forested watersheds.

At K1, pealflow from instrumented soil pipes did not show a
significant increase (Ziemer 1992). However, an additional pipe outlet
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located about 30 m upslope of the pipeflow gaging instrumentation
began to discharge storm flows. This source flowed rarely before
logging, but regulazly during storm events after logging, suggesting
that the capacity of the K1 soil pipes was quite limited in comparison
to either K201 or M106. When the discharge from this source is
added to that of the other instrumented K1 pipes, the K1 peakflow
increase approximates the increase observed at K201 (Ziemer 1992).

Keppeler (these proceedings) reports increases in minimum
summer pipeflow, as well. The duration of these pastloggmg _
increases has yet to be documented.

M1 Pore Pressures

The water table throughout the entire monitoring period was
observed only along the regolith-hard bedrock interface. A typical
water table profile across the A-C transects during late February
1594 is shown in figure 3. On the basis of field observations of the
soil pipes emerging at the pipeflow gages, it appears that the pipes
in the swale bottom occur at depths where the water table often
fluctuates into and around the pipe zone. As the winter progressed,
the piezometers responded more rapidly to larger rain events. This
behavior supports the findings of Ziemer and Albright (1987) who
observed a strong dependence of pipeflow on soil moisture
conditions. Piezometric responses in undisturbed drainages will
generally mirror pipeflow responses because both are dependent
on flow through macropores. Soil pipes are simply the largest size-
class of macropores. The peak piezometric response was noted for a
mid-February 1994 storm with peak rainfall occurring over an 18-
hr period (fig. 5). Piezometric responses on the two side-slope
transects were fairly similar to each other. The lag between the
rainfall and the peak piezometric response for A and C transects
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generally exceeded the lag for the B-nest piezometers. The
convergence of flow in the B subswales could explain the difference
in lag times with the parallel side-slopes.

K2 Pore Pressures

The post-treatment response along two transects (C and E) has been
evaluated through hydrologic year 1993. Regression analysis results
indicate increased peak piezometric responses after logging. All six
postlogging regressions were significantly different than the
prelogging regressions (p < 0.05). The postlogging intercept terms
were greater than the prelogging coefficients and, in some cases, the
slopés of the postharvest regression lines were reduced (fig. 6).
Unlike the stréeam discharge peaks (Ziemer, these proceedings) and

the pipeflow peak response just described, increases in peak pore

pressures were detectable for both large and small storms, as well as
for antecedent moisture conditions ranging from a relatively dry to
a fully saturated soil profile. Between storms, piezometric water
levels remained higher in the postharvest period than before
harvest. Sidle and Tsuboyama (1992) state that pore pressure
responses tend to be less variable at the base of the hillslope than at
upslope positions because of higher soil moisture content and the
presence of preferential pathways in the saturated zone. These K2
data support that hypothesis. Greater variation and larger
magnitude increases were observed in the upslope piezometers
{C3P2 and the E transect). At the mean M106 peak discharge, pore
pressures were 9 to 35 percent greater than those predicted by the
preharvest relationship.

E-Road Pore Pressuires

With only a single year of pretreatment data, regression analysis
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was only marginally successful in illuminating changes in pore
pressure response at the E-road site. Before road construction, pore
pressure responses at this site were minimal. Although the bore
holes for the two most upslope piezometers were the deepest
installations at this swale (5.7 and 7.7 m, respectively), positive
pore pressures were not detected before road building and tractor

- logging. During the first winter after road building, these upslope

piezometers remained dry: however, some changes were observed
at the lower instrument sites (R1P2 and R2P2). There were brief
spikes in pore pressures of less than 0.5 m, reflecting individual
precipitation events superimposed on a more extended pore
pressure response of about half that magnitude indicative of
seasonal effects (fig. 7). Hydrologic year 1991 was also the second-
driest year on record at Caspar Creek, with annual precipitation
totaling only 716 mm. This lack of rainfall made first-year changes
difficult to detect.

After tractor logging was completed late in 1991, a series of
normal and above-normal rain years ensued. The event-driven pore
pressure spikes continued at R1P2 during 1992 and 1993, The
regression analyses of the predisturbance pore pressure peaks on
the M106 peak pipeflows (log, ) were fairly successful at explaining
the variations in response at the downslope installations both before
and after logging. The r* values for the prelogging regressions were
greater than 0.80 for R2P2 and R3P1, and 0.49 for R1P2. Similar r?
values resulted from the postlogging regressions of these piezometer
peaks. The postlogging regressions indicate increased peak pore
pressures at R1P2, R2P2, and R3P1 that are similar to those
observed at the K2 site (fig. 6). However, there was no significant
relationship between peak pipeflow at M106 and the pore pressure
response at the upslope E-road piezometers: These results suggest
the upslope E-road pore pressure response was quite different than
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the response below the road and the response in the undisturbed
M1 swale. '
However, after road construction and logging, a clear and
_ dramatic increase in pore pressure response at the above-road
installations is evident. Not only did peak pore pressures increase
in response to a discrete storm event, but also there was a
progressive increase in piezometric water levels related to
cumnulative seasonal precipitation (fig. 8). At R4P2, the dry-season
recession was particularly slow. By late fall of 1994 and 1996, the
pore pressure level remained higher than it had been at the onset of
the preceding hydrologic year. Pore pressures at this bedrock
installation located directly under the road centerline have yet to
return to predisturbance tevels. At this same location, a second
piezometer, installed at the time of road construction at the
interface between the fill and the original ground surface, never
showed a positive pressure response. However, this pressure
transducer failed in 1996 and was not replaced.

For all installations at the E-road site, the post-road
construction and logging annual pore pressure peaks exceeded the
predisturbance annual peak (table ). To explore this difference, a
variable reflecting the storm rank through all years {1990 to 1595)
was evaluated. This regression was more significant in explaining
the peak responses at R5P2 (r* = 0.23) and R6P2 {¢* = 0.61), but not
significant for the below-road installations. Above the road, the
apparent trend in pore pressures levels is one of increased peak
levels over time since logging (fig. 9). However, this may be a
reflection of above-normal rainfall totals in 1993 and 1995, rather
than the isolated impact of road construction in this swale. More
work remains to be done to model the pore pressure response at
this E-road site. Pipeflow data from this site has yet to be evaluated.
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This future analysis will provide an important indication of the
integrity of the macropore flow mechanism at this site after road
construction and tractor logging.

Conclusions

Subsurface flow is the dominant process by which rainfall is
delivered to stream channels in the coastal redwood region. Several
different flow paths exist within soils and bedrock, and they interact
on both rain-event and seasonal time scales. As the soil and subseil
become saturated, the soil pipes play an extremely important role
in hillslope drainage. The combined water storage and transmissive
properties of shallow earth materials are such that headwater
watersheds produce significant storm runoff and dynamic changes
in fluid pressures that are an important factor in the stability of
hillslopes. Management activities such as timber harvesting and
road construction can aiter the subsurface flow and pore pressure
response to rain events. Increased subsurface flow from the loss of
rainfall interception and transpiration after timber harvesting
increases peak pipeflow and may accelerate scour erosion within
the soil pipes. This form of subsurface erosion can lead to the
expansion of discontinuous gullies within the unchanneled swales
and increased sediment loading to surface channels such as has
been observed in some of the Caspar Creek cutblocks (Ziemer 1992;
Lewis, these proceedings). Further, subsurface drainage may be
impeded by the felling and yarding of logs in these zero-order swales
if matrix and macropore flows are reduced by soil compaction or
shallow pipe collapses, thus accelerating gully erosion.

Timber harvesting increases peak pore pressures, but whether
these fluid pressures pose significant risks to slope stability is highly
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Figure 7—Piazometric response at the E-road site {betwaen the base of the road fill and the pipeflow
outlet) for three winter periods: 1990 (predistucbance), 1991 (post-roadbuilding) and 1992 (postiogging).
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Figure 8—Upslope piezometric response at the E-road site after road construction and tractor jogging.
Note the seasonal increases in pore pressure heads as the rainy season progresses and the discrete
storm response most evident at R5P2. Elevations are relative to the pipefiow outlet Gaps in traces

indicate missing data.

Table 1—Annual maximum pore pressures (m) at E-road piezometers. Road constructed in May 1990 with road
centerling at R4P2. Tractor logging of swale occurred September through October 1991, "NR” indicates that na
positive pressure head was observed during that year. Base elevation (m) is the bottorr of piezometer wel relative to
the clevatian of the pipeflow outlet, Maximum pore pressures for all pears are shown in boid.

Hydrologis Year RIF2 R2P2  RIP1 R3P2 R4P2 " R5P2 R&P2
1990 0.37 131 0.39 211 077 NR NR
1991 257 171 0.86 3.39 0.63 R NR
1992 0.65 191 137 6.05 6.03 297 645
1993 061 2.09 1.67 4.24 481 477 4,18
1994 042 2.12 165 429 339 397 6.56
1995 052 192 1.84 4.50 535 4.72 7.49
1996 0.46 1.88 181 449 469 434 6.76
1997 045 1.80 184 5.59 407 4,93 6.04
Maximum Pore Pressure (m) 0.65 2.12 1.84 6.05 6.03 4,93 7.49
Hole Depth (pre-road} (m) 137 259 1.96 4.80 766 5.69 7.83
Base Elevation {m) 100 153 425 157 229 879 9.64

dependent on local hillslope conditions. At those sites most prone
to failure because of inherent geologic and soil conditions, timber
harvest activities may tip the delicate balance of hillslope stability
towards failure. However, such failures are expected only in
response to relatively extreme rainfall events occutring at roughly
S-year return periods (Cafferata and Spittler, these proceedings).
Thus far, the data from the North Fork phase of the Caspar Creek
study suggest that the frequency of large landslides has not

increased owing to the timber harvest activities between 1989 and
" 1991. The road location and design used in the North Fork logging
demonstrate a tremendous improvement in the application of the

~ principles of subsurface hydrology to minimize the risks of

USDA Forest Service Gen. Tach. Rep. PSW-GTR-168. 1998,

aggravating slope instabilities. However, it is too early in the post-
harvest history to draw definitive conclusions concerning slope
stability. Large landslides occur relatively infrequently; thus, it is
necessary to evaluate failure rates over a long time. One caution
suggested by the findings in the M1 swale and previous research is
that convergent topography will amplify pore pressure responses
and there should be special attention and analysis when planning
operations in these areas. Designated crossings are an effective
safeguard, provided that the designator understands the principles
of subsurface hydrology as they relate to erosion control. Road
construction can have a very significant impact on the timing and
magnitude of pore pressure responses as exemplified by the E-road
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site. Additional work is needed to further elucidate more general
relationships between road construction and pore pressure

evolution, as well as to better understand site-specific subsurface -

conditions as they affect slope stability.
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1936 aerial photo of Elk P'rairié
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* USGS Digital Orthophoto quadrangle images of North Fork Gualala at
Etk Prairie. Images 38123044 tif and 38123g53 1if, taken July 12, 1993.
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Photos of North Fork Gualala at Elk Prairie and Little North Fork, taken
by Kit Custis 4/8/2002. '
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STATE OF CALIFORMIA—THE RESOQURCES AGENCY PETE WILSON, Governor

DEPARTMENT OF WATER RESOURCES
1416 NINTH STREET, P.O. BOX 942836
SACRAMENTO, CA  94236-0001
{916} 653-5791

DEC 91997

Mr. Jerome P. Lucey
66 Manderly Road .
San Rafael, California 94901

Dear Mr. Lucey:

‘Safe Drinking Water Bond Law of 1988, Loan Contract E51408
North Gualala Water Company

This is a follow—up to the issues discussed in our meeting of
November 25, 1998. At that time you expressed a variety of concerns about North
Gualala Water Company's water system improvement project, funded under the subject
bond law.

The Department of Water Resources and California Depariment of Heaith
.. Services jointly administer the Safe Drinking Water Bond Law Program. A project
- cannot be funded until DHS determines that it is the most cost effective method of
- correcting primary drinking water standard deficiencies. DWR assesses applicants’
~ability to repay loans and negotiates the terms and conditions of the funding contracts.
Investor owned utilities, such as North Gualala, must also obtain the approval of the
.. California Public Utilities Commission to impose the surcharge necessary to repay the
‘loan before DWR will issue a contract. This process includes a public hearing to
provide ratepayers and other interested parties a forum to express their opposition or
support for the proposed project. This practice was followed for the North Gualala
project. : '

DHS approved the project concept by a memorandum to DWR dated ,
January 18, 1994. The cost of the project was estimated to be $2,935, m
August 22, 1994, DWR issued a letter of commitment to North Gualala fQr a $2,935,179
loan. The PUC authorized North Gualala to enter into a loan contract with
Resolution No. F-645, dated January 24, 1996. In addition to the PUC hearing, North

© Gualala held a project feasibility meeting December 4, 1995, to provide an opportunity
- for public input on the proposed project. Subsequent to this: comment and approval

period, the loan contract was issued July 29, 1996 and sagned by DWR on
August 26, 1996.
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B g U oo
Page Two

I hope this information is useful to you, if you have any questions, piease
contact me at (916).653-_9836, or Sarah Richey, in the Bond Financing and
Administration Office at (916) 653-4763; .

Sincerely,

Chester M. Winn, Chief
Division of Fiscaj Services
Enclosure




Cal/EPA

State Water -
Resources
Control Board

Division of
Water Righis

Maiting Address:
P.O. Box 2000
Sactamento, CA
958122000

901 P Strest.
Sacramento, CA
95814 i
(916) 657-1972
FAX (916) 657-1485

v

Pete Wilson
Governor

DECEMBER 05 1997

To: Interested Parties
(See Enclosed Mailing List)

Dear Sir or Madam:

RESCHEDULING OF FIELD INVESTIGATION REGARDING PETITIONS TO

CHANGE NORTH GUALALA WATER COMPANY PERMITS 5431, 5432, 11535,

AND 14853 (APPLICATIONS 9372, 9454, 10898 AND 21833, RESPECTIVELY),
NORTH FORK GUALALA RIVER IN MENDOCINO COUNTY

We have been advised by the petitioner's engineer that the hydrology report will not be

" mailed until next week. This date does not allow sufficient time for the report to be .

reviewed before December 17, 1997, the scheduled date for the field investigation. For
this reason, we are postponing the investigation until after the first of the year so that all
parties will have sufficient time to review the report. Notice of the revised field
investigation date will be provided to all parties after the investigation has been
rescheduled. We will not reschedule the investigation until the report is filed with this
office. :

If you have any questions about the postponement, please telephone me at the above
telephone number or Steven Herrera at (916) 653-0435.

Sincerely,

Xihouis W

Luann L. Erickson
Engineering Associate
Hearing Unit



Mendocino County Water Agency

Memorandum
To: Gary Pedroni, Planning Department November 6, 1997
From: 'Dennis Slota, MCWA Mé
Subject: 'Eik Prairie Groundwater Investigation for the North Gualale Water Company -

-

I received this document dated October 31, 1997 for review at 6:00 p.m. on Novetber 5. This is
mnadsquate time for proper review. However, I have reviewed this document and report that itis a
sumraary document that states the results ofa seismic and hydrological field study at Elk Prairie.

“This docurnent does not inchude any data ta substantiate the stated corclusions. The complete study
describing the thatenals used, methods employed, procedures followes and actual data need to be
submitted for review. Tke necessaty field data includes the following: '

1. Groundwater monitoring data,

2. Stream flow data,

3. Stream gauge data.

4. Precipiiation records,

5. Well bore logs,

6. Punip test field data including equations used and assumptions employed,
- 7. Full description and field data for the seismic study,

8, Description and actual resukis of the modeled pumping scenarios mentioned on page 5 of
the report. _

In addition, 8 peer review process was established before this study was prepared. However, it is my
understanding that this peer review was not done. The agreement for a full peer review should be
fulfilled. In conclusion, there is insufficient information provided with inadequate time for review
for me 1o commesnt ot the avalable water supply at this sue. ' '

! am doing scheduled Seld on November 6 2nd 7 but may be back in the office cn the afternccn of
the ™= Piease call me with anv questiozs or concerns regarding these comrrents.

CoDATA W RWATER REVIER SN G




Goal and policy relating to water supply and fisheries habitat protection. Adopted by GMAC on
February 28, 1996 (Goal: 4-yes, 1-n0, 1-abstention; Policy: 4-yes, 2-n0).

Water Supply

Goal2.5-3  To ensure that water extractions do not adversely affect fisheries habitat,

Protection of Environmental Resources

Policy 3.8-1 The County shall encourage and support the establishment and enforcement of
minimum bypass flows and/or other mitigations measures to protect fishery habitat.

The words "encourage and support” limits the possibility of enforcement of protections to fishery
resources. New wording should read.

The County shall establish and enforce minimum bypass flows as a measure {0
protect fishery habitat. :

There may be a reconsideration of the wording by the GMAC. The NGWC would like bypass
flows removed as an option. This would leave the North Fork Gualala without any fishery
protections.




COAST ACTION GROUP
P.0. BOX 215 |
- POINT ARENA, CA 95468

February 29, 1996

Mr. Ed Anton

State Water Resources Control Board
Division of Water Rights

P.0. Box 2000

Sacramento, CA 95812-2000

Subject: Environmental Impacts of Water Diversion - Little North Fork of the Gualala River
Additional Comments to be added to the Administrative Record

Included is reference to additional documents with evidence and arguments indicating that
potential adverse impacts from water use on the North Fork Gualala River must be considered by
a complete Environmental Impact Report. This is to be added to the record of existing evidence
added to the file by Coast Action Group and Other sources.

Summary

There is in the file evidence from many sources that indicate:

- That there is hydraulic continuity between subsurface flows and instream flows in the North
* Fork Gualala River.

That pumping water from the subsurface flow will affect instream flows during critical periods.
. That there are public trust issues to be addressed and protected.

That recent proposed upgrading of North Gualala Water Company's facilities allows for
increased delivery capacity and water use.

. That increased development potential as demonstrated in the Gualala Municipal Advisory
Council (GMAC) recommendations (Proposed General Plan and Local Coastal Plan
Amendment) indicates increased water demand from the North Fork Gualala River.

. That monitoring and controls to protect minimum low flows in the North Fork Gualala are not
adequate or functional, And, that appropriate hydrologic and use analysis with discussion of
alternative methods to protect this resource has not been completed.

There is sufficient evidence in the file, from several valid sources, to support the above
statements. A complete Environmental Impact Report and hydrological study must address the

1
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RE: PETITION TO CHANGE PERMIT 14853 (APPLICATION 21883 ) OF NORTH
GUALALA WATER COMPANY, NORTH FORK GUALALA RIVER IN
MENDOCINO COUNTY

To All Protestants:

North Gualala Water Company (NGWC) has been given until April 15, 1996, to conduct
negotiations with all Protestants to the "Change in Point of Diversion” referred-to above.

Under the auspices of Steven Weisman, Administrative Law Judge for the California
Public Utilitiess Commission and Charles Petersen, 5th District Supervisor for Mendocino
County, NGWC opened negotiations at an informal meeting of interested parties on February
23, 1996. It was agreed to continue those on March 15, 1996.

Since progress appearss to have been made with the California Department of Fish and
Game and others in the first meeting, and since most of the Protestants’ interest is in the
protection and/or enchancement of the fishery resource, it is an appropriate time to invite you
to this second meeting. If you are not able to attend, you are encouraged to contact another
Protestant on the attached list so that your concerns can be considered.

If additional information is desired, please call John Bower at (707) 884-3579 or George
Rau at (707) 462-6536. The agenda and list of Protestants is attached.
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NORTH GUALALA HEARING
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Participant Division of Water Rights, Permitting Team
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IN THE MATTER OF PERMIT 14853 (APPLICATION 21883) OF NORTH GUALALA
WATER COMPANY REGARDING LEGAL CLASSIFICATION OF GROUNDWATER
APPROPRIATED UNDER THISWATER RIGHT

TESTIMONY OF CHARLES NESMITH, ASSOCIATE ENGINEERING GEOLOGIST,
REGARDING THE LEGAL JURISDICTION OF GROUND WATER EXTRACTED BY THE
NORTH GUALALA WATER IN THE VICINITY OF THE NORTH FORK OF THE
GUALALA RIVER, MENDOCINO COUNTY, CALIFORNIA

1.0 QUALIFICATIONS

| am an Associate Engineering Geologist with the State Water Resources Control Board's (State
Water Board or Board) Division of Water Rights (Division). | have aB.S. degree in Geology,
and have taken several graduate level courses, including a course in hydrogeology. My ground
water related professional work began as a graduate student assistant with the California
Department of Water Resources where my key work projects included eval uating the impacts of
evaporation ponds on ground water in the San Joaquin Valley and studying the extent of Radon
in ground water in the Sierra Nevada Foothills.

| began full time work with the State of Californiain 1988 with the Regiona Water Quality
Control Board (Regional Water Board). | worked for two Regional Water Board Offices, the
San Francisco Bay Region and the Colorado River Basin Region. The bulk of my work with the
Regional Water Boards consisted of oversight of |eaking underground storage tank site
investigations. In this capacity | was responsible for oversight of several dozen leaking
underground storage tank sites.

| began work with the State Water Board in 1991 and have worked in several different capacities
with the State Water Board. These include the underground storage tank cleanup fund, the
landfill unit, the Department of Defense/Department of Energy Unit, the underground storage
tank program support unit, and the underground storage tank engineering unit. Most of this work
included ground water issues. While working in these various capacities | was asked to provide
my geologic and hydrogeol ogic expertise regarding several controversial petitions to the State
Water Board. Thisusually consisted of atechnical report and in some cases a technical
presentation at a Board meeting.

| transferred to the Division’s Complaint Unit approximately one year ago. My work with the
Division has included evaluation of the jurisdiction of ground water contested in several
complaints, including Deep Creek in San Bernardino County, Laguna Creek in Santa Cruz
County, Hare Creek in Sonoma County, and an unnamed in Lake County. A more detailed
description of my qualificationsisincluded in Exhibit 2.

This written testimony is based primarily on areview of the Division’s water right files for
Permit 14853 of the North Gualala Water Company (Permittee), a report by Ludhorff and
Scalmanini, January 1998, entitled “Investigation of Groundwater Occurrence and Pumping
Impacts at Elk Prairie,” State Water Board Decision 1639 (Garrapata Water Company), and
Order 95-10 (Carmel River). | aso referred to “ Ground Water and Wells,” Fletcher Driscoll,

Permitting Team
Exhibit 1
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1986, for general well and hydrogeology information and | visited the site on March 14 and
April 8, 2002.

Exhibit 3 isthe water right application and permit (Permit 14853) for the North Gualala Water
Company and Exhibit 4 is the Order approving Permittee’ s petition to add points of diversion
that are identified in the Order as offset wells (Permittee’'s Wells 4 and 5).

20 GEOLOGY

The Gualala River (River) is a southwesterly flowing coastal stream located just north of the
boundary between Mendocino and Sonoma Counties (Figure 1). The River issituated ina
meandering alluvia channel deeply incised into mostly Coastal Franciscan marine sandstone
(Figure 2). Thealluvial channel ranges in width from less than 200 feet in the upper reaches of
the River to about 1500 feet at Elk Prairie where the Permittee has installed its currently active
wells. The depth of the alluvial channel is unknown in the upper reaches of the River; however,
based on the geologic information obtained from the boreholes for the Permi ttee’ s supply wells
and exploratory wells drilled by Ludhorff and Scalmani (Exhibit 5), the depth of the alluvium in
the area of Elk Prairieis at least 150 feet (Exhibit 5a).

The major structural feature in the area is the northwest trending San Andreas Fault Zone.
Activity along the fault has created an area of weak crushed rock that controls the flow direction
of the lower reaches of the Gualala River.

3.0 APPLICATION OF CRITERIA FOR DETERMINING THE LEGAL
CLASSIFICATION OF GROUNDWATER EXTRACTED FROM PERMITTEE'’S
WELLS4AND 5

According to Water Code sections 1200 and 1201, the State Water Board has permitting
authority over subterranean streams flowing in known and definite channels. The hearing notice
asks the participants to provide evidence that supports any tests a participant advocates the State
Water Board use in determining the classification of groundwater that is extracted by Permittee’s
Wells 4 and 5. Due to the Permitting Team’s limited role in this proceeding, | am not going to
advocate a particular test, but instead will provide technical testimony and recommendations
regarding the possible criteria that would be used under the tests that may be proposed.
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Figure 1. Location map for the Gualala River
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FIGURE 2. Excerpt from a California Division of Mines and Geology map of landslides near
the GualalaRiver. The alluvium (yellow) isbounded by Franciscan Bedrock (light green). The
Elk Prairie area and the location of Permittee’ s supply wells are a'so noted. Landslides are
shownin grey.

3.1 TheGarrapata Test

State Water Board Decision 1639 (Decision) regarding Garrapata Creek in Monterey County
(Exhibit 6) isthe most recent Board decision relating to subterranean streams. In its decision, the
Board identified four factors that must exist for ground water to be classified as a subterranean
stream (the “ Garrapata test”):

1. A subsurface channel must be present;

2. The channel must have relatively impermeable bed and banks;

3. The course of the channel must be known or capable of being determined by reasonable
inference, and;
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4. Groundwater must be flowing in the channel.

The Board also stated on page 6 of the Decision that a subterranean stream need not be
interconnected with a surface stream. Like a surface stream, a subterranean stream is merely the
flow of water in a defined channel that may or may not daylight above the ground to create
surface flow. As such, the Board determined in the Decision that the expert testimony provided
by the Applicant (Garrapata Water Conpany) concerning the interconnection of the ground
water in the aluvium with the surface flow of Garrapata Creek was immaterial to the legal
classification of ground water. Interconnection with surface water as a possible factor is
discussed in the “ Other Proposed Criteria’ section, below.

3.2 Applying the Garrapata test to the North Fork of the Gualala River

Of the four components of the Garrapata test, three of them are interrelated. That is, in the
context of subterranean streams, a channel is a geologic feature identifiable in the field or on a
map (known and definite) whereby water flows preferentially through the channel rather than the
rock units (the bed and banks) bounding the channel.

Figure 2 above shows the alluvium (in yellow) associated with North Fork of the Gualala River
bounded by marine sandstone (in green) of the Franciscan Formation. The results of short term
pumping tests from wells installed in bedrock and wellsinstalled in the alluvium (discussed
below) indicate a significant difference in permeability between the two rock units. This
difference in permeability between the bedrock and the alluvium creates a subsurface channel of
preferential ground water flow. The course of the subsurface channel is known by the trace of
the bedrock/alluvium contact shown on the map in Figure 2.

The subject points of diversion are located in the Elk Prairie area of the North Fork of the
Gualala River (see Figure 2). Exhibit 5b is a ground water contour map prepared by Ludhorff
and Scalmanini showing a southwesterly gradient for the ground water located in the alluvium
where the subject wells are installed. The presence of the gradient indicates that groundwater is
flowing in the subsurface channel at the points of diversion.

The above discussion shows that three of the four components of the Garrapata test are present at
the North Fork of the Gualala River, i.e., ground water is flowing in aknown and definite
subsurface channel. The remaining factor requires an evaluation of whether or not the bed and
banks are relatively impermeabl e such that a subterranean stream is formed.

Although this appears at face value to be a simple concept, the permit record indicates otherwise.
During the events that led to this hearing, the Division and the Permittee debated a qualitative
evaluation of the permeability of the pertinent rock units (i.e., whether or not the units are “water
bearing”) rather than a comparison of the actual permeabilities. A 1998 exchange of
correspondence between the Division and the Permittee (Exhibits 7 and 8) included a discussion
as to whether or not the bedrock in the area forms the bed and banks of a subterranean stream. In
this exchange, while citing the same well performance data, the Division asserted that the
bedrock in the area was not water bearing and the Permittee asserted that it was water bearing.
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The underlying assumption of both parties was that the “water bearingness’ of the bedrock bore
directly on the issue of bed and banks.

However, saying whether or not arock iswater bearing, without strictly defining the term, is
meaningless. Most subsurface rock materials contain water and, where saturated, will release
some of that water under stress (i.e., gravity or pumping). Some rocks will readily yield much
more of that water at afaster rate than other rocks, and this ability largely relates to the primary
(pore space between grains) or secondary (joints and fractures) permeability. Permeability is
simply ameasure of the interconnectedness of the pore space in therock. The total amount of
water that may be released by arock is mostly dependent on its permeability and the volume of
pore space that contains water. These are the major components of arock’s “coefficient of
storage,” often known asits “storativity” or “storage capacity.”

A rock may store alarge volume of water but not have the permeability to release that water
sufficiently to meet the demand for that water. Clays typically range in porosity of 45% to 55%
compared to 10% to 35% for sand and gravel (alluvium). (Exhibit 9, p. 67, Table5.1.) Clay
layers, however, because of their low permeability, typically form the aquitards that divide
confined and unconfined ground water or act as horizontal ground water barriers between
unconfined aguifers. In fact, saturated clays may form the boundary of an aluvia channel and
theoretically could be considered the bed and banks of a subterranean stream (under the
Garrapatatest) if the permeability of the clay was sufficiently less than the channel aluvium.
Thiswould be true despite the fact that the clay actually contains much more water than the
aluvium.

The qualitative debate between the Division and the Permittee regarding “water bearingness’
mostly revolved around the issue of whether or not the Franciscan sandstone could yield enough
water to meet demand. Division staff apparently did not consider the ability of the bedrock to
meet domestic supply demand (i.e., afew gallons per minute) sufficient to label the rock as
“water bearing” and the Permittee disagreed.

This brings us to the crux of the debate regarding the comparison of permeability between the
bed and banks and channel materials. Some people argue that the bed and banks should be
sufficiently impermeable, and thus sufficiently non-water bearing, to not even yield enough
water for adomestic supply. Others argue that the bed and banks and the channel material
should only differ enough in permeability to form a subterranean stream.

The Garrapata decision rested on the latter “relatively impermeable” approach. The fractured
granitic bedrock at Garrapata was considered by the Board to be sufficiently impermeable,
compared to the alluvium, to form the bed and banks of a subterranean stream. Y et, based on
specific capacity (discussed below) data, most of the wells installed in the bedrock were capable
of providing adomestic supply, i.e., about 75 gallons per day per person, or 300 gallons per day
for afamily of four. A well only has to be continuously pumped at 0.3 gallons per minute to
meet this demand.

In considering the North Fork of the Gualala River, | have taken a quantitative approach that is
based on a comparison of the specific capacities of wellsinstalled in the bedrock and wells
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instaled in the alluvium. The ability of arock to release water, i.e., its “water bearingness,” is
reflected in the specific capacity of awell installed in the rock. The specific capacity of awell is
defined in Driscoll asitsyield per unit of drawdown. (Exhibit 9, p. 207.) For example, if awell
is pumped at 250 gallons per minute and the water level in the well drops 10 feet at this pumping
rate, the specific capacity of the well is 250 gpm / 10 ft or 25 gpm per foot. If pumped at the
same rate and the water level drops 100 ft, then the specific capacity is 2.5 gpm per foot, an order
of magnitude difference. The second example represents an aquifer with significantly less
permeability than the first.

As noted by staff and acknowledged by Permittee (Exhibits 7 and 8), a 1982 Department of
Water Resources report entitled “Mendocino County Coastal Ground Water Study” indicated
that the mean specific capacity of wells screened in Franciscan Bedrock (near Elk Prairie) is
0.265 gpm per foot (Exhibit 10). The Permittee has installed five production wellsin the
alluvium within 200 feet of the North Fork of the Gualala River, with the first three wells now
inactive and Well 5 only used as a backup. The logs for these wells are shown in Exhibits 5¢ and
11. For each well, the driller conducted a short-term (1 to 3 hours) pumping test noting
drawdown and pumping rate. Long term pumping tests (80 and 24 hrs) of Well 4 were
conducted by Ludhorff and Scalmanini for the Elk Prairie investigation. Based on the
information in the well logs, the pumping tests revealed the following:

WEell 1 had 15 ft of drawdown at 60 gpm = 4.0 specific capacity

WEell 2 had 5 ft of drawdown at 50 gpm = 10.0 specific capacity

WEell 3 had 2 ft of draw down at 50 gpm = 25.0 specific capacity

WEell 4 had 0.0 ft drawdown at 60 gpm = greater than 60.0 specific capacity
WEell 5 had 20.7 ft of drawdown at 700 gpm = 33.8 specific capacity

Using these specific capacities calculated from short term' tests, the mean specific capacity for
thealuviumis:

4+10+ 25+ 60+ 33.8/5=26.56 gpm per foot

Comparing 26.56 to 0.265 shows exactly 2 orders of magnitude difference between the mean
specific capacity of wellsinstaled in the aluvium to wells installed in the bedrock.

Thisis consistent with the findings regarding permeability included in the Ludhorff and
Scalmanini report and in subsequent correspondence regarding the report as indicated by the
following statements:

! Thelong term (80 hour) pumping test for well 4 for indicated 1.9 feet of drawdown at 258 gpm giving a specific
capacity of 136 gpm per foot. Thelower number for the short term test was used in the cal culation because the other
tests were also short term, and the lower number is more conservative for the purpose of comparing specific
capacities.



Testimony of Charles NeSmith
Page 8 of 13

“The consolidated Franciscan Complex has a much lower permeability but is sufficiently
porous to store large volumes of precipitated water which slowly drainsto maintain stream
base flows throughout the season.” (Exhibit 5d.)

“Therelatively lower permeability of the Coastal Franciscan when compared to the
alluvium is not disputed, but this difference does not address the water storage possibility
within the Coastal Franciscan.” (Exhibit 8, p.2.)

In these statements, while acknowledging the significant difference in permeability between the
pertinent rock units, Ludhorff and Scalmanini appear to claim that the ability of the Franciscan
bedrock to store and slowly release alarge volume of water to the alluvium overrides this
difference in permeability. However, as discussed above, the Garrapata decision can be
construed to acknowledge that the granitic “bed and banks” were sufficiently permeable to
supply water for domestic use. Under the right conditions, i.e., where a deep aluvial channel
exists, even bedrock of this limited permeability may slowly release a significant volume of
water into the aluvial channel, yet the determination of “bed and banks’ and thus the finding of
the presence of a subterranean stream remains valid.

