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INTRODUCTION

This report summarizes the findings, conclusions, and recommendations for our geologic and

soil engineering feasibility report for a proposed spa resort on an approximate 280-acre site
located at Paraiso Hot Springs west of the Soledad/Greenfield area of Monterey County,
California (see Vicinity Map, Figure 1).

We utilized the following plan during the course of the investigation:

Aerial Topo Map, Scale 1"'=100', prepared by Bestor Engineers, Inc.

PURPOSE AND SCOPE OF SERVICES

Geologic Report. This report addresses the feasibility of the planned resort development from a
geologic viewpoint, with emphasis on the potential for geologic/seismic-related hazards. Our

studies included the following:

A. Research, review, and evaluation of data from published and unpublished geologic
reports and maps pertaining to the site and vicinity. Most of the previously published
geologic information on this areais preliminary in nature, and is based on reconnai ssance
techniques and extrapolation of data.

B. Examination and interpretation of 4 sets of stereo aerial photographs from 1949, 1956,
1997, & 2000, that cover the site and its vicinity. These photographs were scrutinized for
site geology, terrain features characteristic of active fault zones and for landdliding
features.

C. Geological site reconnaissance and mapping of the site to observe outcrops and identify
those geologic features indicative of existing and potentia geologic hazards.

D. Analysis of the data generated and preparation of a written report and maps presenting
our findings, conclusions and recommendations addressing the following:

Site geology

Faulting

Liquefaction Potential
Landsliding

Ground Shaking
Erosion
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Soil Engineering Feasibility Investigation. This soil engineering feasibility investigation has
been prepared to explore surface and subsurface soil and groundwater conditions at the site, and

provide preliminary soil-engineering criteriafor construction of the project.

The conclusions and recommendations of this report were accomplished in general conformance
with the standards noted, as modified by standard soil engineering practice in this area. Our
scope of servicesincluded:

1. A visual site reconnaissance.

2. Review of available soil engineering datain our files pertinent to the site.

3. Exploration, sampling and classification of the surface and subsurface soils by means of
drilling 29 exploratory borings.

4. Laboratory testing of selected soil samples collected from the exploratory borings and
surface locations to determine their pertinent engineering and index properties.

5.  Engineering analysis of the information collected based on the results of the field
exploration including a laboratory testing program and review of published and
unpublished studiesin the general area of the site.

6. Preparation of this report summarizing our findings, soil engineering conclusions, and
recommendations for site preparations, grading and compaction, foundations, utility
trenches, dlabs-on-grade, general site drainage, and erosion control.

SITE DESCRIPTION AND PROPOSED DEVEL OPMENT
The site is located at approximately 36°19.878' N latitude, 121°22.059° W longitude in the
southwest quarter of the northwest quadrant of the Paraiso Springs 7.5 minute quadrangle in

Monterey County, California. The site is sectionalized and is located in the southwest quarter of
Sect. 30, T 18S, R 6E, and the southeast quarter of Sect. 25, T 18S, R 5E. Access to the site is
gained via Paraiso Road. Surrounding land uses are agricultural and rural residential (Figure 1,

Vicinity Map).

The site consists of a rectangular shaped parcel encompassing approximately 280 acres. The site
is predominantly steep southwest and northeast facing slopes. Two northeast / southwest
trending valleys occupy the approximate center of the site, Paraiso Springs Valley to the south,
and Indian Valley to the north. The site is located between the crest of the Sierra De Salinas and

the Salinas Valley (Figures 1 & 5). Existing site improvements include a barn, a “clubhouse”,
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many small shacks, and mobile homes. An active hot spring and associated spa and pools are

also located on site. Many wells, operative and inoperative, are located on the site.

V egetative cover on the 280-acre site consists of native grasses, weeds, trees, and chaparral in
the bottoms of Paraiso Springs Valley and Indian Valley. The slopes to the south of Paraiso
Springs Valley and Indian Valley are generaly oak woodland. Slopes on the north side of
Paraiso Springs Valley and Indian Valley are chaparral. Drainage of the site is by sheet flow to
the drainages of Paraiso Springs Valley and Indian Valley. In the Paraiso Springs Valley
drainage of site water also occurs through spring and seep discharge. These drainages are
unnamed and flow to the east where they join the Arroyo Seco River. Drainage of the Arroyo
Seco River is north to the Salinas River, which eventually discharges into the Monterey Bay.

We understand that the proposed site development will consist of the construction of a
destination spa resort with residential structures, restaurants, and shops. Preliminary architectural
drawings were available for our review at the time of this report. Other site improvements will
consist of new access roads, sewage effluent disposa systems, underground utility and
landscaping improvements (see Relative Geologic Hazards Map, Sheet 3).

FIELD EXPLORATION

The site was mapped in the field on August 10, 11, and 12, 2004 on the Aeria Topo Map
prepared by Bestor Engineers, Inc. The field and aerial photograph mapping was then compiled
on the Aerial Topo Map at ascale of 1'=200" (Site Geologic Map, Sheet 1).

As part of our soil engineering feasibility report 29 exploratory borings were drilled on August
23, 24, 25, 2004. The approximate locations of the exploratory borings are shown on the Site
Geologic Map, Sheet 1, located in the map pocket at the back of this report. The borings were
drilled using a truck mounted drill rig equipped with an 8-inch outside diameter hollow stem
hydraulic powered auger and a truck mounted drill rig with a 4-inch outside diameter solid stem
hydraulic powered auger. The exploratory borings were drilled to depths ranging from 5.5 to
60.0 feet below the ground surface. A Certified Engineering Geologist and a staff geologist from
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our office logged the exploratory borings. Soils encountered in each test boring were visually
classified in the field and a continuous log was recorded. Visual classifications were made in
general accordance with the Unified Soil Classification System and ASTM D2487. Logs of the

soil engineering borings can be found in Appendix A.

LABORATORY TESTING
Laboratory tests were performed to determine some of the physical and engineering

characteristics of selected soil samples considered pertinent to the design of the project. The tests
performed were selected on the basis of the probable design requirements as correlated to the site
subsurface profile. A summary of the laboratory test results is presented in Appendix C. A brief
generalized description of the tests performed is presented below.

* Moisture-Density Determinations. This test was conducted on samples taken with
fiberglass liners to measure their in-situ moisture contents and dry unit weights. The test
results are used to assess the distribution of subsurface pressures and to calculate degrees
of in-situ relative compaction.

* Atterberg Limits: This test was performed on two disturbed bulk samples and four liner
samples to determine their liquid limit and plastic limit index values. This test provides
water content values for the sample’s liquid and plastic phases. This test aids in
determining the expansive potential and other engineering characteristics of the soil.

* Grain Size Didtribution (Gradation) Analysis. A grain size distribution analysis was
performed on selected 2.5”, 1.0”, and bulk soil samples. The grain size distribution is
used to determine the classification of the site soils. This information is used for
foundation design analysis.

REGIONAL GEOLOGY
The site is situated on the east flank of the Sierra De Salinas on the west side of the Salinas

Valley and is part of the Coast Ranges Geomorphic Province of California (Figure 2, Regional
Geologic Map). The Coast Ranges Geomorphic Province consists of a series of mountain ranges
paralleling the northwest-southeast structural orientation of the San Andreas fault, San Gregorio-
Palo Colorado fault, Rinconada fault, Monterey Bay/Tularcitos fault, and other faults within the
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central coast of California (Figure 5, Regiona Fault and Seismicity Map). These faults are
characterized by a combination of strike-slip and reverse displacement and show horizontal
displacements from tens to hundreds of miles. Several periods of continuous and semi-
continuous strike-slip or “transform” movement throughout the late Cenozoic Era has occurred
on the San Andreas and related fault systems causing compressional uplift of the mountains of
the Coast Ranges Geomorphic Province. The region continues to be characterized by moderate

to high rates of seismic and tectonic activity (Figure 5).

The San Andreas fault forms the boundary between the North American and Pacific plates. The
site is located on the Pacific Plate on the southwest side of the San Andreas fault. The southwest
side of the San Andreas fault is underlain by Pre Cretaceous Sierra De Salinas Schist and
Cretaceous age Salinian Block granitic rocks with older Paleozoic Era (?) Sur Series
metamorphic rocks that occur as roof pendants. These roof pendants predominantly consist of
marble and dolomite (Compton, 1966). Overlying the granitic rocks of the Salinian Block is a
series of folded and faulted Tertiary age (Oligocene to middle Miocene) sandstones,

conglomerates, and volcanics (Dibblee, 1974).

During very late Tertiary (?) to mid Quaternary times, extensive alluvial and fluvial sediments
were shed off of Tertiary uplands and deposited as extensive aluvia fans and the Paso Robles
Formation, (Dibblee, 1974). These sediments unconformably overlie al older formations with
which they are in contact. Holocene activity has consisted of continued tectonic uplift and down
cutting and deposition of the local area streams, mass wasting of upland areas by landslides and
erosion, and fault creep along the San Andreas and related fault systems. The geology of the site
and itsvicinity is depicted on the Geologic Vicinity Map, Figure 3.

REGIONAL FAULTING AND SEISMICITY
The closest faults that would most likely effect the site are the San Andreas, Rinconada, San
Gregorio — Palo Colorado, and Monterey Bay Tularcitos faults (Figure 5).

San Andreas Fault
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The San Andreas Fault is located about 30-km northeast of the site (Figure 5) and is the mgor
seismic hazard in northern California. The San Andreas fault is a major right-lateral strike-slip
fault that generaly delineates the transform plate boundary between the North American and
Pacific Plates. Trending to the northwest southeast, the San Andreas fault is nearly vertical as
evidenced by the relatively straight outcrop pattern across topography of noticeable relief.
Historic earthquakes on the San Andreas fault have caused extensive damage and very strong
ground shaking in Monterey County. The 1906 (M,,~8.0) “San Francisco earthquake” ruptured a
portion of the active San Andreas fault from approximately San Juan Bautista to Cape
Mendocino, causing severe damage in parts of the Monterey-San Francisco Bay area. The
earthquake occurred on April 18, 1906 and caused severe ground shaking and structural damage
to buildings in Monterey and San Benito Counties (Lawson, 1908). The 1989 (M,, 7.1) Loma
Preita earthquake also caused significant damage in the Monterey Bay area.

The San Andreas fault has been divided into several different segments that are characterized by
varying dip rates, earthquake intensities, and earthquake recurrence intervals. The closest
segment of the San Andreas fault to the site is the (Creeping Segment) at 30-km. The San
Andreas fault Creeping Segment can expect a (M6.2) earthquake with a recurrence interval of
approximately 61 years (Cao et al, 2003). The next closest segment is the (Santa Cruz Mtn.
segment) at 56-km from the site. This segment can expect a (M7.0) with a recurrence interval of
218 years (WGCEP, 2002). Stronger earthquakes could be experienced at the site similar to the

1906 event with a maximum magnitude of (M7.9).

Rinconada Fault

The Rinconada Fault is a major structural feature along which granitic rocks of the Sierra de
Salinas were uplifted to form the western border of the Salinas Valley and is located about 1.5-
km. east of the site. The Rinconada fault in the vicinity of the site is within the Salinian Block
and movement began during early Cenozoic time (Paleocene) and remained active to late
Pleistocene time (Dibblee, 1976). The Rinconada fault is primarily aright lateral strike slip fault

(Petersen et al, 1996) with a smaller component of vertical movement. Right lateral movement of
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the Rinconada Fault zone in the area of Paraiso Springs is illustrated by folded Tertiary
sediments west of the fault (Dibblee, 1976). Here the Tertiary Monterey formation is extensively
folded. Axis of the folds is east west near the fault where they are truncated. The younger
Tertiary sediments of the Pancho Rico and Paso Robles formations on the west side of the fault
do not show the extensive east-west oriented folds of the Monterey Formation. Orientations for
these younger sediments are roughly a northwest strike with an easterly dip. Vertica
displacement in the area of Paraiso Hot Springs is illustrated by the juxtaposition Quaternary
alluvium with Pre-Tertiary granitic rocks. Vertical displacement in the Sierra de Salinas may be
as much as 10,000 feet (Dibblee, 1976). Slip rate for the Rinconada fault is estimated at
1.0mm/yr. Maximum magnitude is expected to be (M7.5) (Cao et al, 2003) with a recurrence
interval of 1,764 years (Petersen et a, 1996).

San Gregorio — Palo Colorado Fault

Like the San Andreas fault, the San Gregorio fault has been divided into severa different
segments that are characterized by varying dip rates, earthquake intensities, and earthquake
recurrence intervals. The San Gregorio (Sur Region) is the closest segment, located offshore
about 24-km southwest of the site and is classified as a Type B fault (CDMG, 1998). The San
Gregorio (Sur region) is a northwest trending right lateral strike dlip fault about 80 km long
(Petersen et al, 1996). The San Gregorio fault is part of the San Andreas fault system and is
expressed as a complex series of en echelon right lateral strike dlip faults (San Gregorio, Palo
Colorado, San Simeon, & Hosgri faults) in the offshore and nearshore environments. The San
Gregorio and related faults are several hundred kilometers long extending from the Santa
Barbara Channel in the south, to its juncture with the San Andreas fault near Bolinas Bay in the
north. Strong evidence supports that the San Gregorio fault (Sur region) has been active during
Holocene time (Greene et al, 1973). Slip rate for the San Gregorio fault (Sur region) is estimated
at 3.0mm/yr. Maximum magnitude is expected to be (M7.0) with a recurrence interval of 411
years (Petersen et al, 1996).

Monterey Bay-Tularcitos Fault
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Located about 12.6-km northwest of the site, the Monterey Bay-Tularcitos fault zone is a
complex series of northwest trending reverse, right lateral, and oblique faults which include the
Tularcitos, Chupines, and Navy faults (Petersen et a, 1996). The Monterey Bay-Tularcitos fault
zone lies within a fault bounded wedge of granitic basement rocks belonging to the Salinian
block and is bounded on the west by the San Gregorio fault and on the east by the San Andreas
fault (McKittrick, 1987). The Monterey Bay-Tularcitos fault is 84 km. long (Petersen et al, 1996)
and extends from Paloma Creek in upper Carmel Valley (Clark et a, 1997) to the offshore
environment within the Monterey Bay. Post Miocene vertical displacement of the Tularcitos
fault is about 380 m and 3.2km to as much as 16 km of right lateral displacement (Clark et d,
1997). Offsets of Holocene age colluvia and fluvial terrace deposits indicates that the Tularcitos
fault is active (Clark et al, 1997). The Monterey Bay fault is the offshore extension of the
Tularcitos fault and comprises a discontinuous series of en echelon faults in the inner Monterey
Bay between Monterey and Santa Cruz (Greene et a, 1973). The Monterey Bay fault zone
displaces late Tertiary and Pleistocene sediments and in a few locations appears to cut Holocene
sediments (Greene et al, 1973). Slip rate for the Monterey Bay-Tularcitos fault is estimated at
0.5mm/yr. Maximum magnitude is expected to be (M7.1) with a recurrence interval of 2,841
years (Petersen et al, 1996).
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SITE GEOLOGY

Previous Work

Previous published mapping of the site and its vicinity has been performed by Durham, 1970,
Dibblee, 1974, and Tindey, 1975. Durham, 1970 mapped the site at a scale of 1:24,000. Durham
maps the sloped upland areas of the site as Miocene Tierra Redonda Formation (Tt). The upper
elevations of the northwest portion of the site are mapped as Pre Tertiary Basement complex
(pt). The low lying valley portions of the site, Paraiso Springs Valley and Indian Valley are
mapped as Pleistocene Fanglomerate (Qf). An unnamed fault is mapped by Durham trending
northeast across the northwest corner of the site. The fault juxtaposes Tertiary Tierra Redonda

Formation and Pre Tertiary Basement.