The minimum magnitude of the difference in permeability (Pmin) between the pertinent rock
units that is sufficient to establish the bed and banks of a subterranean stream has not yet been
established. The SWRCB's selection of the Pmin is the single most important factor that will
ultimately determine the number of subterranean streams that are found in California under the
Garrapata test.

Nearly al streamsin Californiain areas of high relief (mountains and foothills) consist of
alluvium (that has eroded from the bedrock) bounded by the bedrock. This bedrock may consist
of igneous rocks formed by interlocking crystals, sedimentary rocks formed by consolidation of
sediments, or metamorphic rocks formed by altering igneous and sedimentary rocks via intense
pressures and temperatures over along period of time. The permeability of these rocks varies
considerably, and consists of both primary permeability and secondary permeability.

My opinion, which is based on theoretical values (Exhibit 9, p. 75, Figure 5.14) and actual
permeability values gleaned from my experience in the Complaint Unit, is that nearly 95% of the
aluvia channels surrounding streams in areas of high relief would be considered subterranean
streams if the Pmin is set at one order of magnitude difference between the alluvium and
bedrock. At two orders of magnitude, asis the case for the North Fork of the Gualala River, the
number of subterranean streams would be reduced to about 70%. At three orders of magnitude,
the number would be reduced to about 10% (i.e., rare). Above that (i.e., severa orders of
magnitude), | believethat it islikely that only limestone caverns and lava tubes could qualify as
subterranean streams, thus making the subterranean stream extremely rare.

In the Carmel River Decision (Exhibit 12), the State Water Board concluded that the relatively
impermeable rocks formed the bed and banks of a subterranean stream. A calculation of the
specific capacities indicates that the specific capacity for the alluvium was 60 gpm/foot and the
bedrock ranged from 0.1 to 0.0001 gpm/foot. This amounts to a magnitude of differencein
permeability of about 2.5t0 4.5. If the Pmin was set at 3 orders of magnitude in the Carmel
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River proceeding, it is possible that the State Water Board may not have determined that the bed
and banks were relatively impermeable and may not have found the subsurface flow of the river
to be a subterranean stream.

My recommendation is to set the Pmin at one order of magnitude. An order of magnitude
difference is significant. It means that water has a 10/1 preference for flowing through the
channel rather than its bed and banks. It also meansthat awell installed completely in the
bedrock will have 10 times less the performance than awell installed in the channel, and thus
will have asignificantly reduced potential impact on the nearby stream compared to awell
installed in the channel.

If the Pmin higher is set higher than one order of magnitude, fewer subsurface flows will be
found to be subterranean streams subject to the Board' s permitting authority. Thiswill result in
unregulated ground water extraction from the alluvium associated with a large number of
California streams and potential negative impacts from these uncontrolled ground water
diversions. Additionally, there may be no State Water Board protection for currently permitted
ground water purveyors against new wells installed near their points of diversion. Because of the
limited size of alluvial channelsin narrow canyons, additional pumping in the areais more likely
to have an impact on existing wells than in areas with larger basins.

If the Pmin is set at one or two orders of magnitude, the bed and banks of the North Fork of the
GuaaaRiver are sufficiently impermeable to qualify as the relatively impermeable bed and
banks of a subterranean stream.

Applying the four criteria of the Garrapata test to the North Fork of the Gualala River, as
discussed above, | conclude that Permittee’s Wells 4 and 5 are extracting water from a
subterranean stream flowing in a known and definite channel.

3.3 Other Proposed Criteria
3.3.1 Pumping Impact Test, Ground Water Flow Direction, and Aquifer Recharge

After the Permittee submitted a change petition to the Division to add Wells4 and 5 to the
authorized points of diversion for Permit 14853, several protests were lodged against the
proposed changes. These protests primarily focused on the potential impacts of the Permittee’s
pumping on streamflow and fish in the North Fork GualaaRiver. In response, the Permittee
hired Ludhorff and Scalmanini to prepare the 1998 report referred to above (Exhibit 5). The
Permittee directed them to analyze the occurrence of ground water in the area, its relationship to
the River, and the direct impacts of Permittee’ s proposed pumping on streamflow. Ludhorff and
Scalmanini subsequently installed monitoring wells inthe Elk Prairie area and conducted along
term pumping test on Well 4.

Based on the results of ground water level monitoring and the pumping test, Ludhorff and
Scalmanini concluded that ground water beneath Elk Prairie does not occur in a subterranean
stream, nor does it occur as underflow, because:
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1. Thereisaperennia ground water gradient toward, and discharge into, the North Fork of the
GualalaRiver;

2. Thereisno “channelized” ground water flow parallel to the River at Elk Prairie; and
3. The ground water is not recharged by influent stream seepage from the Gualaa River.

Conclusions (1) and (2) relate, in part, to Ludhorff and Scalmanini’ s premise that no significant
seepage from the bedrock into the alluvium should be occurring where the permeability
difference between the alluvium and bedrock is sufficient to form a subterranean stream.
Ludhorff and Scalmanini assert that Conclusion (1) indicates that significant seepage is occurring
from the bedrock into the alluvium and that this shows that the bedrock is not sufficiently
impermeable, as compared to the aluvium, to form the bed and banks of a subterranean stream.

However, as discussed above, the bed and banks of a subterranean stream are established at the
North Fork of the Gualala River by comparing the permeability of the pertinent rock units as
indicated by the specific capacities of wellsinstalled in those rocks (using a standard of one or
two orders of magnitude). The Garrapata Decision can be construed to alow the bedrock to
have sufficient permeability to supply domestic wells while still being classified as the bed and
banks of a subterranean stream. At thislevel of permeability, one would expect some ground
water to flow between the alluvium (including the surface stream) and the bedrock. If this
ground water flow is seeping from the bedrock into the alluvium, it may cause the ground water
gradient to incline toward the stream (influent stream).

The above discussion shows that it is possible for bedrock to be sufficiently impermeable, as
compared to the aluvium, to form the bed and banks of a subterranean stream and still alow
enough bedrock seepage of ground water into the alluvium to cause the ground water gradient to
incline toward the stream. Furthermore, areview of the testimony provided by the Permitting
Team in the Garrapata case demonstrates that a ground water gradient inclined toward the stream
does not necessarily mean that there is significant seepage from the bedrock into the alluvium.
Such agradient coud be caused by slow inflow of ground water into the alluvium along the
soil/bedrock interface rather than the bedrock.

Conclusion (2) essentially rests on the same arguments as Conclusion (1), i.e., “channelized”
ground water flow is not indicated if the ground water gradient isinclined toward the stream
(i.e., a ahigh angle to the stream), and can be dismissed accordingly.

Based on their analysis of the results of the Well 4 pumping test, Ludorff and Scalmanini appear
to assert another premise regarding ground water gradient—the concept of “once percolating
ground water, always percolating ground water.” Under this premise, in the case of an effluent
stream, the ground water in question was once part of the stream (i.e., was once clearly
jurisdictional water), and thus remainsjurisdictional. Similarly, in the case of an influent stream,
the ground water was percolating ground water before it entered the aluvial channel, and thus
remains percolating ground water provided that it is not pumped at such arate that the stream
becomes an effluent stream drawing jurisdictional water. This brings usto Conclusion (3).
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According to their investigation, Ludhorff and Scalmanini concluded that the ground water
gradient remains toward the Gualala River (influent stream) during pumping, and thus, the
ground water beneath Elk Prairie does not occur in a subterranean stream. (Exhibit 5e.)

There are two problems with this conclusion. First, under the Garrapata test, it does not matter
which direction the ground water is flowing (e.g., from bedrock to alluvium), or whether a
stream isinfluent or effluent, because the subterranean stream is the alluvial channel bounded by
the bedrock “bed and banks.” Assuch, all ground water flowing in the channel is subject to the
State Water Board’ s permitting authority regardless of the ground water’s purported origina
character.

Second, this premise is flawed even with respect to evaluating the potential impacts of ground
water pumping on the stream. Pumping from Well 4 clearly prevents ground water that would
have contributed to the recharge of the River, sans pumping, from contributing to that recharge.
Just because the pumping isn’t sufficient enough to reverse the ground water gradient does not
mean that the stream will not be significantly impacted by reduced recharge.

3.3.2 Interconnection With a Qurface Stream

It has been suggested that interconnection with a surface stream should be afactor in
determining whether a subterranean stream exists. Interconnectedness is not part of the
Garrapatatest. If interconnectedness with surface water was required for a subterranean stream
to exist, even the classic examples of limestone caverns and lava tubes would not be considered
to be subterranean streams.

Even if interconnectedness was incorporated as a criterion in this proceeding, it is clear that the
Gualala River would meet that criterion. Ludhorff and Scalmanini go to great lengths to show
the interconnectedness of the alluvia aquifer with the Gualala River to support their contention
that the Gualala River is a gaining stream (Exhibit 5f).

3.3.3 Water Quality

It has been suggested that there should be some strong similarities between the quality of the
surface water and that of its underflow. The suggestion has also been made that in the case of a
subterranean stream, groundwater quality needs to be uniquely and consistently indicative of
highly channelized conditions, i.e., constant in a downgradient direction and not randomly
responding (changing) to arange of varying inputs (recharge, subsurface inflow, etc.)

A requirement that surface and groundwater chemistry be identical is not a component of the
Garrapata test and should not be added as a component. Although water chemistry may be
relevant in terms of locating the bed and banks where well logs have been lost or are unavailable,
there is no reason to expect that ground water and surface water chemistry need to be of similar
character. Ground water istypically higher in total dissolved solids because it spends much
more time in contact (residence time) with earth materials than surface water. Additionally,
surface water istypically recharged by several different sources, e.g., direct rainfal, surface
runoff, ground water, and tributaries to the river. These multiple sources may create surface
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water of adifferent chemical nature than nearby ground water that is either recharged by the
river or recharges theriver.

Assuming, hypothetically, that water quality is considered as a criterion, Ludhorff and
Scalmanini acknowledge that “there are similarities in surface-water quality and ground-water
quality” (Exhibit 5g). Consequently, the subsurface flow would meet that additional criterion..

3.3.4 The Recharge Zone Impact Test

Another proposed test iswhat | characterize as the Recharge Zone Impact Test. Essentially, this
test uses presumptions to determine jurisdiction and establishes a series of findings, including the
following first two findings:

1. A well situated within 1000 feet of a surface stream recharge areais presumptively within the
Board' sjurisdiction if either (a) a substantial percentage of the well’ s annual flow is
extracted from the stream recharge area, or; (b) the well produces substantial stream
depletion determined as of the period of the most critical flows of the stream system it
impacts.

2. The presumption shall be rebutted if either (a) the well is screened below a clay layer of such
thickness, and where conditions denote lateral continuity, that indicates lack of well impact
on the stream, or (b) the well does not create a measurable drawdown at the edge of the
stream recharge area, indicating alack of hydraulic influence from the stream.

Assuming, hypothetically, that this test is used to determine whether a subterranean stream
exists, Exhibit 5b shows that wells 4 and 5 are located within 200 feet of the North Fork of the
GualaaRiver. My own field investigation verified this. A stream recharge area, which could be
calculated by connecting the nodes of stream meanders, is by definition larger than the stream
itsalf.

Asindicated by the extensive pumping tests of well 4, virtually all five monitoring wells showed
some drawdown during the test. This means that the cone of depression extended at least out to
these wells. Figure 3 indicates the calculated stream recharge area. Wells 4 and 5 are within this
recharge area and a substantial portion of the cone of depression created during the pumping test
of well 4 islocated within this recharge zone. Therefore, Well 4, and nearby Well 5 (asimilar
performing well), draw a substantial portion of their annual flow from the stream recharge area.
Accordingly, Wells 4 and 5 meet the first component of presumptive jurisdiction, based on the
Elk Prairie investigati on.

This presumption of jurisdiction cannot be rebutted under this test because (1) the well logs for
WEells 4 and 5 do not indicate a significant clay layer above the well screen; and (2) as noted
above, the wells create a measurable drawdown at the edge of the stream recharge area.
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4.0 ADDITIONAL WELLS

The hearing notice asks if the Permittee will extract groundwater that is subject to the laws
governing surface water rightsif it installs and pumps groundwater from new wells on its
property in the Elk Prairie area, but the notice doesn’t identify where these new wells may be
located.

If the Garrapata test is used, any well that Permittee installs in the alluvium of the North Fork of
the Gualala River will beinstalled in a subterranean stream. Thisis aso the case under the other
proposed tests that relate to the characteristics of the bedrock versus the characteristics of the
aluvium (e.g., water quality and ground water gradient related to seepage from bedrock).

Under the Recharge Zone Impact Test, there is some jurisdictional leeway with respect to
distance of the proposed wells from the River. However, the further from the River, the closer to
the bedrock. The Permittee has already installed wells near the bedrock (Wells 1, 2, and 3) and
they eventually drew poor quality water and had to be abandoned. Any useable new well would
likely fall within the jurisdiction of Division under the Recharge Zone Impact Test.

5.0 CONCLUSION

Under the Garrapata test, the Permittee’s Wells 4 and 5, and any new wellsinstalled in the
alluvium, extract groundwater from a subterranean stream flowing in a known and definite
channel and are subject to the State Water Board' s permitting authority.

Under the Recharge Zone Impact Test, the Permittee’ sWells 4 and 5, and likely any new wells
installed in the aluvium, extract ground water from a subterranean stream flowing in a known
and definite channel and are subject to the State Water Board’ s permitting authority.
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Complaint Unit
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Responsible for investigating and resolving water rights
complaints. Typically this involves reviewing the evidence
presented by the Complainant and the Respondent,
inspecting the site and meeting with all interested parties,
and preparation of an investigation report with
recommendations.

DIVISION OF CLEAN WATER PROGRAMS

Underground Storage Tank Engineering Unit
(4 years)

Most of this work involved leading the State Water
Resources Control Board (SWRCB) effort to write
regulations to implement, interpret, and make specific
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Bill 989. These regulations were adopted by the Board in
May 2001.
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review of local agency underground tank programs, auditing
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programs, technical reviews of proposed underground
storage tank equipment, and answering questions from the
public and local agencies.
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Underground Storage Tank Petition Review Unit
(2 years)

This work involved analysis of the technical issues raised by
an aggrieved party responsible for remediation of an
unauthorized release from a petroleum underground storage
tank. The analysis required a full understanding of UST
regulations and how they relate to the geologic and
hydrogeologic conditions at the site, and to the fate and
transport characteristics of the constituents of concern.
Findings were put in a technical report to SWRCB attorneys,
and if necessary, a technical presentation was made before
the Board.

Agreement in Principle Program
(1.5 years)

This program involved coordinating oversight efforts with the
Department of Health Services for two US Dept. of Energy
(DOE) groundwater cleanup sites -- Stanford Linear
Accelerator Center and Lawrence Berkeley Laboratory.
Duties included review of hydrogeologic reports prepared by
the DOE, development of site investigation strategies, and
conducting pumping tests.

Solid Waste Assessment Test Program
(2 years)

This program involved the compilation and analysis of
chemical and hydrogeologic data collected by landfill owners
in response to the Calderon Solid Waste Assessment Test
Act. Work activity included evaluation of site specific
geology and hydrogeology, and types of wastes deposited in
the landfill, in relation to the nature of any soil and
groundwater pollution found at the site. The results of this
work were used to support the development of new
regulations for the construction and operation of Class 3
landfills.

Underground Storage Tank Cleanup Fund Program
(1 year)

This work involved the development of plain English
guidelines for helping tank owners understand the site
remediation process and thus facilitate cost-effective



decisions regarding the nature and extent of investigations
at their site. Additional duties included evaluating site-
specific underground tank investigations as they related to
the cost-effectiveness standards of Article 11 of the
California Underground Storage Tank Regulations.

JUNE 1989 - OCTOBER 1991: REGIONAL WATER
QUALITY CONTROL BOARD, PALM DESERT, CA.

ENGINEERING GEOLOGIST

Program manager for the Regional Water Board
underground storage tank unit from June 1990 to October
1991. Managing this program included review and comment
on site investigation reports, development of site
investigation strategies, preparation of enforcement orders,
budgeting, prioritizing activities, response to complaints, and
supervision of staff also involved in the program.

Previous duties involved oversight of a hazardous waste
facility in Westmoreland, Ca. This included preparation
and/or amendment of waste discharge requirements,
conducting compliance inspections, review and evaluation of
groundwater monitoring reports with respect to the leak
detection statistical analysis approved for the facility, and
oversight of the construction of two hazardous waste units.

Miscellaneous duties included preparation of waste
discharge requirements for an aquaculture facility at the
Salton Sea, and preparation of a general national pollutant
discharge elimination system (NPDES) permit to facilitate
timely cleanup of leaking underground storage tank sites.

OCTOBER 1988 - JUNE 1989: REGIONAL WATER
QUALITY CONTROL BOARD, OAKLAND, CA.

ENGINEERING GEOLOGIST

Duties here included working in the Well Investigation Program
determining the source of pollution of municipal wells. Activities
included surveys of potential sources near a well, analysis of
local geology and hydrogeology, soil-gas surveys, and
sampling of wells.
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STATE OF CALIFORNIA—STATE WATER RIGHTS BOARD

Application No.___21883_____ Filed August 26, 196k, at _3:40_P.M, i

(Applicant must not fill in the shbove blanks)

APPLICATION TO APPROPRIATE UNAPPROPRIATED WATER

1 John J. Bower dba North Gualala Water Company
T Name of spplicant or spplicants
of __Gualala _County of__ Mendocino
Address
State of California , do hereby make application for a permit to appropriate the

following described unappropriated waters of the State of California, SUBJECT TO VESTED RIGHTS:

Source, Amount, Use and Location of Diversion Works

1. The source of the proposed appropriation is North Fork of Gualale River
Give nsme of stream, lake, etc., if nzmed; if upnamed state nature of source and that it is unnamed
located in...Mendocino County, tributary to Gualala River .

2. The amount of water which applicant desires to appropriate under this application is as follows:

(a) For diversion to be directly applied to beneficial use....._2 cubic feet per
1 cubic foot per second equals 49 sestute miner’s inches or 646,317 gallons per day
second, to be diverted from. January 1 to_._. December 31 of each year.
Beginning date Closing dats
(b) For diversion to be stored and later applied to beneficial use acre-feet
1 acre-foot equals 325,851 galloru
per annum, to be collected between and of each season.
Beginning dats Closing dats

NoTte.—Answer () or (b) or both (4) and (&) as may be necessary. If amount under (g) is less than 025 cubic foot per second, state in gallons per
day. Neither the amount nor the season may be increased after application is filed. If underground storage is proposed a special supplemental form will be
supplied by the State Water Rights Board upon request.

3. The use to which the water is to be applied is..._municipal

Domestic, irrigation, power, municipsl, mining, industrial, recreationsl

purposes.

4. The point of diversion is to be located__confluence of Iittle North Fork end North Fork of

State bearing and distance or coordinate distances from section or quarter section corner

Gualala River S 1100' and E 1750' from NW corner of Section 2%

being within the NE: of MW

State 40-acre subdivition of public land survey or projection thereof

of Section.. 23 , T 11N , R oW y M.D. B & M., in the County of Mendogino

S. The main conduit terminates in NE“ of NW" of Sec...22 , T. 11N R.AM M.D. B & M.

State 40-acre subdivision of U, 8. Government mrvey or projection thcreof

Description of Diversion Works

NOTE.—An application cannot be approved for an amount grossly in excess of the éstimated capacity of the diversion works.

6. Intake or Headworks (fill only those blanks which apply)

(a) Diversion will be made by pumping from offset well
Sump, offset well, unobstructed channel, etc.
(b) Diversion will be by gravity, the diverting dam being 3 ...feet in height (stream bed teo
level of overflow); 50 feet long on top; and constructed of earth r
Concrete, earth, brush, stc.
(¢) The storage dam will be feet in height (stream bed to spillway level); feet
long on top; have a freeboard of feet, and be constructed of -

Concrets, earth, ste.

7. Storage Reservoir Noxrth Gualala. Water Compsny concrete storage tanks

Neome
The storage reservoir will flood lands in none e
Indicate section or sections, also 40-acre subdivisions unless shown wpon map
It will have a surfaceareaof ... . acres, and a capacity of _ _.acre-feet, If reservoir has a
capacity of 2§ acre-feet or more fill in the following: Diameter of outlet pipe. .. ___. inches; length .. . feet;
difference in elevation from spillway level to highest point of outlet pipe . feet; fall in pipe . feet.

5™ In case of insufficient space for answers in form, attach extra sheets at top of page 3 and cross reference.

Form 1 Permitting Team
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The size of the nozzle to be used is..____ . .inches.

""\-;g e %w . be returned ta - mm,@mm\% .
15. Municipal Use. This application is made for the purpose of serving Gualela, Celiforni

“ Name city or citles, town or towns. Urban areas caly

having a present population of 1500

The estimated average daily consumption during the month of maximum use at the end of each five-year period until the full

amount applied for is put to beneficial use is as follows:

1965 112,500 gallons per day

1970 500,000 gallons per day

1975 1,200,000 gallons per day

16. Mining Use. The name of the mining property to be served is

Name of claim

and the nature of the mines is ..
Gold placer, quartz, ete.

The method of utilizing the water is

It is estimated that the ultimate water requirement for this project will be

Cubic feet per sccond, gallons per minute. State basis of estimate

The water will polluted by chemicals or otherwise
Wlu not Explain nature of pollution, if any
and it will be returned to in i of
will not Name stream State 40-acre subdivision
Sec , T , R s B. & M,
17. Other Uses. The nature of the use proposed is domestic
Industrial, recreational, domestic, stockwatering, fish culture, ete.
State basis of determination of amount needed. ___ 5000 residences average 3 persons per residence using

Number of persons, residences, area of domestic lawns and gardens, aumber and kind of stock, type

General
18. Are the maps as required by the Rules and Regulations filed with Application? T Jes I If not,
e or No
state specifically the time required for filing same
19. Does the applicant own the land at the proposed point of diversion? no If not, give name and

3 “Yes 6r No

address of owner and state what steps have been taken to secure right of access thereto._Gualals Redwoods,
Gualala, California negotiations underwsy to purchase necessary rights.

20. What is the name of the post office most used by those living near the proposed point of diversion?

Gualala, California

21. What are the names and addresses of claimants of water from the source of supply below the proposed point of

diversion? None

[SicNATURE OF APPLICANT] [e/ John J. Bower
DBA NORTH GUALALA WATER CO.

A PUBLIC UTILITY




8. Conduit System (describe main conduits only)

(a) Canal, ditch, flume; Width on top (at water line) feet; width at bottom

Cross out two not used

feet; depth of water feet; length feet; grade feet per 1,000 feet; materials

of construction
Earth, tock, timber, ¢tc.

(b) Pipe line: Diameter 6 inches; length ... 4500 feet; grade feet per

1,000 feet; totalfja}f{from intake to outlet 900 feer; kind.__8teel and asbestos cement

Riveted sveel, concrete, wood-stave, ete.

Note.—~If a combination of different sizes or kinds of conduit is to be used, attach extra sheets with complete description, also show location of each
clearly on map.

9. The estimated capacity of the diversion conduit or pumping plant proposed is 400 gallons per minute pesk demand

State cubic fest per second or gallons per minuce

The estimated cost of the diversion works proposed is $25,000.

Give only cost of intake, or headworks, pumps, storage reservoirs and main
conduits described herein

Completion Schedule

10. Construction work will begin on or before September 1, 1964

Construction work will be completed on or before July 1, 1965

The water will be completely applied to the proposed use on or before ... 975

Description of Proposed Use

11. Place of Use, .. Sections 21, 22, 2%, 27, 28, 16 and 17 of T1IN, R15W, MDB&M.

State 40.acre subdivisions of the public land survey. If area is unsurveyed indicate the location as if lines of the public land
i

survey were projected. In the case of irrigation use state the number of acres to be irrigated in each 40-acre tract, if space permits. If space does not permit listing of all

40-acre tracts, describe arez in 2 general way and show detail upon map.

Do (es) applicant(s) own the land whereon use of water will be made?_.__SOME Jointly?

.. . Yes or No Yer or No
All joint owners should includr their names as applicants and sign application at bottom of third page.

If applicant does not own land whereon use of water will be made, give name and address of owner and state what arrmgcmenu have been made with him,

12. Other Rights, Describe all rights except those on file with the State Water Rights Board under which water is served
to the above named lands.

{riparian, "PZS;;‘::;:'?ﬁﬁgil‘id water, sic.) Year of First Use Ig::lx?ggei;oiiiﬁ?inyfzi' Season of Use Source of Other Supply
1. . 1
2. |
3. ! !
4.

Attach supplement at top of page 3 if necessary.

13. Irrigation Use. The area to be irrigated is... e e e e e wom e - ACTES,
Stata nee scresge oo bc Irrig-ud
The segregation of acreage as to crops is as follows: Rice. ... acres; alfalfa acres;
orchard acres; general crops acres; pasture acres,

Note.—~Care should be taken that the various statements as to acreage are consistent with each other, with the statement in Parsgraph 11, and with
the map.

The irrigation season will begin about ... .and end about
Beginning dste Closing date
14, Power Use. The total fall to be utilized is : feet,
Difference between nozzle or draft tube water level and first free water surface above
The maximum amount of water to be used through the penstock is.. ... . cubic feet per second.
The maximum theoretical horsepower capable of being generated by the works is - horsepower.

Second feet X fall 4+ 8.8

The use to which the power is to be applied is....._._. - . i

For distribution and sale or private use, etc.

The nature of the works by means of which power is to be developed is. ... ...
Turbine, Pelton wheel, etc.

The size of the nozzle to be used is.._..._...__ . inches.

.

in S, of
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APPLICANT MUST NOT FILL IN BLANKS EELOW

PERMIT No._ 14853

This is to certify that the application of which the foregoing is a true and correct copy has been considered and approved
by the State Water Rights Board SUBJECT TO VESTED RIGHTS and the following limitations and conditions:

1. The amount of water appropriated shall be limited to the amount which can be beneficially used, and shall not exceed

2 cubic feet per second by direct diversion to be diverted from January 1 to December 31

of each year. (m»n i s ::"‘\
2, The maximum amount herein stated may be reduced in the license if investigation warrants. (177 ¢ * (¢ )
3. Actual construction work shall begin on or before December 1, 1965, and shall
thereafter be prosecuted with reasonable diligence, and if not so commenced and prosecuted this permit may be revoked.
Fove o
4. Said construction work shall be completed on or before  December 1, 1967. (ovoo 0 )

5. Complete application of the water to the proposed use shall be made on or before Decembexr 1, 1968, (o

6. Progress reports shall be filed promptly by permitteec on forms which will be provided annually by the State Water
Rights Board until license is issued. (e o /0 \;

7. All rights and privileges under this permit including method of diversion, method of use and quantity of water diverted
are subject to the continuing authority of the State Water Rights Board in accordance with law and in the interest of the
public welfare to prevent waste, unreasonable use, unreasonable method of use or unreasonable method of diversion of said
water. U D
NN g
. . , , ‘ o Ten
8. Permittee shall allow representatives of the State Water Rights Board and other parties, as may be authorized from
time to time by said Board, reasonable access to project works to determine compliance with the terms of this permit.

9, Permittee shall at all times bypass a minimum of 5 c¢fs or the natural flow of
the stream if less than 5 cubic feet per second from November 1 of each year to Jume 1
of the following year, and 1 cubic foot per second or the natural flow if less than

1 cubic foot per second from June 1 to November 1 of each year, at the polints of .
diversion to maintain fishlife. <6“4 0@690)
G R

This permit is issued and permittee takes it subject to the following provisions of the Water Code:

. Section 1390. A permit shall be effective for such time as the water actually appropriated under it is used for s useful and beneficial purpose in con-
£ \y ™, formity with this division (of the Water Code), but no longer.
. } Section 1391, Every permit shall include the enumeration of conditions therein which in substance shall include all of the provisions of this article
L\ o and the statement that any appropriator of water to whom a permit is issued takes it subject to the conditions therein expressed.
) Section 1392. Every permittee, if he accepts a permit, does so under the conditions precedent that no value whatsoever in excess of the actual amount
\‘\1:}\} paid to the State therefor shall at any time be assigned to or claimed for any permit granted or issued under the provisions of this division (of the Water
> Code), or for any rights granted or acquired under the provisions of this division (of the Water Code), in respect to the regulation by any competent
3\\ public authority of the services or the price of the services to be rendered by any permittee or by the holder of any rights granted or acquired under the
provisions of this division (of the Water Code) or in respect to any valuation for purposes of sale to or purchase, whether through condemnation proceed-
"™~ ings or otherwise, by the State or any city, city and county, municipal water district, irrigation district, lighting district, or any political subdivision of
the State, of the rights and property of any permittee, or the postessor of any rights granted, issued, or acquired under the provisions of this division (of
the Water Code). : . :

StaTE WaTER RicHTs BoArD

XK Meeo

L. X. Hill
Executive Officer

Dated: SEPY

1965
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STATE OF CALIFORNIA
STATE WATER RESOURCES CONTROL BOARD
DIVISION OF WATER RIGHTS

ORDER WR-59-09-DWR.

In the Matter of Minor Protested Petition
to Change Permits 5431, 5432, 11535, and 14853
NORTH GUALALA WATER COMPANY
{(Applications 9372, 9454, 18098, and 21883, respectively).

SOURCES: North Fork Gualala River; Robinson Guich; Big Gulch; and
Fish Rock Creek
COUNTY: Mendocino

PROTESTANTS: California Department of Fish and Game, California Trout,
Jerome P. Lucey, et al.

ORDER APPROVING PETITION TO ADD POINTS OF DIVERSION
TO PERMIT 14853 AND PETITION TO ADD TO THE PLACE OF USE
FOR PERMITS 5431, 5432, 11535, AND 14853

BY THE DIVISION OF WATER RIGHTS

1.8 INTRODUCTION

The State Water Resources Control Board (SWRCB) issued permits to North Gualala
Water Company (Company) authorizing diversion of water from various streams
tributary to the Pacific Ocean in Mendocino County.

On November 4, 1994, the Division of Water Rights (Division) received a second
petition from the Company to add two vertical wells to Permit 14853, and on

December 26, 1995, the Division received a petition to add 13 parcels to the place of use
for Permits 5431, 5432, 11535, and 14853. The petitions were protested, and the
Division conducted a minor petition field investigation to gather information pursuant to
Water Code section 1704.1. After consideration of all available information, the Division
finds (1) the petition to add points of diversion to Permit 14853 should be approved
subject to conditions; and (2) the petition to add 13 parcels (as shown on the map
accompanying the petition) to the place of use for Permits 5431, 5432, 11535, and 14853
should also be approved subject to conditions.

Permitting Team
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2.6 BACKGROUND - PETITION TO ADD POINTS OF DIVERSION TO
PERMIT 14853 -

Permit 14853 was issued September 3, 1965 for 2.0 cfs for municipal use to be diverted
year-round from an offset well located at the confluence of the Little North Fork and the
North Fork of the Gualala River approximately two miles east of the Town of Gualala in
Mendocino County (See Figure 1). In response to a petition submitted by the permittee,
the SWRCB issued an order in 1978 which changed the place of use, added three new
terms to the permit, including a measuring device requirement to measure bypass flows,
and amended the existing Term 9 fo read:

For the protection of fish and wildlife, permittee shall during the period:
(a) from November 15 through February 29, bypass a minimum of

40 cubic feet per second; (b) from March | through May 31, bypass a
minimum of 20 cubic feet per second; (¢) from June 1 through
November 14, bypass a minimuim of 4 cubic feet per second. The total
streamflow shall be bypassed whenever if is less than the designated
amount for that period.

The above term was developed by the Department of Fish and Game (DFG) as a means
to resolve their protest and was accepted by the Company.

Permit 14853 is one of four permits that are held by the Company to cover water
diversions to the community of Gualala. The combined rate of diversion for

Permits 5431, 5432, 11535, and 14853 is 4.16 cfs with a maximum annual limitation of
1,730 acre-feet per annurm.

Due to concerns regarding the drinking water quality from the offset wells near the
confluence of the Little North Fork Gualala River, the Company decided to abandon the
original point of diversion under Permit 14853 and in 1989 drilled Well No. 4, a 142-
foot-deep vertical well. The Company contends that this well pumps percolating
groundwater, but Division staff's evaluation of available evidence leads to the conclusion
that the water pumped from Well No. 4 flows in a subterranean stream and, therefore, is
under the SWRCB's permitting authority. Although the Company did not concede that
the water is pumped from a subterranean stream, the Company filed a petition with the
Division in November 1994 to add points of diversion to cover Wells Nos. 4 and 5 and
delete the original point of diversion.

Well No. 4, the primary source of water for the place of use, has a maximum ocutput of
approximately 250-260 gpm (0.55 — 0.58 cfs). The water from the well meets the State
of California's safe drinking water standards with minimal treatment. Typical demand

for Well No. 4 is 180,000 to 200,000 gpd. Well No. 5 will be used as a back-up supply in
the event of a problem with Well No. 4. The Company also has observation and water
quality sampling wells (Nos. 1, 2, and 3), but these wells will not be used for municipal
water production. The Company has not specified whether the maximum output of Well
No. 4 can be expanded to 2.0 cfs (the amount stated-on Permit 14853). The Company

Order WR 2001-14 1657



has indicated that at full build-out the demand will be at or near 1.0 ¢fs as described in
the Gualala Town Plan.

A controversy has existed for many years surrounding the measuring device for the
bypass flow. Division engineering staff has inspected the diversion site several times
over the years, and each time the permittee has been in compliance with the permit.
However, there is a possibility in most years that flows in the river will be less than the
bypass requirements prior to the onset of winter rains as well as during the winter and
spring months of most drought years. Since Well No. 4 is the Company's primary water
supply, it is highly unlikely that the Company would be able to shut down this point of
diversion when flows in the river are less than the required minimums, without
generating potential health and safety problems, unless the Company takes other actions
to prevent these problems.

2.1 Protests Submitted Against Petition to Change Permit 14853

Protests were received from the following parties:

Saimon Unlimited Jerome P. Lucey

H. L. Joseph California Trout

The Sea Ranch Association Trout Unlimited of California/

Donald McDonald Anglers of California

S. W. Kelly California Department of Fish and Game

The above protests were based on environmental concerns, primarily adverse impacts to
spawning and rearing habitat for anadromous fish and compliance with the bypass amounts
required by the permit.

2.2 Comments on the Draft Order and Initial Study / Draft Negative Declaration

A draft copy of this Order and the Initial Study/Draft Negative Declaration were circulated
for 35 days beginning on May 12, 1999 for review and comment. Twenty-three copies
were mailed directly to federal and state governmental agencies and interested parties that
had expressed interest in reviewing these documents. Eleven copies were circulated by the
California Governor’s Office of Planning and Research to various state agencies. With the
exception of the response from the Coast Action Group all of the comments were submitted
within the specified review period.

Comuments were received from:

Alan B. Lilly, North Gualala Water Company

Don MeDonald—Fisheries Advocaie

Brian Hunter, Regional Manager, California Department of Fish and Game, Central Coast
Region

Jim Edmondson, Conservation Director, California Trout

Alan LeVine, Coast Action Group.
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Foliowing is a summary of the comments received:

e The North Gualala Water Company requests clarification of the wording in Terms 3
and 6 of the Order. Because Terms 3 and 6 of the Order supercede Term 10 of
Permit 14853, the Company requests Term 10 be deleted. In addition, the Company
reserves its rights to assert in subsequent proceedings that the water that is pumped
from the Company's Well No. 4 and Well No. § is percolating groundwater that is not
subject to the SWRCB's water right permitting authority.

¢ Don McDonald requests that the State Water Resources Control Board order North
Gualala Water Company and the Gualala Redwoods Co. to undertake a “Baseline
Fishery Study" at no cost to North Gualala Water Company ratepayers. Mr. McDonald
also submitted a memorandum dated January 15,1998 regarding the need for
continuous stream flow measurements in the North Fork of the Gualala River.

s The Department of Fish and Game requests that the flow measurement schedule
proposed in the Order be modified to require daily flow measurements whenever the
recorded stream flow is 4.5 cfs or less. The Department also requests that the Gualala
Water Company be restricted to the current level of diversion until an alternative water
source has been developed.

¢ California Trout requests that the SWRCB be required to prepare an Environmental
Impact Report because the Steelhead Trout and Coho Salmon are listed under the
federal Endangered Species Act.

¢ The Coast Action Group requests that the SWRCB prepare a “full EIR, or provide
additional mitigations that will provide adequate protections for this resource” because
there is no assurance that the terms and conditions described in the Draft Order will be
enforced.

Based upon consideration of the comments received on the Draft Order and Initial Study/
Draft Negative Declaration and the Company's responses to the comments, the Division
modified the Order where appropriate.

3¢ BACKGROUND-—PETITION TO ADD TO THE PLACE OF USE FOR
PERMITS 5431, 5432, 11535, AND 14853

Permits 5431 and 5432 were both issued November 3, 1939 for diversion from Robinson
Gulich and Big Gulch of 1.0 cubic foot per second (cfs) each, year-round. Permit 11535
was issued September 4, 1958 for diversion from Fish Rock Creek for 0.16 cfs year-round,
and Permit 14853 was issued September 3, 1965 for diversion from North Fork Gualala
River for 2.0 cfs year-round. These permits have received numerous extensions of time
over the years to allow the Company to fully develop its use of water. On September 21,
1993, Division staff conducted a compliance field investigation. During the investigation,
staff discovered that the Company's current service area was larger than the place of use
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shown for the Company's water right permits. In response, the Company filed a petition to
add 13 parcels to its authorized place of use (See Figure 1). Protests were received from
Coast Action Group and Don McDonald. Both protests were based on environmemal
considerations and assert that additional hookups will further exacerbate low flow
conditions on the North Fork Gualala River. However, the Company has not indicated that
the expansion of its place of use will require any additional water above what it is already
authorized under its existing water right permit.

4.6  MINOR PETITION FIELD INVESTIGATION

Division staff conducted a field investigation on October 7, 1998 to gather information on

the Company's petitions. Approximately 30 interested persons attended the investigation,

including the petitioner John Bower, president of the Company. The following protestants
were represented:

California Department of Fish and Game
Coast Action Group

Jerome P. Lucey

Don McDonald

California Trout

50  ISSUES

The SWRCB's primary considerations when deciding whether a petition to change a permit
should be granted are: (1) whether the proposed change will in effect initiate a new right,
or (2) whether the proposed change will cause injury to any other legal user of water or to
the environment. The protests received are primarily concerned with the effect of the
change on the environment. Consideration of a petition to change is limited to the effect of
the change and not other issues related to the effects of the underlying water right.

5.1  Proposed Change in Point of Diversion

The issue regarding the change in point of diversion is whether moving the point of
diversion upstream from the previously permitted location to offset Wells Nos. 4 and 5 will
have adverse tmpacts on the environment.

5.1.1 Riparian Habitat

The protestants raised the issue that the relocation of the point of diversion to Wells Nos. 4
and 5 will cause adverse impacts to the adjacent riparian vegetation on the North Fork
Gualala River. Well No. 4 was installed in 1992 and has been in operation since that time.
Division staff has visited the site on several occasions over the past six years. At the
October 7, 1998 field investigation, staff viewed the original point of diversion, Wells

Nos. 4 and 5, and the riparian corridor from the confluence of the Littie North Fork Gualala
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River to a point directly above Well No. 4. During each of these visits, staff noted that the
riparian vegetation appeared to be well developed and healthy. Based upon staff's
observations and review of the available information, there is no evidence to suggest that
the installation and operation of Wells Nos. 4 and § has caused any significant adverse
impacts to the riparian vegetation in the vicinity of the wells.

5.1.2 Fishery Resources

Although the effect of the Company's diversion on anadromous fish is the primary concern
of protestants, no information was presented to indicate that moving the point of diversion
upstream from the previously permitted location to Wells Nos. 4 and 5 would have adverse
impacts to the fishery. However, many protestants were concerned that the Company may
not be meeting the bypass flows required by the permit. This concern is amplified by the
Company's reliance on Well No. 4 as the major source of its water supply and its inability
to meet demand should it be required to reduce diversion from Well No. 4 to meet bypass
flow requirements.

The Division's most recent compliance investigation was made September 21, 1993, The
inspecting engineer reported that the conditions for measuring flows in the area of the
diversion are generally poor. The stream has a considerable amount of sand and gravel in
the channel. Low flows move from one backwater pool to the next. Free flow usually
exists only in short reaches between pools. These reaches are often braided and very
shallow, making streamflow measurement extremely difficult. No bedrock formations are
apparent in the channel. The Division concluded that it is impossible to establish an
adequate stage/flow relationship without constructing an artificial control structure and
measuring device. Permit 14853 is for a relatively small amount of water from a large
saturated channel of sand and gravel through which the underflow of the river passes. The
impacts of these diversions on the surface flow are most likely spread over a prolonged
period of time. At present, the maximum pumping capacity of Well No. 4 is 6.55 cfs to
0.58 cfs. The total amount authorized for diversion under Permit 14853 from the North
Fork Gualala River is 2.0 cfs. Observations and measurements taken to date are therefore
based upon the effects of the diversion of approximately 29 percent of the total permitted
amount. Consequently, these observations and measurements do not reflect the potential
effects of the diversion of the maximum amount authorized.

During the October 7, 1998 field investigation, several protestants stated that the Company
should be required to install and maintain a device capable of continuously measuring the
surface flow of the North Fork Gualala River. There was a mixed response regarding the
problems associated with the installation and maintenance of a continuous, flow-measuring
device. The DFG representative acknowledged the problems associated with the
installation and maintenance of such a device, but reiterated that some type of instream
flow-measuring device should be required to determine compliance with the surface flow
bypass requirements. DFG also indicated that the permittee should provide advance notice
and access to interested parties to observe the measurements as they are taken. The
Company was generally in agreement with this approach.
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Division staff suggested that due to the difficulties associated with installing and
maintaining a continuous, instream flow-measuring device, the Company should
periodically take manual flow measurements and report the results to DFG and the
Division, and make the results available to the public upon request. In response, the
representative from DFG stated that low-flow periods, which may in some years extend
into December, are of particular concern. Surface flow should be measured regularly
during low flows, but measurement is not necessary during the high winter flows.

The Company's representative responded that he was not opposed to this approach. He
also agreed that the Company could provide advance notice of the measuring schedule and
invited DFG personnel to observe and participate.

Division Staff further suggested that the Company prepare a plan to measure the surface
flow of North Fork Gualala River. This plan should include, but not be limited to a
description of measurement locations and the type of equipment to be used. The objective
of the plan is to demonstrate compliance with Permit Term 9 (see section 2.0 above) and
the amount of water diverted for use. The plan should be submitted to the Chief of the
Division of Water Rights for approval.

52  Will addition of the 13 designated parcels cause injury to any legal user of water or
to the environment?

The petition to change the place of use proposed the addition of 13 parcels located on either
side of Highway 1, between Triplett Gulch and Roseman Creek, approximately 6 to 6.5
miles north of the Town of Gualala as shown on a map on file with the SWRCB. Eleven of
the thirteen parcels are already developed. The expansion of the service area was
accomplished with approval from the County under a Coast Development Use

Permit 34-92 dated April 15, 1993. Protestants expressed concern that such an addition
would lead to increased diversions from the North Fork Gualala River. However, the
Company has stipulated in the petition that the increase in the place of use will not require
any additional water above the amount the Company was allotted in Permit 14853.

6.0 COMPLIANCE WITH CALIFORNIA ENVIRONMENTAL QUALITY ACT

The SWRCB is Lead Agency with respect to the pending petitions to change the water
right permits held by the Company pursuant to the California Environmental Quality Act
(CEQA) and is therefore responsible for the preparation and circulation of the appropriate
CEQA documentation. CEQA requires the SWRCB to determine whether approval of
these petitions will have a significant effect upon the environment. The Division has
conducted a preliminary review for these petitions pursuant to CEQA.

The County of Mendocino prepared and circulated an Initial Study and a Draft Negative
Declaration for the installation of a 6,000-linear-foot extension of a 6-inch water main.
The purpose of this extension was to provide water service to 60 additional parcels
including the 13 parcels described in the petition to expand the place of use. The State
Office of Planning and Research circulated the Initial Study and Draft Negative
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Declaration for review by governmental agencies in March of 1987. Mendocino County
concurrently circulated these documents for public review. Thé& Mendocino County Board
of Supervisors adopted the Negative Declaration on July 23, 1987.

The protestants have asserted that the SWRCB must prepare and circulate a cumulative
Environmental Impact Report (EIR) for these petitions. Cumulative effects of a proposed
project are defined by CEQA [California Code of Regulations, Title 14, § 15065 (c)] as
“the incremental effects of an individual project are considerable when viewed in
connection with the effects of past projects, the effects of other current projects, and the
effects of probable future projects.” Moving the point of diversion and adding 13 single-
family residences to the authorized place of use does not constitute a cumulative impact to
the physical environment. The protestants have not presented any evidence nor have they
cited any persuasive authority in support of their assertion.

The existence of public controversy over the environmental effects of a project does not
require preparation of an EIR if there is no substantial evidence before the Lead Agency
that the project may have a significant effect upon the environment [Calif. Code of
Regulations, Title 14, § 15064 (g)}(5)]. There is no substantial evidence in the record nor
have the protestants presented any substantial evidence that approval of the change
petitions will have any significant effect upon the environment. As a result of the
preliminary review, the Division prepared and circulated an Initial Study and a proposed
Negative Declaration on May 12, 1999. The Division recommends that the SWRCB adopt
the Negative Declaration after modification to reflect the terms contained in this Order.

7.6  CONCLUSION

After consideration of all available information, the Division finds:

(1) The petition to delete the onstream diversion point and add points of diversion for
Wells Nos. 4 and 5 1o Permit 14853 should be approved subject to conditions; and

(2) The petition to add 13 parcels (as shown on the map accompanying the petition) to
the place of use for Permits 5431, 5432, 11535, and 14853 should be approved
subject to conditions.

(3) Term 9 of Permit 14853 requiring bypass flows for the protection of fish and wildlife
should remain as amended by the December 13, 1978 Water Right Order.

(4) The development by the Company of a surface flow measuring plan is necessary to
comply with the measuring device requirement of Term 10 of Permit 14853,
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ORDER AMENDING PERMIT
IT IS HEREBY ORDERED that:
(1) The following point of diversion identified in Water Right Permit 14853 be deleted:

S 1,100 feet and E 1,750 feet from the NW corner of Section
23, being within the NE % of the NW %, Section 23, T11N,
R15W, MDB&M

And the following points added:

Point I (Well No. 4): California Coordinate Zone 2, N
413,200; E 1,571,000, within the NW % of NE Y%, Section
23, T1IN, R15W, MDB&M

Point 2 (Well No. 5): California Coordinate Zone 2, N
413,250; E 1,571,350, within the NW Y of NE Y, Section
23, T1IN, R15W, MDB&M

(2) The place of use for Water Right Permits 5431, 5432, 11535, and 14835 be amended
to read as follows:

Within the service area of the North Gualala Water
Company, being within Sections 4, 5,6, 7, 8, 9, 10, 15, 16,
17,18, 20, 21,22, 23,26,27,28, and 34, TIIN, RI15W,
MDB&M and Sections 12 and 13, TIIN, Ri16W, MDB&M,
as shown on the map dated December 26, 1995 on file with
the State Water Resources Control Board

(3) Permitiee shall measure the flow of the North Fork Gualala River pursuant to the
measurement plan described in Term 6 of this Order on June 1, July 1, and August 1,
and weekly thereafter until December 15 of each year. If during the period of June 1
through November 14, any recorded flow is less than 4.5 cfs, and during the period of
November 15 through December 15 any recorded flow is less than 40 cfs,
measurements shall be taken on a daily basis to detenmine whether diversion is
permitted. If during the period November 1 through December 15, Permittee finds
that flows are consistently above 40 cfs, Permittee may choose to visually cstimate
flows. The specifics of this requirement shall be addressed in the surface flow
measurement plan required by Term 6 of this Order. Permittee shall notify the
Department of Fish and Game and other interested parties of the times stream
measurements will be taken to allow a representative to be present. Permittee shall
provide a copy of the flow measurement data to the Division of Water Rights and the
Department of Fish and Game, and make a copy available for public review by
January 1 of each year. Such annual measurements shall commence October 1, 1999.
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(4) Permittee shall allow representatives of the State Water Resources Control Board and
the California Department of Fish and Game reasonable access to the project works to
determine compliance with the terms of this permit.

(5) Should any buried archeological materials be uncovered during project activities, such
activities shall cease within 100 feet of the find. The Chief of the Division of Water
Rights shall be notified of the discovery, and a professional archeologist shall be
retained by the applicant to evaluate the find and recommend appropriate mitigation.
Construction activities in the area of the find shall resume only after the completion of
the recommended mitigation, as approved by the Chief of the Division of Water
Rights.

{6) Permittee shall, in consultation with staff of the Division of Water Rights, prepare a
surface flow measurement plan which shall describe the proposed method to measure
the surface flow of the North Fork Gualala River below the influence of the Company's
diversion to ensure compliance with the bypass amounts required in Term 9 of the
permit. This plan shall be submitted in writing to the Chief of the Division of Water
Rights for approval within 60 days of the date of this Order.

(Ty Term 10 of Permit 14853 is superceded by Terms 3 and 6 of this Order and is therefore
deleted from Permit 14853, -

(8) The permit does not authorize any act which results in the taking of a threatened or
endangered species or any act which is now prohibited, or becomes prohibited in the
future, under either the California Endangered Species Act (Fish and Game Code
sections 2050 to 2097) or the federal Endangered Species Act (16 U.S.C.A
section 1531 to 1544). If a "take" will result from any act authorized under this water
right, the permittee shall obtain an incidental take permit prior to construction or
operation. Permittee shall be responsible for meeting all requirements of the
applicable Endangered Species Act for the project authorized under this permit.

< L. xld € %

M. Scueﬂer, Chief
=== Division of Water Ri

Dated: Q(a')} 99

10
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TRIPLICATE
Owner’s Copy

N
L.

of Intent No.
Permit No. or Date 5654

STATE OF C
THE RESOUR

DEPARTMENT OF WATER RESOURCES
WATER WELL DRILLERS REPORT

ALIFORNIA
CES AGENCY

Do not fill in

No. 211074

State Well No
Other Well No

(1) OWNER: Name t\mm GUALALA WATER mANy (12) WELL LOG: Total depth__l,‘__4_2__.ft. Depth of completed welllil__.ﬂ.
Address, P.0O. BOX 1000 from ft, to ft. Formation (Describe by color, character, size or material)
City Gualala, California 7i,90445 - ]
2) LOC ELL (See instructions) - WELL # ¥ 4
o CHERDOBENG T (Sec ot -
Well address if different from above 0 - 10 Brown clay
Township, 11N Range. 15w Section. 23 10 - 15 Roots
Distance from cities, roads, railroads, fences, etc ‘ 1 5 - 21 Sandy C1ay
44320 Gualala Road 21 - 142 Sand and gravels
Gualala -
A.P. § 141-270-05 -

(3) TYPE OF WORK: |
New Well ¥} Deepening {3

Reconstruction (]
Reconditioning 0
Horizontal Well O

Destruction [J (Describe
destruction materials and
procedures in Item 12)

(4) PROPOSED USE:

Domestic [} -
, Irrigation 0O -
Industrial (u] -
Test Well 0O -
Stock a | -
}‘v(unicipal B | -
WELL LOCATION SKETCH Other O -
(5) EQUIPMENT: ) (8) CRAVEL- PACK: | -
Rotary (¥ Reverse [1 |Yes[X No[l sie__P€2 -
Cable [T Air [m} Diameter of bore, 1 3;5 b . f -
Other O Bucket [J Packed from. 50 to. 14 2;.& -
(7) CASING INSTALLED: ] {8) PERFORATIONS: m i cro -
Steel [J Plastic Concrete [J ] Type of perforation or size of screen -
From To Dia. | Gage or From To Slot -
ft. ft. in, | Wall ft. ft. size -
0 141 |8" {cr20Q_ 56 134 .030 -

L

(9) WELL SEAL:
Was surface sanitary seal provided? Yes ({

Were strata sealed against pollution? Yes {J
Method of sealin;

No [] If yes, to depth__,S_O._.._ft.

No ﬁ Interval ... ft

4 Work started_____.a_._z__" 19___8_9_

Completed__a:‘_é._._._.. 19.89

(10) WATER LEVELS:

Depth of first water, if known B 1 X
Standing level after well completion 10 ft.
(11) WELL TESTS:

Was well test made? Yes [J{ No [] If yes, by whom?. Weeks

Type of test Pump (3 Bailer [0 ATt )

Depth to water at start of tes At end of tesf

D¢~ -warge, 60+ gal/min after___l_%__.hours Water temperatquQQL

[§
Was electric log made?

2al analysis made? Yes [

Yes {7} No & If yes,

No K If yes, by whom?

attach copy to this report

WELL DRILLER'S STATEMENT:

This well was drilled under my jurisdiction and tHis
knowledge and belief.
B

Ward Thompson
TWell Diiltery

N

( /
opope, & Y 3 he Bt mo
Don Sinclair

-
-

SIGNED.

(Person, firm, or corporation) (Typed or print

ed)
P.O. Box 176-6100 Sebastopol Road

Address.
ity ornj 95472
License No. C57- 1 7 7 68 1l Date of this mwmmw_wg

DWR 188 (REV. 7-76)

IF ADDITIONAL SPACE IS NEEDED. USE NEXT CONSECUTIVELY NUMBERED FORM
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180-29-1887 4: 35FM FROM RAU ANU ASSUL LA IED /U/4Dd</ a2 e
QWG PIE QNLY — 00 NOT FiCl (4 —~——

Coo b b ]

STATE WELL NO./STATION NO,

TRIPLICATE STATE OF CALIFOBNIA
Swnerecony T £ WELL COMPLETION REPORT

Pzgcl of 1 Refer to Instruction Pampbliet
Owacr‘swenNo. No. 442;’95 { ! | l ! JD‘ ] ] ] ! ‘[
Date Work Began __11-8-~86 Ended 11=13-~96 - - LaTTos LoraTUoe
Local Permit &g,,,cv—mzwccmo COUNTY B=ALTH DEPARTMENT Lol b ey
Permit No. 11351IF Permit Date ==T2=20 20 TR QTHER
GEOLOGIC LOG WELL OWNER
o
ORIENTATION (L) Vf‘._  VERTICAL - HGRIZONTAL e ANGLE .. (3PECFY) | Name NORTE GUALALA WATER COMPANY
— DEPTH TO FIRST WATER (Ft) BELOW SURFACE Mailing Address __PLQ. Rox 1000 =
RS DESCRIPTION _Gualala, California 93443
Fr. to FL | Descrive mazcrial, grain size, color, ac. WELL LOCATION A il
|1 .17 Brewn sandy clay laddres _ 44320 Gualala Rcad
147 +4C  Sané and gravel | Citv Gualala
4Q 4l Brown sanay clay County __MENDPCCINQO
164% : g'af Egand anc grave% - | AP Book 141 page 270 payrcel Q5
: . fnc and gravel with a tra Towmhxp Range Section
- "88 ,‘OE Brown C-Layl T == Lantude S NCATH - [ ongitude e wer
. ‘slue gandy silty ciay a v - » )
- =—-f?-—c ____%__y__ LOCATION SXETCH -— ACTIVITY (£}
g% . 5 ©o NCRTH L rew wae
L .74 _:Sand and gravel 4 : MOCIFICATIENJ REPAR
2/ L22775and and gravel with sStreaxs Gaopan
] : ST blue sandy clay ] |  other (Speen
122 179 "Multicolored ro<kx and biue
< . rand gray sanay clay _ . DESTRAY (Descrive
) 143 / :BIue sancy rock ancd blue Procacures and Uaters
: clay - ~-PLANNED USE(S
a1 92 s
' X iy < {=
. ) 3> w - MCNITCRING
: : | warzr suprLy
: ' b wm—r Domeatic
: X | . & Puotic
.. : j . — lrTIOENIOG
f : ——— 18GUAITIAL
: ! . e TTEST WELL™
: : —. CATHODIC PROTE
; ; SOUTH noN
. : {llustrate or Dexcribe Dstance of Well from Landmarks —— OTHER (Soecity)
. R such a: Roads, Buddtngs, Fences, Rivers, ere.
. PLEASE BE ACCURATE ¢ COMPLETE.
. : : oRLNG MUD ROTARY Bcly Jel
= : : METHOO FLUID
\ . WATER LEVEL & YIELD OF COMPLETED WELL —
; ‘ DEPTH OF STATIC 1.3 . l1-14-95
L WATER LEVEL (Ft) & DATE MEASURED
: ; ESTIMATED YIELLS "~ (GPM) & TEST TYRS -
TOTAL DEPTH OF BORING L3 (F§' TEST LENGTH (virs.) TOTAL DRAWGGWN = =~ (Ft)
TOTAL DEPTH OF COMPLETED WELL (Feet) * May not be represenative of a well’s long-cerm yield.
epmi | CASING(S) ] oErTH ANNULAR MATERIAL
FAcM surFace | RS I ReTen ] | FROM SURFACZ TVPE
= - INTERNAL GAUGE SLOT size -
DA felz| gyl MATERAL, IpapereR| OR WALL IF ANY e m | ALTER pack
Lo R Oncnea) | 3 §- S GRADE Onenwxy | THICKNESS Oncnas) Fr. 1w Fi. 2oz () rPesS128)
= e o e ) Sl e
< v i34 I3 _«,,{'23"""”" C T X
T4 ST [R[T]7]TPVC/F4BEC|T 8% CLZTC “ 5C T T37 Ii L pea grav
oz 92 1 ,“‘ <1717 e ’ PAVIC ) - : N
R O | A R
' f. [TiTI” [ I - i
- , NN — : | - ]
r*—_.,\r'r,\cgy‘g\]-rs (<) N CERTIFICATION STATEMENT
Geslagic L I. the undersignad, certify that this repart is complete and accurate to the bast of my knowladga and beliet
— agic - -
o o WEEKS DRILLING AND PUMP COMPANY
——— W i
. gnatruction Diagram A N FHiL OR CORPORATION) (TTPE5 GR SRATED)
~—= Gevphyacal L 3 N . .
_onmeat Lowts p.0. Box 176 Secastf*col, Cal:.forn;.a 55473
m—em JQU/Water Chamical Analyses er
TORESS RV Y STATE o
= Gmer NARD TsicmnsoMY Lo anane A ‘Ac‘:ams 11 19~96 17768
ATTACH .
AODITIONAL INFOAMATION, IF IT §XISTS. rs’?""d T OTITe R AUTRORITD RRPRESENTATI BT IS CITTCENST ROWAE




To the northwest along the fault valley, topographic expression suggests that alluvium may
extend up the Little North Fork to near Log Cabin Creek. Again, thickness of the alluvium is not
known but both the areal and vertical extent also appear to be smaller than the Elk Prairie, with
thinning gradually to the north. Alluvium also appears to extend downstream along the fault

valley to at least the junction with the South Fork Gualala River, again with apparently smaller

areal extent than Elk Prairie.

Both the alluvium and the underlying Franciscan Complex in the Elk Prairie area are water
bearing, although they have very different properties. The unconsolidated alluvium is dominated
by coarse-grain sediments (sand and gravel) and is, therefore, highly permeable. This
permeability is both horizontally and vertically heterogenous due in part to the stratigraphic
complexity discussed above. The deeper portion of the alluvial formation appears to be
somewhat less permeable due to a higher percentage of fine-grain sediments (silts and clays).
Where these materials occur as distinct beds, the vertical permeability is much lower and the

ground water in the aquifer tends to become more confined.

The consolidated Franciscan Complex has a much lower permeability but is sufficiently porous
to store large volumes of precipitated water which slowly drains to maintain stream base flows
throughout the dry season. High water storage is evidenced by perennial seeps and springs, both
natural and on manmade cutslopes, and shallow depths to saturated soils and weathered bedrock.
The high water content is also seen in the propensity of shallow and deep-seated landsliding
occurring on slopes underlain by the Franciscan Complex. The permeability of the Franciscan

Complex is highly dependent on fracture density, which tends to be higher near seismically

active areas such as Elk Prairie.
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Prairie were analyzed; including alternating pumpage between PW-4 and 5, increasing the
pumping capacity of PW-4, and constructing additional wells at the site. Two additional
production well locations and total capacities of 250 to 750 gpm were evaluated using an
analytical model. Simulations based on measured aquifer characteristics at the site indicate that
four of the 16 scenarios analyzed would cause a reversal of gradient between the aquifer and the
River, including pumping of PW-4 and 5 simultaneously at their current capacities. The
remaining 12 scenarios did not cause a simulafed gradient reversal, including one scenario at 375

gpm, six scenarios at 500 gpm, two scenarios at 625 gpm, and one scenario at 750 gpm.

Based on the various components of the Elk Prairie exploration, monitoring, and testing, it can
be concluded that NGWC can continue to operate well PW-4 at its design capacity, with
extended pumping cycles to meet daily and seasonal fluctuations in water demand, and not cause
any induced infiltration from the North Fork Gualala River. Similarly, NGWC can permanently
equip backup well PW-5 with similar permanent pumping equipment and operate that well on
intermittent pumping cycles without causing any induced infiltration from the river as long as
both wells are not pumped at the same time. However, if PW-5 were equipped with a smaller
capacity pump and PW-4 with a larger capacity pump, these wells could be pumped
simultaneously at a combined capacity of up to 500 gpm. Finally, as water demand in the system
increases in the future, NGWC could install one or two additional production wells at Elk Prairie,
located a similar or greater distance from the River and equipped at a similar capacity, and
operate them in a similar manner without causing any induced infiltration from the River. The
addition of that source capacity would provide sufficient supply to meet increased water demand

based on the Town’s General Plan over the next 20 years.

Finally, the results of the overall Elk Prairie ground-water investigation show a perennial
gradient for ground-water flow toward, and discharge into, the North Fork Gualala River from
beneath Elk Prairie. There is no "channelized" ground-water flow parallel to the River at Elk
Prairie. These conditions and the response of the aquifer to precipitation, to pumping, and to dry
season lack of rainfall recharge all show that ground water is not recharged by influent stream

seepage. Ground water is maintained by some combination of deep percolation of precipitation
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and subsurface flow from the basement complex. Similarities in surface and ground-water
quality are not the result of recharge from the North Fork Gualala River because ground water
discharges to the River under both static and pumping conditions regardless of stream stage.

Consequently, ground water beneath Elk Prairie does not occur in a subterranean stream, nor

does it occur as underflow of the River.
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IV. Water-Level Monitoring and Aquifer Testing

River Stage and Ground-Water Monitoring

Regular monitoring of Elk Prairie ground-water elevations and North Fork Gualala River stage
began in March 1996. Water levels in PW-4 and stage at SG-1 were measured on a weekly basis
between March 1996 and October 1996. In October and November 1996, the water-level
monitoring network was expanded to include the second production well and five monitoring
wells discussed above. Two additional surveyed control points for measuring River stage
(identified as "staff gauges" SG-2 and 3) were also added to the monitoring network at that time.
The current water-level monitoring network at Elk Prairie is shown on Figure 4-1 and
summarized on Table 4-1. Beginning with the completion of the monitoring wells, and
continuing through the present, ground-water levels and River stage have been measured
biweekly at all monitoring locations except for SG-4, which was not added to the network until

October 1997. The historical ground-water elevation and stage data are summarized on Table 4-

2.

Prior to the construction of the monitoring wells, when ground-water and River stage
measurements were limited to PW-4 and SG-1, there was a notable positive hydraulic head
difference between PW-4 and SG-1, i.e. the static ground-water elevation at PW-4 was always
higher than the stream elevation at SG-1. The head difference between the two points was about
1.4 feet throughout the monitored period beginning in March 1996. This head difference was
generally independent of hydraulic conditions: ground-water elevation and stream stage
increased together in wet periods, and declined together in dry periods. Those observations
indicate that ground water was continuously discharging to the stream in the vicinity of NGWC's

only Elk Prairie well at the time, PW-4.
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Elk Prairie Water-Level Monitoring Network

Table 4-1

Date of Reference Point | Total Well | Perforated Approx. Distance | Distance from | Start of Water-Level
Name Installation | Elevation (ft, msl) | Depth (ft) | Interval (ft) | from North Fork (ft) PW-4 (ft) Monitoring
PW-4 08/04/89 45.95 141 56-134 180 --- 03/21/96
PW-5 11/13/96 44.93 87 57-82 190 392 12/19/96
MW-1 10/23/96 4401 50 25-45 50 179 10/28/96
MW-2 10/23/96 43.28 44 24-44 390 213 10/28/96
MW-3 10/20/96 42.35 48 23-43 125 205 10/28/96
MW-4 10/23/96 44.82 75 54-74 330 578 10/28/96
MW-5 10/21/96 43.87 53 28-48 90 425 10/28/96
SG-1 3/96 31.51 NA NA NA 181 03/21/96
SG-2 10/96 32.48 NA NA NA 257 10/28/96
SG-3 10/96 33.27 NA NA NA 441 10/28/96
SG-4 10/97 48.13 NA NA NA 3,388 10/07/97




Table 4-2

Elk Prairie Ground-Water Elevation and Stage Measurements (ft msl)

PW-4 PW-5 MW-1 MW-2 MW-3 MW-4 MW-5 SG-1 SG-2 SG-3
Date |(Elev. 45.95) | (Elev. 44.93) | (Elev. 44.01) | (Elev. 43.28) |[(Elev. 42.35) | (Elev. 44.82) | (Elev. 43.87) | (Elev. 31.51) | (Elev. 32.48) | (Elev. 33.27)

03/21/96 32.85 30.50

03/29/96 32.58 31.18

04/04/96 32.74 31.39

04/11/96 32.47 31.05

04/17/96 32.51 31.09

04/18/96 32.87 31.59

04/25/96 32.87 31.59

05/02/96 32.47 31.13

05/09/96 32.33 30.90

05/20/96 32.66 31.31

03/24/96 32.97 31.52

05/30/96 32.53 31.20

06/06/96 32.32 31.03

06/13/96 32.23 30.93

06/20/96 32.13 30.84

06/27/96 32.10 30.80

07/05/96 32.03 30.72

07/11/96 32.00 30.68

07/17/96 31.97 30.66

07/26/96 31.91 30.60

08/01/96 31.93 30.56

08/08/96 31.91 30.54

08/15/96 31.85 30.50

08/22/96 31.83 30.49

08/29/96 31.85 30.48

09/12/96 31.80 3046

09/19/96 31.82 30.46

09/29/96 31.81 30.46

10/04/96 31.85 30.46

10/10/96 31.81 3043

10/18/96 31.78 30.52

10/23/96 31.84 30.44

10/28/96 31.08 31.84 31.50 33.25 33.09 30.45 30.74 32.18
10/29/96 30.53 30.91




Table 4-2 (continuned)

PW-4 PW-5 MW-1 MW-2 MW-3 MW-4 MW-5 SG-1 SG-2 SG-3
Date |(Elev. 45.95) | (Elev. 44.93) | (Elev. 44.01) [ (Elev. 43.28) |(Elev. 42.35) | (Elev. 44.82) | (Elev. 43.87) | (Elev. 31.51) | (Elev. 32.48) | (Elev. 33.27)

10/31/96 31.89 31.01 31.70 31.50 33.53 32.05 30.53 30.79 32.20
11/04/96 30.80 31.64 31.57 33.32 32.07 30.48 30.76 32.19
11/12/96 30.80 31.71 31.53 33.52 32.03 30.47 30.84 32.18
11/14/96 30.87 31.82 31.55 33.51 32.12 30.47 30.84 32.23
11/20/96 31.73 32.29 32.51 34.55 33.01 31.59 31.74 32.85
11/27/96 31.21 32.66 31.89 31.84 32.40 30.89 31.05 32.44
12/06/96 32.64 34.09 33.16 35.16 33.70 32.18 32.75 33.51
12/19/96 32.72 33.26 31.61 31.36 32.44 34.40 32.94 31.09 31.78 32.78
01/07/97 33.60 34.23 32.31 34.38 33.26 35.50 33.80 32.03 32.71 33.50
01/24/97 34.15 34.70 32.84 34.44 33.78 35.99 34.17 34.33 33.04 33.79
02/06/97 32.98 33.55 31.83 33.21 32.60 34.717 33.07 3110 32.12 32.87
02/19/97 32.59 33.01 31.44 32.73 32.25 34.34 32.72 30.67 31.66 32.51
03/06/97 32.48 33.02 31.29 32.88 32.13 34.19 32.62 30.52 31.56 32.39
03/21/97 32.83 33.36 31.60 32.82 32.44 34.56 32.96 31.05 31.82 32.72
04/03/97 32.34 32.90 31.17 3233 31.98 34.10 32.51 30.48 31.39 3221
04/18/97 32.15 32.70 30.96 32.08 31.66 33.90 32.27 30.35 31.26 32.10
05/02/97 32.12 32.71 31.00 31.73 31.77 33.65 32.25 30.31 31.23 32.07
05/16/97 32.01 32.38 30.77 31.83 31.51 33.75 32.14 30.20 3112 31.95
05/29/97 31.96 32.39 30.83 31.78 31.52 33.70 32.12 30.17 31.09 31.92
06/12/97 31.94 32.29 30.78 31.73 31.57 33.51 32.05 30.12 31.03 31.88
06/23/97 31.87 32.19 30.71 31.68 31.51 33.40 32.02 30.05 30.97 31.82
07/03/97 31.83 32.14 30.66 31.65 31.47 33.36 31.99 30.03 30.94 31.80
07/18/97 31.71 32.12 30.55 31.39 31.37 33.33 31.92 2997 30.89 31.76
07/31/97 3170 32.28 30.38 31.16 31.20 33.51 31.87 29.94 30.88 31.82
08/15/97 31.70 32.18 30.61 31.79 31.36 33.45 31.89 29.90 30.85 31.71
08/29/97 3174 32.10 30.55 31.78 31.38 33.28 31.88 29.93 30.87 31.73
09/15/97 31.87 3240 30.70 31.86 31.48 33.63 31.95 29.98
10/02/97 29.96 30.89 31.76
10/07/97 31.76 32.32 30.59 31.66 31.39 33.52 31.86 29.90
10/09/97 32.69 33.24 31.62 32.18 32.35 34.32 32.80 30.97 3172 3258
10/24/97 31.80 32.16 30.69 31.89 3145 33.56 31.98 29.98 30.88 31.74
11/08/97 31.82 32,36 30.66 31.99 3145 33.64 32.00 30.00 30.92 31.76
11/21/97 32.50 33.00 31.42 3274 32.10 34.26 32.62 30.80 31.59 32.44
12/03/97 32.86 33.40 31.70 33.09 32.50 34.67 33.04 31.10 31.76 32.81




After installation of the five monitoring wells and the second production well (PW-5) in late
1996, the regular measurement of water levels in all those wells and at three stream gauges
further delineated the same picture: there was a perennial gradient for ground-water discharge
from beneath Elk Prairie to the North Fork Gualala River; those conditions prevailed throughout
wet and dry periods, and through regular pumping of PW-4 for water supply, since focused

monitoring began in March 1996. The relative elevations of ground water at PW-4 and the River

stage at SG-1 are illustrated in Figure 4-2.