Dibblee, 1974 maps the site at a scale of 1:62,500. Dibblee maps the upland sloped areas of the
site as Miocene Unnamed Red Beds (Trb). The upper elevations of the northwest corner of the
site are mapped as Mesozoic or older Schist (ms). Also mapped in the northwest corner of the
site is an unnamed fault juxtaposing schist and Unnamed Red Beds. The fault is buried by
Quaternary Older Fan Gravels (Qog) at the northern central border of the site. South of the
unnamed fault alarge Quaternary landslide (QIs) is mapped. The low lying valley portions of the
site, Paraiso Springs Valley and Indian Valley are mapped as Quaternary Older Alluvium (Qoa).
In the center of the site Dibblee maps a small outcrop of Mesozoic basement rock (gdx). Dibblee
also proposes the possible existence of subsidiary fractures related to the Rinconada fault under
Paraiso Hot Springs (Dibblee, 1976). Dibblee proposes that these fractures may be the conduit

by which rising hot water from the Rinconada Fault is sent westward to Paraiso Springs.

Tinsley, 1975 mapped the site at a scale of 1:62,500. Tinsley’s mapping focused on Quaternary
geology. Mapping of pre-quaternary geology is identical to Dibblee, 1974. Tinsley’s mapping
differs from Dibblee, 1974 in the mapping of the low-lying valley floor sediments. Tinsley maps
the northern and southern borders of Paraiso Springs and Indian valleys as Pleistocene Chualar

aluvial fan surfaces (Qch). The central portion of these valleys is mapped as Holocene Arroyo
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Seco dluvial fan surface (Qas). The quaternary deposits in the upper elevations of the
northwestern portion of the site are mapped as Pleistocene Placentia aluvia fan surfaces (Qp).
Tinsley’s map also shows a large Quaternary landslide in the southwestern area of the site that is
congruent with Dibblee, 1974.

Geology for this report was mapped in the field on August 10, 11, and 12, 2004. Field mapping
was done on a base topographic map at a scale of 1’=200". During our investigation, mapping
performed by Dibblee, 1974 was found to be accurate. Changes made by our investigation
include mapping the Tertiary Unnamed Red Beds (Trb) as Tertiary Tierra Redonda Formation
(Tt), and mapping many areas showing landslides and debris flows. As part of our geologic
mapping we examined and interpreted four sets of stereo aerial photographs, taken in 1949,
1956, 1997, and 2000 covering the site and its vicinity. These photographs were scrutinized for
site geology, terrain features characteristic of fault and landslide features. We also reviewed two
water well logs drilled on the site in December 1976 & July 1992 (Appendix B). Based on the
above referenced techniques, it is our opinion that the geology as mapped by Dibblee, 1974 is
the most accurate published map. However, variations between the published mapping and the
actual site geology exist, see Site Geologic Map, Sheet 1, and Geologic Cross Sections, Sheet 2,
located in the map pocket at the back of this report. Description of the site geology is as follows:

Site Geologic M odel

The right-lateral strike-slip Rinconada fault is the dominant and controlling structural feature of
the western Salinas Valley (Figures 2 and 3) and is located approximately 1.5-km. east of the
site. The Rinconada has an estimated dip rate of 1.0 mm/yr and a maximum magnitude
earthquake of 7.5 (Cao et a, 2003). An unnamed fault likely related to the Rinconada is located
on site. This fault trends northeast southwest across the northwestern corner of the site.
According to Dibblee, 1974 this fault has shows no evidence of significant offset since the
Miocene. Maximum magnitude, dlip rate, and the recurrence interval are unknown for this fault.
The structure of the Tertiary deposits on site is that of a northwest southeast trending openly
folded anticline (See Sheet 2, Geologic Cross Sections). Quaternary deposits on site are
relatively flat lying.

10
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It has been proposed by Dibblee, 1976 that the hot water of Paraiso Springs may rise from the
Rinconada fault in the east along fractures under the site. During our investigation no evidence
for fracturing or faulting in the area of the hot springs was noted. However the subsurface
structure of the unnamed fault is not known. This fault may provide the conduit for which the hot
water is transferred. Minor slickensided fractures that are roughly parallel with the unknown
fault were noted in the Tierra Redonda Formation (Sheet 1, note 4 and 5). The presence of
fractures under the site cannot be denied nor confirmed with the data available. In the
approximate center of the site an outcrop of granitic basement rock (Kgd) has been mapped
(Sheet 1). This unit was also encountered at 10.5 feet below the ground surface in boring B-15,
see Sheet 1 and appendix A. The presence of this basement rock at shallow depths could also
contribute the geothermal gradient of the area and be responsible for the hot springs at the site.
Description of the site stratigraphic section is as follows.

(Hf) Fill (Holocene): Man made fill deposits consisting of unconsolidated to semi-consolidated

sand, silt, clay, and gravel. Fill deposits are found in many areas of the site where previous
grading has occurred.

(Qyls) Landside Deposits (Holocene): Recent landslide deposits, mostly occurring in the

steeper slopes of the Tierra Redonda Formation (Tt). Deposits consist of unconsolidated sand silt

and clay. These deposits are found flanking the site drainages where steep slopes are present.

(Qydf) Debris Flow (Holocene): Recent debris flow deposits, mostly occurring in the Tierra

Redonda Formation (Tt). Deposits consist of unconsolidated sand silt and clay. These deposits

are found flanking the site drainages where steep slopes are present.

(Qodf) Older Debris Flow (Holocene): Older debris flow deposits, mostly occurring in the

Tierra Redonda Formation (Tt). Deposits consist of unconsolidated sand, silt, and clay. These

deposits are found flanking the site drainages where steep slopes are present.

11
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(Qal 1) Alluvium (Holocene): Unconsolidated to semiconsolidated sand, silt, gravel, and

cobbles. Qal 1 isfound in the upper reaches of Paraiso Springs and Indian Valleys and is coarser
grained and younger than alluvial deposits to the east (Qal 2).

(Qal 2) Alluvium (Holocene): Unconsolidated sand, silt, and trace gravel. Qal 2 is found in the

eastern portions of Paraiso Springs and Indian Valleys. Qal 2 is finer grained and older than
aluvial deposits to the west

(Qoals) Older Landslide (Pleistocene): Older landslide deposits consisting of unconsolidated to

semi-consolidated boulders and cobbles supported by a sand and clay matrix. Clasts are of Sierra
De Sdlinas Schist (ms) and granitic (Kgd) provenance. Located in the southwest corner of the
site the slide buries Tierra Redonda deposits on the existing road

(Qoa) Older Alluvium (Pleistocene): older alluvial deposits consisting of unconsolidated to

semi-consolidated cobbles and boulders. Older alluvial deposits are located in upper elevations

of the northwest quarter of the site.

(Tt) Tierra Redonda Formation (Miocene): Marine sandstone, conglomerate and some

mudstone. Deposits consist of dightly cemented fine to coarse grained, subangular to
subrounded sand with subrounded to subangular fine to coarse gravels up to 6 inches in
diameter. Sands and gravel clasts are composed of reworked granitic basement rock and Sierra
De Salinas Schist. Deposits of Tierra Redonda are found flanking the site on the north and south

sides.

(Kgd) Granitic Basement Rock (Cretaceous): Hornblende granodiorite with phenocrysts of

feldspar. Kgd crops out in the central portion of the site.

(ms) Sierra De Salinas Schist (Pre-Cr etaceous): Biotite schist of the Salinian Block. This unit

isfound in the upper elevations of the northwest corner of the site, west of the unnamed fault.
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L anddliding
Landdliding on site consists of the debris avalanche and small rock slump type failures

concentrated in the Tierra Redonda Formation (Tt), with one large debris dide off of the Sierra
De Salinas Schist (ms). Slope failures are found on the steep northern slopes of Indian Valley,
the steep southern slopes of Paraiso Springs Valley, and the northwestern slope of the western
extent of Paraiso Springs Valley (Sheet 1).

Slope failures along the northern slope of Indian valley are of the debris avalanche (Qydf
& Qodf) and small rock slump (Qyls) type, as classified by Varnes, 1978. The sides mapped
were found during aeria photo review and during field mapping. Relative ages of slope failures
were given based on geomorphic evidence. Young debris avalanche failures (Qydf) are
expressed as elongate, shallow failures that expose unvegetated bedrock. Older debris flow
avalanche failures (Qodf) are also expressed as elongate, shallow failures, but show regrowth of
vegetation and softening of geomorphic features. Recent rock slump failures (Qyls) are
expressed as lobate failures with rotated, intact blocks. These failures are shallow and lack

regrowth of vegetation in the scarp aress.

Landsliding on the southern slopes of Paraiso Springs Valley consists entirely of the debris
avalanche type (Qydf & Qodf). Relative ages of the dlides were given using the criteria outlined
above. Failures in this area are more extensive than those of Indian Valley in width and depth.
The younger debris avalanches (Qydf) mapped are recent failures from March of 1995 (locality 1
and 6, Sheet 1). These events were rapid, and occurred on steep vegetated slopes after heavy
rains for multiple days. Deposits on the valley floor were approximately 0.5 to 1.0 foot of mud
and sand.

A large, old (Pleistocene) debris slide (Qols) is mapped in the southwestern portion of the site.

This dide is approximately 800 feet wide and a minimum of 100 feet thick. The slide buries the
Tierra Redonda Formation and the unnamed fault that crosses the northwestern corner of the site
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(Sheet 1). The dlide debris is made up of breciated gravels and cobbles in a sand and clay matrix.
Lithology of the gravels and cobbles is granitic basement (Kgd) and Sierra De Salinas Schist
(ms).

For purposes of zoning for our relative geologic hazard map, areas with identified landsliding
were given the designation of zone 4 (High Geologic Hazard Potential). The steep slopes
surrounding the areas of landsliding that do not show evidence of slope failure was aso
designated zone 4. These areas were classified as zone 4 due to similar earth materials and slope
gradients.

SUBSURFACE CONDITIONS

A total of 29 exploratory borings were drilled on site. Subsurface constituents were fairly

uniform and consistent with the published geologic mapping. Eleven different geologic units
were encountered on site, all with varying subsurface conditions. To generaize, the site soil
conditions of the upland areas are composed of bedrock and landslide deposits, while the valley
areas are underlain by unconsolidated to semiconsolidated alluvium. The proposed development
area is predominantly underlain by alluvium composed of unconsolidated to semiconsolidated
sand, silt and clay with minor gravels and cobbles. Subsurface conditions are shown in the
boring logs found in Appendix A at the back of this report.
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GROUNDWATER
The Paraiso Springs Valley has along history of ground water use. Native Californians were the

first to utilize this resource, hence the name of Indian Valley given to the drainage to the north of
Paraiso Springs Valley. The Spaniards and early Californians also took advantage of the
groundwater resources of the area. In the southeast corner of Paraiso Springs Valley the Mission
Soledad had its vineyard. The mission eventually sold the property. After the sale, the site was
used for its hot spring mineral baths circa 1880's.

Numerous wells and hot springs are located on site. The Main Well is 104 feet deep and
currently in use for domestic water, pumping at a rate of 20-30 gallons per minute
(Geoconsultants, 2004). The Fluoride well is 640 feet deep and pumps at a rate of 200-300
gallons per minute, but is not used for domestic water (Geoconsultants, 2004). The Soda Springs
well is currently being used for hot water. This well is 37 feet deep and produces 30-40 gallons
per minute at +/- 115° F (Geosolutions, 1998).

The abundant groundwater resource of this valley was verified by our investigation. Of the 15
borings drilled in Paraiso Springs Valley, 10 borings encountered groundwater (See Table 1 &
Sheet 1). Depths to ground water ranged from 11.0 to 55.0 feet below the ground surface. Depths
to ground water and temperatures can be found in Table 1. Ground water in the area of the
current hot springs was found to be 11.0 to 18.5 feet below the ground surface. The borings west
of the current hot springs encounter ground water at greater depths the farther west they were
drilled. Depth to ground water increases from 18.5 feet below the ground surface just west of the
current hot springs in B-11 to 55.0 feet below the ground surface in B-19. All borings that
encountered ground water were drilled in Quaternary aluvium, Qal 2. A dlight to moderate
sulfur odor was noted in some of the borings and was noted in the boring logs. Hydrophilic
vegetation was also noted in the area east of the Great Lawn. The presence of this type of
vegetation is indicative of springs and shallow ground water. Ground water was not found in

borings outside of the Paraiso Springs Valley or in any other geologic unit.
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TABLE 1
Ground Water Depth & Temperature
Boring Initial Depthto | Depth to Ground Temperature

Ground Water | Water After 30m F°
1 18.5 6.5 73.4
3 15.00 19.00 73.0
5 21.0 115 79.0
7 11.0 8.0 --
9 12.00 7.0 80.9
11 18.5 18.2 94.1
13 12.00 9.7 95.0
17 315 41.3 95.7
19 55.0° 58.3 95.0
23 14.0 55 73.0

Local groundwater levels can fluctuate over time depending on but not limited to factors such as
seasonal rainfall, site elevation, groundwater withdrawal, and construction activities at
neighboring sites. The influence of these time dependent factors could not be assessed at the time

of our investigation.