The hydrographs of ground-water elevation and River stage shown on Figure 4-2 have almost
identical shapes, which indicates significant hydraulic connection between the aquifer and the
River. In 1996, water-level measurements began after the highest water levels in the winter, and
levels gradually declined to a seasonal low by August. As noted above, the head difference
between PW-4 and the River was approximately 1.4 feet during most of 1996. When stage and
ground-water elevations reached their annual peak in January 1997, the head difference was 1.6
feet. During the remainder of the year, stage and ground-water elevations were both lower than

in 1996, and the head difference between PW-4 and SG-1 increased to about 1.8 feet.

Upstream of SG-1, the gradient between the aquifer and River is not as steep. Ground-water
elevations at PW-5 and stage at SG-3 are plotted on Figure 4-3. These hydrographs also have
similar shapes, but the head difference between the well and the River was only about 0.5 feet
during most of the yeai. The hydrographs of MW-3 and SG-2 show a similar pattern, and the
head difference is also approximately 0.5 feet at this location (see Appendix C). Long-term
hydrographs of the other four monitoring wells are also contained in Appendix C. Although the
gradient for ground-water discharge to the River is flatter upstream of SG-1, the general

condition of ground-water discharge to the stream prevails throughout the Elk Prairie area during

both wet and dry periods.
Contours of equal ground-water elevations beneath Elk Prairie indicate that the hydraulic

gradient is generally from the northeast to southwest and show ground water discharging to the

River along the entire reach adjacent to Elk Prairie under both high and low flow conditions.

14

S



because the Franciscan Formation bedrock is highly fractured, and more interconnected in its

fractures, in the proximity of the San Andreas Fault Zone.

Finally, although there are similarities in surface-water quality and ground-water quality,
hydraulic gradients under all static and pumping conditions clearly show that ground water
discharges to the North Fork Gualala River from beneath Elk Prairie. The source of surface

water is, in part, ground-water discharge and not the other way around.

Further consideration of the above findings of this investigation suggests that, particularly during
the dry season when there is no surface runoff, the maintenance of a live stream above Elk
Prairie, and continuing downstream, results from discharge of ground water either directly from
the fractured Franciscan bedrock material or from alluvial materials adjacent to the stream that

are, in turn, receiving inflow from subjacent fractured bedrock.

In conclusion, there is a perennié.l ground-water gradient for flow in a perpendicular direction
toward the North Fork Gualala River and no "channelized" ground-water flow parallel to the
River at Elk Prairie. These conditions and the response of the aquifer to precipitation, to
pumping, and to dry-season lack of rainfall recharge all show that ground water is not recharged
by influent stream seepage and is not flowing in a defined channel. Ground water beneath Elk
Prairie is maintained by some combination of deep percolation of precipitation and subsurface
flow from the basement complex. Similarities in surface-water quality and ground-water quality
are not the result of recharge from the North Fork Gualala River since ground water is
discharging to the River, and not being recharged by it, under both static and pumping
conditions. Consequently, ground water beneath Elk Prairie does not occur in a subterranean
stream. For at least one of the same reasons, ground water beneath Elk Prairie is also not
underflow of the North Fork Gualala River. Although neither the Slade report nor the SWRCB
staff considered ground water to be underflow of the River, the perennial ground-water flow
direction perpendicular to the River is contrary to the requirement that underflow be moving in

the same direction as the surface stream.
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STATE OF CALIFORNIA
STATE WATER RESOURCES CONTROL BOARD

DECISION 1639

In the Matter of Application 29664 of
Garrapata Water Company:
Extraction of Water by Garrapata Water Company
From the Alluvium of the Valley of Garrapata Creek
in Monterey County, California

GARRAPATA WATER COMPANY,
Applicant,

DEPARTMENT OF FISH AND GAME,
Protestant,

STATE WATER RESOURCES CONTROL BOARD PERMITTING TEAM,
Interested Party

SOURCE: Garrapata Creek Subterranean Stream

COUNTY:  Monterey

DECISION DETERMINING THAT
WATER IN THE ALLUVIUM OF THE VALLEY OF GARRAPATA CREEK
IS A SUBTERRANEAN STREAM AND THAT
APPLICATION 29664 IS NOT EXEMPT FROM
THE CALIFORNIA ENVIRONMENTAL QUALITY ACT

BY THE BOARD:

1.0 BACKGROUND

On October 13, 1998, the Monterey County Superior Court entered a judgment granting a
peremptory writ of mandate in Garrapata Water Company, Inc. v. State Water Resources Control

Board, case number M 39441 (judgment). The judgment required the State Water Resources
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Control Board (SWRCB) to hold a hearing regarding the SWRCB’s authority to issue a permit
for the appropration of water from the alluvium of the valley of Garrapata Creek by the
Garrapata Water Company (Company). The judgment allows the inclusion of other issues in the

hearing. On February 1 and 2, 1999, the SWRCB held a hearing to comply with the judgment.

2.0 HEARING ISSUES
On October 28, 1998, the SWRCB issued a Notice of Hearing. The Notice of Hearing contained
the following issues:

“1. At the point of diversion by the Company, is the water in the ailuvium of
the valley of Garrapata Creek part of a subterranean stream flowing
through a known and definite channel?

“2. Is the Company’s project exempt from the California Environmental
Quality Act (CEQA)?

A. [s this an ongoing project?
L What prior approvals have been issued for the project?

1. To what extent did the approvals review and exercise
oversight and control over the project as a whole?

B. Does the project qualify for a categorical exemption? If so, which
one(s) and why?

L Is this project exempt as an existing facility?

a. How much water was the Company extracting from
the alluvium of the valley of Garrapata Creek prior
to the enactment of CEQA?

b. How much water 1s the Company extracting from
the alluvium of the valley of Garrapata Creek at the
present time?

C. How much water does the Company intend to
extract from the alluvium of the valley of Garrapata
Creek in the future?

i Does this project have the potential to adversely affect
threatened or endangered species?”’



3.0 LEGAL CLASSIFICATION OF GROUNDWATER EXTRACTED BY THE
COMPANY

3.1  Applicable Law
The California Water Code defines the water that is subject to appropnation and is thus subject to

the SWRCB’s permitting authority. Water Code section 1200 states:

“Whenever the terms stream, lake or other body of water occurs in relation to
applications to appropriate water or permits or licenses issued pursuant to such
applications, such term refers only to surface water, and to subterranean streams
flowing through known and definite channels.” (Emphasis added.)

Groundwater which is not part of a subterranean stream is classified as “percolating
groundwater.” The distinction between subterranean streams and percolating groundwater was
set forth by the California Supreme Court in 1899 in Los Angeles v. Pomeroy (1899) 124 Cal.
597 [57 P. 585]. In Los Angeles v. Pomeroy, the court stated that it is undisputed that
subterranean streams are governed by the same rules that apply to surface streams. (/d. at 632
[57 P. at 598].) Percolating groundwater is not subject to the Water Code sections that apply to
surface streams. Thus, the SWRCB has permitting authority over subterranean streams but does

not have permitting authority over percolating groundwater.

Absent evidence to the contrary, groundwater is presumed to be percolating groundwater, not a
subterranean stream. (/d. at 628 [57 P. at 596].) The burden of proof'is on the person asserting
that groundwater is a subterranean stream flowing through a known and definite channel. (/bid.)
Proof of the existence of a subterranean stream is shown by evidence that the water flows through
a known and defined channel. (/d. at 633-634 [57 P. at 598].) In Los Angeles v. Pomeroy, the

court stated:

“ ‘Defined’ means a contracted and bounded channel, though the course of the stream
may be undefined by human knowledge; and the word ‘known’ refers to knowledge
of the course of the stream by reasonable inference.” (/d. at 633 [57 P. at 598].)

A channel or watercourse, whether surface or underground, must have a bed and banks which

confines the flow of water. (/d. at 626 [57 P. at 595].) Although in Los Angeles v. Pomeroy the



court stated that the bed and banks of a subterranean stream must be impermeable’ (/d. at 631
[57 P. at 597]), all geologic materials are permeable to some degree. Therefore, if the rock
forming the bed and banks is relatively impermeable compared to the aquifer material filling the

channel, a subterranean stream exists.

In summary, for groundwater to be classified as a subterranean stream flowing through a known
and definite channel, the following physical conditions must exist:

1. A subsurface channel must be present;

2. The channel must have relatively impermeable bed and banks;

. The course of the channel must be known or capable of being determined by reasonable

(98]

inference; and

4. Groundwater must be flowing in the channel.

3.2 Physical Setting

The Garrapata Creek watershed is located in Monterey County about 10 miles south of the city of
Carmel. The watershed is approximately 10 square miles in area and includes two main tributaries
to Garrapata Creek, Joshua Creek and Wildcat Canyon. Garrapata Creek is a perennial stream.
The average annual outflow of surface water to the Pacific Ocean from the Garrapata Creek
watershed was estimated by Division of Water Rights staff to be 4,668 acre-feet. (Permitting
Team Exhibit S, p. 8.) The Company’s expert witness, Dr. Nick Johnson, estimated the average

annual discharge to be 5,000 acre-feet. (Company Exhibit 17, p. 3.)

The Company has a water supply well located near the mouth of the creek, about 1500 feet
upstream from the Pacific Ocean. (Company Exhibit 17, p. 1.) The well site is the only point of
diversion for the Company’s water supply system. Another well is connected to the Company’s
conveyance system, but has not been used since 1990 or 1991 and has no power supply. The
Company’s attorney and agent, Mr. Donald Layne, testified that the well is not being used but it
has not been capped. (T1, 24:14-25:17.)

' The term used in Los 4ngeles v. Pomeroy is “impervious,” a synonym for “impermeable.” The latter term is
used more commonly in scientific literature and the SWRCB will follow this convention.



From the Company’s point of diversion eastward, the watershed is underlain entirely by crystalline
bedrock of granitic composition. Having a granitic composition means that the mineral crystals
composing the rock are principally quartz, feldspar, amphibole and mica. The Permitting Team’s
expert witness, Mr. Thomas Peltier, observed and described the granitic bedrock in Garrapata
Creek canyon. According to Mr. Peltier, on the north side of the canyon, the granitic bedrock is
hard and dense with moderate weathering. On the south side of the canyon, where exposed, the
bedrock is more weathered, with many of the feldspar minerals altering to clay. The bedrock
slopes are mantled with a relatively thin layer of loose rock and debris (called “colluvium™) and
soil. (Permitting Team Exhibit B1, p. 2.) Mr. Peltier estimated the thickness of the zone of
weathered bedrock, colluvium and soil to be about 20 feet or more on the south side of the

canyon, and a little less than 20 feet on the north side of the canyon. (TII, 285:25-286:7.)

West of the point of diversion, the bedrock changes to a sedimentary rock that Mr. Peltier
described as marine sandstone. (Permitting Team Exhibit B1, p. 2; and J.) Because this unit 1s
not relevant to the classification of groundwater at the Company’s point of diversion, the marine

sandstone will not be discussed further.

The canyons carved into the granitic bedrock by Garrapata Creek and its tributaries are steep and
deeply incised. This feature is evident in several photographs submitted by the Department of
Fish and Game (DFG) and the Permitting Team. (DFG Exhibit 2a, photographs 1 and 2; DFG 7,
4™ photograph; Permitting Team Exhibits E and F.) In the canyon bottom is an unconsolidated
deposit of cobbles, gravel, sand and clay eroded from the bedrock and lain down by

Garrapata Creek. The technical term for this type of unconsolidated deposit is “alluvium.” At the
point of diversion, the alluvium is at least 40 to 50 feet thick (Permitting Team Exhibit B1, p. 3;
Company Exhibit 17, p. 3.) The Company’s well produces groundwater from the alluvium, and is
reported to operate at a rate of 50 gallons per minute. (Company Exhibit 17, p. 3.)

Recharge is the technical term for the processes through which the alluvium becomes saturated
with water. Recharge also refers to the amount of water added to the saturated zone in the

alluvium. The alluvium in the Garrapata Creek watershed is recharged through several processes



including: (1) percolation of water through the soil and colluvium covering the bedrock slopes,
(2) percolation through the shallow zone of weathered bedrock beneath the colluvium,
(3) percolation through fractures in the bedrock beneath the shallow weathered zone, and

(4) infiltration of surface water from Garrapata Creek.

3.3 Discussion

3.3.1 Relationship of the terms “Subterranean Stream Flowing Through a Known and
Definite Channel” and “Underflow”

The Permitting Team and the Company disagreed on the definition of a subterranean stream. Mr.
Peltier testified that two criteria are used to determine if groundwater is flowing in a subterranean
stream: (1) is there flow, and (2) is the flow bounded by bed and banks. (Permitting Team

Exhibit B1, p. 1.) This definition is consistent with the applicable law discussed in section 3.1.

Dr. Johnson used the following definitions in his analysis of groundwater classification.

“Groundwater is all subsurface percolating water not flowing in a known and

definite channel. A stream’s underflow is a subterranean stream flowing through a

known and definite channel having identifiable beds and banks.”

(Company Exhibit 17, p. 1.)
Dr. Johnson’s definition confuses the technical term of “groundwater,” which is water below the
surface of the ground, with the legal concept of percolating groundwater, which is groundwater
not flowing in a subterranean stream. Further, he equates the concept of underflow of a surface
stream with a subterranean stream. Finally, Dr. Johnson demonstrated his misunderstanding of

the characteristics of a subterranean stream when he testified that a subterranean stream consists

of a surface stream and the water beneath it. (TI, 70:14-22.)

A subterranean stream need not be interconnected with a surface stream. A subterranean stream,
like a surface stream, is merely the flow of water in a defined channel whether or not the
subterranean stream is interconnected with a surface stream. The additional characteristic of a
subterranean stream is that the subsurface channel through which it flows must have relatively

impermeable bed and banks compared to the material filling the channel. Thus, Dr. Johnson’s

0.
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evidence concerning the interconnection of the groundwater in the alluvium with the surface flow

of Garrapata Creek is immaterial to the legal classification of the groundwater.

Although not the subject of this hearing, Dr. Johnson introduced the term “underflow” in his
written and oral testimony. The definition of underflow 1s included here to clarify the difference
between the legal concepts of underflow and subterranean streams. Underflow was defined in Los
Angeles v. Pomeroy as having the following physical characternstics:

1. Underflow must be in connection with a surface stream,

3]

. Underflow must be flowing in the same general direction as the surface stream; and
. Underflow must be flowing in a watercourse and within a space reasonably well defined. (124

Cal. at 624 [57 P. at 594].)

(99}

The relationship between subterranean streams and undertlow is that both must flow in a
watercourse. A watercourse must consist of bed, banks or sides, and water flowing in a defined
channel. (/d at 626 [57 P. at 595].) Thus, underflow is a subset of a subterranean stream flowing
in known and definite channels. While a subterranean stream includes underflow, it is not
necessary that groundwater be underflow to establish the existence of a subterranean stream

flowing through a known and definite channel.

3.3.2 Existence of a Subterranean Stream Flowing Through a Known and Definite Channel
Other than any confusion that may have been created by the parties’ use of different definitions,
their evidentiary presentations leave no room for argument as to whether three of the four
elements of the test for a subterranean stream flowing through a known and definite channel have
been established. A subsurface channel is present; the course of the channel is known or capable
of being determined by reasonable inference; and groundwater is flowing in the channel. Based
on the evidence presented, the SWRCB concludes that the fourth element, that the bed and banks

be formed by relatively impermeable materials, has been established.

Mr. Peltier testified that the two sloping sides of the canyon meet at some depth beneath the

alluvium, forming a channel. The location and limits of this channel can be inferred by projecting



the slope of the walls of the canyon to their intersection beneath the alluvium. (Permitting Team
Exhibit B1, p. 3.) The two canyon walls project into the subsurface, forming the banks of the
channel. The intersection of the two sides form the bed of the channel. The Company did not
dispute the Permitting Team’s conclusion that a subsurface channel exists in the Garrapata Creek

watershed.

Both the Permitting Team and the Company testified that groundwater flows through the

alluvium. According to Mr. Peltier:

“Groundwater within the alluvium flows under the force of gravity, within the
channel formed by the sloping walls of the canyon, toward the ocean, in the same
fashion as the surface flow in Garrapata Creek, though moving with much less
velocity than the surface stream.” (Permitting Team Exhibit B1, p. 3.)

Dr. Johnson also testified that groundwater flows within the alluvium. (TT, 43:12-13.)
Accordingly, the SWRCB finds that a subsurface channel exists, that the channel has definite bed

and banks, and that there is groundwater flowing within the alluvium deposited in the channel.

Thus, whether the groundwater in the alluvium of Garrapata Creek should be classified as a
subterranean stream flowing through a known and definite channel at the Company’s point of
diversion hinges on whether the granitic bedrock is sufficiently impermeable to bound the flow of
groundwater. Put another way, is the granitic bedrock sufficiently impermeable at the point of
diversion to prevent the transmission of all but relatively minor quantitiés of water through the
channel boundary. All naturally occurring earth materials have some intrinsic permeability. Thus,
the test of a subterranean stream is not that the bed and banks be absolutely impermeable, but
rather, relatively impermeable compared to the alluvium filling the channel. Thisis a subjective
test, as no SWRCB decisions or appellate court decisions have quantified the difference in
permeability between bedrock and alluvium needed to establish a subterranean stream.
Additionally, the condition of impermeable bed and banks must be shown to exist only in a reach

that includes the point of diversion, not necessarily throughout the entire length of the alluvial

aquifer.



M. Peltier testified that the granitic bedrock is relatively impermeable to groundwater flow. He
testified that the alluvium was recharged principally through the shallow percolation of rainfall
through the zone of weathered bedrock, colluvium and soil, and through infiltration from surface
flow in Garrapata Creek. (Permitting Team Exhibit B1, p. 3.) Mr. Peltier argued that the granitic
bedrock is relatively impermeable and forms the bed and banks of a subterranean stream along its
contact with the alluvium. (Permitting Team Exhibit B1, p. 4.) Based on published literature
regarding typical aquifer characteristics of alluvium and granitic rock, on his observations made
during a field investigation on August 12, 1997, and on information in water well driller’s reports
for wells in the Garrapata Creek watershed, he concluded that the granitic bedrock is relatively
impermeable compared to the alluvium both at the point of diversion and throughout the

watershed.

Mr. Peltier provided the following information about typical aquifer characteristics of granitic
rocks. All granitic rocks consist of interlocking mineral crystals. Most crystalline rocks have no
voids or pores between the mineral crystals. Thus, the only porosity these rocks contain is
imparted through joints and fractures. Granitic rocks generally have poor permeability because
the joints and fractures tend to be shallow, narrow, sometimes clay-filled, of limited extent, and

not interconnected over large areas.

Mr. Peltier’s testimony is supported by the Department of Water Resources Water Facts
Number 1 entitled “Ground Water in Fractured Hard Rock.” (Permitting Team Exhibit M.)

According to this publication:

“About 60 percent of California is composed of hard rocks. However, only a small
quantity of ground water is stored in the fractures of these rocks. The majority of
ground water is stored in what the average person would call “dirt” or “soil,” more
accurately described as alluvium, which has pore spaces between the grains.
(Permitting Team Exhibit M, p. 1.) The volume of water stored in fractured hard
rocks near the surface is estimated to total less than 2 percent of the rock volume.
This percentage decreases with depth as fractures become narrower and farther
apart.” (Permitting Team Exhibit M, p. 3.)



Alluvium has a much higher permeability than granitic rocks because the porosity of alluvium is
higher and the pore spaces are interconnected over large areas. This statement is supported by
the U.S. Geological Survey’s report entitled “Basic Ground-Water Hydrology.”

(Permitting Team Exhibit C.) This report lists the typical specific yields of granite versus
unconsolidated sand and gravel. The specific yield of a material is the amount of water that will
drain out of a unit volume under the influence of gravity. The typical specific yields of sand,

gravel and granite are listed as 22 percent, 19 percent, and .09 percent respectively.

Based on his field investigation, Mr. Peltier testified that the general characteristics of granitic
rocks and alluviuﬁl described above were true for the granitic bedrock and alluvium at the point of
diversion and throughout the Garrapata Creek watershed. Mr. Peltier described the bedrock as
hard and dense, a description that is consistent with the samples he collected and offered into
evidence. (Permitting Team Exhibits G and H.) Mr. Peitier reported that the bedrock exhibited a
network of intersecting joints spaced about 6 to 12 inches apart. Mr. Peltier also observed a small
fault in the bedrock. A geologic fault is a fracture or fracture zone along which there has been

displacement of the sides of the fracture relative to one another.

Mr. Peltier concluded that these joints and fractures were unlikely to impart significant
permeability to the bedrock because they were narrow and filled or partially filled with clay. Clay
fillings in joints and fractures can result either from the weathering and breakdown of feldspar
minerals into clay minerals, or by the pulverization of rock along the moving surfaces of a fault.
As discussed above, Mr. Peltier stated that these openings are likely to become smaller and farther

apart with increasing depth. (Permitting Team Exhibit B1, p. 4.)

Mr. Peltier testified that the low yields and low specific capacities of wells in the granitic bedrock
also support a conclusion that the bedrock is relatively impermeable compared to the alluvium.
The specific capacity of a well is equal to the yield of the well (gallons per minute) divided by the
drawdown of the water level in the well during pumping (feet). The units of specific capacity are
gallons per minute per foot of drawdown. In general, the more permeable the aquifer matenal,

the higher the specific capacity of the wells in the aquifer.
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Based on information in State Water Well Drillers Reports, Mr. Peltier testified that the specific
capacities of wells in the granitic bedrock were extremely low, ranging from 0.015 gallons per
minute per foot of drawdown to a high of 0.28 gallons per minute per foot of drawdown.
(Permitting Team Exhibit B1, p. 5.) Pumping and drawdown data were not available for the
Company’s well. However, based on his knowledge of typical values of specific capacity for
alluvial wells, Mr. Peltier’s opinion was that the specific capacity of the Company’s well was
likely to be several orders of magnitude higher than the specific capacities calculated for the

granitic bedrock wells.

Based on these observations, Mr. Peltier formulated a conceptual model of the
groundwater/surface water flow system that accounts for the dry season surface flow in Garrapata
Creek. Because there is little rainfall in the Garrapata Creek watershed during the dry season, the
flows of the creek are attributable to baseflow. The term “baseflow” refers to the portion of the
flow in a surface stream that comes from the seepage (or discharge) of groundwater into the

stream.

In Mr. Peltier’s conceptualization, the dry season flow is sustained by the slow percolation of
winter rainfall through the shallow zone of soil, colluvium and weathered bedrock into the
alluvium, and eventually into Garrapata Creek. According to this model, infiltrated rainfall will
percolate vertically through the permeable soil, colluvium and weathered bedrock until
encountering the impermeable bedrock at depths of 10 to 20 feet. The infiltrated water then
moves laterally along this low permeability boundary until entering the alluvium, or where the
alluvium is absent, the creek, at the base of the slopes.

The Company presented testimony by Dr. Johnson in which he argued that the subterranean
channel was not impermeable because the baseflow component of Garrapata Creek was so high
that significant amounts of groundwater have to leak from the bedrock to recharge the alluvium

and sustain the surface flow. (TI, 135:20-136:11.)
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Dr. Johnson presented an alternate conceptual model of the groundwater/surface water flow
system in the Garrapata Creek watershed, under which a different process is responsible for most
of the recharge to the alluvium in the stream channel and subsequent baseflow to Garrapata
Creek. Dr. Johnson testified that the principal process of recharge to the alluvium was deep
percolation of rainfall into the weathered and fractured granitic bedrock. He testified that
groundwater is transmitted through the weathered and fractured bedrock into the alluvium and
then into Garrapata Creek. (Company Exhibit 17, Figure 8.) His conceptual flow model was
based on the water balance and surface outflow of the watershed as a whole and did not address
specific hydrologic conditions at the point of diversion. According to this conceptual model,
infiltrating rainwater percolates vertically through the soil, colluvium and weathered zone into
fractures in the bedrock until encountering the groundwater table. During the rainy season, the
water table rises, reaching its highest elevation in April near the end of the winter rans.
Groundwater flows laterally through interconnected fractures in the granitic bedrock and into the
alluvium in the direction of the hydraulic gradient. The gradient goes from the bedrock into the
alluvium because the water levels in the bedrock are higher than in the alluvium. From the
alluvium, groundwater seeps into the channel of Garrapata Creek because the groundwater level

in the alluvium is higher than the elevation of surface water in Garrapata Creek.

Dr. Johnson’s conclusions were based on his estimates of the baseflow portion of the average
annual surface flow of Garrapata Creek. Dr. Johnson testified that the weathering and fracturing
in the granitic bedrock associated with the joints and faulting result in a secondary porosity
capable of producing significant well yields. Dr. Johnson supported his conclusions by comparing
water quality data for groundwater from the Company’s well to data for Garrapata Creek.

(Company Exhibit 17, pp. 4 and 5.)

To estimate the baseflow portion of Garrapata Creek surface flow, Dr. Johnson first estimated the
average annual surface outflow of Garrapata Creek to the Pacific Ocean. Dr. Johnson used two
different methods to calculate outflow (also called discharge). Both methods resulted in an
estimate of about 5,000 acre-feet per annum (afa) for the average annual discharge of

Garrapata Creek to the ocean. In the first method, Dr. Johnson used a soil water balance for the
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watershed to arrive at the 5,000 afa discharge estimate. This method takes into account average
annual precipitation in the watershed, air temperature, heat index, evapotranspiration, and soil
moisture storage to determine the amount of surplus water available for surface runoff and

groundwater recharge.

In the second method, Dr. Johnson compared instantaneous streamflow measurements of
Garrapata Creek, reported by various observers, with average daily streamflows of the

Big Sur River. The Big Sur River was used because it has the nearest recording gage to the
Garrapata Creek watershed. Dr. Johnson developed a relationship that expressed

Garrapata Creek flow as a percent of Big Sur River flow. Then, Dr. Johnson estimated the
average monthly flows of Garrapata Creek as a percent of the average monthly flows of the

Big Sur River. Summing the average monthly flows for Garrapata Creek gave an annual average

streamflow of about 5,200 afa,’ nearly the same as the estimate using the water balance approach.

To calculate the baseflow portion of Garrapata Creek streamflow, Dr. Johnson created an average
annual hydrograph from the average monthly streamflow estimates. (Company Exhibit 17, Figure
7.) He assumed that from May through October, when there is little or no precipitation, 100
percent of the Garrapata Creek streamflow is baseflow. However, for the rainy season of
November through April, the baseflow portion of the streamflow had to be separated from the
runoff portion. Dr. Johnson reasoned that the rate of baseflow would reach its peak when the
groundwater gradient in the watershed reached its peak at the end of the rainy season.

(Company Exhibit 17, p. 3.) Thus he selected April as the month of peak baseflow.

Dr. Johnson estimated the magnitude of the peak baseflow to be 6 cubic feet per second (cfs)
because an instantaneous streamflow of this magnitude was measured in Garrapata Creek on June
28, 1992. Since there had been no rain in almost two months, Dr. Johnson reasoned that the June
28 streamflow was 100 percent baseflow. (Company Exhibit 17, p. 3.) The baseflow separation

curve is shown in the Company’s Exhibit 17, Figure 7. The area beneath the lower curve in

> Dr. Johnson’s actual calculation was 5,010 afa. The estimate of 5,200 afa reported above corrects errors in
Dr. Johnson's estimates of average flow for the months of November, May, June, July, August, and September.
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Figure 7 represents the average annual baseflow in Garrapata Creek and is equal to 1,900 afa. Dr.

Johnson concluded that:

“It is not possible to transmit the measured and estimated rates of Garrapata Creek
baseflow into the stream except through the bedrock aquifer.” (Company
Exhibit 17, p. 4.)

Dr. Johnson’s testimony indicates that the amount of water transmitted into the alluvium from the
deep fracture system in the granitic bedrock actually is less than the 1,900 afa estimate of
baseflow. During cross examination, he testified that some of the 1,900 acre-feet of baseflow
could have been transmitted to the alluvium through the shallow zone of soil, colluvium, and
weathered bedrock. Dr. Johnson testified that he did not attempt to quantify the amounts of
water transmitted from the different zones into the alluvium because all the water, once it reached
Garrapata Creek, would be within the definition of baseflow. (TI, 113:20-114:10.) This
testimony contradicts the illustration of his conceptual model of groundwater flow shown in
Figure 8 of his written testimony. (Company Exhibit 17.) This illustration depicts the alluvium

being recharged only with water coming from the deep fracture system in the granitic bedrock.

On rebuttal, the Permitting Team showed that the shallow zone of soil, colluvium and weathered
bedrock is capable of transmitting 1,900 afa of recharge to the alluvium. To show this,

Mr. Peltier used a Darcy flow analysis presented in Exhibit U. Darcy’s Law describes the rate of
flow of water through porous media. The rate of flow (Q) is equal to the hydraulic conductivity

of the medium (K) multiplied by the hydraulic gradient (I) and the cross-sectional area through

which the water flows (A). The relationship is expressed as: Q =KITA

Mr. Peltier testified that the Darcy flow analysis showed that the shallow zone of weathered
bedrock, colluvium and soil was easily capable of transmitting 1,900 afa of recharge to the alluvial
aquifer and, ultimately, baseflow to Garrapata Creek. (TII, 280:6-21.) Mr. Peltier assumed that
the hydraulic conductivity (K) of the shallow zone was equal to one foot per day. The hydraulic
gradient (I) was assumed to be 0.25 foot per foot. The cross-sectional area of flow was assumed

to be 1,056,000 square feet. These values are reasonable estimates as set forth below. Plugging
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these values into the equation and converting the units to acre feet per year resulted in an annual

flow through the shallow zone of 2,212 acre feet. (Permitting Team Exhibit U.)

Mr. Peltier testified that he used conservative estimates in this calculation. (TTIL, 281:18-283:4.)
A hydraulic conductivity of one foot per day is appropriate for a highly fractured or weathered
crystalline rock but is very conservative for colluvium and soil. Thus, the value of one foot per
day is a reasonable, yet conservative, assumption for the hydraulic conductivity in the Darcy flow
analysis. This assumption is consistent with Dr. Johnson’s testimony that the hydraulic
conductivity of the alluvium could range from 1 to 200 feet per day. The soil and colluvium
would have a higher hydraulic conductivity because this material is less consolidated than the
alluvium. Dr. Johnson testified that the hydraulic conductivity of the weathered bedrock and
fractured bedrock cduld range from .01 to 5 feet per day. (TI, 126:2-7.) Mr. Peltier’s estimate is

within the range of values estimated by Dr. Johnson.

The hydraulic gradient of 0.25 represents a four to one slope (lateral run to rise) and is
conservative based on the steepness of the canyon walls in Garrapata Creek which, at the point of
diversion, is even steeper having a two to one slope. (TII, 282:10-19.) The cross-sectional area
of flow is based on the Garrapata Creek watershed having 10 miles of surface channels and the
shallow zone of weathered bedrock, colluvium and soil being 10 feet thick. The value of length
and thickness is conservative based on topographic maps of the area (Permitting Team Exhibit S,
Figure 2) and with Mr. Peltier’s observations of the watershed. Thus, Mr. Peltier’s conclusion
that the shallow zone is capable of transmitting 1,900 afa of recharge to the alluvium is
reasonable.

Mr. Peltier’s conceptualization of the source of the baseflow in Garrapata Creek is supported by
the evidence in the record. Dr. Johnson’s calculations of the baseflow of the creek do not provide
a convincing argument that groundwater must be transmitted from the deep fracture system in the

granitic bedrock into the alluvium.

The Company did not present any testimony bearing directly on the permeability of the granitic

bedrock in the Garrapata Creek watershed. However, Dr. Johnson testified that:



“[A]quifers within fractured granitic rock are common throughout the world. The
weathering of feldspar minerals into clay, contrary to the Division staff
memorandum, does not compromise their viability.” (Company Exhibit 17, p. 4.)

Dr. Johnson did not provide evidence to support his statement that aquifers within granitic rock
are common throughout the world. Although such aquifers no doubt exist, the evidence provided
by the Permitting Team indicates that such aquifers are the exception. (Permitting Team

Exhibit M.) Dr. Johnson’s statement that the weathering of feldspar minerals to clay does not
compromise the permeability of those aquifers is true, provided the fractures and joints do not
become clay filled as a result of the weathering process. As previously stated, however, the
Permitting Team testified that some of the fractures and joints in the bedrock were observed to be

clay-filled.

Based on anecdotal evidence, Dr. Johnson testified that wells in the granitic bedrock were capable
of producing significant yields. (Company Exhibit 17, p. 4.) For example, Dr. Johnson reported
that Mr. Layne knew of a bedrock well on the watershed ridge that provided water for 12 homes.
Dr. Johnson testified that he did not know the pumping rate of this well. (TL, 75:4-25.) On
rebuttal, Mr. Peltier testified that a well with a yield as low as 4 gallons per minute was capable of
meeting a demand of 500 gallons per day per home for 12 homes. Mr. Peltier concluded that 4
gallons per minute of sustained flow does not necessarily indicate high productivity from the

bedrock aquifer. (TII, 313:14-314:14.)

Another problem with the Company’s case is that, even if the bedrock aquifer contributes an
average of 1,900 afa of recharge to the alluvium in the watershed, the Company could not show
where in the watershed this recharge is occurring. Even if substantial quantities of water are
transmitted into the alluvium from the granitic bedrock in some parts of the watershed, that would
not necessarily support the conclusion that the bedrock is sufficiently permeable to transmit
significant quantities of water in the stream reach where the Company has its point of diversion.
The Company offered no evidence that the bedrock is exceptionally permeable at the point of

diversion to rebut the Permitting Team’s observational evidence that, at the point of diversion, the
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joints and fractures were narrow and clay-filled and unlikely to impart any significant permeability
to the bedrock. On this subject, Dr. Johnson testified that the granitic bedrock would have areas
of greater and lesser fracturing, but he did not investigate where these areas might be in the
watershed. (TT, 128:11-18.) Dr. Johnson testified that conditions in the watershed vary quite a

bit with some areas much more fractured and weathered than other areas. (TI, 61:25-62:2.)

The only evidence Dr. Johnson presented pertaining to conditions at the well site was water

quality data for water from the Company’s well. Dr. Johnson’s written testimony states that:

“The electrical conductivity of groundwater averages about 3.5 times greater than
the streamflow. The pH and turbidity also are distinctly different. These
differences are significant given that groundwater has been extracted continuously
at this site for several decades, and indicate that the groundwater pumped from the
Water Company well is derived from a source other than Garrapata Creek.
(Company Exhibit 17, p. 4.) The water quality differences between the Water
Company well and Garrapata Creek are consistent with the interpretation that
groundwater flows from the bedrock aquifer across the watershed toward the
creek. The groundwater is more mineralized because of its residence time in the
bedrock aquifer.” (Company Exhibit 17, p. 5.)

The electrical conductivity of water is proportional to the salinity of the water. Thus, electrical
conductivity often is used as a field test to determine the relative salinity of groundwater and
surface water samples. The electrical conductivity of groundwater increases as residence time in
the aquifer increases because more minerals dissolve over time raising the level of salinity of the
water. Electrical conductivity of groundwater also increases due to contamination from buried

sources like septic tanks or leaching of fertilizer and other chemicals from irrigation.

The difference in electrical conductivity between the well water and the creek water shows that
the groundwater is, as expected, more saline than the surface water. The difference, however, is
not indicative of the geologic unit from which the well water originated. Mr. Peltier’s testimony
that the higher electrical conductivity of the groundwater could be due to residence time in the
alluvium (TTI, 315:1-7) is as valid as Dr. Johnson’s explanation that the higher value is due to
residence time in the granitic bedrock. The higher electrical conductivity of the groundwater also

could be due to contamination from a septic system. Dr. Johnson testified that there is a residence
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near the Company’s well that probably has a septic tank. (TI, 79:21-23.) Mr. Layne testified that
there are some septic systems upstream of the Company’s well, but he thought they were in a
“separate alluvium.” (TI, 120:4-12.) Mr. Layne’s meaning of “separate alluvium” is not clear
from his testimony. Even if the Company could show that the salinity of the groundwater was
due to residence time in the granitic bedrock, this information does not establish that groundwater

is infiltrating from the bedrock into the alluvium at the Company’s point of diversion.

The reliability of the water quality data presented by the Company is questionable. When asked
to explain unusual trends in the temperature and pH data, Dr. Johnson testified that the trends
were most likely due to errors in instrument calibration and typographical errors. Dr. J ohnson
testified that the unusually high pH values suggested an error in calibrating the pH meter.

(TI, 124:8-20.) The temperature data included an unusual value that Dr. Johnson testified was
perhaps a typographical error or a reporting error. (T1, 123:8-25)) These errors cast doubt on
the reliability of the water quality data as a whole and do not inspire confidence that the electrical
conductivity data are free of calibration errors or typographical errors. Mr. Layne testified that he
calibrated the meters, took all of the temperature and pH measurements, and took 12 of the 14
electrical conductivity measurements. Mr. Layne testified that he had no vspecial training
regarding calibrating and using the meters, but operated them according to written instructions.

(TL, 117:10-23.)

In summary, the record as a whole clearly demonstrates that the groundwater diverted from the
Company’s well is from a subterranean stream flowing through a known and defined channel.

The granitic bedrock is relatively inﬁpermeable compared to the alluvium and forms the bed and
banks of the subterranean stream. The Permitting Team’s case is persuasive, and the Company’s
is not, because the Permitting Team addressed the aquifer characteristics of the bedrock and
alluvium both at the point of diversion and throughout the watershed as a whole. The Permitting
Team’s evidence established that, in general, granitic rocks are very low in permeability because
the crystalline texture of the rock has no primary porosity. The fractures and joints in granitic
rocks generally do not impart significant secondary porosity or permeability because fractures are
usually narrow, shallow and of limited extent. The Permitting Team provided direct observational

evidence that the granitic bedrock in the Garrapata Creek watershed is typical of granitic rocks,
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having a crystalline texture and narrow joints and fractures, some clay-filled. Additionally, the
low specific capacities calculated for several wells in the granitic bedrock support a conclusion
that the bedrock is relatively impermeable compared to the alluvium.

The Company relied on a watershed wide estimate of the volume of baseflow in Garrapata Creek
to argue that the bedrock has sufficient permeability to preclude the existence of a subterranean
stream. Dr. Johnson testified that the alluvium is not extensive enough to store and transmit this
volume of baseflow into the surface stream, and thét transmitting this volume through the
colluvium is highly improbable. The Company’s testimony was effectively rebutted, however, by
evidence presented by the Permitting Team showing that the shallow zone of weathered bedrock,
soil, and colluvium is capable of transmitting the Company’s estimated volume of baseflow into
the alluvium. Further, as noted above, the Company did not inspect the bedrock and describe its
characteristics at the point of diversion. The Company claimed that water quality data for the
well water and surface water supported the conclusion that the bedrock was permeable. The
water quality data were not persuasive because the data could be explained by valid hypotheses
other than the Company’s, and the reliability of the data was compromised by errors in the data

set.

The evidence in the record clearly establishes the presence of a subsurface channel with
impermeable bed and banks relative to the alluvium filling the channel, the location of the course
of the subsurface channel, and that groundwater is flowing in the channel. Therefore, the
SWRCB finds and concludes that at the point of diversion, and throughout the watershed where
the deposits of alluvium are bounded by the granitic bedrock, the groundwater flowing in the
alluvium of the valley of Garrapata Creek constitutes a subterranean stream flowing through a

known and definite channel.
4.0 APPLICABILITY OF CEQA
In general, CEQA applies to discretionary projects which are proposed to be carried out or

approved by public agencies. (Pub. Resources Code, § 21080(a).)

CEQA defines a “project” to mean:



“[Al]n activity which may cause either a direct physical change in the environment,
or a reasonably foreseeable indirect physical change in the environment, and which
is any of the following:

(34

“(c)  An activity that involves the issuance to a person of a . . . permit . . . by one
or more public agencies.” (Pub. Resources Code, § 21065.)

The Company admits that its application is a project as that term is used in section 21065 of the

Public Resources Code. (TII, 329:24-330:10.)

The CEQA Guidelines (Cal. Code Regs., tit. 14, § 15000 et seq.) define a “discretionary project”

to be a project “which requires the exercise of judgment or deliberation when the public agency or
body decides to approve or disapprove a particular activity.” (/d., § 15357.) As will be discussed
in Section 4.1 below, the Company believes its project is ministerial, not discretionary. Ministerial

projects are exempt from CEQA. (Pub. Resources Code, § 21080, subd. (b)(1).)

“Approval” is defined in section 15352 of the CEQA Guidelines as “the decision by a public
agency which commits the agency to a definite course of action in regard to a project intended to
be carried out by any person.” (Cal. Code Regs., tit. 14, § 15352, subd. (a).) For private projects
such as the Company’s Application 29664, “approval occurs upon the earliest commitment to
issue or the issuance by the public agency of a discretionary . . . permit.” (Cal. Code Regs,,

tit. 14, § 15352, subd. (b).)

The hearing which forms the basis for this decision was not held for the purpose of approving
Application 29664. The SWRCB has not adopted a decision which commits it to a definite
course of action with regard to Application 29664 and the SWRCB has made no commitment to
issue a permit for the Company’s project. Any findings concerning the potential for significant
effects as a result of the pr;)ject must be made based on the record before the SWRCB at the time
the SWRCB approves the project. Therefore, any finding which finally determines CEQA

applicability to Application 29664 is premature at this time. As explained below, although the



SWRCB tentatively concludes that CEQA applies to the approval of the Company’s pending
application, information regarding the Company’s project and/or its impacts may become available
in the future as part of an ongoing CEQA review which may change this conclusion. Further, as
explained in section 4.3.1 below, the Company’s project could be modified to qualify for a

categorical exemption from CEQA.

The Company claims both statutory and categorical exemptions from CEQA. It claims to be
statutorily exempt as a “ministerial project” pursuant to section 21080(b)(1) of the Public
Resources Code and section 15268 of the CEQA Guidelines, and as an “ongoing project,”
pursuant to section 15261 of the CEQA Guidelines and section 21169 of the Public Resources
Code. The Company also claims to be categorically exempt as an “existing facility” pursuant to

section 15301 of the CEQA Guidelines.

4.1 Ministerial Project Exemption

The Company contends that its project is exempt from CEQA as a “ministerial project” pursuant
to Public Resources Code section 21080(b)(1) and section 15268 of the CEQA Guidelines. The
Company also contends that the SWRCB’s regulations exempt the issuance of water right permits

and licenses from CEQA. (TIL 337:17-341:12.)

Public Resources Code section 21080 provides that CEQA applies to discretionary projects.
Subdivision (b)(1) of section 21080 exempts ministerial projects from CEQA. According to the
CEQA Guidelines, a ministerial project is one in which the agency’s decision to approve it

involves:

“[Llittle or no personal judgment by the public official as to the wisdom or manner
of carrying out the project. The public official merely applies the law to the facts
as presented but uses no special discretion or judgment in reaching a decision.”
(Cal. Code Regs., tit. 14, § 15369.)

The ministerial exemption applies only where the agency has no discretion over whether and
under what circumstances to approve an application. The exemption does not apply to the

SWRCB’s decision on Application 29664, because the SWRCB has broad discretion to approve,
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condition, or deny an application to appropriate unappropriated water. (See Wat. Code, § 1200,

et seq.)

Water Code sections 1255-1259 require the SWRCB to determine that the proposed
appropriation is in the public interest and to consider such things as the relative benefit to be
derived from all beneficial uses of water as well as the amounts of water needed to remain in the
source for protection of beneficial uses. The SWRCB may subject appropriations to the terms
and conditions “as in its judgment will best develop, conserve, and utilitze in the public interest

the water sought to be appropriated.” (Wat. Code, § 1257, emphasis added.)

The California Supfeme Court held that the SWRCB exercises broad discretion in determining
whether the approval of an application will best serve the public interest and that a decision of the
SWRCB to approve an application 1s a quasi-judicial decision, not a ministerial act. (7emescal
Water Co. v. Dept. of Public Works (1955) 44 Cal.2d 90, 100 [280 P.2d 1, 7].) The SWRCB
must also consider the public trust when deciding whether to approve water right applications.
(National Audubon Society v. Superior Court (1983) 33 Cal.3d 419 [189 Cal.Rptr. 346].)
Because the SWRCB must exercise its discretion in deciding whether to approve applications to
appropriate unappropriated water and whether to subject the appropriation to specific terms and
conditions to protect the public interest and the public trust, the decision to approve, condition, or

deny an application is not a ministerial act.

The Company contends that the SWRCB’s regulations exempt the issuance of water right permits
and licenses from CEQA because their issuance 1s a ministerial act. The regulations of the

SWRCB provide, in pertinent part:

“Ministerial projects are exempt from the requirements of CEQA and do not
require the preparation of environmental documents. Generally, in the absence of
special circumstances, the following activities have been determined to be
ministerial projects:

(13



“(c) Issuance of permits to appropriate water pursuant to a decision or order of
the state board.” (Cal. Code Regs,, tit. 23, § 3730, subd. (c),
(emphasis added).)

The plain language of the SWRCB’s regulation applies to the actual issuance of permits to
appropriate water and not to the adoption of decisions or orders of the SWRCB that approve the
issuance of the permits. Issuance of the permit is ministerial because the descretionary decision to
approve the permit and to determine what conditions should be included in the permit has already
been made. (See also SWRCB Resolution 97-006, § 3.2.15 [in effect at the time of the hearing
on this matter] and Resolution 99-031, § 3.2.17 [currently in effect] delegating authority to the
Chief of Division of Water Rights to “[i]ssue permits . . . after Board decision or order.”
‘(ewmphasis added).) Given the SWRCB’s broad discretion to approve, condition, or deny water
right applications, the Company’s contention that approval of its application is ministerial has no

basis in law.

4.2 Ongoing Project Exemption

The Company contends that because it obtained approvals from the Public Utilities Commission
(Certificate of Public Convenience and Necessity, Company Exhibit 3), Department of Highways
of the State of California (Utilities Encroachment Permit, Company Exhibit 4), and the State
Board of Public Health (Water Supply Permit, Company Exhibit 5) prior to 1973, it is exempt
from CEQA as an ongoing project. (TII, 331:9-21.)

The statutory exemption for ongoing projects carried out by private parties but subject to
governmental approvals is established by section 21169 of the Public Resources Code and applied
and interpreted by subdivision (b) of section 15261 of the CEQA Guidelines. If the ongoing
project exemption applies, no environmental documentation is required to meet the requirements
of CEQA, although the SWRCB would still have authority under the Water Code and the public
trust doctrine to require submission of information on environmental impacts relevant to its
decision and to consider thHose environmental impacts in deciding whether and under what
conditions to approve a permit. (See Wat. Code, § 1255-1276; Cal. Code Regs., tit. 14, § 15261,
subd. (b)(1).)
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The statutory exemption for ongoing projects should be distinguished from the categorical
exemption for existing facilities. A project may be exempt from CEQA pursuant to the exemption
for existing facilities, discussed in section 4.3, below, based on the determination that because the
facility is already in place, approval of the facility will not cause an adverse impact on the
environment. (See Azusa Land and Reclamation Co. v. Main San Gabriel Basin Watermaster
(1997) 52 Cal.App.4th 1165, 1191-22 [61 Cal.Rptr.2d 447, 462] (hereafter Azusa).) The
Legislature enacted the statutory exemption for ongoing projects, on the other hand, to allow
completion of private projects approved after CEQA was enacted but before CEQA was
interpreted to apply to private projects. (/d. at 1216-18 [61 Cal.Rptr.2d at 478-79].) The
ongoing projects exemption was enacted as part of legislation that also placed a moratorium on
the applicability of CEQA to governmental approvals of private projects. Together these sections
exempt governmental approvals of private projects from CEQA if those approvals were issued

before April 5, 1973. (See Pub. Resources Code, §§ 21169, 21171. But see id. § 21 170.)

“The courts are divided as to whether the ongoing project exemption has any applicability where a
project was first approved before CEQA took effect, or before or during the moratorium on the
applicability of CEQA to private projects, but another governmental approval is required later. In
zusa the court held that the ongoing project exemption does not apply to these later approvals.
(52 Cal.App.4th 1165, 1216-18 [6’1 Cal.Rptr.2d 447, 478-79].) The court refused to follow
section 15261 of the CEQA Guidelines, concluding that section 15261 is inconsistent with the
statute, and is therefore invalid, because it exempts governmental approvals issued after the dates
specified under CEQA. (/d. at 1218-19 [61 Cal.Rptr.2d at 479-80].) In Nacimiento Regional
Water Management Advisory Committee v. Monterey County Water Resources Agency (1993) 15
Cal.App.4th 201 [19 Cal.Rptr.2d 1] (hereafter Nacimiento), on the other hand, the Court of
Appeal applied section 15261 of the CEQA Guidelines to a 1991 agency decision. The court held
that because the construction and operation of a reservoir initially approved and built before
CEQA was an ongoing project, a later decision that adjusted project operations but did not

enlarge project facilities was exempt from CEQA. (/d. at 202-205 [19 Cal Rptr.2d at 2-4].)



We need not decide here which approach is correct.® The decision to issue a water right permit
for the Company’s well does not qualify as an ongoing project under either the Azusa
interpretation or under the approach followed by Nacimiento and the CEQA Guidelines.
Obviously, because any SWRCB approval would be issued after the April 5, 1973, expiration of
the moratorium on the applicability of CEQA to private projects, the SWRCB’s action would not
come within the ongoing project exemption as interpreted by Azusa. Nor would issuing a water
right permit constitute an ongoing project as the exemption is interpreted in Nacimiento, because
the SWRCB action would be beyond the scope of the exemption as set forth in section 15261 of
the CEQA guidelines.

Section 15261 of the CEQA Guidelines states in relevant part:

“(b) A private project shall be exempt from CEQA if the project received approval
of a lease, license, certificate, permit, or other entitlement for use from a public
agency prior to April 5, 1973, subject to the following provisions:

143

“(3) Where a private project has been granted a discretionary governmental
approval for part of the project before April 5, 1973, and another or additional
discretionary governmental approvals after April 5, 1973, the project shall be
subject to CEQA only if the approval or approvals after April 5, 1973, involve a
greater degree of responsibility or control over the project as a whole than did the
approval or approvals prior to that date.”

Approval of a water right application by the SWRCB involves a greater degree of responsibility
or control than earlier approvals by the Public Utilities Commission, the State Department of
Highways, and the State Board of Public Health. These prior approvals did not entail an overall
evaluation of the project and its impacts. Rather, these other agency approvals focused on

specific aspects of the project. A review of the approvals issued by the other agencies also reveals

3 Azusa, which was decided later, does not distinguish or otherwise discuss Nacimiento. Although 4zusa, like this
proceeding, involved a private project, while Nacimiento involved a project carried out by a public agency, that
does not provide a logical basis for distinguishing the two cases. Both cases involved the issue whether a
discretionary approval that would otherwise be subject to CEQA should nevertheless be exempt based on its
relationship to earlier approvals of the same project that were not subject to CEQA, either because those earlier
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that these were routine approvals, not involving extensive review or control over the project. The
Public Utilities Commission approval, issued without a hearing based on the information provided
in the Company’s application, involved a determination whether the Company’s service area was
already served by another public utility, whether the Company had adequate finances to provide
water service, whether the rates to be charged for water service were reasonable, and whether the
Company’s water supply and distribution facilities met minimum requirements. (Company Exhibit
3, p.3.) The Department of Highways and Board of Public Health approvals are form approvals,
subject to a few conditions requiring compliance with requirements for avoiding interference with
state highways, and cofnpliance with state health requirements for drinking water, respectively.
(Company Exhibits 4 and 5.) None of these prior approvals involve consideration of the effects of

diversions from Garrapata Creek on the environment or on other users of the creek.

In contrast, when the SWRCB reviews a water right application, the SWRCB considers the
availability of unappropriated water to supply the applicant, the effects of the diversion on prior
rights and public trust resources, as well as impacts on the river and the aquifer, and whether the
appropriation is in the public interest. If there is unappropriated water available to supply the
applicant, the SWRCB then determines under what terms and conditions the applicant may divert
and use the water. These conditions will almost certainly be more extensive than those

established in the prior agency approvals.

The SWRCB’s review process provides opportunities for third party intervention. In contrast to
the other approvals, which were uncontested, three parties filed protests to the Company’s water
right application. The SWRCB’s process provides opportunity for the presentation of evidence

and resolution of the protests before final action is taken on the application.

Because the SWRCB’s review of a water right application involves a greater degree of oversight
and control than was involved in the prior approvals, the SWRCB approval is not within the

scope of section 15261 of the CEQA Guidelines, and the ongoing project exemption does not

approvals were issued before CEQA was enacted or because the sections enacted in response to Friends of
Mammoth made CEQA inapplicable to those earlier approvals.
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apply. (See People v. County of Kern (1974) 39 Cal. App.3d 830, 835 n. 5, 839-40 [115
Cal.Rptr. 65, 70-71 n.5, 73-74] [holding that the ongoing project exemption did not apply to an
approval issued after April 5, 1973, that the governmental agency issuing the approval had

determined to involve a greater degree of responsibility and control than previous approvals].)

Even if the ongoing project exemption were otherwise available, it does not apply to projects
being operated unlawfully, without obtaining all necessary approvals. Public Resources Code

section 21169 states in relevant part:

“Any project defined in subdivision (c) of Section 21065 undertaken, carried out,
or approved on or before the effective date of this section [December 5, 1972] and
the issuance by any public agency of any lease, permit, license, certificate or other
entitlement for use executed or issued on or before the effective date of this
section notwithstanding a failure to comply with this division, if otherwise legal
and valid, is hereby confirmed, validated and declared legally effective.”

e — ]

(Emphasis added.)

The Company needs a permit to appropriate the water it is now diverting from the
Garrapata Creek subterranean stream to be “otherwise legal and valid” in accordance with section
21169. (Wat. Code § 1052.) Therefore, the Company’s project cannot be validated pursuant to

section 21169 and is not exempt from CEQA.*

Finally, the ongoing project exemption applies only to the original project, not to subsequent
expansions. (See SWRCB Order WQ 88-5 at 5-7 [observing that, in addition to the requirement
that the later approval must not involve a greater degree of responsibiity and control, the later

approval must not involve an expansion beyond what was estimated in the original approval].) As

* The purpose of section 21169 was to ameliorate the hardship that could have been created by the Supreme
Court’s decision in Friends of Mammoth v. Board of Supervisors (1972) 8 Cal.3d 247 [104 Cal.Rptr.761]
(hereafter Friends of Mammoth), which held that CEQA applies to private as well as public projects and applied its
ruling retroactively. (dzusa, supra, 52 Cal. App.4th 1165, 1616-17 [61 Cal.Rptr.2d 447, 478].) Development
projects being constructed in reliance on governmental approvals previously thought to be exempt from CEQA
could be disrupted if those approvals were invalidated for failure to comply with CEQA. The effect of section
21169 was to protect these approvals from challenge by limiting the retroactive applicability of Friends of
Mammoth. (Id.; Cooper v. County of Los Angeles (1977) 69 Cal. App.3d 529, 533 [138 Cal.Rptr. 229, 231].)
Where the project is completed without obtaining all necessary approvals, however, the case for exempting the
project from CEQA based on the project proponent’s actions is less than compelling.

27.



part of its application for approval by the Public Utilities Commission, the Company estimated
that “there will ultimately be about 30 residential customers and one commercial user.”
(Company Exhibit 2, p. 2.) As discussed in section 4.3.1, the Company now serves 38 residential
customers and one commercial user, and the Company’s application proposes to more than
double the amount of water diverted. Even assuming the ongoing project exception was
otherwise applicable to the issuance of a water right permit to the Company, it is questionable
whether the exemption would apply unless the Company modified its application or the SWRCB

conditioned its approval to avoid this expansion.

4.3  Existing Facility Exemption

The Company contends that its project is exempt from CEQA as an “existing facility” pursuant to

section 15301 of the CEQA Guidelines.

4.3.1 Applicability of the Existing Facilities Exemption

Section 15301 describes existing facilities which are exempt as:

“[TThe operation, repair, maintenance, permitting, leasing, licensing, or minor
alteration of existing public or private structures, facilities, mechanical equipment,

or topographic features, involving negligible or no expansion of use beyond that

existing at the time of the lead agency’s determination.” (Cal. Code. Regs.,
tit. 14, § 15301, emphasis added.)

The baseline for determining whether the existing facilities exemption applies is the time the
SWRCB determines CEQA applicability to Application 29664, not the effective date of CEQA.
(Bloom v. McGurk (1994) 26 Cal. App.4th 1370 [31 Cal.Rptr.2d 914, 918]; Cal. Code Regs.,
tit. 14, § 15301.) '

The Company currently serves 38 homes and the Rocky Point Restaurant. (Company Exhibit 18,

p. 3.) There are six lots which have not yet been developed, one of which may not be developed.

(Id.; TL, 30:22-31:20.)
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Several years ago, the Company installed a meter at its well site. (Company Exhibit 18, p. 8;
TI, 20:19-21:24.) The meter has been in operation continuously since its installation.

(T1, 21:25-22:2.) The meter is not read on any regular basis and there are only three meter
readings in the record. (Company Exhibit 18, p. 8; T1, 22:3-15.) Individual connections do not
have meters. (TI, 25:24-26:1.) No limit on water use for each connection exists, each user may

use as much as the user wants. (TI, 26:25-27:4.)

The Company has provided three estimates of its current water use. Mr. Layne estimated the
Company’s current water use to be 0.1 cfs which is equal to 64,632 gallons per day (gpd) or

72 afa. (Company Exhibit 18, p. 7.) Mr. Layne provided no basis or support for this estimate of
water use. Mr. Layne did not define “water use.” Whether his estimate is the amount of
groundwater pumped or the amount of water put to beneficial use or whether there is a significant

difference between the two amounts is not clear. Mr. Layne also estimated the



Company’s current water use to be 23,310 gpd or 25.55 afa based on meter readings.’
(Company Exhibit 18, p. 8.) Dr. Johnson estimated the current water use of the Company to be
approximately 35 afa. (TI, 45:12-14.) Although Dr. Johnson testified that 35 afa is a high

estimate (TL, 68:2-13), it is a reasonable estimate of current annual water use by the Company.

In Application 29664, the Company has applied to divert 72,000 gpd year round from Garrapata
Creek Subterranean Stream with a limitation of 81 afa. According to the Company, this amount
represents actual use “plus a little extra in case some of our weekend houses turn into permanent
residences, plus a little extra in case of leaks, and a little extra for 6 more homes and lastly, a
goodly allowance as an error factor.” (Company Exhibit 18, p. 8.) In fact the amount applied for
is considerably more than any of the estimates of current use. Accordingly, the Company’bs
project is not exempt as an existing facility because, by its own admission, the Company’s water
use and service connections will increase in the future as full build-out occurs, and because the
amount applied for by the Company in Application 29664 far exceeds existing use. This
expansion of use negates the use of the categorical exemption for existing facilities. (Cal. Code

Regs., tit. 14, § 15301, Bloom v. McGurk, supra.)

As noted above, any findings concerning the applicabilty of CEQA must be based upon the facts
in the record at the time the SWRCB makes its decision. Thus, the SWRCB’s determination as to
the applicability of the existing facility exemption could change from the tentative conclusions of
this order, based on new information on actual water use or a willingness of the Company to
reduce the amount it applied for in its application to the amount of existing use. The Company
may find it beneficial to commence reading its meter on a regular basis to have a more complete
record of its diversions from Garrapata Creek. If the Company reduces the amount applied for in

Application 29664 to the amount of its current annual diversion, the existing facilities exemption

5 According to the Company, the meter showed 40,673,500 on July 12, 1997; 43,073,300 on September 13, 1997,
and 53,773,000 on December 17, 1998. Company Exhibit 18, p. 8; Permitting Team Exhibit A,

September 15, 1997, letter to Robert Been from Donald M. Layne. Accordingly, between July 12, 1997 and
December 17, 1998 (524 days), 13,099,500 gallons were used. This computes to 25,000 gpd or 28 afa, not 23,310
gpd or 25.55 afa as calculated by Mr Layne.
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probably would apply. (Cf. Committee for a Progressive Gilroy v. SWRCB (192 Cal. App.3d 847,
864 [237 Cal.Rptr. 723, 733-34] [order permitting sewage treatment plant, without authorizing
any expansion of capacity, was exempt from CEQA under the categorical exemption for existing

facilities].)

Ordinarily, the SWRCB would be reluctant to apply the existing facilities exemption in a case
where facilities have been constructed and diversion of water has been initiated without first
obtaining a water right permit. Applying the existing facilities exemption to existing,
unauthorized diversions would encourage applicants to initiate diversions without first obtaining
water right permits, undermining the policies of both CEQA and the Water Code. (See generally
People v. Shirokow (1980) 26 Cal.3d 301, 308-10 [162 Cal.Rptr. 30, 35-56] [the Legislature
intended to vest the SWRCB with “expansive powers to safeguard the scarce water resources of
the state,” but the SWRCB’s ability to carry out its statutory mandates is impaired to the extent
that there are unsanctioned uses]; Friends of Mammoth, supra, 8 Cal.3d 247, 259 [104 Cal.Rptr.
761, 768] [“the Legislature intended [CEQA] to be interpreted in such a manner as to afford the
fullest possible protection to the environment within the reasonable scope of the statutory
language”].) We do not believe that applying the existing facilities exemption would undermine
those policies under the circumstances presented in this case, where project construction was
completed before CEQA and the applicant apparently did not know that a water right permit was
required. Nor has there been any change or expansion in place of use or purpose of use since
CEQA was enacted. Applying the categorical exemption under these limited circumstances
would not provide any incentive for appropriators to initiate new diversions or increase existing
diversions in the hopes of circumventing environmental review or undermining the SWRCB’s

ability to require modifications to the project to avoid adverse affects on water resources.

4.3.2 Exceptions to the Categorical Exemption
The CEQA Guidelines contain exceptions to the categorical exemptions to CEQA. (Cal. Code

Regs., tit. 14, § 15300.2.) " The DFG and the Permitting Team contend that even if the Company’s
project would otherwise be categorically exempt as an existing facility, the exemption cannot be

used because the exception provided in subdivision (c) of section 15300.2 of the CEQA
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Guidelines applies to this case. The exception to the exemption applies where “there is a
reasonable possibility that the activity will have a significant effect on the environment due to

unusual circumstances.” (Cal. Code Regs., tit. 14, § 15300.2, subd. (c).)

The DFG and the Permitting Team contend that the possible significant effect on the environment
due to unusual circumstances 1s the possible impact to steelhead trout from the diversion of water
from Garrapata Creek by the Company. Steelhead trout are listed as threatened pursuant to the
federal Endangered Species Act and are a State Species of Special Concern. (DFG Exhibit 6, p.
2.) The evidence in the record indicates that steelhead trout reside in Garrapata Creek. (DFG
Exhibit 6, p. 2; DFG Exhibit 7, p. 1; DFG Exhibit 8; DFG Exhibit 9, p. 4; TI, 164:17-21; TII,
343:1-8.)

Relatively minor changes in the environment that would be considered insignificant elsewhere,
may constitute significant impacts where they would adversely affect an endangered species.
Thus, the increase in diversion that would be authorized if the SWRCB approved the Company’s
application as proposed might well preclude reliance on a categorical exemption that might
otherwise apply. As noted in section 4.3.1, however, the categorical exemption cannot be relied
upon for approval of the Company’s diversion unless the proposed diversion is reduced to avoid
any expansion of water use. If any increase or expansion of diversion or use is precluded, the

possibility of a significant effect will be avoided.

According to CEQA, a “significant effect on the environment” is defined as “a substantial, or
potentially substantial, adverse change in the environment.” (Pub. Resources Code, § 21068
(emphasis added). See also Cal. Code Regs,, tit. 14, § 15382.) “Environment” is defined in
CEQA and the Guidelines as “the physical conditions which exist within the area which will be
affected by a proposed project including . . . fauna . . . .” (Pub. Resources Code, § 21060.5;

Cal. Code Regs., tit. 14, § 15360.) According to Bloom, supra, the baseline for analyzing change
in the environment is the time of the SWRCB’s determination. Therefore, if amount of diversion
and use is restricted so the categorical exemption for existing facilities applies, and there is no

evidence in the record that operations will be altered in a manner that could adversely affect the
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environment, by definition there cannot be a significant effect on the environment because there is

no change in the environment.

The mere existence of “unusual circumstance” does not necessarily preclude the applicability of a
categorical exemption. Rather, there must be a reasonable possibility of a significant effect as a
result of the unusual circumstance. Thus, the presence of a threatened species does not preclude
use of a categorical exemption if there will be no effect on the species or its habitat, or any
potential effect would be beneficial. If the diversions were limited so that the categorical
exemption for existing facilities were applicable, there would be no evidence of any change in the
environment caused by unusual circumstances because both the threatened species and the

Company’s diversion are part of the existing environment. Therefore, the exception to the

exemption would not apply, and the SWRCB’s action on the Company’s application would be

categorically exempt from CEQA.