SITE SOIL CLASSIFICATION
Because of the variability of geologic materials found on the site, multiple soil classifications

could be applied. The ridges and slopes underlain by Tierra Redonda Formation (Tt) could be
classified as soil type Sc, Very Dense Soil and Soft Rock. Alluvium in Indian Valley and
aluvium west of locdity 1 (Sheet 1) could be classified as Sc / Sp, Very Dense Soil and Soft

Rock/Stiff Soil Profile. In the alluvium east of locality 1 high groundwater conditions and low
blow counts were encountered. These soils are given soil type S¢ Soft Soil Profile. A mgjority of

the development of the site is proposed to occur in the area east of locality in soil type Se. For

this reason we are designating the soil type for the site as S¢ as defined by the guidelinesin the
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2001 edition of the California Building Code (CBC). As per Chapter 16, Section 1636.2 The Soft

Sail Profile (Sg) is classified as having an average shear wave velocity of less than 180 m/sec.
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GEOLOGIC AND SOIL ENGINEERING CONCLUSIONS
Seismic Hazards: The site is located in the seismically active Monterey Bay region of the Coast

Ranges Geomorphic Province (Figure 5). The closest earthquake fault zone is the San Andreas
fault, located 30-km to the northeast. The California Division of Mines and Geology has
classified the San Andreas fault (Creeping segment) as a Type A Fault for purposes of the 2001
CBC (CDMG, 1998). The San Andreas fault Creeping segment can expect a (M6.2) earthquake
with an approximate 61 year recurrence interval (Cao et a, 2003). Stronger earthquakes could be
experienced at the site similar to the 1906 event with a maximum magnitude of (M7.9) with a

recurrence interval of 210 years (Petersen et a, 1996).

Surface Fault Rupture: The site is not located within an Earthquake Fault Zone as established in
accordance with the Alquist-Priolo Earthquake Fault Zoning Act of 1972. However a fault of

unknown activity has been mapped on site. The northwestern portion of the site where the fault
is mapped has been designated Zone 4F for our Relative Geologic Hazard Map (Sheet 3). This
area has moderate potential for surface fault rupture. The remaining portion of site has low

potential for surface fault rupture.

Historical Earthquakes. During recent historic times moderate to large earthquakes have caused

significant damage to man made structures in the greater Monterey Bay area. These include the
following:

1857 San Andreas Fault: A large quake occurred on the San Andreas fault, rupturing from
Parkfield south to Wrightwood, on January 9, 1857. The quake had an estimated magnitude of
7.8. Very severe shocks were felt in Sacramento and a cabin was knocked down in the Cholame

area (Rosenberg, 2001).

1881 Parkfield: On February 2, 1881 a 5.6 magnitude quake occurred in the Parkfield area
knocking down several adobe structures and chimneys. Springs and cracks were also noted in the
area of the quake (Rosenberg, 2001).
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1901 Parkfield: A magnitude 5.8 struck the Parkfield area on March 2, 1901. Again many
chimneys were damaged and cracks in the ground were noted. A small tsunami also occurred in

the Monterey Bay. (Rosenberg, 2001)

1906 California: The 1906 (M,~8.0) “San Francisco earthquake’, which ruptured a portion of
the active San Andreas fault from approximately San Juan Bautista to Cape Mendocino, caused
severe damage in parts of the Monterey-San Francisco Bay area and throughout California. The
earthquake occurred on April 18, 1906 and caused severe ground shaking, ground settlement,
liguefaction, and structural damage to buildings in Monterey, Santa Cruz, and San Benito
Counties (Lawson, 1908). The most significant earthquake effects in the area of the site and
vicinity were the sinking of the Salinas River bed in the areas of King City and San Ardo.
(Rosenberg, 2001). Ground water flow changes were also common. At Paraiso Springs the
temperature and flow of water had been decreasing for “some time” before the quake (Lawson,
1908). After the quake the temperature and flow of the springs returned too its previous values
(Lawson, 1908).

1922 Parkfield: The March 10, 1922 earthquake that struck the Parkfield area was a magnitude
6.1. It caused ground cracks six to twelve inches in width and a quarter-mile long in the Chalome
Valley (Rosenberg, 2001). Chimneys were knocked down and some housed suffered structural

damage. An oil pipeline was also damaged in the area.

1926 Monterey Bay Doublet: On October 22, 1926 two magnitude 6.1 earthquakes an hour apart
occurred in southern Monterey Bay. Numerous buildings experienced damage and cracking on
the Monterey Peninsula and in Salinas. It is postulated that the earthquakes occurred on either
the San Gregorio fault or Monterey Bay fault zone (Rosenberg, 2001).

1934 Parkfield: A magnitude 6.1 earthquake again struck the Parkfield area on June 7, 1934.

Again this quake caused fracturing of the ground surface and broke the oil pipeline in the area.
Chimneys and houses were also damaged in the area (Rosenberg, 2001).
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1938 Sonewall Canyon: On September 27, 1938 a magnitude 5.0 quake occurred in the
Stonewall Canyon area northeast of Soledad. Details of the damage caused by this quake are
unknown. This is the closest quake of magnitude 5.0 or greater to the site at approximately 17-
km away.

1989 Loma Prieta: The October 17, 1989 (M,, 7.1) Loma Prieta earthquake, which is believed to
have occurred on an oblique-dlip blind thrust closely associated with the San Andreas fault, also
caused significant damage in the San Francisco and Monterey Bay areas. It was the largest
earthquake to strike this region of California since the California earthquake of 1906. The effects
of this earthquake was felt over an area of 400,000 square miles and resulted in 74 deaths, 3,757
injuries, 12,000 homeless, and over $6 billion in property damage (Plafker & Galloway, 1989).
In Monterey County 19 homes were destroyed, 341 homes damaged, two deaths and 14 people
injured, and causing approximately $118 million in damages (Rosenberg, 2001). The southern
Salinas Valley suffered little damage as a result of this quake. The liquefaction experienced in
the 1906 quake was absent during this event. The explanation given by Rosenberg, 2001 for the
differences in liquefaction occurrence is differences in ground water table at the time of rupture.
Groundwater was likely higher in 1906 as they had a wet winter, and the 1989 quake occurred
after several years of drought.

As part of our historical earthquake research, we performed a database search of the Northern
California Earthquake Data Center catalog for earthquakes with magnitudes greater than 5.0
within an approximate 100km radius of the site for the years between 1910 to 2004. The
database research indicated a total of 87 events within our search parameters. The December 22,
2003 Paso Robles earthquake and the September 28, 2004 Parkfield earthquake were within the
search radius. The closest earthquake was the Stonewall Canyon earthquake of 1938.

Ground Shaking: The 1906 (M,~8.0) “San Francisco earthquake”, which ruptured a portion of
the active San Andreas fault from approximately San Juan Bautista to Cape Mendocino, caused
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severe damage in parts of the Monterey-San Francisco Bay area. Its epicenter was located
directly west of the Golden Gate, approximately 183 kilometers northwest of the site. The
earthquake occurred on April 18, 1906 and caused severe ground shaking and structural damage
to buildings in Monterey and San Benito Counties (Lawson, 1908). The 1989 (M,, 7.1) Loma
Prieta earthquake, which is believed to have occurred on an oblique-slip blind thrust closely
associated with the San Andreas fault, also caused significant damage in Monterey County. The
epicenter of this event was located in the Forest of Nicene Marks State Park, approximately 80
kilometers northwest of the site. Strong ground shaking associated with major earthquakes along
the San Andreas and related faults will undoubtedly occur at the site in the future. The State of
California estimates the peak ground acceleration with a 10 percent probability of being
exceeded in a50-year period in the vicinity of the site to be >0.35 to 0.45g (Petersen et al, 1996)
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Seismic Design Parameters. As previously stated we have classified the soil profile as Soft Soil
Profile (Sg) as defined in the guidelines in the 2001 CBC, Section 1636.2 (average shear wave
velocity for the upper 30 meters is less than 180 m./sec.). We have determined the appropriate

seismic coefficients to be used for the design of the structure according to the 2001 CBC.

TABLE 2
Near Source Factors & Seismic Coefficients
Seismic Source Fault Type | Distance Na Ny C. Cv

Rinconada B 15kmE 1.3 1.6 0.47 | 154
Fault

Liquefaction, Lateral Spreading, and Dynamic Compaction: Liquefaction is the transformation

of soil from a solid to a liquid state as a consequence of increased pore-water pressures, usually
in response to strong ground shaking, such as those generated during a seismic event
(earthquake). Liquefaction is most commonly associated with Holocene age deposits where the
groundwater is less than 30 feet below the surface and the anticipated peak ground acceleration
(PGA) having a 10% probability of being exceeded in 50 years is greater than 0.2g (Arulmoli et.
al., 1999). Liquefaction most often occurs in Holocene age loose saturated silts, and saturated
poorly graded fine-grained sands. However, some cohesive clay soils can be subject to strength
loss even under relatively minor strains. All but two borings, B-17 and B-19, that encountered
ground water meet the above stated criteria of a PGA higher than a 0.2 and ground water at less
than 30 feet below the ground surface. Data collected from exploratory borings were used to
evauate the liquefaction potential of the site using the “Liquefy 2” computer program developed
by Thomas F. Blake. Each boring which encountered ground water, Borings 1, 3, 5, 7, 9, 11, 13,
17, 23, was evaluated using a peak ground acceleration of 0.47g, and a maximum magnitude
earthquake of 7.5. Of the nine borings evaluated, only boring B-23 has a factor of safety greater
than 1.0 for the entire depth of the boring. Therefore it is our opinion that the potential for
liquefaction at the site is high. As a result we are recommending a supplemental liquefaction
study be conducted in the areas where high ground water was encountered (Zone 3L) to quantify

the hazards associated with soil settlement due to liquefaction.
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Dynamic compaction occurs when loose, unsaturated soils densify in response to ground shaking
during a seismic event. Because loose soils were encountered on the site, it is our opinion that
the potential for dynamic compaction is high in areas designated as Zone 3L.

Ridge-Top Shattering: Ridge-top shattering was well documented after the 1971 San Fernando
earthquake and also occurred during the 1989 Loma Prieta earthquake in the Santa Cruz

Mountains. The phenomenon occurs most commonly on the crests of sharp ridges, where seismic
shaking energy is concentrated as in the chimney of a building. Shattering can effect both soil
and the underlying bedrock and gives the appearance of plowed ground (Barrows, 1975; Kahle,
1975). The site lacks sharp ridgelines typical of ridge-top shattering failures, therefor the
potential for ridge-top shattering is considered to be low.

Landdliding and Slope Stability: The steep slopes underlain by the Tierra Redonda Formation

that flank Paraiso Springs Valley and Indian Valley are very prone to slope failure. Numerous
debris avalanches and debris slides of varying ages are present on these slopes. All steep slopes
of the Tierra Redonda have been given the designation Zone 4D or 4S, mgjor geologic hazard
potential for debris flow and sliding, on our Relative Geologic Hazards Map (Sheet 3).

Flood Hazards: According to the National Flood Insurance Program map Panel Number 060195
0350 D (FEMA, 1984) the site is not located within a flood zone. However flooding of the site

near the current hot spring did occur in March of 1995. This flood was the result of channeling

the drainage into a culvert of insufficient diameter. Brush, rocks and other stream debris clogged
the culvert and caused the drainage to overflow (Sheet 1, Locality 2). The flood that resulted
caused significant damage to the road and pools below. To help prevent future incidences like
the 1995 flood, on site stream channels may need to be enlarged. On site stream channels will
also need to be cleared and maintained. Culverts and bridges should be designed to not cause

restrictions to flow in the stream channdl.
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Erosion: The site soils and earth materials are erodible. Stringent erosion control measures
should be implemented to provide surficial stability of existing and proposed graded cut/fill
slopes.

Soil Expansion: Expansive soils experience volumetric changes with changes in moisture

content, swelling with increases in moisture content and shrinking with decreasing moisture
content. These volumetric changes that the soil undergoes in this cyclic pattern can cause distress
resulting in damage to concrete slabs and foundations. The Atterberg limits tests performed on a
near surface soil samples resulted in plasticity indexes of 9 to 23. These values indicate that the
near surface soil (upper 5-feet) typically has alow expansion potential. No special measures are

required to mitigate soil expansion.

GEOLOGIC CONSTRAINTS & PROPOSED DEVELOPMENT

One of the purposes of this report was to evaluate the site geologic constraints and develop a

relative geologic hazard assessment, within the framework of the proposed devel opment. For the
purposes of land use planning, the term geologic hazard indicates a naturally occurring surface
or subsurface constraint caused by existing site geologic conditions. Potential risks can usually
be assessed and mitigated to an acceptable level by analyzing these constraints.

Preparing a relative geologic hazards map involves interpreting site topography, soil and rock
type, groundwater conditions and geologic structure. In order to provide a useful framework for
project planners, we have prepared a map depicting the relative geologic hazards (Sheet 3). This
map is aresult of the interpretation and compellation of our findings from site geologic mapping,

subsurface exploration, aerial photographic review, and literature review.

The relative geologic hazards map (Sheet 3) has been divided into for zones of relative geologic
risk from low (Area 1) to high (Area 4). These zones have been further subdivided into areas of
specific hazards related to potential risk for faulting (F), liquefaction (L), debris flow (D) and
landsliding (S). The project planners must understand that the geologic hazards map should be
utilized as a guideline for planning purposes, and is not a substitute for the recommended design
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level site specific investigations. While solid or dashed lines delineate the hazard areas, the
actual boundaries between the hazard areas are gradational. The following presents an overview
of the relative geologic hazards for the areas of proposed site development, and their potential

mitigative measures.