The applicability of a categorical exemption does not mean that the needs of rare, threatened or
endangered species will be ignored. To carry out its duty of continuing supervision to apply the
public trust doctrine, the SWRCB will give careful scrutiny to possible impacts to threatened
species in reviewing the Company’s application. Even where the Company is not proposing any
change in operations or the amount of water diverted or used, the SWRCB retains authority in
reviewing the Company’s application under the Water Code and the public trust doctrine, to
establish terms and conditions to avoid or migitate any harm that the Company’s diversions are
causing or threaten to cause to the steelhead trout in Garrapata Creek, even though that harm is

part of the existing conditions.

5.0 CONCLUSION
The SWRCB finds and concludes the following:

1. The water in the alluvium of the valley of Garrapata Creek is part of a subterranean stream

flowing through a known and definite channel.
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The diversion of water from the Garrapata Creek Subterranean Stream is within the

permitting authority of the SWRCB.
The project described in the Company’s Application 29664 is not exempt from CEQA.
If the Company were to modify its project to limit the amount of water in its application to

existing use, the project may be exempted from CEQA under the categorical exemption

for existing facilities.
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ORDER
IT IS HEREBY ORDERED THAT the Chief of the Division of Water Rights expedite
processing of Application 29664.

CERTIFICATION

The undefsigned, Administrative Assistant to the Board, does hereby certify that the foregoing is
a full, true, and correct copy of a decision duly and regularly adopted at a meeting of the State
Water Resources Control Board held on June 17, 1999.

AYE: James M. Stubchaer
Mary Jane Forster

John W. Brown
Arthur G. Baggett, Jr.

NO: None

ABSENT: None

ABSTAIN: None

aurken Marché
Adminrstrative Assistant to the Board
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State Water
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Contrel Board

Division of
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Mailing Address:
P.Q. Box 2000
Sacramento, CA
95812-2000

901 P Street
Sacramento, CA
95814

(916) 657-1359
FAX (G16) 657-1485

Pete Wilson
Gavernor

WMAY 4~ 186

Mr. Allan Lilly

Attorney at Law

Bartkiewicz, Kronick & Shanahan
1011 22" Street, Suite 100
Sacramento, CA ©5816-4907

Dear Mr. Lilly:

PETITION TO CHANGE PERMIT 14853 (APPLICATION 21833) OF NORTH
GUALALA WATER COMPANY, NORTH FORK GUALALA RIVER IN
MENDOCINO COUNTY

Your letter of January 29, 1998 requests that the State Water Resources Control Board
(State Board) not take any further actions on North Gualala Water Company's petition to
change the authorized point of diversion in Permit 14853. The request, which asserts that
the State Board does not have water-right permitting authority over this groundwater, is
based on the report entitled "Investigation of Ground-Water Occurrence and Pumping
Impacts at Elk Prairie" prepared by Luhdorff and Scalmanini Consulting Engineers. The
report concludes on page 39 that "ground water beneath Elk Prairie does not occur in a
subterranean stream."

Division staff have reviewed the report and other information regarding basement
material underlying the Elk Prairie area where North Gualala Water Company's Well
No. 4 is located. From the available information, it appears that the bedrock is
sufficiently impervious relative to the alluvial aquifer material to form the bed and banks
of a subterranean stream, thereby rendering the water to be diverted within the

jurisdiction of the State Board.

The Luhdorff-Scalminini report states that, "Both the alluvium and the underlying
Franciscan Complex in the Elk Prairie area are water bearing...." This conclusion is
contrary to the findings of an earlier report prepared by Richard C. Slade & Associates
and other available information on the Franciscan Complex.

According to the Department of Water Resources (DWR) report, "Water Quality
Investigation Report No. 10, the Franciscan Complex and other Cretaceous rocks in the
area "...do not absorb, transmit, or yield water readily. In areas where the rocks are
highly jointed or fractured, ground water sufficient for domestic {individual household]
supply may be obtained.” Another study by DWR Northern District, "Mendocino County
Coastal Groundwater Study," cites the performance of wells in Franciscan bedrock in the
Point Arena subunit, which includes a portion of Elk Prairie. This report states a mean
specific capacity of only 0.265 gpm per foot of drawdown for wells constructed in
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Franciscan bedrock, indicating the bedrock is not a significant water bearing unit relative
to the alluvial aquifer beneath Elk Prairie.

The conclusion that the rocks of the Franciscan Complex are non-water bearing is further
supported by the findings of the "Seismic Survey of Elk Prairie Gualala, California”
prepared by Bailey Scientific (1996), which was included as an appendix to the Luhdorff-
Scalmanini report. The results of the seismic survey indicate a clear and definite
boundary between the alluvium and the underlying bedrock. Significantly higher
seismic velocities indicate a much higher density for the bedrock unit. The Bailey
Scientitic report gives velocity values for the fresh bedrock ranging from 8,000 to

11,500 ft/sec, while velocities for the alluvium ranged from 1,000 to 6,000 ft/sec, with
the higher velocities in the alluvium attributed to areas of groundwater.

According to the Luhdorff-Scalmanini report, high water storage in the bedrock is
evidenced by perennial seeps and springs, shallow depths to saturated soils and
weathered bedrock. and the propensity of shallow and deep-seated landsliding occurring
on slopes underlain by the Franciscan Complex. However, these observations are not
conclusive, and may more likely indicate the area in question is underlain by relatively
impermeable bedrock.

We believe the evidence betfore us supports the conclusion that the water underlying the
proposed point of diversion is flowing in a known and definite channel and is, therefore,
within the State Board's jurisdiction. If North Gualala Water Company withdraws their
petition to change the point of diversion under Permit 14853, the Division will
recommend to the State Board that a hearing be scheduled to receive evidence to
determine whether the water in question is within the State Board's permitting authority.

Please advise us within 30 days of North Gualala Water Company's intentions. [t you
have any questions. please telephone me at the above number or Luann Erickson, the
statf person handling this matter, at (916) 657-1972.

Sincerely,

ORIGINAL SIGNED BY: o b

Edward C. Anton, Chief
Division of Water Rights

cc: continued next page

Recycled Puper Our niission is to preserve and ennance the quality of Califorma’s water resources, and
'0’ ensure their proper allocation and efficient use for the benefit of present und future generations.
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June 1, 1998
File No. 96-1-011

Mr. John H. Bower
North Gualala Water Company
38958 Cypress Way
Gualala, CA 95445

SUBJECT: RESPONSE TO COMMENTS ON ELK PRAIRIE
GROUND-WATER INVESTIGATION

Dear Mr. Bower:

At the request of North Gualala Water Company (NGWC), Luhdorff and Scalmanini Consulting
Engineers (LSCE) have reviewed two letters commenting on our report entitled /nvestigation of
Ground-Water Occurrence and Pumping Impacts at Elk Prairie (LSCE, 1998). One of the letters
was written by Edward Anton of the State Water Resources Control Board (SWRCB) Division of
Water Rights on May 4, 1998; and the other was written by Joseph Hayes of Weber, Hayes &
Associates at the request of California Trout on May 1, 1998. Our initial responses to their
comments are as follows.

The letter from Mr. Anton focuses only on SWRCB staff’s review of the geology and water-
bearing properties of the Franciscan Complex and the overlying alluvium at Elk Prairie; it ignores
hydrologic factors such as ground-water elevation and the direction of ground-water flow. Mr.
Anton concludes that the Fransican Complex is non-water bearing and, therefore, that ground water
beneath Elk Prairie is flowing in a known and definite channel and is subject to SWRCB
jurisdiction.

With regard to the water bearing characteristics of the Coastal Franciscan Complex, the difference
between the approaches of the SWRCB Division of Water Rights personnel and LSCE appears to
be one of semantics and perspective. To the SWRCB staff, interpretation of the low-yielding
characteristics of the formation as described in previous reports (e.g.: DWR, 1956, Water Quality
Investigation Report No. 10) results in its classification as impervious and impermeable in relation
to the highly permeable alluvium; that interpretation leads to the conclusion that the formation is
non-water bearing. While we might agree with the statement in the anonymously authored, 40-year
old DWR report that the Coastal Franciscan rocks.... “do not absorb, transmit, or yield water
readily...” we nevertheless would term the formation as water-bearing and low-water yielding
because low-yielding wells can be constructed and exist in the Coastal Franciscan. As discussed
below and in our report, the Franciscan appears to perennially yield ground water to sustain stream
flow and, in the case of Elk Prairie, to provide subsurface inflow to the adjacent alluvial aquifer

materials.

As noted in Mr. Anton's letter, DWR (1982) reports a mean specific capacity or 0.265 gpm per foot
of drawdown in Coastal Franciscan wells. With just 10 to 50 feet of drawdown, well yields of 3 to
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13 gpm would be possible, which is significant for domestic use. This conclusion is supported by a
more current and more detailed evaluation of the water bearing characteristics of the Coastal
Franciscan by Farrar (1986; Ground-Water Resources in Mendocino County, California; USGS
WRI 85-4258). A more general discussion of water-bearing formations is contained in Driscoll
(1986; p. 62): .... “In reality, almost all formations will yield some water, and therefore are
classified as aquifers or aquitards. In water-poor areas, a formation producing such quantities of
water may be called an aquifer, whereas the same formation in a water-rich area would be called an
aquitard.” From this perspective, if the alluvial deposits did not exist along the North Fork Gualala
River, the Coastal Franciscan would be the significant aquifer in the area.

The higher seismic velocities for the Coastal Franciscan reported by Bailey Scientific are
interpreted by SWRCB staff to mean higher density rocks which the staff concludes to be “non-
watering bearing.” The reported seismic velocities fall within the range of sandstone and shale
(Driscoll, 1986; p.172), but this does not establish that these types of formations are necessarily
“non-water bearing.” These units could be water bearing in secondary porosity such as fractures or
joints, although they are generally recognized to be lower water yielding than unconsolidated
coarse-grained alluvium. The proximity of Elk Prairie to the San Andreas fault zone suggests that
a relatively high density of fractures in the underlying Franciscan is likely. ’

SWRCB staff dismiss evidence of high water storage in the Coastal Franciscan by stating that
“these observations are not conclusive, and may more likely indicate the area in question is
underlain by relatively impermeable bedrock.” There is no necessary nexus between ground-water
storage and permeability. For example, even in higher yielding alluvial materials, clays have the
highest storage capacity but lowest hydraulic conductivity. The relatively lower permeability of
the Coastal Franciscan when compared to the alluvium is not disputed, bur this difference does not
address the water storage possibility within the Coastal Franciscan. High water storage in the unit
is believed to be evidenced by the slow, natural release of subsurface water through the dry season
which maintains, via ground-water gradients toward the stream, perennial stream flows. As with
wells, the localized yield may be low, but the many square miles of the drainage basin from the
upper few hundred feet of the Coastal Franciscan maintain stream flows during periods of no
precipitation or runoff. Such conditions are contradictory to the SWRCB conclusion that the area
is “more likely....underlain by relatively impermeable bedrock.”

Ground-water discharge from the Coastal Franciscan to the alluvium could also occur in the
subsurface as direct ground-water inflow. LSCE believes that evidence of such inflow is shown on
ground-water elevation contour maps developed for Elk Prairie. However the SWRCB staff’s
simplistic picture of a channel as just defined by “relative impermeable” bed and banks ignores the
reality of hydrogeologic flow systems. For example, we suspect that, if the topic of discussion was
the siting of a hazardous waste disposal facility on the Coastal Franciscan, the State Board would

RS54

not be using terms such as “impermeable,” “impervious,” and “non-water bearing

7’!

The letter from Mr. Haves comments on several aspects of the analysis presented in our report and
reaches three conclusions: 1) the ground-water gradient has the same direction and almost the
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same magnitude as the surface-water gradient, 2) the alluvial aquifer is a known and defined
channel, and 3) ground-water pumping induces recharge from the River. The second conclusion
has been addressed above. The other two conclusions and our general responses are briefly
discussed below. If a more detailed response to each of the specific technical points in the letter is
required, we can do so at a later date.

We developed ground-water elevation contour maps for January and October, 1997, which indicate
that ground-water flow beneath Elk Prairie is generally perpendicular to the River. We also
examined hydrographs of monthly ground-water levels to conclude that the plotted contour maps
were illustrative of hydrologic conditions throughout the year. Mr. Hayes disputes the conclusion
that ground-water flow is toward the River, and suggests instead that ground-water flow is parallel
to the River based solely on ground-water elevations measured in two of the monitoring wells,
MW-1 and MW-5. (Ironically, it takes a “limited presentation of monitoring well data”, a term
used by Mr. Hayes to challenge our conclusions, to develop his conclusions about ground-water
flow directions and rate.) Because hydraulic head is higher in MW-5 than MW-1, Mr. Hayes
concludes that ground water flows between these two wells, parallel to the stream. This
interpretation is flawed because the true gradient for ground-water flow cannot be determined
based only on the two points used by Mr. Hayes. Ground-water flow is perpendicﬁlar to contours
of equal ground-water elevation, which require a minimum of three points to even approximate.
Further, accurate ground-water contour maps can only be developed by using all available water-
level data. Trying to determine the direction and magnitude of the hydraulic gradient based only
on data from two wells, while ignoring data from all other wells, is erroneous. As shown on Figure
4-4 of our report, the general direction of ground-water flow at Elk Prairie is from the vicinity of
MW-4 toward MW-3, not parallel to the River. The ground-water gradient is 5.0 x 107, which is
steeper than the stream gradient, and not 2.8 x 107 as erroneously computed by Mr. Hayes based on
selective ground-water levels. ‘

In his discussion of stream/aquifer interactions during pumping, Mr. Hayes disagrees with our
conclusion that pumping does not induce flow from the River to the well. He states that the stream
acts as a source of recharge during pumping but does not explain how this could occur. As
discussed in our report, there can be no recharge from the stream to the aquifer as long as the
gradient for ground-water flow is toward the stream. A reversal of gradient cannot occur unless, at
a minimum, the pumping water level in the well is lower than the stage in the stream, but this did
not occur at any time during the pumped well testing. This observation should not be taken to
imply that there are no pumping impacts on streamflow. Our report clearly states that there is a
small reduction in streamflow due to pumping because the well intercepts some ground water that
would otherwise flow to the stream.

Mr. Hayes also suggests that changes in slope on the aquifer test drawdown plots may be due to
recharge from the stream. When analyzing the aquifer test data, we evaluated the possibility that a
recharge boundary might have caused the flatter slope observed after 20 minutes on the drawdown-
response plots. We rejected this possibility for several reasons:
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. As long as ground-water levels are higher than stream stage, ther: is no gradient for
water to flow from the stream to the well, as discussed above.

. Distance-drawdown calculations indicate that the cone of depression produced by
pumping reaches the River, which is 180 feet from Well 4, less than a minute after
the pump is turned on. By the time the change in slope occurs (after 20 minutes of
pumping), the areal extent of the cone of depression has reached a radius of over
1,000 feet from the well. However, the magnitude of drawdown within the cone of
depression is insufficient to lower the ground-water surface enough to reverse the
gradient and induce infiltration from the stream to the well.

. An S-shape drawdown curve is a classic indicator of unconfined conditions, and it is
no coincidence that curve matches achieved using the Neuman method were so
good. The generally unconfined behavior of the aquifer is not altered by possible
semi-confinement in deeper portions of the alluvium which, as noted in our report,
is one explanation for the higher head observed at Well 4.

After consideration of the SWRCB comments and those presented by Joseph Hayes for California
Trout, we continue to conclude as we did in our original report on the investigation of ground water
beneath Elk Prairie that the pumping of NGWC’s Well 4 does not induce any infiltration of water
from the North Fork Gualala River. Rather, pumping intercepts ground water that is flowing
toward, and partially discharging into the River. There is no channelized ground-water flow
parallel to the River at Elk Prairie. Finally, there are several alternative scenarios which NGWC
might pursue to use the existing wells at Elk Prairie to meet existing and near-term future water
demand without causing any induced infiltration from the River, i.e., without reversing the
prevailing hydraulic gradient from the aquifer toward the River.

Please contact us if you have any questions regarding these responses to comments or would like us
to respond in more detail.

Sincerely,

LUHDORFF AND SCALMANINI
CONSULTING ENGINEERS

Q‘A /gd’wﬂvv:—
Joseph C. Scalmanini

JCS/sr

FA96-1-01 Netters\Bower,6-1-98 wpd
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Table 5.1 Porosities for Common Consolidated and Unconsolidated Materials

Unconsolidated Sediments 7 (%) Consolidated Rocks 7 (%)
Clay 45-55 Sandstone 5-30
Silt 35-50 Limestone/dolomite (original &

Sand 2540 secondary porosity 1-20
Gravel 25-40 Shale 0-10
Sand & gravel mixes 10-35 Fractured crystalline rock 0-10
Glacial t1ll 10-25 Vesicular basalt 10-50

Dense, solid rock | <1

volume of water an aquifer can hold, it does not indicate how much water the aquifer
will yield.

When water is drained from a saturated material under the force of gravity, the
material releases only part of the total volume stored in its pores. The guantity of
water that a unit volume of unconfined aquifer gives up by gravity is called its specific
yield (Figure 5.5). Specific vields for certain rocks and sediment types are presented
in Table 5.2. Some water is retained in the pores by molecular attraction and capil-
larity. The amount of water that a unit volume of aquifer retains after gravity drainage
is called its specific retention. The smaller the average grain size, the greater is the
percent of retention; the coarser the sediment, the greater will be the specific yield
when compared to the porosity. The surface area for different-size sand grains is
shown in Table 5.3. Note the large increase in surface area for the finest sediment.
As the surface area increases, a larger percentage of the water in the pores is held by
surface tension or other adhesive forces. Therefore, finer sediments have lower specific
yields compared to coarser sediments, even if they both have the same porosity.

Specific yield plus specific retention equals the porosity of an aquifer. Both specific
vield and specific retention are expressed as decimal fractions or percentages, Specific
yields of unconfined aquifers (equivalent to their storage coefficients*) range from
0.01 to 0.30. Specific yields cannot be determined for confined aquifers because the
aquifer materials are not dewatered during pumping.

Storage coefficients are much lower in confined aquifers because they are not
drained during pumping, and any water released from storage is obtained primarily
by compression of the aquifer and expansion of the water when pumped. During

Table 5.2. Representative Specific Yield Ranges for Selected Earth Materials

Sediment | Specific Yield, %
Clay 1-10
Sand 10-30
Gravel 15-30
Sand and Gravel 15-25
Sandstone 5-15
Shale 0.5- 5
Limestone 0.5~ 35

{(Walton, 1970)

*The coefficient of storage is fully defined in Chapter 9. Briefly, it is the volume of water taken into or
released from storage per unit change in head per unit area.
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before pumping began. During water-level recovery, the distance between the water
level and the initial static water level is called residual drawdown.

Well Yield — Yield is the volume of water per unit of time discharged from a well,
either by pumping or free flow. It is measured commonly as a pumping rate in gallons
per minute or cubic meters per day.

Specific Capacity — Specific capacity of a well is its yield per unit of drawdown,
usually expressed as gallons of water per minute per foot (gpm/ft) of drawdown or
cubic meters per day per meter (m'/day/m) of drawdown, after a given time has
elapsed, usually 24 hours. Dividing the yield of a well by the drawdown, when each
is measured at the same time, gives the specific capacity. For instance, if the pumping
rate 1s 1,000 gpm (5,450 m?/day) and the drawdown is 30 ft (9.1 m), the specific
capacity of the well is about 33.3 gpm per ft of drawdown (599 m3/day/m of drawdown)
at the time the measurements were taken. Specific capacity generally varies with
duration of pumping — as pumping time increases, specific capacity decreases. Also,
specific capacity decreases as discharge increases in the same well. The reasons for
decreasing specific capacity are discussed later in this chapter.

Static water level, pumping water level, drawdown, and residual drawdown apply
similarly to a pumped well or other nearby wells and observation wells. For example,
if the water level in an observation well located 80 ft (24.4 m) from a pumping well
dropped 3 ft (0.9 m) as a result of the pumping, this lowering in the observation well
is called its drawdown.

NATURE OF CONVERGING FLOW

The water level in the vicinity of a pumped well under unconfined conditions is low-
ered when pumping begins, with the greatest drawdown occurring in the well. As the
pump removes water, an area of low pressure develops near the well bore. Because
the water level is lower in a pumped well than at any place in the water-bearing
formation surrounding it, water moves from the formation into the well to replace
water being withdrawn by the pump. The pressure (force) that drives the water toward
the well is called the head, which is the difference between the water level inside the
well and the water level at any place outside the well. At some distance from the well
a point is reached where the water level is essentially unaffected. This distance varies
for different wells. It also varies for the same well, depending on both the pumping
rate and the length of time the well is pumped.

In confined formations, the saturated thickness of the aquifer is generally not re-
duced during pumping. Hydrostatic pressure, however, is reduced in the aquifer, and
the pressure drop is greatest at the well bore. The pressure drop is directly analogous
to the dewatering effect in unconfined aquifers.

During pumping, water flows toward the well from every direction. As the water
moves closer to the well, it moves through imaginary cylindrical sections that are
successively smaller in area. Thus, as the water approaches the well, its velocity in-
creases. In Figure 9.2, A, represents the area of a cylindrical surface 100 ft (30.5 m)
from the center of the well, and 4, represents the area of a similar surface 50 ft (15.2
m) from the well. Because 4, is twice 4, and the same quantity of water flows toward
the pumped well through both cylinders, the velocity ¥, must be twice V,*.

*The equation for the surface area of a cylinderis 4 = 2 nrh, where m = 3.14, ris the radius of the cylinder,
and 4 is its height.
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hydraulic gradient. If the hydraulic gradient (head loss per unit length of travel) is
doubled, the rate of flow in a given sand is also doubled. Conversely, doubling of the
flow rate requires doubling of the hydraulic gradient. These ratios apply only to
laminar flow, however. If turbulent flow is present, the flow rate does not change in
direct proportion with the hydraulic gradient; doubling of the hydraulic gradient may
increase the flow rate by only 1.5 times. The information in this paragraph is vital
to understanding water-well hydraulics, which is presented in Chapter 9.

The slope of the water table or potentiometric surface is the hydraulic gradient
under which groundwater movement takes place. The total flow through any vertical
section of an aquifer can be calculated if we know the thickness of the aquifer, its
width, its average hydraulic conductivity, and the hydraulic gradient. The flow, g,
through each foot of aquifer width is:

q = Kbl (5.12)

where K 1s the hydraulic conductivity averaged over the height of the aquifer, b is
the aquifer thickness in feet, and 7 is the hydraulic gradient.

Hydraufic conductivity (gpd/ft?)
105 105 10 10 10° 10 1 10 ' 10 102 10 * 10> 10~ 10 " 10 ®
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Fine to coarse sand
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Figure 5.14. Typical K values for consolidated and unconsolidated aquifers. (4fter Davis, 1969; Dunn
and Leopold, 1978; Freeze and Cherry, 1979).
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1
SUMMARY OF WELL DATA -/

Mean Specific

Percent of
Wells Yielding

Yield Drawdown Capacity 38 L/min (10 gpm)
Formation Average Range Average Range L/min/m (gpm/ft) or More
49 L/min 1.3 to 190 L/min 17.k m 0.3 to k6 m 2.8
Gualela (13 gpm) (0.33 to 50 gpm)  (57.2 £t) ( 1 to 150 ft) (0.23) -
16 L/min 0.4 to 150 L/min 23.k m 1.5 to 52 m 0.7
German Rancho ( 4.2 gom) (0.1 to 40 gpm) (17 £t) (5 to 170 ft) (0.06) 6
Schooner Gulch 36 L/min 5.7 to 95 L/min 17.4 m 1.5 to 33 m 2.1 33
and Gallaway ( 9.5 gpm) (1.5 to 25 gpm) (57 ft) ( 5 to 108 ft) (0.17)
Montere 2/ 63 L/min 2.5 to 114 L/min 11.7n 6 to 26 m h.2 75
= (16.6 gpm)  (0.66 to 30 gpm) (38.5 £t) (20 to 85 ft) (0.3k)
Coastal Belt 68 L/min 11 to 136 L/min 21 m 12 to 2T m 3.3 503/
Franciscan (18 gpm) (3 to 36 gpm) (68.3 ft) (40 go 90 ft) (0.265)
Iversen Basalt NO DATA
. 100 L/min 7.6 to 284 L/min 5.8 m 0.3 to 10.T m 18.1
Marine Terrace (26.5 gpm) (2 to 75 gpm) (19 ft) (1 to 35 ft) (1.46) 61

1/ From information in "Water Well Drillers' Reports"

2/ Based on data from 2 bedrock wells and 7 composite wells

3/ Based on limited data from L wells
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TRIPLICATE STATE OF CALIFORNIA
THE RESOURCES AGENCY
Owner’s Copy DEPARTMENT OF WATER RESOURCES No. 211073
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CITING THE RECORD

When citing evidence in the hearing record,

conventions have been adopted:

Information derived from the hearing trans

the following

cript:

T,1I,12:1 15'17

ending page and line number

single line reference 1

(may be omitted if
s cited)

beginning page and line number
hearing transcript volume number
identifying abbreviation of the information source

Information derived from an exhibit:

SWRCB:5, 4

L-~———page number, volume, table, graph or figure number,
or appllcatlon number if a file is cited

exhibit number
identifying abbreviation of information source

Abbreviations of information sources:

Archeological Consulting

AC .

ACOE . U.S. Army Corps of Engineers
CAL-AM Callfornla American Water Company
CRSA Carmel River Steelhead Association
cspa L. Callfornla Sportfishing Protection Alliance
DISTRICT ox MPWMD Monterey Peninsula Water Management District
DFG . California Department of Fish and Game

Ess
Esse

ESSELEN TRIEE
ESSELEN NATION

elen Tribe of Monterey County
len Nation of United Families
of the Central Coast of CA
Willis Evans

EVANS .
PARK Monterey Penlnsula Reglonal Park District
PHBr . Post-Hearing Brief
SWRCB State Water Resources Control Board
SIERRA CLUB Ventana Chapter of the Sierra Club
T Hearing Transcript

Other commonly used abbreviations:

Acre-feet

af

afa Acre feet annually
cfs Cubic feet per second
CEQA Callfornla Environmental Quality Act
gpm . . Gallons per minute
RM River mile, measured from river mouth

USGS

United States Geologic Survey



ORDER FINDING AGAINST RESPONDENT, IN PART,
AND DIRECTING CORRECTIVE ACTIONS

SYNOPSIS

The California-American Water Company (Cal-Am) currently diverts
water from the Carmel River and supplies the water, primarily,
for use outside of the watershed to users on the Monterey
Peninsula. Four complaints were filed with the State Water
Resources Control Board (SWRCB) against Cal-Am for its diversion
of water from the Carmel River. The complaints generally allege
that Cal-Am: (a) does not have the legal right to divert water
from the river and (b) diversions are adversely affecting public
trust resources within the river. The SWRCB concludes that
Cal-Am: (a) does not have legal right for about 10,730 acre-feet
annually which is currently diverted from the river (about

69 percent of the water currently supplied to Cal-Am users) and
(b) diversions are having an adverse affect on the public trust
resources of the river. This order directs Cal-Am to:

(a) diligently proceed in accord with a time schedule to obtain
rights to cover its existing diversion and use of water and

(b) implement measures to minimize harm to public trust
resources. Measures to minimize harm to public trust resources
require Cal-Am to reduce the quantity of water which is currently
being pumped from the river. Because water is not available for
appropriation by direct diversion in the river during summer
months, Cal-Am must either obtain the right to additional water
supplies from: (a) sources other than the river, (b) a storage
project similar to the New Los Padres (NLP) project proposed by
the Monterey Peninsula Water Management District (District), or
(c) contract with the District for supply from the proposed NLP

project.

1i.



STATE OF CALIFORNIA
STATE WATER RESOURCES CONTROL BOARD

In the Matter of Complaints Against
Diversion and Use of Water by the

' ORDER: WR 95-10
CALIFORNIA-AMERICAN WATER COMPANY,

SOURCE: Carmel River
Regpondent, Tributary

to Pacific Ocean

ASSOCIATION, RESIDENTS WATER COUNTY: Monterey

COMMITTEE, SIERRA CLUB,
CALIFORNIA DEPARTMENT OF PARKS

)

)

)

)

)

)

)

CARMEIL RIVER STEELHEAD )
)

)

)

AND RECREATION, )
)

)

Complainants.

)

ORDER FINDING AGAINST RESPONDENT,
~IN PART, AND
DIRECTING CORRECTIVE ACTIONS

BY THE BOARD:
Complaints having been filed against Cal-Am for its diversion and

use of water from the Carmel River by Carmel River Steelhead
Association, Residents Water Committee, Sierra Club, and Department
of Parks and Recreation; a hearing having been held on August 24,
25, 26, 31, September 1, 8, and 9, October 19 and 21, and

November 7, 8, and 22, 1994; the complainants, Cal-Am, and other
interested persons having been provided opportunity to present
evidence; closing briefs having been filed; the evidence and briefs

having been duly considered; the Board finds as follows:

i.0 CAL-AM, CAL-AM FACILITIES AND CAL-AM OPERATIONS

Cal-Am is an investor-owned public utility subject to the
jurisdiction of the California Public Utilities Commission.
(T,Sept. 9, 1992, 95:1-95:7; T,1,49:14-49:22.) Cal-Am currently

diverts about 14,106 afa of water from the Carmel River and
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FIGURE 3

ALLUVIAL GROUNDWATER BASIN SHOWING THE LOCATION OF THE
CALIFORNIA-AMERICAN WATER COMPANY WELLS

Information obtained from MPWMD Exhibit 287 - Figure 7-2
(Modified by SWRCB staff)
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supplies the water, primarily, for use outside of the watershed to
users on the Monterey Peninsula.® About 105,000 persons are

provided service by Cal-Am, most are supplied water from the Carmel

River. (T,1,48:1-48:18.)

The primary source of water supply for Cal-Am customers is 21 wells
situated on the lower Carmel River. (CAL-AM:91.) These wells
supply about 69 percent of the water needs of Cal-Am customers.

The balance of the water delivered to Cal-Am customers is supplied
from: (1) San Clemente and Los Padres reservoirs .in the upper

reaches of the Carmel River and (2) pumped ground water in the City

of Seaside.? (T,71,131:1-19.)

San Clemente Dam has a storage capacity of approximately 2,140 af.
\Water is stored in this facility under claim of pre-1914
appropriative right.? (Statement of Water Diversion and Use

No. 8538.) Los Padres Dam is operated pursuant to License 11866
(Application 11674) and authorizes maximum annual withdrawal of
2,950 af. Stored water is released from Los Padres to the river
and it is rediverted for use at San Clemente Dam. (T,I,130:16-24.)

Sedimentation has reduced the combined usable storage at the

' Cal-Am supplies about 17,000 af during a normal year . This estimate
is obtained by adding the 2,700 af which is supplied from the wells in Seaside
(T,I,131:1-19) to the 14,106 af which is obtained from the Carmel River.
(CAL-AM:90.) The 14,106 af represents the recent average, non-drought use
(average use from 1979 through 1988, based upon Cal-Am Exhibit 90). (14,106 +
2,700 = 16,806 af, or approximately 17,000 afa.)

? In addition to supplies from the Carmel River and pumped ground
water in the area of Seaside, reclaimed wastewater 1s avalilable to some Cal-Am
users from the Carmel Area Wastewater District/Pebble Beach Community Services
District Wastewater Reclamation Project. The Project will provide 800 acre-
feet of reclaimed water for the irrigation of golf courses and open space in
the Del Monte Forest. In return for financial guarantees, the Pebble Beach
Company and other sponsors, received a 380 af potable water entitlement from
the District, based upon issuance of an appropriative right permit to the
District, for development within Del Monte Forest. As of the end of fiscal
1993-1994, the District had not allocated the remaining 420 af of project

yield. (MPWMD,337,25.)
* Diversion at San Clemente Dam was the sole supply for the Monterey

Peninsula until the 1940s when wells at the upper end of the Carmel Valley
began producing water to meet summer demand (SWRCB:1, A-27614, Folder 6A).
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reservoirs to about 2,600 af, about one-half of their combined
original capacity. The reservoirs supply about 15 percent of
Cal-Am’s estimated normal year customer demand. (MPWMD:106,7.)

Finally about 2,700 afa is produced from wells in Seaside,

California.

2.0 COMPLAINTS
Between 1987 and 1991, the SWRCB received four complaints

regarding Cal-Am’s operations in the Carmel River watershed. The

complaints are summarized below:

2.1 Carmel River Steelhead Association (CRSA)

On July 27, 1987 CRSA filed a complaint alleging that Cal-Am
diversions from the underflow of the Carmel River are unauthorized
and are destroying the public trust resources of the river,
including steelhead. As a possible solution, the CRSA recommended
rescue and rearing in ponds of fish stranded by the unauthorized
diversions, irrigation of riparian vegetation affected by the
unauthorized diversions, and release of more water from

San Clemente Dam for rediversion through wells downstream.

(SWRCB,1,a, Complaint File, Monterey Co., 27-01; CSRA:10,35-28.)

2.2 Resident’s Water Committee (RWC)

On August 9, 1989 RWC filed a complaint with the Public Utilities
Commission alleging that the supply of water needed to serve
Cal-Am’s customers exceeded available supply.?! RWC also alleges
that Cal-Am diversions from the Carmel River will reduce steelhead
in the Carmel River to remnant levels. RWC recommends that Cal-Am

be prohibited from serving new customers until an additional supply

of water is obtained. (SWRCB:1, A-27614, Folder G.)