Areal—L ow Geologic Hazard Potential

Proposed development within this area includes; the Estate Lots, northern portion of the Paraiso
Institute, the majority of the Hillside Village Condominiums, western portion of the Casitas area,
northern portion of the Teahouse Complex and western portion of the Sports Center. No special
mitigative grading or foundation measures are required for site development in this area.
Building foundations may consist of either conventional cast-in-place footings or pier and grade
beam foundations depending on slope gradients. A site-specific design level soil engineering
investigation is recommended once the actual building locations and preliminary grading plans
have been completed. This hazard area associated with an “ordinary level of risk”. (See

Appendix D)

Area 2D —Minor Geologic Hazard Potential — Debris Flow

Proposed development within this area includes the western portion of the Sports Center.
Mitigation measures to protect development in this area should include adequate design of site
storm drain facilities for post-development runoff, and debris flow walls and basins in the
upstream drainages. Building foundations may consist of conventional cast-in-place footings. A
site-specific design level engineering geologic and soil engineering investigation is
recommended once the actual building locations and preliminary grading plans have been
completed. This hazard area associated with an “ordinary level of risk”. (See Appendix D)

Area 2S—Minor Geologic Hazard Potential - L anddlide

Proposed development within this area includes the northwestern portion of the Hillside Village
Condominiums. Mitigation measures to protect development in this area should include
appropriate grading techniques & methodology and adequate design of site drainage facilities for
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post-development runoff. Building foundations should consist drilled pier and grade beam
foundations. A site-specific design level engineering geologic and soil engineering investigation
is recommended once the actual building locations and preliminary grading plans have been
completed. This hazard area associated with an “ordinary level of risk”. (See Appendix D)

Area 3L —Moderate Geologic Hazard — L iqguefaction Potential

Proposed development within this area includes the Biolarium, Living Machine, Nursery,
Winery, Day Spa, Hamlet Town Square, Hotel, Conference Center and eastern portion of the
Casitas. Mitigation measures to protect development in this area could include structural
strengthening of buildings to resist predicted ground settlements (if small), placement of a
sufficiently thick layer of engineered fill to resist predicted ground settlement, utilization of post
tension or mat slab foundations, or a combination of the above noted measures. A site-specific
supplemental liquefaction investigation prepared in accordance with CDMG Specia Publication
117 should be performed prior to the completion of preliminary grading plans. This hazard area
associated with an “ordinary level of risk”. (See Appendix D)

Area 3D — M oder ate Geologic Hazard — Debris Flow Potential

Proposed devel opment within this area includes the southern portion of the Casitas and Teahouse

areas. Mitigation measures to protect development in this area should include appropriate
grading techniques & methodology and adequate design of site drainage facilities for post-
development runoff. Debris flow basins and diversion structures are recommended to protect
future development from debris flow source areas. Building foundations may consist of
conventional cast-in-place footings. A site-specific design level engineering geologic and soil
engineering investigation is recommended once the actual building locations and preliminary
grading plans have been completed. This hazard area associated with an “ordinary level of risk”.
(See Appendix D)
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Area 3S— Moderate Geologic Hazard — L anddlide Potential

Proposed development within this area includes the southwestern portion of the Hillside Village
Condominiums. Mitigation measures to protect development in this area should include
appropriate grading techniques & methodology and adequate design of site drainage facilities for
post-development runoff. Building foundations should consist drilled pier and grade beam
foundations. A site-specific design level engineering geologic and soil engineering investigation
is recommended once the actual building locations and preliminary grading plans have been
completed. This hazard area associated with an “ordinary level of risk”. (See Appendix D)

Area 3DS—Moder ate Geologic Hazard — Debris Flow and L andslide Potential

Proposed development within this area includes the north-central portion of the Hillside Village
Condominiums. Mitigation measures to protect development in this area should include
appropriate grading techniques & methodology and adequate design of site drainage facilities for
post-development runoff. Debris flow basins and diversion structures are recommended to
protect future development from debris flow source areas. Building foundations should consist of
drilled pier and grade beam foundations. A site-specific design level engineering geologic and
soil engineering investigation is recommended once the actual building locations and
preliminary grading plans have been completed. This hazard area associated with an “ordinary
level of risk”. (See Appendix D)
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RECOMMENDATIONS

The following recommendations are drawn from the data acquired and evaluated during this

investigation for the proposed project.

Geologic
In our opinion, the site is suitable for the proposed development provided that the

recommendations contained herein are strictly adhered to and implemented in the design and
construction. These recommendations have been prepared assuming that Landset Engineers, Inc.
will be commissioned to review proposed site development and grading plans prior to
construction and provide design level engineering geologic recommendations. Soil and
groundwater conditions can deviate from the conditions encountered in the exploratory borings,
if significant variations in the subsurface conditions are encountered during construction, it may
be necessary for Landset Engineers, Inc. to review the recommendations presented herein, and
recommend adjustments as necessary.

1. Anadditional site-specific supplemental liquefaction study should be performed for proposed
development located in Zone 3L. The supplementa liquefaction study should be performed
in accordance with the guidelines contained within the California Division of Mines &
Geology Specia Publication 117, as adopted by the State Mining and Geology Board in
accordance with the State of California Seismic Hazards Mapping Act of 1990. It is
recommended that the supplemental liquefaction study should include cone penetrometer test
(CPT) borings and additional laboratory testing in order to more accurately characterize the
site subsurface conditions and estimate potential ground settlements as a result of
liquefaction.

2. Prior to construction, the location of proposed areas to be developed including building
envelopes, roadways, drainage, utilities, and leachfield improvements should be reviewed by
the project geologist for proposed development located in geologic hazard zones 2, 3 and 4.
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The purpose of this review is to provided additional engineering geologic design level
criteria verify setbacks from slopes, landslides and other identified geologic hazards.

3. Structures designed for human occupancy shall be designed according to the current edition
of the CBC. Structures should be designed for a mean peak horizontal ground acceleration of
0.479.

4. The project geologist must review and approve al project grading plans prior to submittal to
the governing jurisdiction. The purpose of this review is to examine the slopes for overall
stability and to provide additional recommendations if site conditions differ from those
identified during the course of this investigation.
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Soil Engineering

In our opinion, the site is suitable from a soil engineering standpoint for the proposed
development provided that the recommendations contained herein are implemented in the design
and construction. The following preliminary recommendations are presented as guidelines to be
used by project planners and designers for the soil engineering aspects of the project design and
construction. These recommendations have been prepared assuming that Landset Engineers, Inc.
will be commissioned to perform additional design level investigations, review proposed grading
and foundation plans before construction, and to observe, test and advise during earthwork and
foundation construction. Soil and groundwater conditions can deviate from the conditions
encountered at the boring locations. If significant variations in the subsurface conditions are
encountered during construction, it may be necessary for Landset Engineers, Inc. to review the

recommendations presented herein, and recommend adjustments as necessary.

Site Preparation and Grading

1 The soil engineer should be notified at least ten (10) working days prior to any site
clearing or grading so that the work in the field can be coordinated with the grading
contractor, and arrangements for testing and observation services can be made. The
recommendations contained in this report are based on the assumption that Landset
Engineers, Inc. will perform the required testing and observation services during grading
and construction. It is the owner’s responsibility to make the necessary arrangements for

these required services.

2. Prior to grading, construction areas should be cleared of obstructions, buried structures &
utilities, and other deleterious materials. Site clearing should be observed by a field
representative of Landset Engineers, Inc. Voids created by remova of material as
described above should be called to the attention of the soil engineer. No fill should be

placed unless a representative of this firm has observed the underlying soil.

31



December 31, 2004 File No.: LSW-0337-01

3. Following site clearing, the upper 1 to 4-feet of native soil should be overexcavated from
the building areas. The actual depth of subexcavation should be determined by additional
design level soil engineering investigations. Building areas are defined as the soils within
and extending a minimum of 5 feet beyond the foundation perimeters and structural fill

areas.

4, The soils exposed by overexcavation should be scarified 8 inches; moisture conditioned
to above optimum moisture content, and compacted to at least 90% of maximum dry
density. Where referenced in this report, percent relative compaction and optimum
moisture content shall be based on ASTM test D1557-91. Areas to receive structural fill
outside the building pad should be scarified and recompacted in a similar manner.

5. In order to limit the potential for differential settlement of conventiona footings,
foundations should not be supported on both fill and cut. Therefore, we recommend that
the cut side of the building area should be overexcavated (undercut). The proposed
grading within the building area should be designed so that no more than 5 feet of
differential fill thickness exists below foundations. The portion of the building
foundations bearing on cut should be undercut at least 3 feet below the proposed building
pad so that the entire foundation is bearing on a uniform layer of compacted fill. Deeper
overexcavation may be necessary in order to satisfy the differential fill thickness
recommendations. The use of post-tensioned slabs may reduce or eliminate the need to

undercut cut/fill pads

6. If structura fill is to be placed on slopes steeper than 6:1 (horizontal to vertical),
keyways should be established at the toe of the proposed fill slopes. The keyways should
have minimum widths of 10-feet and should be sloped approximately 2% back into the
hillsides. The keyways and subsequent upsiope benches should penetrate into sufficiently
stable material at determined by the soil engineer at the time of grading.
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10.

11.

12.

If structural fill isto be placed on slopes steeper than 10:1, the slopes should be benched.
The benches should have a minimum width of 10-feet and should be sloped
approximately 2% back into the hillsides. The soil engineer will determine the depth,

scarification, and recompaction of the bench bottoms at the time of grading.

If fill over cut slopes are to be constructed, keyways should be established at the cut/fill
daylight lines. The keyways should have minimum widths of 10-feet and should be
sloped approximately 2% back into the hillsides. The keyways and subsequent upsiope
benches should penetrate into sufficiently stable material as determined by the soil
engineer at the time of grading.

The soil engineer should also observe keyways and benches to assess the need for
subsurface drains (subdrains). Subdrains in other areas may aso be recommended
depending on the grading plan and site conditions observed at the time of grading.

Fill slopes should be constructed at a maximum finished slope inclination of 2:1
(horizontal to vertical). Fill slopes should be overfilled and trimmed back to competent
material. Further compaction of exposed fill slope faces using sheepsfoot rollers or
tracked equipment may be recommended by the soil engineer. Cut slopes should be

constructed at an inclination of 2:1.

Fill, material should be placed in thin lifts, moisture conditioned to a level above
optimum moisture content, and compacted to a minimum of 90 percent of maximum dry
density. Prior to compaction, the soil should be cleaned of any rock, debris, and

irreducible material larger than 3-inches in diameter.

Fill material should consist of non-expansive Select Structural Fill. Select Structural Fill
is defined herein as a native or import fill material which, when properly compacted, will
support foundations, pavements, and other fills without detrimental settlement or

expansion. Select Structural Fill is specified as follows:
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13.

Select Structural Fill

Clean native soil may be utilized, but import fill shall have a Plasticity Index of lessthan 12;
Be free of debris, vegetation, and other deleterious material;

Have a maximum particle size of 3-inchesin diameter;

Contain no more than 15% by weight of rocks larger than 21/2-inches in diameter;

Have sufficient binder to allow foundation and unshored excavation stand without caving;
Prior to delivery to the site, a representative sample of proposed import should be provided to
Landset Engineers, Inc. for laboratory evaluation.

In areas to be paved, the upper 12-inches of subgrade soils and all aggregate base should
be compacted to a minimum of 95 percent of maximum dry density. Aggregate base and
subgrade should be firm and unyielding when proofrolled by heavy rubber-tired

equipment prior to paving.

Foundations

14.

The buildings may be supported by conventional continuous and spread (pad) footings,
drilled pier & grade beam, or by post-tensioned slab foundations (see Geologic
Constraints and Proposed Development section of this report for recommended
foundation type).

Conventional Footings

15.

The buildings may be supported by conventional continuous and spread (pad) footings
supported on recompacted soil. Footings should have minimum depths of 12-inches
below lowest adjacent grade for single story structures, and 18-inches below lowest
adjacent grade for two story structures, and 24-inches below lowest adjacent grade for
three story structures. For the above conditions, the footings for a proposed structure may
be designed for an allowable bearing pressure range of 1,000 to 3,000ft* for dead plus
live loads. Footings should be reinforced as directed by the architect/structural engineer.
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16.

17.

18.

Post construction total and differential settlements of foundations are expected to be
about Y2 to 1%inch from static loading. Estimated foundation movements due to

seismically induced settlement as a result of earthquakes could be higher.

Footing excavations should be observed by a representative of this firm prior to
placement of formwork or reinforcement. Concrete should be placed only in foundation

excavations that have been kept moist, and contain no loose or soft soil debris.

Footings located adjacent to other footings or utility trenches should have their bearing
surfaces founded below an imaginary 1:1 (horizontal to vertical) plane projected upward

from the bottom edge of the adjacent footings or utility trenches.

Pier & Grade Beam Foundations

19.

20.

21.

22.

Drilled friction and/or end bearing pier and grade beam foundations should penetrate
through any engineered fill and/or topsoil and bear entirely into the dense native bedrock

materials.

Foundation piers should be 12 to 18-inches in diameter and should be spaced apart at
least 3 pier diameters, center to center. These cast-in-place concrete piers should be

reinforced as directed by the project architect/structural engineer.

The piers should penetrate through any fill or topsoil, and a minimum of 5 feet into
bedrock material as verified by a representative of this firm at the time of drilling.
Overall piers depths should be at least 8 to 10-feet below lowest adjacent grade.

For the above conditions, the piers for a proposed structure may be designed for an
allowable skin-friction range of 250 to 500 psf. for pier lengths in bedrock for dead plus
live loading. This value may be increased by one-third when considering temporary
additional short-term wind or seismic loading. The support from end bearing of the piers
should be neglected. Due to possible disturbance during drilling, skin friction on the
upper 2-feet of the piers should be discounted in the calculations. Piers should be
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23.

24,

25.

structurally connected to grade beams designed to transfer imposed loads to the

foundation piers.

For calculating resistance to lateral loading, a passive resistance equal to an equivalent
fluid weight range of 250 to 350 pcf. can be used (ultimate value). For pier foundations,
this lateral resistance can be used over two times the cross sectional area of the pier. Only
competent bedrock and engineered structural fill may be utilized in calculating lateral
passive resistance. Additionally, the upper 2-feet of the pier should be ignored in

providing lateral passive resistance.

Post construction total and differential settlements of foundations are expected to be
about Y2-inch from static loading. Estimated foundation movements due to seismically

induced settlement as a result of earthquakes could be higher.

Perimeter foundation piers and piers adjacent to structural concrete slabs-on-grade should
be laterally restrained by concrete grade beams penetrating a minimum of 12-inches
below lowest adjacent grade. Grade beams between interior piers are not considered
necessary. Grade beams should be reinforced as directed by the project

architect/structural engineer.

Post-Tensioned Slab Foundations

26.

27.

Post-tensioned slabs may be utilized to resist differential settlement of the fill material
and/or potentialy liquefiable soils. Post-tensioned slabs should be designed in
accordance with the 2001 edition of the California Building Code and the latest design

recommendations by the Post-Tensioning Institute utilizing the following design criteria:

For the above conditions, the post-tensioned slabs may be designed for an allowable
bearing pressure range of 1,000 to 3,000 pounds per square foot for dead plus live loads.
A qualified structural engineer should design post-tensioned slabs.
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28.

29.

30.

31

A minimum of 4 inches of clean sand should be provided beneath the post-tensioned
slabs. The building pad subgrade should be pre-moistened to a level at or slightly above
optimum moisture content prior to the placement of the clean sand cushion. Clean sand is
defined as a sand (ASTM D 2488-93) of which less than 3 percent passes the No. 200
seve.

To minimize floor dampness, such as where moisture sensitive floorings will be present,
a membrane vapor barrier should be placed at the midsection of the clean sand cushion.
The membrane vapor barrier should be a minimum 10 mil in thickness, and care should

be taken to properly lap and seal the vapor barrier, particularly around utilities.

To limit the potential for subsurface moisture to enter the underlying sand cushion, the
perimeters of the post-tensioned slabs should be thickened to penetrate below the bottom
of the sand cushion layer.

Post-tensioned slabs should be constructed and maintained in accordance with the latest
procedures as specified by the Post-Tensioning Institute. Plumbing through the slabs,
utility connections, exterior flatwork, and drainage systems should be designed to
accommodate the specified differential settlement conditions as determined by additional
design level investigations.

Conventional Slabs-on-Grade and Exterior Flatwork

32.

33.

For buildings utilizing conventional footings, interior slabs-on-grade should have a
thickness of 4 to 6-inches. It should be noted that the project structural engineer might
require thicker slab sections to provide the necessary support for the anticipated
structural loads. Conventional concrete slabs-on-grade should be reinforced with steel as
specified by the structural engineer.

To minimize floor dampness, such as where moisture sensitive floorings will be present,

a section of capillary break material at least 4-inches thick covered with a membrane
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vapor barrier should be placed between the floor slab and the compacted soil subgrade.
The capillary break should consist of a clean, free draining material such as %2 to ¥+inch
drainrock with not more than 10 percent of the material passing a No. 4 sieve. The
drainrock should be free of sharp edges that might damage the membrane vapor barrier.
The membrane vapor barrier should be a minimum 10 mil in thickness, and care should
be taken to properly lap and seal the vapor barrier, particularly around utilities. The sand
cushion should be lightly moistened immediately prior to concrete placement.

Exterior concrete flatwork such as driveways, patios and sidewalks should be designed to
act independently of building foundations. Exterior flatwork should be constructed on
compacted soil subgrade moisture conditioned to over optimum moisture content.
Reinforcement and joint spacing should be at the direction of the architect/structural

engineer.

Utility Trenches

35.

36.

37.

On-site soils should be properly shored and braced during construction to prevent
doughing and caving of trench sidewals. The contractor should comply with the
Cal/OSHA and local safety requirements and codes dealing with excavations and
trenches.

A select non-corrosive, granular, material should be used as bedding and shading
immediately around underground utility pipes and conduits. Native soils may be used for
trench backfill above the select material.

Trench backfill in landscaped or unimproved areas should be compacted to a minimum of
85 percent of maximum dry density. Trench backfill beneath asphalt and concrete
pavements should be compacted to a minimum of 95 percent of maximum dry density.
Trench backfill in other areas should be compacted to a minimum of 90 percent of

maximum dry density.
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38.

The bottoms of utility trenches that are parallel to foundations should not extend below
an imaginary plane sloping downward at a 1:1 (horizontal to vertical) angle from the

bottom outside edges of foundations.

Site Drainage

39.

40.

41.

42.

The site soils are highly erodible and a drainage & erosion control plan is essential to the
project. Fluctuations of moisture contents are a major consideration, both before and after
construction. Site runoff will be substantially increased due to the large paved and
surfaced areas. A comprehensive drainage & erosion control plan is essential to the long-
term sustainability of the project.

Surface drainage should provide for positive drainage so that runoff is not permitted to
pond adjacent to foundations, concrete slabs-on-grade, and pavements. Surface drainage
should be directed away from site improvements at a minimum 2 percent grade for a
minimum distance of 5-feet. Surface drainage facilities should be armored or hard-scaped
to limit erosion potential. If thisis not practicable due to the terrain or other site features,
swales with improved surfaces should be provided to divert drainage away from

improvements.

Roof gutters should be utilized around the building eaves. Roof gutters should be
connected to downspouts, which in turn should be connected to pipes leading to the site
storm drain system. Runoff from downspouts, planter drains and other improvements
should discharge in a non-erosive manner away from site improvements in accordance

with the requirements of the governing agencies.

The migration of water or spread of root systems below foundations, slabs, or pavements
may cause differential movement and subsequent damage. Landscaping runoff collection

facilities should be incorporated in the project design.
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43.

Cut-off drainage swales should be constructed at the top of al cut and fill slopes. These
drainage swales should be of adequate size to collect surface runoff and flow to an
approved point of discharge in a non-erosive manner. Proper drainage and re-vegetation
of graded slopes is essential to ensure stability.
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QUALITY CONTROL
The conclusions and recommendations contained in this geologic report and soil engineering

feasibility investigation are preliminary in nature. We recommend that Landset Engineers, Inc.
be retained to review preliminary plans once they are available. Additionally, we should provide
final engineering geologic, grading, foundation, and retaining wall design criteria based on a site
specific design level investigations once the proposed site usage, construction type, locations and

anticipated loads are known. These services are beyond the scope of thisinvestigation.

The following items should be performed, reviewed, tested, or observed by this firm:
» Design level engineering geologic and soil engineering investigation(s)
* Final grading and foundation plans
 Site stripping and clearing
» Overexcavation
» Scarification and recompaction
* Fill placement and compaction
» Foundation excavations
 Underground utility backfill and compaction.
» Compaction of subgrade and Class 2 A.B. in areas to be paved.

If Landset Engineers, Inc. is not retained to provide design level engineering geologic services,
design level soil engineering services, or construction observation and compaction testing, we
shall not be responsible for the interpretation of the information by others or any consequences

arising therefrom.
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LIMITATIONSAND UNIFORMITY OF CONDITIONS

The preliminary recommendations contained in this report are based, in part, on certain plans,
information, and data that has been provided to us. Any changes in those plans, information, and
data will render our recommendations invalid unless we are commissioned to review the changes
and to make any necessary modifications and/or additions to our recommendations. The criteria
in this report are considered preliminary until such time as they are modified or verified by the
engineering geologist or soil engineer in the field during construction. No representation,
warranty, or guarantee is either expressed or implied. This report is intended for the exclusive
use by the client and the client’s architect/engineer. Application beyond the stated intent is
strictly at the user'srisk.

The recommendations of this report are based upon the assumption that the soil/rock conditions
do not deviate from those disclosed in the borings or geologic maps. If any variations or
undesirable conditions are encountered during construction, Landset Engineers, Inc. should be
notified so that supplemental recommendations can be given.

This report is issued with the understanding that it is the responsibility of the owner, or his
representative, to ensure that the information and recommendations contained herein are called
to the attention of the Architects and Engineers for the project and incorporated into the plans,
and that the necessary steps are taken to ensure that the Contractor and Subcontractors carry out
such recommendations. The conclusions and recommendations contained herein are professional
opinions derived in accordance with current and local standards of professional practice.

The findings of this report are valid as of the present date. However, changes in the conditions of
a property can occur with the passage of time, whether due to natural processes or to the works
of man, on this or adjacent properties. In addition, changes in applicable or appropriate standards
may occur, whether they result from legidlation or the broadening of knowledge. Accordingly,
the findings of this report may be invalidated, wholly or in part, by changes outside of our
control. Therefore, this report should not be relied upon after a period of three years, without
being reviewed by Landset Engineers, Inc. from the date of issuance of this report.

This report does not address issues in the domain of the contractor such as, but not limited to,
loss of volume due to stripping of the site, shrinkage of fill soils during compaction,
excavatability, and construction methods. The scope of our services did not include any
determination or evaluation of soil corrosion potential, environmental assessment of wetlands,
radioisotopes, hydrocarbons, hazardous or toxic materials, or other chemical properties in the
soil, surface water, groundwater or air, on or below or around the site.
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FIGURES

Figure 1, Vicinity Map
Figure 2, Regional Geologic Map
Figure 3, Geologic Vicinity Map
Figure 4, Explanation to Geologic Vicinity Map
Figure 5, Regional Fault and Seismicity Map
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APPENDIX A

Unified Soil Classification System
Key to Logs of Borings
Soil Terminology
Exploratory Boring Logs B-1 through B-29
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KEY TO LOG OF BORINGS

b

-
= 5] _
t P o 2 - Cescripircn w3
= £ 5 2 4 o7
L = m = & o
iF] o - Lty =] a =
& s 0 o o =
- Sheiby Samplar
I I Thim wated. 37 dameter, 3 # long. hydrauscaliy advancsd.
3
. Madified Caifornia Samipler
4 3" dam spht-barrel sampler with brass iners driven by
a 140 Ik hammer with a drop of 30°
- Stanoard Perstration Test (S5T) Sampier
2" diarr. spli-barrel sampler driven by a 140 %o hamimer
with a drop of 307
Buik Sample
o « Loose sof remowved foe testing.
b
g California Sample-
. - 25" diwm split-berrel sampler with brass iners ariven by
HH a 140 Ik hamrer with a drop of 207
Shaded area denotes sampls taken.
17
. - Hand 3ampler {2 5" diam doven by hand. GroLrater V
13 L anle e duling
anng
15 Contrwgus Core Sampler
-« 84 mim Chrrstianson Sampler Crourmvater
e aHer drilling
6 Secpage
= Approximate blows par foot
.
i Soit ing denotes sol or Iithulogic change
=EJ . -
Cashad ine denates gradianoral or spfroximats sai
0 of Ihaloa change
Heavy ine denates terminatian of Boring
tF = Mo samnle resoveren
G s Dhgturoed saeepe

DandSet

cnaineers. tno.

Sahman, AL
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S0JL TERMINOLOGY

Estrurdes: Fanizion chinck thal wit 0ot pass a 1700 &oaemn

Caobibles itahcles af rock ihal will pass s s Dnch scroee Lot a3 e s
Gravel: Faraies of rock that will pasa 2 2mnch simee, bud ot o o - siose
Sand. Marticies that vall ess 2 Moo siewe Ll g b,

IR S8 R STIDTT IS LR

Calt Sou that vall pass a Mo 200 swve that oonen pianka o over

whennlhowhen diy

Dy Sadthal wali pass a tlo 230 sieve, D ciny e i e sl pats T e TP E S W S| FFE O I TRTOTS
J L i ! ! f v o

ol water condemis and Ihal oxlulals conzsiios abie 20

L AN DL NSITY

sdoisluie Somgdian Anabseratiand e ey i AR R AT BHEY
fdusiure Contend; The weght of water in # sampile disded by e e of diy fonin e sol sanpie EP R G
porcentane
dry Densly: e nounds ol diy sohin a cuice el of =
AESCRIPTOGRSG OF SORMLTENCY (el &
- .
Lingtid Linst Thowater content atwlucli g Mo <0 sabim on dhe Loardary Lot scen e sl pund arsl plisada, siaristens
The consisdency fecls like safl butter
itasic Lint: The vaater caniad at which 8 Ho. 40 sod s oo dne Doundary et adnbnling piashic ol s s

charucienslios. The consistoney feels ke slf poliy

Flaslwaty Index: - The dilfetonce Gotweon the bguad Lmit ami te i

it i T Al I o vaaied fonlenis o s L v

w0 3 plasie stite,

FMEAGURED OF COMLIDTERMCY OF COMELID S0 0

Vary saf| l=0-10 C=0-200 psl Suieniens bolwen fingers
Salt =2 C-RLG-500 pof Eaziy niulded Ly finger jressue
Mediim tiff H=5-8 C=000-1000 puf Matdeu b stranag finger pressiac

Sl HEL-1h £=1000 2000 paf Lrented by slrorg linger Lressune
Yary Gdlf b= 1630 C=2000-4000 pat Denled slahily ny bager prensue
Hard H=30 C+a000 psi Dientad shightly by g perel panl

T Mowan i Fostin the Showare Bonetraton: Tan] 1o sonls il e 3 ehidrieten cangaber, 1400 5ol RS | F R [P R TP R PP RN |

Ly 5.2 Tew ot i [, @,

STIVE DEMGITY G SRARULAE S0 G GLHAVEL D LALOD AR S0 il

R0=0-50 2l panh o V2 ranforcng e iy
H{1=230-30 Frusbia 10 meanlareing eond by s
faatiun Liense 1.0 F0=50- 73 PRATES AN g rnd

Censo [ERNERT RO=70-40 Crtwe a8 pondoroing rad 5 oo
wery Dense ha e fily RO=00-1 003 e U0 e e rod g Fe e
L

ti= Flivw petannd @n e Shaedaad Penolalon Teal g U s, el e daeter saeaples 1AG e ARG s T 1

- —

Al v Sons fon Enuoeennng funuen e died Gl Dy

Hol leatinn synioa

Ry
LT P

T P St e & Do Fes e, Tl L Ra T

- =% ) " e “ea [T H I " .- T e . e LR ] H -
R Temarn Gatige FoInkeescleny Do Recsii ane ol Seetes e Ll Msaer e Pulintaeyg Gorngaiy,

TR pg BOOBY a0l 38T,

e Py &0 Tadasr i e o alicnn el SeATEnE L e e T s g

B R NRFIE IR

Pl i Tany B oo A tios e Semnnonn Lo

Figuro

W fad e 2




EXPLORATORY BORING LOG No. B-1pg1of2
PROJECT:; Paraiso Hot Springs DATE DRILLED: 23-Aug-04 FILE No. LSW-0337-01
DRILLER: Exploration Geoservice DRILLING METHOD: B-56 LOGGED BY: IMS
BORING DIAMETER: 8" HS BORING DEPTH: 45.0' GROUNDWATER DEPTH: 6.5
- ] ;- -
g 2 3 R
& " _; g % Descriplian 38 ._:E’ ‘EE.L__)
S N S
& & 3 = £ ] '
G
[P Qal 2: Alluvium {Holocena} 30
1 & Dark yellowish brown clayey SAND, medium dense. dry
lo saghtly maist well gradea
2
1-1 iz 4 5 Dense. shghty moist Lh &
5
&
-2 ta 25 Medium dense sightly most. increase fines contan: 123 ?v
g
3
Motlled ight gray and Erownish orange weil grade SAND with S
0 ctay, medium danse. very maigt
3 13 30 5 o
1w
13
1
5
15
2 12 Cceasienal ifteroeds of discontinuous coarse graines angular 125
poorly graded sand anc clay
v
ia
=

i

Py

an

Madium dense. saturatad

Colar cnang_ed E--ilgrﬁra;{éﬂ slve. race fines

LandSet

Ergineers, nc,

S50 B Crasy Boree Laryss 29 Saonas D5 G630

T§3° 445 G570 T5a0B31- 243 3507 -andscl@dan oo

Figure
A-S




EXPLORATORY BORING LOG No. B-1pg2of2

PROJECT: Paraiso Hot Springs DATE DRILLED: 23-Aug-04 FILE Ho. LSW-0337-01
CRILLER: Exploration Geoservice DRILLING METHOD: B-56 LOGGED BY; =1
BORING DIAMETER: 8" HS BORING DEPTH. 450" GROUNDWATER DEPTH. 6.5
- T = ..
[ = o -
@ £ c - @
— 4 s [ v RN
& " o g o Jescripioan @t e = I
c = = " [ B
= = 5 x = =
= T H 3
Ot N o L L
z7 Lignt grayish olive well graded SAND. medium cense B
saturated. trace fines
24
3
3
!
il i 12
34
CE I . L o
Color changed to moderate gray
a5
2% 1- "| He
57
%
Vs !
4 ! i Loose B
A5 i
a4
4D - Medium dense LA
4 i
TO @ 45.0°
GROUNDWATER ENCOUNTERED @ 12.0°
GROUNDWATER ENCOUNTERED @ 6.5
30 MINUTES AFTER DRILLING
Water semperatlure 734 F
hgrt sulfar odar
La ndset 220§ Craz, -otee Sanvse Boo hainss DA BRI Figure