2.3 Ventana Chapter of the Sierra Club (Sierra Club)
On March 5, 1991, the Sierra Club filed a complaint alleging:

(1) Cal-Am’s pumping from the subsurface flow of the Carmel River

¢ A copy of the complaint was received by the SWRCB around the same
time.



is unauthorized and (2) Cal-Am’s diversion from San Clemente
Reservoir during low-flow pericds is an unreasonable method of
diversion. The Sierra Club’s proposed solution includes the
following: (1) Cal-Am should be enjoined from diverting water
during periods of low flow, (2) Cal-Am and Water West should apply
for appropriative water rights from the SWRCB, (3) Cal-Am and Water
West should be required to pay for development and implementation
of a program to restore public trust resoﬁrces affected by their
diversions,® and (4) Cal-Am should be required to release all
diversions at San Clemente Reservoir down the Carmel River for
collection at downstream wells, instead of diverting water at

San Clemente. (SWRCB:1,A-27614, Folder J.)

2.4 California Department of Parks and Recreation (DPR)

On March 8, 1991, DPR filed a complaint alleging that Cal-Am‘s
diversion of water from the underflow of the Carmel River is:

(1) unauthorized, (2) results in mortality to mature riparian
forests along a 4,000-foot length of river within the Carmel River
State Beach, and (3) interferes with DPR’s riparian right to divert
water from the Carmel River for irrigation purposes. DPR's
proposed solution is for Cal-Am to apply for an appropriative water
right with the SWRCB and be subject to conditions to protect
riparian, wetland, and aquatic resources in the lower Carmel River,
and lagoon and riparian rights along the lower Carmel River.

(SWRCB:1, A-27614, Folder J.)

2.5 Monterey Peninsula Water Management District

On May 5, 1992, the District petitioned to intervene in the
complaints against Cal-Am because of its interest in assuring an
appropriate balance between competing demands for the use of the

limited water supply. (SWRCB:1, A-27614, Folder K.)

* Water West is a water company owned by Cal-Am. Water West has rights
to divert and use water at about one-half mile below San Clemente Dam. The
complaint was directed at only Cal-Am’s diversions. Although Water West is
not a party to this proceeding, its diversions are analyzed as diversions

under the control of Cal-Am.



2.6 Interested Persons

In addition to the complainants and the District, other persons
participated in the hearing. Participation was directed at the
effect Cal-Am diversions were having on the instream resources of
the Carmel River and measures which might be taken to mitigate
such effects. Such participants included the DFG, Willis Evans,

John Williams, Charity Crane and others appearing on their own

behalf.

3.0 DESCRIPTION OF THE WATERSHED
The Carmel River drains a 255-square mile watershed tributary to

the Pacific Ocean. Its headwaters originate in the Santa Lucia
Mountains at 4,500 to 5,000-foot elevations, descend and merge with
seven major stream tributaries along a 36-mile river course, and
discharge into Carmel Bay about 5 miles south of the City of
Monterey. Above the confluence of Tularcitos Creek, the Carmel
River constitutes about 65 percent of the watershed. Downstream
from RM 15, the river has a 40 feet per mile gradient where the

river flows to the bay are over and within an alluvium-filled

Carmel Vvalley floor.

Carmel River flow is in a well-defined channel. The channel in the
lower 15 river miles ranges from 20 to 150 feet wide. (SWRCB:19.)
The channel changes progressively from cobble to gravel between

RM 15 and RM 7, from gravel to sand between RM 7 and RM 2.5 and
consists entirely of sand from RM 2.5 to Carmel Bay. (DFG:4,2.)

Downstream from RM 15, alluvial deposits comprise a ground water
basin which underlies the river flow in the Carmel Valley portion
of the watershed. The legal classification of the ground water
basin is discussed in Section 3.2 infra. Local ground water levels
within the aquifer are influenced by pumping or production at
supply wells, evapotranspiration by riparian vegetation, seasonal

river flow infiltration and subsurface inflow and outflow.

During the dry season, pumping of wells has caused significant

declines in the ground water levels. The Carmel River surface flow

9.



decreases due to pump-induced infiltration which recharges the
seasonally-depleted ground water basin. During normal water years,

surface flow in the lower Carmel Valley is known to become

discontinuous or non-existent. Downstream from RM 3.2, there was
no river runoff between April 1987 and March 1991. (MPWMD: 287,
2-8.) ’

3.1 Geologic Setting _
The principal hydrogeologic units (from oldest to youngest) along

the Carmel River alluvial basin that are significaht include:
(1) pre-tertiary metamorphic and igneous rocks, (2) tertiary
sedimentary rocks comprised primarily of sandstone beds (Paleocene
and Miocene age) and Monterey shale (Miocene age), (3) older

alluvium (Pleistocene age), and (4) younger alluvium (Holocene

age). (SWRCB:19.)

Metamorphic (mainly schist and gneiss) and igneous (granitic) rocks
form the basement complex which is extensively exposed along or
near the river upstream from RM 10 at the downstream extremity of
the river narrows. Tertiary sandstone units, which overlie the
basement rocks, are exposed primarily along the southern flank of
the alluvial valley from about RM 1.5 to 3 and 5.5 to 12.5. The
Monterey Shale formation overlies the sandstone. It is exposed
extensively along the north side of the Carmel Valley alluvium from
approximately RM 2 to 12 and surficially borders the southern side
of the valley from about RM 3 to 5.5 (in the vicinity of Potrero
Canyon) and RM 14.5 to 15.5 (in the community of Carmel Valley).
The older alluvium, consisting mainly of gravel and sand, form
remnant terraces which directly overlie the Monterey shale and/or

basement complex rocks. These terraces are laterally discontinuous

patches along the north side of the valley alluvium from RM 1 to 16
and along both sides from about RM 16.5 to 18. The basement
complex and the shale formation are considered to be non-water
bearing. The sandstone has no subsurface hydrologic significance

and the older alluvium is found on terraces above the level of

ground water. (SWRCB:19.)

10.



The younger alluvium, which formed the valley floor, consists
principally of boulders, cobbles, gravel, and sand {(which contains
silt and clay layers of limited horizontal and vertical extent
downstream from the river narrows). This alluvium was deposited by
river flows (along the lowermost 18 miles of the drainage basin)
within a canyon that was incised (by earlier flows) into the shale
formation, sandstone units, and basement complex rocks. Its
thickness varies from less than a foot at RM 18 to approximately
200 feet in the vicinity of the river mouth. These deposits
comprise the most important aquifer in Carmel Valley (MPWMD:105, 3)
because of their ability to transmit significant amounts of

subsurface water to wells.

3.2 Physical (Hydrologic) Characteristics of the Carmel Valley
Aquifer

Carmel River surface flow is generally within the well-defined 20-

to 150-foot wide channel over the alluvial deposits that form the

valley floor. These deposits are the younger alluvium that

comprise the Carmel Valley aquifer.

On behalf of the District, Thomas M. Stetson reviewed District
Exhibit 108 and SWRCB Exhibits 19, 24, 27, and 29 in connection
with his evaluation of the physical aspects of the subsurface watexr
in Carmel Valley. Mr. Stetson also reviewed hydrographs of Carmel
Valley aquifer water levels obtained at numerous wells.

(MPWMD:107.) In addition, he reviewed Carmel River streamflow
hydrographs for the USGS Robles Del Rio and Carmel gaging stations.
By superimposing surface and subsurface water level hydrographs,
Mr. Stetson established that there is a direct relationship between
recovery of seasonally-lowered subsurface water levels at wells and
recurrent river flow increases during ensuing wet periods. On this
basis, Mr. Stetson concluded that surface flow recharges river

underflow and, consequently, causes a rise in Carmel Valley aquifer

water levels. {(MPWMD, 107,4.)

Mr. Stetson provided written testimony that such underflow is only

through the younger alluvium within a known and definite channel
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along the entire length of Carmel Valley. (MPWMD:107,4.)

Mr. Stetson supported his testimony utilizing the following
information: (1) essentially nonwater-bearing rocks (described in
Section 3.1) border and underlie the younger alluvium or Carmel
Valley aquifer and (2) the average hydraulic conductivity of the
younger alluvium is about 60 feet per day (ft/day), as compared to
the hydraulic conductivity of the rocks which is in the order of
0.1 to 0.0001 ft/day or less. (MPWMD:107,6.) Mr. Stetson
concluded that the hydraulic conductivity difference is substantial

and renders the aquifer a "pipeline" for subsurface flow.

(MPWMD:107,6.)

Mr. Stetson’s testimony is consistent with the findings of SWRCB
staff. Ms. Laudon submitted testimony and evidence that the
relatively impermeable granitic and sedimentary rocks form the bed
and banks of a known and definite channel which restricts the flow
of subsurface water to the alluvium. (SWRCB:7&8.) This
information is further supported by evidence regarding the
subsurface occurrence of granitic or sedimentary rocks beneath the

Carmel Valley aquifer at all well installations throughout the

valley.

Except where water levels have been influenced by drawdown due to
pumping, the general down valley or westerly subsurface flow
direction within the aquifer is the same as that of the Carmel
River flow. The subsurface flow has a pattern which demonstrates
that it is within a known and definite channel rather than that of

a diffused body of percolating ground water. (MPWMD:107,6.)

Cal-Am and other parties did not contest the testimony and evidence
which describes the subsurface flow of the Carmel River as a
subterranean stream flowing through a known and definite channel.
Nor did Cal-Am or other parties offer evidence that the ground
water in the alluvial basin should be classified as percolating
ground water not within the SWRCB’s permitting jurisdiction.
2ccordingly, we find that downstream of RM 15 the aquifer

underlying and closely paralleling the surface water course of the
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Carmel River is water flowing in a subterranean stream and subject

to the jurisdiction of the SWRCB.

3.3 Location of Cal-Am Wells
The locations of Cal-Am’s wells are described in the following

table:

CAL-AM CARMEL RIVER WELLS (CAL-AM EXHIBIT 91)

Date
Drilled

Depth To Water

Well Name Well Location
Static/

Pumping

Los Laureles #5 NEY of SEY of Sect.29,T16S,R2E 18 feet/44 feet 1947
Los Laureles #6 SEY of SEY of Sect.29,T1l6S,R2E 16 feet/43 feet 1977
Robles #3 NEY of NEY of Sect.l10,T17S,R2E 12 feet/30 feet 1989
Russell #4 SWY of SEY of Sect.11,T17S,R2E 16 feet/35 feet 1947
Russell #2 SEY of SE¥ of Sect.11,T17S,R2E 16 feet/35 feet 1947
Scarlett #6 SWX of SW¥ of Sect.l19,T16S,R2E 20 feet/26 feet 1963
Scarlett #8 SwWi¥ of SWY of Sect.19,T16S,R2E 20 feet/35 feet 1989
Manor #2 NEY of SWY of Sect.23,T16S,R1E 30 feet/65 feet 1989
Schulte SWY of NW¥% of Sect.23,T16S,R1E 15 feet/58 feet 1967
Stanton NWyY of NEY% of Sect.30,T16S,R2E 3 feet/35 feet 1977
Begonia #2 NWY% of SWY% of Sect.24,T16S,R1E not listed 1990
Berwick #7 SW¥ of SWY% of Sect.24,T16S,R1E 23 feet/63 feet 1981
Berwick #8 SEY of SWY of Sect.24,T16S,R1E 20 feet/50 feet 1986
Rancho Cafiada NEY% of SWY% of Sect.17,T16S,R1E 15 feet/49 feet 1981
(aka Cafada)

San Carlos NEY% of SEY% of Sect.17,T165,R1E 16 feet/55 feet 13982
Pearce SEY of NWY of Sect.22,T16S,R1E 16 feet/50 feet 1981
Cypress SWY¥ of NWY¥ of Sect.22,T16S,R1E 15 feet/48 feet» 1981
Continued to next page

L------------------------------------------L
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‘ CAL-AM CARMEL RIVER WELLS (CAL-AM EXHIBIT 91)

Depth To Water Date
Static/ Drilled

Well Name Well Location

Pumping

Continued from previous page

Panetta #1 NW¥ of NW¥ of Sect.03,T17S,R2E 13 feet/16 feet 1989
Panetta #2 NW¥% of NW¥ of Sect.03,T17S,R2E 16 feet/22 feet 1989
Garzas #3 SW¥ of SE¥ of Sect.33,T16S,R2E 13 feet/16 feet 1989
Garzas #4 NEY of SW¥ of Sect.33,T16S,R2E 12 feet/16 feet 1989

In addition, the location of these wells in relation to the Carmel
River and the aquifer associated with the river is shown by

Figure 3. The depth to water for each well is identified in the
above table. Figure 3 and the table demonstrate that Cal-Am’s

wells are extracting water from the subterranean stream associated

with the Carmel River.

4.0 ANALYSIS OF CAL-AM’S WATER RIGHTS
Among the issues noticed for hearing is the following:
"Does [Cal-Am] have a legal right to divert water from
wells located adjacent to the Carmel River?" (SWRCB 1,
June 1992 Hearing Notice.)
Cal-Am extracts, on average, 14,106 afa via 21 wells from the
alluvial aquifer along the Carmel River. Cal-Am claims the right
to divert and use this water under pre-1914 approﬁriative,
riparian, prescriptive, and rights acquired under License 11866.
(CAL-AM:92,1,10-27; October 1, 1992 letter to SWRCB from
Cal-Am transmitting supplemental exhibits.) During the hearing,
Cal-Am’s representatives presented testimony and numerous exhibits
in support of its claimed rights to divert water from the river.

The following sections analyze Cal-Am’s rights to divert and use

water from the Carmel River.
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4.1 Applicable Water Law
The following sections set forth the law applicable to the water

rights claimed by Cal-Am.

4.1.1 Pre-1914 Appropriative Rights

Prior to 1914, an appropriative right for the diversion and use of
water could be obtained two ways.® First, one could acquire a
nonstatutory (common law) appropriative right by simply diverting
water and putting it to beneficial use. (Haight v. Costanich
(1920) 194 P. 26, 184 Cal. 426.) Second, after 1872, a statutory
appropriative right could be acquired by complying with Civil Code
Sections 1410 et seq. (Id.) Under the Civil Code, a person

wishing to appropriate water was required to post a written notice
at the point of intended diversion and record a copy of the notice
with the County Recorders Office which stated the following: the
amount of water appropriated, the purpose for which the
appropriated water would be used, the place of use, and the means
by which the water would be diverted. (Cal. Civil Code Sections
1410-1422, now partially repealed and partially reenacted in the
Water Code; Wells A. Hutchins, The California Law of Water Rights

(1956) at 89.)

Generally, the measure of an appropriative right is the amount of
water that is put to reasonable beneficial use, plus an allowance
for reasonable conveyance loss. (Felsenthal v. Warring (1919)

40 Cal.App. 119, 133, 180 P. 67.) The quantity of water to which
an appropriator is entitled, however, is not necessarily limited to
the amount actually used at the time of the original diversion.

Rather, under the doctrine of "progressive use and development',

pre-1914 appropriations may be enlarged beyond the original
appropriation. (Haight, 194 P. 26 at 28-29; Hutchins at 118;
62 Cal.Jur. at 370.)

¢ After 1914, an appropriative right could only be obtained by complying
with the provisions of the California Water Code for the appropriation and use
of water. (Water Code Section 1225; Stats. 1913, C. 586, p. 1012,

Section 1(c).)
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Under the progressive use and development doctrine, the quantity of
water to which an appropriator is entitled is a fact-specific
inquiry. According to Haight, "this right to take an additional
amount of water reasonably necessary to meet increasing needs is
not unrestricted; the new use must have been within the scope of
the original intent, and additional water must be taken and put to
a beneficial use in keeping with the original intent, within a
reasonable time by the use of reasonable diligence...." {194 P. at
29.) Thus, the progressive use and development doctrine allows an
appropriator to increase the amount of water diverted under a pre-
1914 right, provided: (a) the increased diversion is in accordance
with a plan of development and (b) the plan is carried out within a
reasonable time by the use of reasonable diligence. (Senior v.
Anderson (1896) 115 Cal. 496, 503-504, 47 P. 454; Trimble v. Heller
(1913) 23 Cal.App. 436, 443-444, 138 P. 376.)

4.1.2 Riparian Rights
The riparian doctrine confers on the owner of land abutting a

watercourse the right to the reasonable and beneficial use of water
on the land. California riparian rights have the following general
characteristics. The riparian right is part and parcel of land
which abuts a river, stream, lake, or pond. The riparian right may
be used only for direct diversion of naturally occurring flow.
Unless adjudicated, the riparian right is unquantified and extends
to the use of as much water as can reasonably and beneficially be
used on riparian lands. A riparian right is a shared right and,
thérefore, a riparian has a right to the use of the watercourse in
common with the equal and correlative rights of other riparians.
Finally, the riparian right generally is paramount to all other
rights, and must be satisfied before appropriative rights are

exercised. (CEBR Manual, Water Rights, Water Supply, & Water

Related Law (1987) at 7.)

4.1.3 Prescriptive Rights
Generally, "prescription! means the taking of another person’s

property by adverse use. With regard to water, prescription can

only be accomplished by the adverse diversion and use of water that
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other private persons are entitled to use under the law.

Subsequent to 1914, prescription will not lie against the State for
the unappropriated waters of the State. (Water Code Sections 102
and 1225; Stats. 1913, C. 586, p. 1012, Section 1(c); Crane v.
Stevinson (1936) 5 Cal.2d 387; People v. Shirokow (1980) 26 Cal.3d

301.)

As to private persons, prescription can be accomplished only by
adverse possession that is actual, open and notorious, continuous
and uninterrupted, exclusive, hostile and adverse, and under claim
of right or color of title for a period of not less than five
yvears. (Locke v. Yorba Irr. Co. (1950) 35 Cal.2d 205; City of
Pasadena v. City of Alhambra (1949) 33 Cal.2d 908.) Even though
some private rights may be prescripted, the unappropriated waters

of the State and post-1914 appropriative water rights cannot be

prescripted unless they are supported by a permit. (Shirokow.)

4.1.4 Licenses
Under the California permit system, once a permittee has completed

construction of a diversion structure and applied the water to
beneficial use, the SWRCB investigates to confirm completion and
compliance. The SWRCB will issue a license confirming the amount
of water found to have been perfected by reasonable beneficial use
subject to the terms and conditions included in the permit and

required by statute and California case law. (Water Code Sections

1600, et seq.)

4.2 Analysis of Cal-Am’s Water Right Claims

Sections 4.2.1 though 4.2.4, infra, analyze the evidence introduced
in support of Cal-Am’s claimed water rights. For purposes of this
order when evaluating Cal-Am’s claims, the evidence in the hearing
record is considered in the light most favorable to Cal-Am due to
the difficulty, at this date, of obtaining evidence that specific

pre-1914 appropriative claims of right were actually perfected and

have been preserved by continuous use.
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4.2.1 Analysis of Pre-1914 Appropriative Rights

The lower Carmel River Valley, Monterey Peninsula, and surrounding
areas were settled and developing before 1800. Many of Cal-Am’s
predecessors in interest developed or acquired appropriative water
rights to divert water from the Carmel River and its subsurface
waters prior to 1914. (CAL-AM:93, Attachment 1.) Cal-Am’s
predecessors in interest included: C.P. Huntington, Pacific
Improvement Company, Monterey County Water Works, the Monterey
County Water Works, Del Monte Properties Co., and California Water
and Telephone Company. (Id.) Some of these appropriative rights
were initiated and probably acquired in accordance with Civil Code
Sections 1410, et seqg. Other appropriative rights were acquired by
the nonstatutory method of simply taking the water and putting it

to reasonable beneficial use. (See 4.1.1, supra.)

Cal-Am submitted over 100 documents, including deedsg and notices of
appropriations by Cal-Am’s predecessors, "which represent virtually
all title documents bearing upon Cal-Am’s water rights and chain of
title." (CAL-AM, PHBr at 14:15-18.) Cal-Am Exhibit 93

(Attachment 1) summarizes the deeds and notices of appropriation
pertaining to Cal-Am’s appropriativé rights. Nevertheless, Cal-Am
did not present nor does the record contain any evidence which
would enable the SWRCB to determine for each claimed pre-1914
appropriative right:” (1) whether diversion works were actually
constructed, (2) whether water was ever diverted and used under any
claimed right prior to 1914 or pursuant to a notice given in
accordance with Civil Code Section 1410, or (3) the quantity of

water which was put to reasonable beneficial use and maintained by

continuous use by Cal-Am’'s predecessors.

7 Despite the fact that Issue #2 was clearly noticed for hearing, Cal-Am
asserted throughout the proceedings that the complaint proceedings were not
the proper forum to evaluate Cal-Am’s appropriative rights. (October 1, 1992
letter to Messrs. Stubchaer and Samaniego from Leonard G. Welss transmitting
supplemental exhibits at 1, n.1; CAL-AM Post-Hearing Brief, 13:14-18.)
Nonetheless, Cal-Am submitted extensive evidence of its water rights based on
deeds, notices of appropriation, and other documents.
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Cal-Am submitted two categories of documents to establish the total
quantity of water used under all of its pre-1914 appropriative

rights. These are:

"(1) Direct evidence of actual usage in 1913 and earlier;
and (2) Material dating back to the 1880s which

demonstrate ... the existence of the water company’s
physical plant, dollar volumes of sales, and the like,
prior to 1914." (CAL-AM, PHBr at 15:6-11; October 1,

1992 letter to SWRCB from Cal-Am transmitting
supplemental exhibits.)

Several parties objected to the admissibility of the above exhibits

on the ground that they are hearsay. (E.g., Carmel Valley Water

Users, Closing Brief, 5-8.)

Title 23, California Code of Regulations, Section 761(d) provides,

in part, that in a hearing before the SWRCB:

"The hearing need not be conducted according to technical
rules relating to evidence and witnesses. Any relevant,
non-repetitive evidence shall be admitted if it 1is the
sort of evidence on which responsible persons are
accustomed to rely in the conduct of serious affairs.
Hearsay evidence may be used for the purpose of
supplementing or explaining any direct evidence but shall
not be sufficient by itself to support a finding unless
it would be admissible over objection in civil actions

" (Emphasis added.)

Cal-Am exhibits are admissible under Section 761 (d) because:

it is the sort of evidence on which responsible persons are

(a)
accustomed to rely and (b) the exhibits would likely be admissible
over objection in a civil action.® Moreover, these exhibits

8 The SWRCB is of the opinion that those exhibits pertaining to
proceedings of the California Railroad Commission would be admissible over
objection in a civil trial. It is difficult to find a clear statement in the
California Evidence Code or cases specifically addressing this evidentiary
issue. However, there are multiple theories, including: the official notice
doctrine, the official records exception to the hearsay rule, and other
"residual" exceptions to the hearsay rule that support this conclusion.

Official notice may be taken of the existence of any specific record of
the California Railroad Commission. While official notice generally may not
be taken of the truth of the Railroad Commission’s factual findings (see
Sosinsky v. Grant (1992) 8 Cal.Rptr.2d 552, 558-59), the factual statements

within such exhibits are admissible under the official records exception to
{(continued. . .)
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likely are the best, if not the only, evidence available for events
which occurred over eighty years ago. Thus, the SWRCB will allow
Cal-Am’s exhibits as evidence for the purpose of evaluating its

pre-1914 appropriative claims.

These documents, however, do not show the amount of water that was
actually used beneficially or maintained by continuous beneficial
use by Cal-Am’s predecessors under any specific pre-1914

appropriative rights. Thus, Cal-Am has not demonstrated that the

8(¢...continued) _
the hearsay rule. Section 1280 of the Evidence Code provides:

"Bvidence of a writing made as a record of an act, condition, or
event is not made inadmissible by the hearsay rule when offered to
prove the act, condition, or event if:

(a) The writing was made by and within the scope of duty of
the public employee;

(b) The writing was made at or near the time of the act,
condition, or event; and

(c) The sources of information and method and time of
preparation were such as to indicate its
trustworthiness."

In this case, those exhibits pertaining to proceedings of the California
Railroad Commission generally satisfy the requirements of Section 1280.
However, some courts have held that the public employee must have had personal
knowledge of the act, condition, or event, or received the information
recorded from someone in the agency who had personal knowledge in order for
the official records exception to apply. (See People v. Parker (1992)

8 Cal.App.4th 114.) Because it is unclear whether any public official had
personal knowledge of the guantity of water allegedly being used by Cal-Am’s
predecessor, it is possible that a court may find such information
inadmissible under the official records exception. Nonetheless, the SWRCB
concludes that these exhibits should be admitted under the official records
exception because "the sources of information and method of time of
preparation were such as to indicate [the exhibits’] trustworthiness." (See
Cal. Evidence Code Section 1280(c).)

Alternatively, these exhibits would likely be admissible under one of the
"residual" exceptions to the hearsay rule that allow California courts to
recognize hearsay exceptions "in addition to those exceptions expressed in the
statutes." (In re Malinda S, 51 Cal.3d 368, 376 (1990).) For example,
evidence of a statement contained in a writing more than 30 years old is
admissible if "the statement has been since generally acted upon as true by
persons having an interest in the matter." (Cal. Evidence Code Section 1331.)

The deeds are admissible for the purpose of demonstrating chain of title.
(Cal. Evidence Code Sections 1330 and 1600.) Finally, Exhibit 93 (Schematic
of Chain of Title) is also admissible, but only to the extent the information
therein is confirmed by the underlying documents which it purports to
summarize.
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notices of appropriation were ever perfected into appropriative

rights.’

The best evidence regarding the amount of water actually put to
reasonable beneficial use prior to 1914 by Cal-Am’s predecessors is
found in Cal-Am Exhibits 126, 131 and 133. The following sections

briefly describe these exhibits:

(a) Exhibit 126 is a copy of a "Petition of the Monterey County
Water Works For an Increase of its Water Rates," (MCWW)
Application No. 950, filed before the California Railroad
Commission on or about January 14, 1914. Exhibit "C" of
this petition shows that in 1913 the MCWW sold a total of
314,879,755 gallons (966 afa) of water to its customers.

(b) Exhibit 131 is an MCWW brief to the Railroad Commission dated
June 29, 1914, supporting its position for increased watexr
rates. Page 6 of this brief discusses various estimates of
water use and presents a likely total annual water use of

370,515,000 gallons (1,137 afa).

(c) BExhibit 133 is a January 27, 1915, engineer’s report to the
MCWW about the impact of the Railroad Commission’s Decision
regarding the MCWW’s petition for a rate increase. Table 1A
of this exhibit presents the MCWW’s annual use of water in

1913-1914 as 43,444,600 cubic feet (997 afa) .*°

° cal-Am’s claimed pre-1914 appropriative rights could not possibly
have been perfected and maintained for the face value of the rights being
claimed. Assuming that the appropriative rights conveyed to Cal-Am were all
perfected and maintained by continuous reasonable beneficial use, the maximum
quantity which could be diverted from the Carmel River would be 751,608 afa,
an amount which vastly exceeds the amount of water available in the river
during even the wettest years of record. (MPWMD:199, Attachment 1 (showing
maximum unimpaired Carmel River flow of approximately 325,000 afa).)

0 7The record contains other contradictory evidence as to the amount of
water used prior to 1914. For example, less than 507 afa is reported as

having been used in 1916. (CAL-AM:90.)
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These exhibits shed some light on the amount of water used by
Cal-Am’s predecessor in interest around 1914. These exhibits are
inconclusive as to the actual amount of water used by the MCWW
around 1914 due to the different water use figures. For purposes
of this analysis and order, the 1,137 afa figure is used because:
(1) the range between the high and low values is only fifteen
percent and (2) it is reasonable to use the maximum annual water
use estimate of 1,137 afa to establish the baseline quantity of

water being used under pre-1914 appropriative claims.

In addition to the actual quantity of water used by Cal-Am’s
predecessors prior to 1914, Cal-Am might have been entitled to an
additional quantity of water under the progressive use and
development doctrine. However, Cal-Am neither asserted such a
claim nor presented evidence which might support findings that it
is entitled to additional water under the doctrine.'* In addition,
the diversion of a large amount of the water currently taken from
the river or its underflow was not initiated until rapid growth
occurred on the Monterey Peninsula, which commenced after 1960.
(T,1,48:1-9; T,1,38:12-18; CAL-AM,90.) Cal-Am drilled 18 of its 21
wells after 1960. (CAL-AM:91.) Thus, Cal-Am is not entitled to
additional water under the progressive use and development
doctrine. Cal-Am’s pre-1914 rights, therefore, should be limited
to the estimated actual use by Cal-Am’s predecessors in 1913, an

amount which does not exceed 1,137 afa.?!?

1 Indeed, Cal-Am requested that the Board "decline to attempt to
quantify Cal-Am’s rights until it hears Cal-Am’s pending applications for
permits."” (CAL-AM’s Post Hearing Brief at 21:9-11.) This request is rejected
because this issue was noticed for this proceeding and Cal-Am had an o
opportunity to present evidence on the issue.

2 pre-1914 appropriative claims for San Clemente Dam. Persons
diverting water under pre-1914 claims or right are required to file Statements
of Diversion and Use with the SWRCB. (Water Code Sections 5100, et seq.)
Cal-Am filed its first statements for San Clemente Dam in 1975. Cal-Am
contends that this right was established under four Notices filed under the
Civil Code. (CAL-AM, Exhibit A, pp.3 and 4; CAL-AM exhibits 4, 5, 6 and 8.)

The first statements included water diverted for years 1972 through
1975. The statements indicate that Cal-Am was able to divert 1,529 af to
storage at San Clemente Reservoir and that Cal-Am was claiming the right to

divert up to 20 cfs by direct diversion. Over succeeding years, Cal-Am has
(continued. . .)
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4.2.2 Analysis of Riparian Rights
Cal-Am’s riparian claims are limited to the use of water on only

those parcels which adjoin the surface water course of the river or
which overlie water flowing in the subterranean channel.?® C(Clearly,
Cal-Am wells extract water flowing in the subterranean channel.
Cal-Am also presented testimony indicating that 60 afa were used to
irrigate riparian habitat along the river. (T,1,54:3-10.)
Nevertheless, Cal-Am did not identify any specific parcels for
which riparian claims were asserted. In summary, although Cal-Am
-did not submit testimony or exhibits in support of any specific
riparian claim, it appears that Cal-Am has riparian rights and it
is not unlikely that such rights are being exercised to divert

60 af to irrigate riparian vegetation along the Carmel River.®®

4.2.3 Analysis of Prescriptive Rights

Cal-Am bases its claim to prescriptive water rights on the alleged
fact that the claimed combined diversions of two of Cal-Am’s
predecessors depleted the flow in the Carmel River (CAL-AM:

October 1, 1992 letter to SWRCB from Cal-Am transmitting
supplemental exhibits, pp. 7 and 8; CAL-AM:136,2) during some years
and the fact that the Carmel River often has no surface flow.
(CAL-AM:132,14.) Assuming the truth of these facts, Cal-Am’s post-

1914 claims of prescriptive rights are, nevertheless, not supported

2(...continued)
stated that it has approximately diverted between 1,200 to 8,000 af per year

under this claim. (SWRCB, Files, Statements of Diversion and Use, Statement
8538.) More recent information indicates the dam can only store between 320
and 800 af. (MPWMD:287,4-49.) Amounts which are currently directly diverted
are taken at the Carmel Valley Filter Plant about one-half mile below the

San Clemente Dam.

San Clemente Dam was constructed in 1921, seven years after the modern
Water Code respecting appropriation became effective. No evidence was
presented: (1) as to which, if any, Notice is the basis for the pre-1914
claim of right, (2) that work was commenced on facilities to divert water
prior to 1914, or (3) that water was diverted and used prior to 1914 or within
a reasonable time thereafter under any Civil Code Notice.

1 Cal-Am does not claim that water being diverted from the subterranean
channel associated with the Carmel River can be served to persons on the
Monterey Peninsula under riparian rights claims. (T,I,91:13-92:8.)

M cal-Am does not claim that water served outside the valley can be
diverted from the river under riparian right claims. (7,I,91:13-92:8.)}
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by the record because Cal-Am failed to introduce other essential
evidence necessary to support prescriptive claims. Cal-Am did not:
(1) demonstrate that the basic elements of prescription were met
and (2) identify any specific persons, lands, or types of water
rights that were allegedly prescripted. Thus, there is no basis
for finding that Cal-Am is entitled to divert any water from the

river under the doctrine of prescription.

4.2.4 Analysis of Rights Under License 11866 (Application 11674A)
On February 14, 1986, Cal-Am was issued License 11866

(Application 11674A) to divert 3,030 afa to storage from October 1
to May 31 from the Carmel River for municipal, domestic,i
industrial, and recreational uses. (SWRCB:1,b.) The maximum
annual withdrawal under this right, however, is 2,950 afa. The
above analysis of appropriative, riparian, and prescriptive rights

does not affect the rights exercised under License 11866.

4.3 Conclusions Regarding Cal-Am‘’s Claimed Water Rights

In summary, Cal-Am has valid pre-1914 appropriative rights to
divert no more than 1,137 afa, based upon the amount of water
actually used by Cal-Am’s predecessors prior to 1914. Cal-Am is
not entitled to additional water under the progressive use and
development doctrine because Cal-Am did not present evidence of a

plan of development carried out within a reasonable time.

Cal-Am has riparian rights for use within the Carmel River Valley
on only those parcels which adjoin the surface watercourse of the
river or which overlie water flowing in the subterranean channel.
It is not unlikely that such rights are being exercised to irrigate
the riparian vegetation along the Carmel River. Such rights do not
extend to water that is served outside the valley or water served

to non-riparian parcels located within the valley.

Cal-Am is not entitled to any prescriptive water rights because
Cal-Am did not identify the persons, lands, or types of water

rights that are allegedly prescripted. Cal-Am has an appropriative



right to divert 3,030 afa of water to storage in Los Padres
Reservoir from October 1 to May 31 pursuant to the conditions
imposed by License 11866. Thus the total guantity of water which

Cal-Am is presently using under legal rights is 3,376 afa.?®

Because the amount of water to which Cal-Am is legally entitled
under the appropriation and riparian doctrines, pre-1914 storage
rights, and License 11866 is much less than the amount Cal-Am
presently is diverting, Cal-Am is diverting about 10,730'7 afa from
the Carmel River or its underflow without a valid basis of right.
Accordingly, Cal-Am should be required to diligently develop and
implement a plan for obtaining water from the Carmel River or other

sources consistent with California water law.