Engineers, Inc. P Ad3-5270 Fae 2370 e 2E0T rErndselilac tuY A-d




EXPLORATORY BORING LOG No., B-2

PROJECT,; Paraisc Hot Springs DATE DRILLED: 23-Aug-04 FILE No. LSW-0337-01
ORILLER: California Geotech DRILLING METHOD: B-24 LOGGED BY: 1045
BORING DIAMETER: 4" 58 BORING DEPTH: 21,5 GROUNDWATER DEPTH: NIA
= = if
o T 5 e
g z 0 z .L‘: Descript gn ;ié
: 53 3 @ i
= S & s 3 = =
] &, O ] [
C
: Qal 2: Alluviom {Holocene) =ty
1 Dark reddish brown clayey SAND. dense dry 10-20% fines.
fina te coarse sand
2
3
= 48 B L K =
a
5____"__‘____________ R
Color change to pinkish brown
2.z C L0iE" 15 1031
T '~ Colorchange to dark reddish brown i
i
13
2.z ; s iT Oriller added water, race fine angular gravel. fines ciayey o
12
14
Cirrding hard
I3}
2-4 25 L a
1%
I i
o5 I3 Sampie 15 mpig! i
Iz TD @ 215
MO GROUNDWATER ENCOUNTERED
oh
Landset 20 B Crary Hovse Sunyon RY Sawras DA DEROT Figure

enginecrs, inc. (B2 4al BOTY Fax 84442 3307 mneset@ac com A-5




EXPLORATORY BORING LOG No. B-3pg10of2

PROJECT; Paraiso Hot Springs DATE DRILLED: 23-Aug-0d FILE Mo, LSW-0327-01
DRILLER; Exploration Geoservices ORILLING METHOD: B-56 LOGGED BY: BR
BORING DIAMETER: 8" HS BORING DEPTH: 3.0 GROUNDWATER DEPTH: 15.0'
% ] 3 -
g 2 E - I
S © u x & Deseript on 5 .;'_;‘_’ &2
£ 5 £ 2 2 Ry
x @ e a 2 - = C
[l oy ] (] 4%
Qal 2; Alluvium [Holocene) Y
i Yellowish brown silty SAND. Ioose. shgbtly most, well
graded, trace gravel
]
3
31 2 a2 e 1540
E]
5
a2 17 =45 Medium dense, shght y masst to mast [ ‘iz
5
4
Light yellowish brown well graded SAND. mediom dense Iy
12 MOoIS] 19 vary maist
e 125 a9 156 3

1.4 a Logse, aalurated -

W o I v

Coi{amaﬁg_e !cErk'éﬂr'éyEghﬁciayey. vary Ioase
et to loese. saturated

Zommor §1il° clay aterbeds

*3 Dark yellowish brown ciayey SAND. medwm denge, o
‘ saturated frace q-avel
A
-5 : 'S
Landset 520 5 Crarmy Horss Canyon Bd Santas D4 93G5V rigure
Enginecrs, nc. G310 S45-8300 Faw BIvAd3-385T arase1fac. oo A-B




EXPLORATORY BORING LOG No. B-3pg2of2

PROJECT: Paraiso Hot Springs DATE CRILLED: 23-Aug-04 FILE Ho. LSW-0327-01
DRILLER: Exploration Geoservices DRILLING METHQD: B-568 LOGGED BY: BP
BORING DIAMETER: §" HS BORING DEFTH: 30.0° GROUNDWATER DEPTH: 15.0°
=) _‘3 ‘% g [ . .2:
~ © = g o 3 L
5y " = 2 o Jescrniprign N oL
5z = ¢ g . .
o = - [¥] i) v
& & ] @ E
25 Dark gray well graded SAND with clay medium dense T
saturated. trace of gravel
26
3.7 15 e
20
TO @ 30.0°
GROUNDWATER ENCOUNTERED @ 15.00
GROUNODWATER ENCOUNTERED ¢ 19.0°
30 MINUTES AFTER DRILLING
Water Temp 73.0F
No Gdor
LaI"IdSEt SPLB Deary Hoveer Zppon 8a Ssenas O 23607 Figure

Engineers. lna. (G344 2-EET0 T2 83 442380 lanaselZam oo A




EXPLORATORY BORING LOG No. B-4

FROJECT: Paraiso Hot Springys DATE DRILLED: 23-Aug-04 FILE No. LSW-0327-01
DRILLER: California Geotaech DRILLING METHOLD: B-24 LDGGED BY: M3
BORING DIAMETER: 4" 85 BORING DEPTH: 21.8 GROUNDWATER DEPTH: MIA
= o = x o Dezzr.pt on =gy I ZE
2 2 3 4 i 1 SR
a2 & 5 A g }
u
5.k Qal 2: Altuvium (Holocens) le
1 o Dark reddish brown clayey SAND. medium gense.
dry 1G-20% fines. fing ‘o coarze sand
¥
3
2 3 15 a7
4
&
Gl Ha ~q 5 4 i
:
0
||j — —_—  — e — . _ — —— —_— . -
Colar changs 1o pinkish Brown
n 4-3 g =4 5 L 5
2
12
14
A
Pinkish brown ¢ ayey send with gravel dense. ary 10-20%
W fines. fing to coarse sand. 10-20% ‘ine aravel
a4 [ 4z e
i5
LRk B =
2 To@®as
NO GROUNDWATER ENCOUNTERED
.
24
Lan dSet 5D Crazy borse Cenyen Ba Sa,mgz Do 53607 Figure

Engingers, Ing, 31 AA-BET Fan (827 443 350 lagset@am com A-T




EXPLORATORY BORING LOG No. B-5pg1of2
PROJECT: Paraiso Hot Springs DATE DRILLED: 23-Ang-04 FILE No. LSW-0337-01
CRILLER: Exploration Geoservices DRILLING METHOD: B-58 LOGGED BY: BP
BORING HAMETER: 8" H5 BORING DEPTH; 40.0° GROUNDWATER DEPTH: 11.5'
= E :; e &
S\I ‘f E X 3 _:’.%—n o
£ N o g a Gescript.an e, 2%
= = = W [ : V_J e
s} W a3 W &
BULK tal 2: Alluvium {Holocene): S
1 B Yellowish brown well graded SAND. medium dense.
dry, 5-15% fires
2
3
5 30 4 h J o4
F|
£z 23 m4 5 wary mpist A "B #
y
Dark yeilawish brown clayey SAMD. medium dense, =i
] very most well gradad
10
1%
53 o2 z25 MO v
e
12
14
3
5
o 3 *a e 112
15
14
2
) : E i
| Light alive well graded SANC 10052, saturated G '
22
” o Light odve sanay lean CLAY, sUff, very mois! e
LandSet S20 0 Dragy Horsa Caryon Ao Sanas Do $3877 Figure
Engineers, In¢. (533 dA3-2570 Faw BN A43-RED1 angseriact wom A8




EXPLORATORY BORING LOG

No.

B-5 pg 2 of 2

Engingars, ing.

PROJECT: Paraiso Hot Springs DATE DRILLED: 23-Aug-04 FILE Mo, LEW-0337-01
DRILLER: Exploration Geoservice DRILLING METHOD: B-56 LOGGED BY: BE
BORING DIAMETER: 8" HS BORING DEFTH: 440.0° GROUNDWATER DEPTH: 11.5
% Z 5
= = :
i - a i Ceszci:plizn
= i = =1 = =k '
= a 3 4 2
£ 3 T g £
] i [ k3 1
oV : : Light abtve sandy lean CLAY. shiff. very moist well graded
’ sana fraction
b
8
1 -
| Light clivz poo:ly graded SAND medium dense. saturated | i
2 57 18 very fine to medium grained iR
i
el 5.8 36 Commaon discontindous clay lenses (R
Denss
33
a8
2% 3 TE
e
TD @400
GROUNDWATER ENCOUNTERED @ 21.0°
GROUNDWATER ENCOUNTERED @ 11.5
30 MINUTES AFTER DRILLING
Water Temp 75.0 F No Cdor
LandSet acs Frgure
A-8




EXPLORATORY BORING LOG No. B-6

PROJECT: Paraiso Hot Springs DATE DRILLED: 23-Aug-04 FILE Ho. LSW-0337-01
DRILLER: California Geotech DRILLING METHCD: 8.24 LOGGED BY: IMS
BORING DIAMETER: 4" 85 BORING DEPTH: 215" CROUNDWATER DEPTH: NiA
. B s
g 2 5 o3 eE
= o I g = Oescrict-or W:S_E E
= & = P ?-" T
sl ] a 1] =}
o
Qal 2: Alluvium (Holocene): S0
| ' Reddish brown {5YR4/3) clayey SAND, very dense
e dey 10 20% fines, fine to coarse sand
5
i 52 L ik
5
& -2 56 T
3
a
1
B T i
52 '
13
A
15 Drilles added water. dnli ng difiizull
1% :
Fea ) Fine o medum sand. 1'aze saarse sand 3
17
13
5.5 45 5
T TD {@ 21.5°
NO GROUKDWATER ENCOUNTERED
23
LandSet £Z0B Trazy rrarss Caryen Ad Sanas DA §ILET Figure

A-B

Enginears, lng, (B3 44Z-BUT0 FAXIERT; 443-3807  andserfiac com




EXPLORATORY BORING LOG MNo. B-7pg 1 of 2

PROJECT: Paraiso Hot Springs DATE DRILLED: 23-Aug-04 FILE No. L SW.0337.01
DRILLER: Exploration Geoservice DRILLING METHOD: B-56 LOGGED BY: ep
BORING DIAMETER: 8" HS BORING DEPTH: 55.0° GROUNDWATER DEPTH: B0
o E z & o = ‘E
& @ O 5 i Deszrratlogn 0 :,::‘:’ =
= = £ I ° o] 5 =~ el
2 25 [ m o
C.
o Qal 2: Allvvium {Holocene) G
1 o Dark yaliowish browr silty SAND. logse mos! wel
R graded
T 14 o
&
Light velowiah brown well graded SAND lobse 1o e
5 medium densea
£
-z i3 e WeL

=]

Dark gray sdty SAMD, loose wvery moist, well qraded. M
slght odor, salrated @ 11 ¢

T2 bl Pa E

1z
Dark gray well gradec SAND, .00se. salurated S

12
14
1z
15

e 3] e
17
W
W L

soior change o light gray

23
N

P Z
22
T3

H ' Laosg 1o medium dense
4 Light giay wel gradsd sand. madium cense saturated
SEL B UUARY POrse Lanydr Rl Daings oA TV igure
LandSet 520 B Coary borss Gangsr Re Sainas LA FHDT F

Engineers, Inc. 83112436570 Fax 331, 2433501, serdietfiec cor A0




EXPLORATORY BORING LOG No. B-7pg2of2

PRO.JECT: Paraiso Hot Springs DATE QRILLED: 23-Aug-04 FILE N, LSW-0237-01
DRILLER: Exploration Gegservice DRILLING METHOLD: B-56 LOGGED BY! IMs
BORING HAMETER: 8" HS BORING DEPTH: 56.0' GROUNDWATER DEPTH: B.O
e o) C
= 3 5 o o
=5 - = “d'_ I':: DescTipLIan
£ = £ % Y
[ = = B L1
15 &
Al |
31 i oé Camman thin shf” clay lenses
k¥
33
15
26 :
TE t fdedium dense IHG
as :
32
it
4
a1
| .,
Tu ol 1 R
32
4%
44
18 i
5| "3
LR
P B
P
|
Tl Ll Danze
TD @ 55.0
GROUNDWATER ENCOUNTERED @ 11.8°
GROUNDWATER EKCOUNTERED @ 8.0
30 MINUTES AFTER DRILLING
Landset RAG I aey mwmiee e pan 0 Sactazs s 230TT Figure
Engineers. Ing. £ 4425070 e PN A4EUATT arggenfan co A-10




EXPLORATORY BORING LOG No. B-8

PROJECT: Paraiso Hot Springs DATE DRILLED: 23-Aug-04 FILE No. LSW-0337-04
DRY LER: California Geotech DRILLING METHOD: B-24 LOGGED BY: IMS
BORING DIAMETER: 4" 55 BORING DEPTH; 1.5 GROUNDWATER DEPTH: NiA
8 2 & 2
- g < : YER - I
£ P w 4 o Gescr pi:en -3 3 83
£ § g : g = £33
& & a = i
BLLK Qal 2: Alluvium {Holocene): nE
1 n Yelowish brawn [10YRS3) SAND with clay and grave!.
ary <10% fines. fne 1o coarse sand fine 1o med:urn gravel

3

B-1 o8 d 1Mx 2
1
5 —_— [ —_ R— _— _— —— —— — — — — — ———— — -

Color change ta reddish brown (10VR4:3). fines, 10-20%

5

R e o 1z
5
it

23 i s
12
\3
g
14

ER (=15 Cnt:ing diffizul e
17
15
13 Coboes
23

45 3
iz TD@ 21.5'

WO GROUNDWATER ENCOUNTERED
!
i
Land Set SRCE Crazy barse Lanpor Ro Soonas D4 DiwlT Figure

Enginecrs, Inc. (BTN 2GLA9TE Fax (31, 2413807 arIseniac com A-11




EXPLORATORY BORING LOG No. B-5pg1of2

FROJECT: Paraiso Hot Springs DATE CRILLED: 23-Aug-D4 FILE No. LSwW-0337-1
DRILLER: Exploration Geoservice CRILLING METHCD: 8.56 LOGGEDEY: BP
BORING DIAMETER: " HS BORING DEPTH: 30.0° GROUNDWATER DEPTH: 7.0
= o m g Z Cescripliar o E I
z o £ z 3 w7 iom
e : &8 § 2 > =5
3 o 5 i &
5
ELiLe HF: Fill {Holocene): 50
1 r Dark yellowish brown clayay SAND [sase. shghtiy moist
to maist. well graded
2
3 Qal 2; Alluvium (Holgcene): 54
Yellowish gray sifty SAMND. wose . slighlly maist well - R
“ graded
5
=
z 128 7
g —_— —_—— —_— —_— —_—— ——— — — ——— i —— — —
Calar change to yelowish brown vedy maist 1o sawrated
1
10
172 Hr
v
Card gray clayey SAND. joose saturated. moderate odor 4
13
i
1%
H= o
a4 - B FoE EEA
1%
]
Crange brown wel! graded SAND. (0652, saturated G
5.2 3 B 156 =
b
.. 5. o
Lan dSet 20 8 Cragy Horge Cangor Ro Sgknas Th R3%07 Figure

Engineers. Inc. B31i 2358570 Fan 7R3 4583801 mrdsel o zoor a-12




EXPLORATORY BORING LOG Na. B9pg2of2
PROJECT: Paraiso Hot Springs DATE DRILLED: 23-Aug-04 FILE No. LSW-0337-01
CRILLER: Exploration Geoservice DRILLING METHOD:  B-56 LOGGED BY: BF
BORING DIAMETER: 3" H8 BORING DEFTH: 0.0 GROUNMDWATER DEPTH: 7.0
o i ol e 5T 2.
- L 5 3 .. g S i3
& o p g Co Deser.plron o )
= w = b f-i o =
L - ] -
i} ) b [a ) o
18 QJrange beown well graded SAND. Iocse satucated N
- . . _ _ o e o I .
w7 < Coior charge o dark gray. wery locse
TD @ 30.0°
GROUNDWATER ENCCOUNTERED @ 12.0°
GROUNDWATER ENCOUNTERED @ 7.0°
15 MINUTES AFTER DRILLING
Water Temp 80.9 F No Qdor
LandSet Figure
Engineers. Inc. A-12




EXPLORATORY BORING LOG No. B-10

PROJECT: Faraisc Hot Springs DATE DRILLED: 24-Aug-04 FILE He. LSW-0337-01
DRILLER: California Geotech DRILLING METHOD: B-24 LOGGED BY: IMS
BORING DIAMETER: 4" 55 BORING DEPTH: 10.5' GROUNDWATER DEPTH: NIA
- g - o

N g 2 g sF
= - s = o= Cescr:ipt.crn ;-.:

: = g ¢ ! 3z

3 = T o 3 o=

o (5] [ jar ] [V

o

) Qal 2: Alluvium {Holocene} L
1 : Reddish brown (5YR4/4; Clayey SAND very dense
dry *5-25% fines. fire fo coarse sand
3 131 0 s a
dq
. Tt: Tierra Redonda Fm (Miocane}
2 _ Light yellowish arown (10YRE4) SANGSTONE. very dense.
: mosd. sighlly weathered . friabla, plastic wien wet. rock
[ 1n-2 . s hardness firm, fracture and bedding unknown. grain size ‘e ol T
to cearse sandy. subrounded to subangular abundart big'ie.

T : slightly semarted

3

g

a .

-2 ] 500 S5
1 TD @ 10.5°
NO GROUNDWATER ENCOUNTERED

-3
14

1

5

7
1%

13
i
i
24
oL
25
5
LandSet 5235 Craly morse Sanyon %2 Sak-as Da 5330 Figure

Enginears, Ing, B3I A4E-58T) Fax f330: 433800 anusetdac sov A-13




EXPLORATORY BORING LOG No.

B-11 pg 1 of 2

PROJECT: Paraiso Hot Springs DATE DRILLED: 24-Aug-04 FILE No. LSW-0337-01
DRILLER: Exploration Geeservice DRILLING METHGD: LOGGED BY: EP
BORING DIAMETER: 8" HE BORING DEPTH; 46.5' GROUNDWATER DEPTH: i8.2'
.. % = = »
g 2 T LY - T b
5 = = P R b=
z » gf :'[-i ‘}nj Desariction '_’lg :—g 5{—‘
Z = = e z !J £z )
[ = ] [ > =
S z g
0
Qal 2: Alluvium [Holocene) M
1 Yeltowish rewn silty SAMD. metium dense dry. well
graded
z
3
171
4
4
17-2 RPN 31 s
5
3
4
"o — _ o
113 =15 Color change 3 hgnt yel'owish gray. loose to medium dense, : 1569 %
2 slightiy moist increase fines
.
1
i
14 Ve moist 3
Cark gray poory graged SAND medium dense. very ma s w
) A 4
3 Browr gray peorly graded SAND madium dense, very moist ER
s || iz L3
]
24
I ” Coramon thin silty sand and clayay sand 1ntarbeds H
LandSEt 520 A Cazy barse Canyar 2o Selmez T8 D5357 rFigure
Engincers, Inc. A-14

5N c4ie0 T Far gl 442,280 ardsenE Ao com
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EXPLORATORY BORING LOG No. B-11 pg2of2

FROJECT: Paraise Hot Springs DATE DRILLED: 24-Aug-04 FILE No. LSW-0237-01
DRILLER: Exploration Geoservice DRILLING METHOD: B-56 LOGGED BY: BF
BORING DIAMETER: 8" HS BORING DEPTH: 45.5' GROUNDWATER DEPTH: 18.2'
- & = = 3
o < P LT i

£ o o L @ Jesaription 23

g z 3 % ¥ i

s ;= 3 2 = ==

[ ) i a o

z8 T
= T T T T ?olomwn_ge tc:n_g_reglshﬁy.%dum de'nsc-._s-éiur_aied_ N

kh!

37 -7 "G oo

32

S Grayisk arown sty SAND mader dense. saturatco L

kg e trace pea gravel

k1 B z7 A

a8

59

44

&4 1-3 23

a7

R T T 7T TCotor change o dork gray. mecium dense o gense

A5

oz ||

= . TD @ 46.5'

GROUNDWATER ENCOUNTERED @ 18.5°
DURING DRILLIMNG
GROUNDWATER ENCOUNTERED @ 18.2'
36 MINUTES AFTER DRILLING
Water Temp 941 F
No Odor
LandSet Figure
A-14

Engincers_Ing.




EXPLORATORY BORING LOG No. B-12

PROJECT: Paraiso Hot Springs DATE DRILLED: 24-Aug-04 FILE No. LSW-0337.01
ORILLER; California Geotech DRILLING METHOD: B-24 LOGGED BY: M5
BQORING DIAMETER: 455 BORING DEPTH: 15,25’ GROUNDWATER DEPTH: NiA
E 5 -
[H T ] .=
- _.g = T . : §. 2 fiﬁ
= o o z a LDecer oticn 1 oE
O 5] o ) &
0
Soil: 50
Reodish brown for jirst 2" then becomes brown (10Y35/3;
clayey 3AND. very dense. moist. 15.25% fines. fine
!0 coarse sand
vz 503 d g
a
Tt Tierra Redondas Fm {Miocene)
5 Lignt yellow sh brown (2 GY8/) SANDSTONE . very derse.
dry. skghlly weatherec. friable. plastic when wet, firm rock
5 hardness. fracture spacing and bedding unknown shghtly
122 geg 10 moderately cemented B
E
10
1
15-3 57 E
14
15
2.4 ] 503 3
iz TD @ 15.25%
NO GROUNDWATER ENCOUNTERED
1
L
i
0
k
nz
i
ie
Landset UZD B Crazy siores Dangen B Salnas O3 23507 Figure

Engincers, M. BET-AAB-GRT SakiETASR80T wauselflse som A5




EXPLORATORY BORING LOG No. B-13pg1of2

PROJECT: Paraiso Hot Springs DATE DRILLED: 24-Aug-04 FILE No. LSW-0337-04
DRILLER: Exploratian Geoservice DRILLING METHOD: B-58 LOGGED BY: EF
BORING DIAMETER; §"' HS BORING DEPTH: 50.0' GROUNDWATER DEPTH: 9.7
g % 5 o5 s
£ - ° o o Descriplen by .
= =3 = uz ol k)
F £ a z k5] 5 o
& & 0 o &
C
Qal 2: Alluvium {Holocene) oW
1 Lighl yallowish frown weil graded S&ND. medum
flanse dry
2
3
E 25 s “ 1o
4
3
&
13-2 12 Ciry ) il
!
g _ [ —— —_— — —— — — e —_— —_ _ FT— — — [RE——
Color change 18 grange brown. very moiss v
10
i1
H<B- I 6 Halwated @1 5 106 i
1z
‘4 Grayigh ahve silty SAMD weh clay, loose, saturaten 5t
commen thin well graded sand. silt and clay interbeds,
15 slight cdor
15
14
15
1
-
s
2"‘ e— —_— _— [P — — —— — — R— _ p—
Coiar changs te dark gray moderate oner
24
15 -
Land Set 320 B Crazy rorse Canyon 2o Salnas T4 Sanav Figure

Enpingers. nc. (B310 2436377 Fax 1831 422800 anosedian cov A-16




EXPLORATORY BORING LOG No. B-13pg 2of2

PROJECT: Faraisg Haot Springs DATE DRILLED: 24-Aug-04 FILE No. LSW-0337-01
DRILLER: Expleration Gegservice DRILLING METHOO: B-5§ LOGGED BY: BpP
BORING DIAMETER: 8" HS BORING OEPTH: 50.0° GROUNDWATER DEPTH: 9.7

- g S-S S
15 a o v a Descriohicn s

£ < 2 i : :
28

Dark gray sty SAND. with clay lcose te medibm tense 3

3 saturated trace gravels

31 bR 1

az

32

24

i3

T N 12 87

3

on

g
At
4] 18 oz Denge S
47

Occasienal paorly graded. very coarse gramed sang

44 interbeds
a5
iy A E ik &

1

ag

iz 12 - a
S
7D @ 50.8'
GROUNDWATER ENCOUNTERED @ 12,8
WHILE DRILLING
GROUNDWATER ENCOUNTERED @ 8.7
45 MINUTES AFTER DRILLING
Water Temp 95 F
Slight Odor
LandSet Figure
Enginggrs, Inc. 23 OO TEBIT AR A-18




EXPLORATORY BORING LOG

No.

B-14

PROJECT: Faraiso Hot Springs DATE DRILLED: 24-Aug-04 FILE No. LSW-D337-01
DRILLER: California Geotech DRILLING METHOD; B-24 LOGGED BY: IMS
BORING DIAMETER: 4"35 BORING DEPTH: 26,5 GROUNDWATER DEPTH: NIA
= = . L g j
= & = 4 C. [Fes e (1
= o = v o L3 =
b ] o hil =
Soil: &0
- Redid:sh brown (5YR444) clayey SAND. very densc.
dry 15-25% fings. fine 1e coarse sand
) 41 LI LT 1h
4 Tt: Tierra Redanda Fm (Miocene)
Yelowish Brown (10YRSM)] SANDSTONE . very tense. dry
£ slighlly weathered . friable. plastc wnen wet. rock haigness
firrrs, fracivure and bedding urknownt grain size fine to coarse.
b 1.7 S0B” subrounded fo subangalar. shightly cemented G
A
Sand is Sican, o cerenhing
10
11
14-3 45
il
13
1
i
Fines gown ta 12-20%
%
o4 B
1!
=
5
z ERnE B
2
) 25 2

TD@ 26.5'
NGO GROUNDWATER ENCOUNTERED

LandSet

Enguieers, Inc.

BICE Cruzy rotse Tanyst Ry Salnzs JA DIULT

ST A3EETI Tax 330 443.3537 andson

Figure
A7




EXPLORATORY BORING LOG No.

B-15

PROJECT: Paraisc Hot Springs DATE DRILLED: 24-Aug-04 FILE No. L3W-0337-01
DRILLER: Exploration Geoservice DRILLING METHOD: B-56 LOGGED BY: EP
BORING DIAMETER:; 8" HS BORING DEPTH: 1875 GROUNDWATER DEPTH: MN/A
= 7 o -
o 5 £ T - Z
s S B TR
= v o Ed € Ceszroprion e cE
= < & = o - =
c
Qal 2! Alluviem {Hotocensa) 5
Ligh: erange brown well graced SAND, medium ganss,
shghtly maist
z
3
i 1B
F:
5
151 io Grayish brown SILT, shif moisi L. 14 HER
t6-2 15 i Dusity yellowish brown organic SILT. stiff wery moist rAH arn 53
7 Light gray silty SAND, medium dense very moisl, 40-45'% SR
fines
5
H
10
A Kgd: Granite (Cretaceous);
153 e =35 Red. dense Z
12
R
14
5
w4 |} 5 Coler changs to gray a5
15
5
=5 ) 50,3 1
17 TD @ 18.7%
NQ GROUNDWATER ENCOUNTERED
=1
21
ki
Landset 5iC B Dracy morse Daryae 2d. Sahnas TA GenhT Figure
A-18

Enginecrs. Inc.

(3310 423-E975, Fax 83" 441380 lardseiTac come




EXPLORATORY BORING LOG No. B-16

FROJECT: Paraiso Hot Springs DATE DRILLED: 24-Aug-04 FILE No. L5W-0237-01
DRILLER: California Geotech DRILLING METHOD: B-24 LOGGED BY: M5
BORING HAVETER: 4" 55 BORING DEPTH: 16.5° GROUNDWATER DEPTH: NiA
5 % E E
o g : y Lo
e o 2 b & Jescriplion i
e ) -i " :E . e
r R oz 3 8 E )
1 [ k3 a
C
Soil: S
1 ) Reddish hrown (5YRAM| clayey SAND very dense.
' ary. 10-20% fines, fine to ¢oarse sard
165 1 S5 =4 13
3
Tt: Tisrra Redonda Fm (Miocene)
5 Yellowigk brown {TOVRE4 s SANDSTOMNE. vory dorse dry
15 2 " 508 stghlly wealrarad. fnable, plastic when wet, firm rock hardness i)
G fracture and bedding unknown. fine to coarse sand shaktly
cemented
7
L]
]
= Cniing becomes diffizalt
1 ” 6
1
-3
E
14
= h-g S
\T TD @185
NO GROUNDWATER ENCQUNTERED
15
19
22
i3

LandSet L0

Enginecrs, Inz. VBETL SRR G0 cza B304 2

n
v

TES mores Lareos Ha Saonnas DA

8" Figure

b angsend ac oo £-19




EXPLORATORY BORING LOG

No.

B-17pg1of2

PROJECT: Paraisg Het Springs DATE DRILLED: 24-Aug-04 FILE Mg, LSW.03327.-01
DRILLER: Exploration Gooservice DRILLING METHCD: B-56 LOGGED BY: BP
BORING DIAMETER: 8" HS BORING DEPTH: 50.0° GROUNDWATER DEPTH: 31,8
o :; _" Py
2 £ 3 )T I
i) P Z ] g Descrigtion ::;S L;F_:
= = g o = o =
5 58 3 5 =
] i} w ] o
]
BiLK o Qal 2; alluvium {Haolocene) St
. P Fale reddisk brown silty SAND. dense. dry. very fing
1o fing grained
2
3
13 ~4 5 Slhightly raist 3# 12 ;
5
iz tedium dense, well graded Gk ;
3
Light yellzwish orown well graded SAND. medium dense S
o slightly mosst. rare gravels
He.
1
173 a3 i o
+2
17
i1
15
14
174 52
13
K
1T E 15 -
2z
!
24
2 EH Anundant gravels from 24 o 2610 B
Cersc
2y
LandSet S20 B Zrazy rorse TETALR FG Suangs e AERIT Figure
A-20

Engincars. inc. angralan o




EXPLORATORY BORING LOG No. B-17pg 2 of2

PROJECT: Paraiso Hot Springs DATE DRILLED: 24-Aug-04 FILE No. LSW-0337-01
DRILLER: Exploration Geoservice DRILLING METHOD; B-56 LOGGED BY: 8F
BORING DIAMETER: g" HS BORING DEFTH: 50.0° GROUNDWATER DEPTH: 3.5
o -g‘ -—,T: i =

=2 - & - o

= " e g o Uescriztion v

] = 5 g I o

[ pir ] ] o
oG Light yellgwash b cwn well graded SAND. cense shgntiy moist S

trace of gravel

a

1 T 45 s

| .