5.0 EFFECT OF CAL-AM DIVERSION ON INSTREAM BENEFICIAL USES

The following sections will discuss the effects of Cal-Am’s
diversions on the instream beneficial uses of the Carmel River.
Such effects include the loss of riparian habitat in the lower
river and the near extinction of the Carmel River steelhead run.
Cal-Am diversions, standing alone, are not the sole cause of
current conditions in the Carmel River. Other causes include the
diversion and use of water by other persons and, significantly, a
series of dry and critically dry years during the late 1980s and
early 1990s. Nevertheless, Cal-Am’s combined diversions from the

Carmel River constitute the largest single impact to the instream

beneficial uses of the river.

5.1 Vegetative Resources
Three vegetation communities are found within the Carmel River

watershed: coastal wetlands within the Carmel River Lagoon,

15 The actual diversion is limited to 2,179 af due to siltation.

1 1,137 afa, pre-1914 appropriative + 60 afa, riparian + 2,179 afa,
license 11866 = 3,376.

710,730 afa represents Cal-Am’s total diversions from the Carmel River
minus that amount which appears to be legally diverted. (14,106 - 3,376 =
10,730.)
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riparian communities along the river itself, and upland vegetation
on the upper alluvial terraces and hills surrounding the valley.
Mature multistoried riparian vegetation supports a wide diversity
of plant and animal species, including a number of which are

protected pursuant to federal and state endangered gspecies acts.

Historically, riparian vegetation was more extensive than at
present, particularly in the lower nine river miles. Prior to
1956, losses were primarily attributable to agricultural
development. Since that time, the decline has coincided with the
increasing export of ground water to meet growing urban demand on
the Monterey Peninsula. (SWRCB:17; SWRCB:42,I1I-28.) Were it not
for the extensive riparian corridor irrigation efforts of the
District and Cal-Am, it is estimated that current ground water
pumping would severely stress approximately 59 percent of the
existing riparian vegetation in the upper portion of Aquifer
Subunit 3 (see Figure 2) in normal water years, and nearly all

vegetation during critically dry years. (MPWMD:289,9G-1.)

The Carmel River Lagoon contains a mixture of freshwater and salt

marsh vegetation. Coastal salt marsh is considered one of the most

fragile and rapidly disappearing habitats in California. The
Carmel River coastal wetland represents some of the last remaining

habitat of this type on the Central Coast. (SWRCB:42,I1II-32.)

Upland vegetation within the watershed is composed of a mixture of
coastal scrub, hardwood forest, coastal dune, chaparral, and

closed-cone coniferous forest. Cal-Am’s diversions have no direct

effect on such resources.

5.2 Wildlife Resources
Carmel River riparian and wetland communities support a diverse

group of resident and migratory wildlife. A number of amphibian
and reptile species occur within the riparian and wetland zones as
well, including the red-legged frog and the western pond turtle.
These are, respectiﬁely, a proposed and candidate species for

listing under the Federal Endangered Species Act. A more detailed
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description of these resources is found in the District’s EIR/EIS.

(MPWMD:287-290.)

5.3 Fishery Resources
The Carmel River supports populations of at least ten resident

freshwater and anadromous fish species. Of these fishes, the
steelhead (Onchrhynchus mykiss) has been considered the most
important, and extensive studies have been performed to define its

ecology in the river. (SWRCB:42,III-41.)

Adult steelhead live in the ocean and migrate into the upper
reaches of the Carmel River to spawn. Migration may begin in the
fall after the Lagoon sandbar is breached by artificial means or by

the first major storm and when sufficient flow is established in

the lower river to allow upstream passage.

Typically, in early January the adults spawn and migrate back to
the ocean. After approximately three to eight weeks of incubation,
depending on water temperature, the eggs hatch and fry soon emerge
" from the gravel. These fry continue development in the river until
fall. By fall, fry will have developed into juveniles and begin
moving downstream. They remain in the lower reaches of the river
and the lagoon adapting to brackish water until late spring. In
late spring, as high river flows are receding, they migrate out
into the Pacific Ocean. Some juveniles and adults remain in the
river for one or two additional years before migrating to the

ocean, hence these life stages may be found in the river throughout

the entire year. (SWRCB:42,1I11-42.)

5.4 Extent of the Steelhead Resource

When first seen by Spanish explorers in 1603, the Carmel River
supported a spectacular steelhead run, believed to have been well
in excess of 12,000 fish annually. (CSRA:5,2.) Heavy fishing in
the 1850s through the 1870s diminished the fishery. Fish planting
began in 1910 and continued through the 1940s. (MPWMD:289,8-8.)
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When San Clemente Dam was constructed in 1921 (RM 18.5), a fish
ladder was also built. (MPWMD:289,8-8.) Access to a major portion
of the steelhead spawning and rearing habitat was effectively
eliminated in 1949 with the construction of Los Padres Dam at

RM 23.5. (CSRA:5,2.) Although a fish trap was installed
downstream of the dam and captured adults transported into the

reservoir, the facility proved ineffective at maintaining steelhead

populations. (MPWMD:289,8-8.)

Annual counts of steelhead passing through the San Clemente fishway
began in 1961. The critical dry years of 1976-77 and 1987-92,
drought, and diversion by Cal-Am from its wells have combined to
reduce water available to steelhead and have also reduced the
steelhead population to remnant levels. Only one fish was recorded
in 1991 and 15 fish in 1992. (MPWMD:337,49.) Past reviews of
Carmel River environmental problems have identified flow reduction

and habitat alteration as major factors associated with steelhead

decline. (SWRCB:42,I1I-44.)

Paralleling the declining steelhead population during this period
was the rising urban demand for water. Originally, the Monterey
Peninsula water supply was diverted entirely from the two
reservolirs and from surface flow. When demand exceeded the
developed surface resources, wells drilled in the Carmel Valley
alluvium aquifer were added to supplement supply. In recent times,
dry season surface flows below the Narrows at RM 10 have been
depleted in most years as a result of heavy ground water pumping.
This results in the stranding and death of many juvenile fish as

surface flow recedes. (DFG:4,32.)

5.5 The Effect of Cal-Am Diversions Should be Mitigated

To summarize, Cal-Am diversions have historically had an adverse
effect on: (1) the riparian corridor along the river below RM
18.5, (2) wildlife which depend on riparian habitat, and

{3) steelhead and other fish which inhabit the river. Measures
should be adopted requiring Cal-Am to mitigate the effect of its

diversions on the environment until such time as it is able to
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obtain water from the Carmel River or other sources consistent with

California water law.

6.0 MITIGATING EFFECTS OF CAL-AM DIVERSIONS

The following sections identify the measures which are in effect to
mitigate the effect of Cal-Am’s diversions in the instream
beneficial uses of the Carmel River. Many significant measures to
protect the instream beneficial uses of the river have been
initiated and are being carried out by the Monterey Peninsula Water
Management District. In order to avoid confusion, an explanation

of the District’s role is necessary.

The District was created by special act of the Legislature in 1977.
(Water Code Appendix Section 118-2.) The District is responsible
fer managing available surface and ground water sources to supply
water within the District and to protect the environmental quality
of the area’s water resources, including the protection of fish and
wildlife resources. (Id.; MPWMD:16,1-2.) Much of the watershed of
the Carmel River is within the District’s boundaries (Figure 1) and
the District has broad powers over the use and distribution of
water within its boundaries, including the operations of Cal-Am.

(Water Code Appendix Sections 118-2, 118-102.)

6.1 Interim Relief Program

In 1988, as a result of the complaint filed by the CRSA

(Section 2.1), the District formed an Environmental Advisory
Committee. The committee was composed of citizen groups and public
agency representatives, including representatives from Cal-Am and
DFG. (MPWMD:53;3&4.) Their efforts resulted in an Emergency Relief
Program and an Interim Relief Program, both designed to address

chronic environmental degradation in the lower Carmel River.

(MPWMD:53.)

The focus of the Interim Relief Program was on rescuing stranded

steelhead during critically dry years, preserving the riparian

corridor, and enhancing aquatic habitat by increasing streamflow.

Specifically, the District undertook to: (1) limit surface
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diversion at San Clemente Dam to 29 percent of total Cal-Am
production, (2) hire fishery professionals to assess habitat and
coordinate steelhead rescue efforts, and (3) monitor the health of
riparian vegetation and install, operate, and maintain drip
irrigation systems along the lower Carmel River. The provisions of
the program expired in November 1993, but are cafried forward as
elements of the. Water Allocation EIR mitigation program of the

District. (MPWMD:53; SWRCB:42.)

6.2 Water Allocation Mitigation Program

In 1981, the District established an annual Water Allocation
Program to apportion water to each of its member jurisdictions. In
1990, a Water Allocation Program EIR was completed and certified by
the District. (SWRCB:42; MPWMD:16.) The EIR analyzed the
environmental and socioceconomic impacts of varying levels of water
production from the Monterey Peninsula Water Resource System,
including the Carmel River. The document found that the amount of
water which could be produced without significant environmental
impact was less than previous estimates. As a result, the Cal-Am

allocation was reduced from 18,600 to 16,744 afa.'® Even at the

reduced level, diversion of water from the Carmel River was found
to have significant adverse environmental impacts on fisheries,
riparian vegetation and wildlife, and the Lagoon. Therefore, the
District also approved.the Water Allocation Mitigation Program and
committed itself to implement the mitigation program. The Program

provides for the following mitigation measures:

Fisheries (MPWMD:16,55)

@ (Continue Interim Relief Program

® Expand program to capture emigrating smolts in spring
® Prevent stranding of early fall and winter migrants
°

Rescue juveniles downstream of Robles Del Rio in summer

1% The guantity of water which the District allocated to Cal-Am was not
based on the amount of water diverted by Cal-Am and not on Cal-Am’s legal

right to divert water.
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® Modify spillway and transport juveniles around Los Padres

Dam

Riparian Vegetation and Wildlife (MPWMD:16,64)
e Continue Interim Relief Program
® Conservation and water distribution management to retain
water in the Carmel River
® Prepare and oversee a Riparian Corridor Managément Plan
(MPWMD:69)
Implement the Riparian Corridor Management Plan

Expand monitoring programs for soil moisture and vegetative

stress

Lagoon Vegetation and Wildlife (MPWMD:16,72)

® Continue Interim Relief Program

® Assist with Lagoon Enhancement Plan investigations
® Expand long-term monitoring program
®

Identify feasible alternatives to maintain adequate Lagoon

volume

The program was adopted and funded by the District for an initial
five-year period, due to expire in late 1995, after which
allocations are to be reassessed based on results of monitoring
studies. Annual progress reports have been prepared by the
District and submitted to the SWRCB. (SWRCB:43; MPWMD:307-308.)
Funded primarily by user fees and taxes, the program costs will

slightly exceed $6.5 million over five years. (MPWMD:309.)

The effectiveness of this mitigation program and the degree to
which the District has implemented the mitigation program was the
subject of considerable testimony during the SWRCB hearing. Both
the CSRA.and the DFG expressed dissatisfaction with the
implementation of the program. (CRSA:94-1,3; T,X,100:2.) Further,
DFG stated that it was the Department’s position that fish rescue
is inappropriate as a long-term mitigation measure and that
provision of adequate instream flow is the preferable alternative.

(T, IX,8:2.)
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6.3 Other District Actions
In addition to the above programs, the District has engaged in a
number of other activities to lessen the impact of water extraction

on the Carmel River system. These measures include:

Limitation on total system production
Mandatory rationing and moratoriums
Conservation and community education programs

Development of Seaside aquifer

Wastewater reclamation

Although these programs have been effective in reducing demand on
the Carmel River, their combined effect is inadequate to reverse
severe environmental degradation. It is the position of the
District and DFG wildlife experts that river flow is the critical
element in reversing this degradation. The District has also
concluded that a firm municipal supply and water for environmental
regstoration cannot be provided without additional water storage

upstream of Cal-Am’s existing well field. (MPWMD:287,2-8.)

6.4 Conditions On the Operation of Los Padres and San Clemente
Dams

In 1948 the SWRCRB adopted Decision 582 approving an appropriative
right for the Los Padres Dam. The Decision and Permit 7130
require, in general, that Cal-Am maintain a flow of not less than
5 c¢fs in the channel of the Carmel River directly below the outlet

structure of the Los Padres Dam at all times during which water is

being stored under this permit.

Diverting under a claim of pre-1914 appropriative right,

San Clemente Dam has né bypass requirement and, until the early
1980s, the entire summer streamflow was diverted into the filter
plant downstream of San Clemente Dam. (DFG:4,8.) During the
1980s, DFG and Cal-Am began negotiating year-to-year agreements for

the releage of some water at San Clemente Dam to benefit fish in

the river. Bypass flows have generally been in the range of 3.5 to
5 cfs. Under more normal hydrologic conditions, the bypass
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maintains flow in the stream to the Narrows at RM 10. This habitat

below San Clemente Dam is considered significant steelhead habitat.

6.5 Interim Measures to Mitigating Effects of Cal-Am Diversions
Should Continue to be Implemented

As previously stated, Cal-Am’s diversions have an adverse effect on
the instream beneficial use of the river. Although the interim
measures discussed herein are beneficial, they are by no means
sufficient to offset the total effect of Cal-Am’s diversions.

Thus, these measures should be continued until such time as Cal-Am
is able to obtain water from the Carmel River or other sources

consistent with California water law.

That most interim measures have been undertaken by the District and
not Cal-Am is a matter of concern. There is no assurance that the
District will indefinitely continue to mitigate the effects of
Cal-Am’s diversions. Furthermore, there is no basis for the SWRCB
to order the District to continue implementing the interim measures
on behalf of Cal-Am. Thus, a condition should be adopted requiring
Cal-Am to implement these interim measures in the event the

District fails to continue with its programs.

7.0 OTHER PROPOSALS FOR MITIGATING THE EFFECTS OF
CAL-AM DIVERSIONS FROM THE CARMEL RIVER

In addition to the interim mitigation measures being implemented by
the District, the Complainants, DFG, and Mr. Evans contend that
additional mitigation measures should be implemented by Cal-Am.

Some of these measures are discussed in the following sections.

7.1 Maximize Production in Seaside Aquifer, Minimize
Production from Carmel River

Several parties advanced the concept that production from the
Seaside aquifer should be increased and diversions from the Carmel
River should be reduced. Cal-Am produces about 2,700 afa from the
Seaside ground water basin from wells in Seaside, California. The
Seaside northern and southern coastal ground water subbasins have a
usable storage capacity of 4,700 af. (MPWMD:101,6,144.) The long-

term yield of the Seaside ground water subbasin, however, is
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estimated to be 3,300 afa, using the practical rate of withdrawal

method. (SWRCB:1, "Hydrology Update, Seaside Coastal Ground Water
Basins, Monterey County, California", Staal, Gardner & Dunne, Inc.,
1990, p.22.) A new well became available to Cal-Am and its

customers during 1994, the Peralta Well, which is located in the
Seaside aquifer. The well is capable of producing approximately
1,000 afa. The District has allocated the potential production
from the Peralta Well for purposes which include water for
community benefit and among eight jurisdictions for new
connections, remodeling, and additions. (MPWMD, 291,4:1-17;
MPMD, 3378, 28,Figure 10.) By more fully utilizing water available
in the Seaside aquifer, Cal-Am can reduce its diversions from the
Carmel River and the effects of such diversions on public trust
values. Thus, we find that Cal-Am should be required to maximize

production from the Seaside aquifer and reduce diversions from the

river to the greatest practicable extent.:

7.2 Maximize Production from the Most Downstream Wells

Several parties advanced the proposal that by maximizing production
from the most downstream wells that surface water in the Carmel
River could be extended farther downstream.'® The benefit of
operating the wells in this manner would be to provide more habitat
for fish during some years and seasons. (T,IV,248:24-251:3.)
Testifying for DFG, Keith Anderson indicated that Cal-Am was
already operating in this manner pursuant to an agreement with DFG.
(T,IX,17:2-10.) Testimony did indicate, however, that too much
pumping of wells nearer to the Lagoon might result in water quality
degradation and adversely affect supply of water to other wells.
Thus, we find that Cal-Am should be required to satisfy the water
demands of its customers outside of the Carmel River watershed by

extracting water from its most downstream wells to the maximum

practicable extent.

¥  Some parties advocated drilling more wells farther down the river as
near to the Lagoon as possible. The feasibility of this proposal was not
demonstrated. Testimony and exhibits indicated that such wells and pumping
could result in: (a) poorer water quality for Cal-Am customers, (b) dewatered
wells used by other persons in the area, and (c) seawater Intrusion into the
lower aquifer. (T,IV,251:4-254:4; 258:5-269:4; 272:14-284:2.)
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7.3 Supplf Water to the Carmel Village Filter Plant from Wells
The Carmel Village is supplied water from a filter plant located
downstream of the San Clemente Dam. The filter plant is supplied
water from the dam via a pipeline. Several parties advanced the
proposal that more surface flow could remain in the river if the
filter plant was supplied water from wells instead of the dam. The
water diverted to storage at the dam could then be released to the
river for fish and to recharge the subterranean stream from which
the downstream wells extract water. No evidence was presented to
demonstrate the feasibility of the proposal. Indeed the evidence
indicates that it is not feasible to supply water to the filter
plant from the most downstream wells. No evidence was introduced
which would indicate whether the filter plant could be supplied
from more nearby wells and thus keep more water at the surface of
the stream for some additional distance. We find that Cal-Am
should be required to conduct a reconnaissance level study of the

feasibility, benefits, and costs of this proposal.?’

7.4 Bypass Early Storm Runoff at the Dams

On behalf of DFG, Keith Anderson suggested that runoff from early
storms be passed by the Los Padres and San Clemente Dams.
(T,IX,21:4-22:6.) This proposal can result in recharging the
subterranean stream and restoring surface water flows in the river
at an earlier date. An earlier reestablishment of surface flows
would increase the likelihood that steelhead could successfully
migrate up and down the stream to complete their life cycle. The
record does not include any evidence which demonstrates the
feasibility of this suggestion; however, the storage capacity of
the dams is so small that it appears likely that this suggestion

could be implemented in even the driest water years and the

?®  The SWRCB recognizes that the wells nearest the filter plant are not
the most downstream wells. The feasibility of supplying the filter plant may
depend upon supplying the plant via the nearest wells. Supplying the filter
plant from nearby wells would, implicitly, conflict with the principle that
water be supplied to Cal-Am customers via the most downstream wells to the
maximum practicable extent. Nevertheless, we find that the feasibility,
benefits, and costs of this proposal should be evaluated.
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resexrvoirs could still be refilled. We find that Cal-Am should be
required to study the feasibility of this proposal.

7.5 "Modify Critical Stream Reaches to Facilitate Fish Passage

In the context of this section, a critical stream reach means any
portion of the river which, due to low flow, acts as a barrier to
migrating steelhead. Such barriers interfere with the ability of
steelhead to successfully complete all life stages and to feproduce
in the river. Testifying for DFG, Keith Anderson expressed the
opinion that modifying critical stream reaches was an action which
could be taken to mitigate the effect of Cal-Am’'s diversions from
the river. (T,IX,20:24-21:3.) Thus, we find that Cal-Am should be

required to conduct a study of the feasibility, benefits, and cost

of this proposal.

7.6 Remove Boulder Below lLos Padres Dam

A large boulder or rock outcrop is situated below the spillway of
Los Padres Dam. A significant percentage of steelhead juvenile
fail to survive downstream migration during low water conditions
over the spillway because they fall upon the rock. Removal of the
rock could improve the survival rate of steelhead juvenile moving
downstream from Los Padres Dam. Accordingly, Cal-Am should be
required to remove the rock or implement some other reliable

measure to assure safe passage for fish over or around the rock.

8.0 ENFORCEMENT OPTIONS
Three enforcement options are available to the SWRCB for the

unlawful diversion and use of water. First, Water Code
Section 1052 declares that the unauthorized diversion of water is a

trespass. Such diversions may be referred to the Attorney General
for injunctive relief. (Section 1052(c).) Persons committing a
trespass may be liable for up to $500 for each day in which a

trespass occurs. (Section 1052(d) .)

Second, Water Code Sections 1055 and 1052 authorizes the SWRCB to
impoge administrative civil liability for the unlawful diversion

and use of water. Persons committing a trespass may be liable for
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up to $500 for each day in which a trespass occurs. (Section
1052 (b).) Persons committing a trespass may be liable for up to

$500 for each day in which a trespass occurs.

Finally, Sections 1825, et seq. authorizes the SWRCB to adopt cease
and desist orders for violation of conditions in permits and
licenses. Cease and desist orders may require compliance forthwith
or in accordance with a time schedule. (Section 1831.) Diversion
of water in excess of the quantity authorized by permit or license
can be treated as a violation subject to enforcement under Section
1831. Persons failing to comply with a cease and desist order are

liable for $1,000 for each day in which violation occurs.

This proceeding was not noticed under any of the enforcement
provisions and the SWRCB cannot, at this time, proceed directly to
an order under Sections 1055 or 1830. The SWRCB, however, can
request the Attorney General to take action under Section 1052.
Alternatively, the SWRCB can suspend such a referral provided that
Cal-Am takes appropriate actions to: (a) mitigate the effect of
its diversions on the environment and (b) develop and diligently
pursue a plan for obtaining water from the Carmel River or other

sources consistent with California water law.?!

8.1 Considerations Mitigating Against the Use of Punitive
Enforcement Options

In the short term, Cal-Am cannot significantly reduce its

extraction from the wells along the Carmel River. As previously
stated, most of Cal-Am’s supply is obtained from the Carmel River
and most of that supply is provided by the wells along the river.
The people and businesses on the Monterey Peninsula must continue

to be served water from the Carmel River in order to protect public

health and safety.

1 cal-Am could satisfy this regquirement by contracting with MPWMD for
the supply from its proposed project or by proposing to develop water under
applications to appropriate water from the Carmel River by storage or from

other sources.
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Cal-Am introduced exhibits during the hearing which show that
during 1980 and 1981, on the basis of available information, the
SWRCB was not of the opinion that the water pumped by the wells
would require a permit from the SWRCB. (CAL-AM, F and G.)

Further, Cal-Am does not contend that the wells are not extracting
water from a subterranean stream. (CAL-AM, Closing Brief, 20.)
Indeed, Cal-Am has filed an application to appropriate water with

the SWRCB. (Application 30215.)%

Cal-Am also supports the New Los Padres Project proposed by the
District as one means for providing a reliable and legal water
supply for its customers. (CAL-AM, Closing Brief, 2:4-12.)
Finally, Cal-Am has cooperated with the District, DFG, and others
to develop and implement measures to mitigate the effect of its

diversions on the instream regources of the river. (MPWMD: 287, 2-

15.)

Under circumstances such as these, the imposition of monetary
penalties make little sense. Rather, the SWRCB’'s primary concern
should be the adoptibn of an order which, until a legal supply of
water can be developed or obtained, will require that Cal-Am:

(1) minimize its diversions from the Carmel River, (2) mitigate the
environmental effects of its diversions, and (3) prepare a plan
setting forth: (a) specific actions to develop or obtain a legal
supply of water and (b) the dates specific actions will have

occurred so that progress on the plan can be objectively monitored.

9.0 SUMMARY AND CONCLUSIONS

To summarize the foregoing, we find that:

1. Downstream of RM 15 of the Carmel River, the aquifer underlying
and closely paralleling the surface water course of the Carmel

River is water flowing in a subterranean stream and subject to

??  Administrative notice is taken that on May 29, 1992, Cal-Am submitted
Application 30215 to the SWRCB. The application is for the direct diversion
of 42 cfs from its wells along the river.
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the jurisdiction of the SWRCB. Cal-Am’'s wells are drawing

water from the subterranean stream associated with the Carmel

River.

Cal-Am is diverting about 10,730 afa from the Carmel River or
its underflow without a valid basis of right. 1In addition,
Cal-Am does not have a pre-1914 right to divert and use water
at San Clemente Dam. Cal-Am should be required to diligently
develop and implement a plan for obtaining water from the

Carmel River or other sources consistent with California water

law.

Cal-Am diversions are having an adverse effect on: the
riparian corridor along the river below San Clemente Dam at

RM 18.5, wildlife which depend on instream flows and riparian
habitat, and steelhead which spawn in the river. Interim
measures mitigating the effects of Cal-Am diversions undertaken
by the District should continue to be implemented. Cal-Am
should be required to implement interim measures in the event
the District fails to continue with its program. In addition,
Cal-Am should be required to implement other mitigation
measures. Cal-Am should be required to mitigate the effect of
its diversions until such time as it is able to obtain water
from the Carmel River or other sources consistent with

California water law.

The SWRCB can request the Attorney General to take action under
Section 1052. Alternatively, the SWRCB can suspend such a
referral provided that Cal-Am takes appropriate actions to:
mitigate the effect of its diversions on the environment and
develop and diligently pursue a plan for obtaining water from
the Carmel River or other source consistent with California
water law. The SWRCB’s primary concern should be the adoption
of an order requiring Cal-Am to: (1) prepare a plan setting
forth (a) specific actions which will be taken to develop or
obtain a legal supply of water and (b) the dates specific

actions will have occurred so that progress on the plan can be
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objectively monitored, (2) minimize its diversions for the

Carmel River, and (3) wmitigate the environmental effects of its

diversions.

ORDER

NOW THEREFORE, IT IS HEREBY ORDERED that Cal-Am shall comply with

the following conditions:

1.

Cal-Am shall forthwith cease and desist from diverting any
water in excess of 14,106 afa from the Carmel River, until

unlawful diversions from the Carmel River are ended.

Cal-Am shall diligently implement one or more of the following
actions to terminate its unlawful diversions from the Carmel
River: (1) obtain appropriative permits for water being
unlawfully diverted from the Carmel River, (2) obtain water
from other sources of supply and make one-for-one reductions
in unlawful diversions from the Carmel River, provided that
water pumped from the Seaside aquifer shall be governed by
condition 4 of this Order not this condition, and/or

(3) contract with another agency having appropriative rights

to divert and use water from the Carmel River.

(a) Cal-Am shall develop and implement an urban water
conservation plan. In addition, Cal-Am shall develop and
implement a water conservation plan based upon best
irrigation practices for all parcels with turf and crops
of more than one-half acre receiving Carmel River water
deliveries from Cal-Am. Documentation that best
irrigation practices and urban water conservation have

already been implemented mayvbe substituted for plans

where applicable.

Urban and irrigation congservation measures shall remain

,\
o
=

in effect until Cal-Am ceases unlawful diversions from
the Carmel River. Conservation measures required by this

Order in combination with conservation measures required
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by the District shall have the goal of achieving

15 percent conservation in the 1996 water year and

20 percent conservation in each subsequent year.?* To the
extent that this requirement conflicts with prior
commitments (allocations) by the District, the Chief,
Divison of Water Rights shall have the authority to
modify the conservation requirement. The base for
measuring conservation savings shall be 14,106* afa.
Water conservation measures required by this order shall
not supersede any more stringent water conservation

requirements imposed by other agencies.

4. Cal-Am shall maximize production from the Seaside aquifer for
the purpose of serving existing connections, honoring existing
commitments (allocations), and to reduce diversions from the
Carmel River to the greatest practicable extent. The long-
term yield of the basin shall be maintained by using the

practical rate of withdrawal method.

5. Cal-Am shall satisfy the water demands of its customers by
extracting water from its most downstream wells to the maximum
practicable extent, without degrading water quality or

significantly affecting the operation of other wells.

6. Cal-Am shall conduct a reconnaissance level study of the
feasibility, benefits, and costs of supplying water to the
Carmel Valley Village Filter Plant from its more nearby wells
downstream of the plant. The objective of supplying water
from the wells is to maintain surface flow in the stream as
far downstream as possible by releasing water from

San Clemente Dam for maintenance of fish habitat. The results

23 Fach water year runs from October 1 to September 30 of the following
year.

24 14,106 afa represents Cal-Am’s total diversions from the
Carmel River.
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of the study and recommendations shall be provided to the

District and DFG for comment.

Cal-Am shall evaluate the feasibility of bypassing early storm
runoff at Los Padres and San Clemente Dams to recharge the
subterranean stream below San Clemente Dam in order to restore
surface water flows in the river at an earlier date. The

results of the study and recommendations shall be provided to

the District and DFG for comment.

Cal-Am shall conduct a study of the feasibility, benefits, and
costs of modifying critical stream reaches to facilitate the
passage of fish. The study shall be designed and carried out
in consultation with DFG and the District. The results of the

study and recommendations shall be provided to the District

and DFG for comment.

The studies required by conditions 6, 7, and 8 shall be
carried out by persons with appropriate professional
qualifications. The studies required by condition 7 shall be
completed and submitted to the Chief, Division of Water
Rights, within 5 months from the date of this order. The
Chief, Divison of Water Rights may extend the time for
performing the study required by condition 8 upon making a
finding that adequate flows were not available to perform the
study. The studies required by conditions 6 and 8 shall be
completed and submitted to the Chief, Division of Water
Rights, within 12 months from the date of this order. The
Chief, Division of Water Rights may extend the time for
pérforming‘the study required by condition 8 upon making a
finding that adequate flows were not available to perform the
study. The report (or reports) transmitting the results of
the study (or studies) shall describe the action (or actions)
which Cal-Am will undertake to correct the problems addressed
by the studies. Cal-Am shall provide a written response to
any comments received on the study. If no action (or actions)

will be taken to correct the underlying problem (or problems),
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Cal-Am’s report shall provide written justification why
corrective action is not appropriate. Based upon the results
of the studies, recommendations, comments by the District and
DFG, and Cal-Am responses, the Chief, Division of Water
Rights, shall determine what actions shall be taken by Cal-Am

consistent with this Order and establish reasonable times for

implementation.

10. Cal-Am shall remove the large rock immediately below the
spillway of the Los Padres Dam which results in substantial
loss of juvenile steelhead or implement some other reliable
measure (or measures) to assure sgafe passage for fish over or
around the rock. Prior to removing the rock Cal-Am shall
consult with DFG and obtain any streambed alteration permit
required by Fish and Game Code Section 1601. If Cal-Am leaves
the rock in place, it shall consult with DFG when evaluating
what other measures can be used to assure safe fish passage.
Cal-Am shall comply with this measure within 4 months.

11. Cal-Am shall be responsible for implementing all measures in
the "Mitigation Program for the District’s Water Allocation
Program Environmental Impact Report" not implemented by the
District after June 30, 1996.°° Not later than August 30,
1996, Cal-Am shall submit a report to the Chief, Division of
Water Rights, identifying mitigation measures which the
District does not continue to implement after June 30, 1996.
At the same time, Cal-Am shall submit a plan for the approval
of the Chief, Division of Water Rights, detailing how it will
implement mitigation measures not implemented by the District.
The Chief, Division of Water Rights, may excuse Cal-Am from
implementing specific mitigation measures only upon making a

finding that Cal-Am has demonstrated that it does not have

?*  On November 5, 1990 the District adopted a mitigation program to be
carried out for five years. The plan is summarized in Section 6.2, infra.
There is no assurance the District will continue with any or all of the
elements of its mitigation program after November of 1995. (MPWMD:289, Vol.

ITI, Appendix 2-D.)
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adequate legal authority to implement the ability to finance
such measures or demonstrates that such measures are

demonstrably ineffective.

12. Within 90 days of the date of this order, Cal-Am shall submit
for the approval of the Chief, Division of Water Rights:

(a) A compliance plan detailing the specific actions which

will be taken to comply with condition 2 and the dates by

which those actions will be accomplished;‘
(b) An urban water conservation plan; and

(c) An irrigation management plan.

13. Starting with the first full month following adoption of this

order, Cal-Am shall file quarterly with the Chief, Divikion of

Water Rights:

(a) Reports of the monthly total amounts being: (1) pumped

from wells; and (2) diverted from the Carmel River,

(b) Reports of the progress being made in complying with the

schedule submitted to comply with condition 11, and

(c) Reports of the progress being made in complying with

conditions 6, 7, 8, and 9.
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14. The Chief, Division of Water Rights, is authorized to refer
any violation of these conditions to the Attorney General for
action under Section 1052 or to initiate such other

enforcement action as may be appropriate under the Water Code.

CERTIFICATION

The undersigned, Administrative Assistant to the Board, does hereby
certify that the foregoing is a full and correct copy of an order
duly and regularly adopted at a meeting of the State Water
Resources Control Board held on July 6, 1995.

AYE: John P. Caffrey
Mary Jane Forster
Marc Del Piero
James M. Stubchaer
John W. Brown

NO: None
ABSENT : None

ABSTAIN: None

Adkinistrative Assistant to rthe Board

45.



	NORTH GUALALA WATER COMPANY
	Exhibit Identification Index
	NGWC 1
	NGWC 2
	NGWC 3
	NGWC 4
	NGWC 5
	NGWC 6
	NGWC 7
	NGWC 8
	NGWC 9
	NGWC 10
	NGWC 11
	NGWC 12


	DEPARTMENT OF FISH AND GAME
	Exhibit Identification Index
	DFG 1
	DFG 2
	DFG 3
	DFG 4
	DFG 5
	DFG 6
	DFG 7
	DFG 8
	DFG 9
	DFG 9A

	DFG 10
	DFG 11
	DFG 12
	DFG 13
	DFG 14
	DFG 15
	DFG 16
	DFG 17
	DFG 18
	DFG 19
	DFG 20
	DFG 21
	DFG 22
	DFG 23


	JEROME P. LUCY
	Exhibit Identification Index
	LUCY 1
	LUCY 2
	LUCY 3
	LUCY 4
	LUCY 5
	LUCY 6
	LUCY 7
	LUCY 8
	LUCY 9
	LUCY 10
	LUCY 11


	DIVISION OF WATER RIGHTS, PERMITTING TEAM
	Exhibit Identification Index
	PERMITTING TEAM 1
	PERMITTING TEAM 2
	PERMITTING TEAM 3
	PERMITTING TEAM 4
	PERMITTING TEAM 5A
	PERMITTING TEAM 5B
	PERMITTING TEAM 5C
	PERMITTING TEAM 5D
	PERMITTING TEAM 5E
	PERMITTING TEAM 5F
	PERMITTING TEAM 5G
	PERMITTING TEAM 6
	PERMITTING TEAM 7
	PERMITTING TEAM 8
	PERMITTING TEAM 9
	PERMITTING TEAM 10
	PERMITTING TEAM 11
	PERMITTING TEAM 12