32

k12

35 17-E -oal Wery gense, saturaled B

ar

35

w7 T 7T T Colar change 1o shva gray, medium dense, saturated

weory slight odar
40
e 28 4 v

EM

ai

44

41

48 A0 T4 =

Ay

Y 18
TD @ 50.0°
GROUNDWATER ENCOUNTERED @ 31.5'
DURING DRILLING
GROUNDWATER ENCOUNTERED @ 41.3°
10 MINUTES AFTER DRILLING
Water Temp 957 F No odor
LandSet S30°0 Cragy Horge Saron 37 Sainas 04 93607 Figure

Enginaers. e, ZAN 4SBT0, Fax tE3i JaX ZEN anuseti@acl oor A-ZD




EXPLORATORY BORING LOG No. B-18

PROJECT: Paraiso Hot Springs OATE DRILLED: 24-Aug-04 FILE No. LSW-0337.01
DRILLER: California Geotech DRILLING METHODR: B-24 LOGGED BY: 15
BORING DIAMETER: 4"55 BORING DEPTH; 11.0' GROUNDWATER DEPTH: NiA
a Cﬂ-‘ "_5 = =
_ g 3 5 o3 ik B
= o o ] f‘: Deszcriotien W {n Sz "‘
0 2 L) = o
C
: Soil: ar
1 : Reddish brawn (3YR4/4) clayey SAMD. very dense
ary, 10-2C% fines, ‘ine 1o coarse sand
18-1 5o i Wos
k!
Tt: Tierra Redonda Fm Miocene)
s Yeliownsh brown (10YRSM4) SANDSTONE, very dense dry,
1.2 " 52i5 shighlly weathered, frable, plastic when wet, firm rock 2.
= hardness fraclured and bedding unknown. fine 1o coarse
sand. slightly cemenied
WG
v s ] 504 1z
TD@ 1.0
12 NO GROUNDWATER ENCOUNTERED
13
4
#
1
12
gE|
2
Py
e
33
LandSEt 330 3 Drazy norse Cargon Rd. S2ras 28 $300T Frgure

Engineers, Inc. B3Tr 4435970 FanaBil. 449380 arduetFEao jom A-21




EXPLORATORY BORING LOG No. B-19pg1af3

PROJECT: Paraiso Hot Springs DATE DRILLED: 24-Aug-04 FILE No. LEW-033%-01
DRILLER: Exploration Geoservice DRILLING METHOD: B-58 LOGGED BY: BP
BORING DIAMETER: g HS BORING DEPTH: £0.0° GROUNDWATER DEPTH: $5.0°
g = E . £
) o = 3 i}f Tescriptian .}§ 5%
=1 oy T e >
a W ] = i
Qal 2 Alluvium (Holocene) A
Yellowish brown sity SAND. foose ary well graded
7
3
18- | T oA Eh
3
187 a7 30 Medium dense. dry. commen 142" diameter angular 3 L
granitic gravels
3
3
a
i
MR 19
12
23
14
5
13
4.2 13 3173 Loose, shghtly moist o 102
17
13
15
"5 ‘5 Meadirm dense v 3
7
wr I s
andSet 5208 Cozzy hotse Camyon RO Sanras DA BEIE0T Figure
Engineers. Inc. 5313 4436570, Tax 531, 423.383° iandselfas com A-22




EXPLORATORY BORING LOG No. B-19pg2of3

PROJECT: Paraisc Hot Springs DATE DRILLED: 24-Aug-04 FILE No. LSW-0337-01
DRILLER: Exploration Geoservice ORILLING METHOD: B-56 LOGGED EY: BF
BORING DIAMETER: 8" HS BORING DEPTH: 60.0° GROUNDWATER DEPTH: 350

. g 2 % o8 iF

& o 2 = El: flescr:ipilior _,-5 Gz .
& ;& & i i
o7 N Yeliowish brown sifty SAND medwrn dense moist. well 5ot

a graded nscasonal subangular to anguiar aranitiz raves

!
31 1.5 vz 1
KEd

an 15T a5 15

o

3

3%

af

4 192 24 23
O

13

45

G4 E :
LandSet L35 3 Crary mutie Figure
A.22

Thngineers, Ing, 230, 443 €S0 Fax 83 445 230 avduelilan




EXPLORATORY BORING LOG No. 19pg3of3
PROJECT: Paraisoc Hot S5prings DATE DRILLED: 24-Aug-04 FILE No. LSW-0337-01
DRILLER: Exploration Gepservice DRILLING METHOD: A8-56 LOGGED BY: BPR
BORING DIAMETER: 8" HS BORING DEPTH: 60.0' GROUNDWATER DEPTH; 550
= & 4 - >
g 8 B @ o B Eg
= @ " 3 iﬂf Degcriptiar _,r;g A
= = = v E7) .u s
g & g £ % b 5
& & 5 2 2
54 .
- A 4
o 1
v
=]
h g
£C
TD @ £0.0
GROUNDWATER ENCOUNTERED @ 55.0'
WHILE DRILLING
GROUNDWATER ENCOUNTERED @ 58.3'
30 MINUTES AFTER DRILLING
Water Temp 95 F
LandSet 238 Crazy borss Jaryan Ba Salitas Te 93207 Figure
A-22

Engineers. Inc, (B3 8430570 Fas 831 2433501 andsetFao com




EXPLORATORY BORING LOG

No. B-20

FROJECT: Paraiso Hot Springs DATE DRILLED: 24-Aug-04 FILE Ho. LSW-0337-01
DRILLER; California Geotech DRILLING METHOD: B-24 LOGGED 8Y: IMS
BORING DIAMETER; 4" 88 BORING DEPTH; 16,5 GROUNDWATER DEPTH: NIA
E N l:; & a Sescroplign 2
= = H W E : i
5. C T z E o ==
&8 & T £
2
Soil: S
Vellowish brown ¢ 12¥RS). SAND with sii, very derse
dry <107 fines. fine o coarse angular sang no mica's
»
B Lvc)
3
4
5
5 s ” 05 tiica’s in sampe Az
&
3
‘D - — PR [— —_—— — —_— —— — — — i —_— —_— —_— —_— - —_— -
Color change to reddish brown fines Inereases 1o 15-25%
! FE3 e 4
Criilng hard and slow
13
K.ad: Granite {Cretaceous)
14 Reddish brown g-anite extremely weathered. friable firm rock
hardness. gram size fine {0 coarse
204 22 =
17 T @ 16.5
MO GROUNDWATER ENCOUNTERED
2
g
Landset SPLE Cramy -ersx Caryon %4 Saucag DA G007 Figure
Engwneers, Ing. 53 SAE-0EDT anzsetiran com A-23




EXPLORATORY BORING LLOG No. B-21
FROJECT: Paraiso Hot Springs DATE DRILLED: 24-Aug-04 FILE Mo, L5SW-0337-01
DRILLER: Exploration Geoservice DRILLING METHOD: B-56 LOGGED BY: gr
BORING DIAMETER: g HS BORING DEPTH: 240 CROUNDWATER DEPTH: NIA
= Ej J:;‘ & i 21
= © o 2 o OESSrIipitan T T 2
= B Y a 2 I =
5 5 g 3 = =3
o~ o ) o o
o
Qal 2: Alluvium {Holocene)
Light yellowish brown siity SAND, medium dense. ary wall
graded
2
11 18 3 145
5
&
1z a4 13
8
9
10
Tt: Tierra Redonda Fm (Micocene)
1 Grayish red arkosic 2andslzre dense, sliphtly moust. fnable
-3 51 weakly :ncurated. severe.y weatherad g 1123
12
13
15
15
214 3o Y
1
12
2z
2= 38 Maderately weathered
54 1l 50, Slightly wea:herea, very gerse oa
TD@ 240
2 NO GROUNDWATER ENCOUNTERED
LandSet 800 A Trasy Forse Canyon 22 Saunas, CA 93807 Figure
A-24

zngineers, ING.

FE0T A48 SUTC Fac 83104433800 andseufiao com




EXPLORATORY BORING LOG No. B-22

PROJECT: Paraiso Hot Springs DATE DRILLED: 24-Aug-04 FILE Ho. LSW-2337-01
DRILLER: California Geotech DRILLING METHOD: B-24 LOGGED BY- INMS
BORING DIAMETER: 4" 55 BORING DEPTH: 10.5' GROUNDWATER DEPTH: NIA
o ‘g i? ;} =

. 5 il B . i a
= o B %‘1 '.-"_ Lescipiianr WA
2 T £ Ed v =
- = o E3 -
0

Tt Tierra Regonda Fm (Miocene}
1 Yellowssh orowen [10YRS4) SANDSTONE . very dense

shakitly mows:. siightly weathered. frable. plastic when wet
z firm, rack hargness. fracture and bedding unknown. fine 1o

coarse sand. slightly cemenied
3 o 52:5 45
& 202 |I 506
]
a
19

el | | 55 :
M TO @ 10.5°
WO GROUNDWATER ENCOUNTERED

1z
13
4
h
.
o4

LandSet

Engineers. Ine¢,

Flgura
A-25




EXPLORATORY BORING LOG No. B-23 pg 1 of 2

PROJECT: Paraiso Hot Springs DATE DRILLED: 25-Aug-04 FILE No. LSW-0237-01
DRILLER: Exploration Geoservice CRILLING METHOQD:; B-56 LOGGED BY: BP
BORING DIAMETER: 8" H3 BORING DEPTH: 3.5 GROUNDWATER DEPTH: 14.0'
- 5 T
g & = Gy CE
_ < o o o 2
£ - y g L Jescr.otizn @3, =f
£ i: %_ ; E ) ) :
)
Hf: fill (Holocene) 5h
! Grayish brown silty SAND. meawm dense, shghtly most
2
3
=45 o5 103
4
T E!c:ha-ﬁaa ta reddish begwn T T v
5
4k - e
8
Qal 2: Alluvium {Hollocene) s
3 Dark olive brawn silty SAND, medium dense mast
m
5 1
1z
i
14 — o '
Color change to reddisk brown, lo0se, saturated very fing
15 o medium grained
T
15
Loose o medium canse TG
i
o Reddish brown CLAY stiff. very moist o

LI | BRI e

LandSet T35 B Craey borse Canyar By Salnas 4 03307 Figure
g
A-26

Engineers. Inc, i331; 4435370 Faa 831 £43.3237 . lanaselan cun




EXPLORATORY BORING LOG

No.

B-23 pg2of2

PROJECT: Paraisa Hot Springs DATE DRILLED: 25-Aug-04 FILE Ho. LSW-D337-M1
DRILLER: Expleration Geoservice DRILLING METHOD:  B-E& LOGGED BY: gp
BORING DIAMETER: 8" HS BORING DEPTH: 39.5° GROUNDWATER DEPTH: 14.0¢

= 5 .

° v T re
= o u & = Jesaninnn =2
T £ % g g : i
3 I = 2 =3 -

[l W 8 = [
= ' Reddish brawn CLAY, hard very moist oL
£a
o
3 K] kv
3z
e K
Tt: Tierra Redeonda Fm

34
= 228 D
ag
o=

SO0
) TD @ 38.5°

GROUNDWATER ENCOUNTERED @ 140
DURING DRILLING
GROUNDWATER ENCOUNRTERED @ 5.5
30 MINUTES AFTER DRILLING
Water temp 73 F No Qdor
Land Set L2D0E Drezy moves Janyon R Saiees TS Figure
(831 4453-8970 A-26

Enginears. e, Fane 5310 445-3500 lgtosctE




EXPLORATORY BORING LOG No. B-24

FROJECT: Paraiso Hot Springs DATE DRILLED: 25-Aug-04 FILE No. LSW-0337-01
DRILLER: California Geotech DRILLING METHQD: B-24 LCGGED BY: IMS
BORING DIAMETER: 4”53 BORING DERPTH: 21.5° GROUNDWATER DEPTH:
- § 2 7y ik
= " ,___: [y é} Descriplion E-:|gl :‘Fg'
= h. oy o i A
s = F i3 = a3
ok} 5] s} o o
o
Gal 1: AHluvium {Holoceng)
1 Dark yellowsh brown ¢107R4/4) SAND with gravel and
silt. mediurm dense dry. <10% fines. fir 1o coarse ang.lar
2 sand. fire to medium angular gravel ¢last entirely of
aranitic provenance
3
241 4 TE
q
5
&
4
9 Boning caved to 8 @ t0r
Cleared out to 3 before sampiing
0 Sand clzar
243 az
bR
19 Cavedto 13 %'
4
. P 1) =
15 Duikiing becomes difficult @ 37 - fine gravel abundant m cullings
24-5 w Trace moniarey ciasts in samnle S
zz D@ 21.5
NO GROUNDWATER ENCOUNTERED
i
13
LandSet SUD B Crary Marse Daryon RA Sacnas, 05 5357 Figure

Engineers, Inc. 1931 4436572 "ax 83114423001 angsetHao com A-27




EXPLORATORY BORING LOG No. B-25

PROJECT; Paraiso Hot Springs DATE DRILLED: 23-Aug-04 FILE No. LSW-0337-01
DRILLER; California Geotech DRILLING METHOD: B-24 LOGGED BY: IMS
BORING DIAMETER: 455 BORING DEPTH: 21.5 GROUNDWATER DEPTH: MiA
a el a = i
g £ = b3 =
£ o o £ :H:J Descriction v-;::’ o2
= £ i1 b Pt
8 £ & % : = =5
A & 6] @ &
a
Gial 1: Aliuvium (Hologene) Wy
1 Brown (10YR4,3} SAND with gravel medrum dense. dry.
fine {0 coarse sand. angular, 20-30% fine to coarse angular
by grawvel, clasts are granite and sch s
281 33 ac Sh 1025
4
5 Gravei encountared
&
252 15 5
7
3
9
10 . Gravel encountered
252 ==
2
.
‘4 Gravel encounterad
i5
5
259 56 24
i
u Crilling very difficult. cobblas
s L Il
oz TD@21.%
HO GROUNDWATER ENCOUNTERED
24
Uh
Landset SELE Craey fiores Zameon Ra Satnasg, 25 55a07 Figure

Engineers, fac. 214435570 TaacEL1 443 3800 ladsel@adl o A-28




EXPLORATORY BORING LOG MNo. B-26
PROJECT: Paraisg Hot Springs DATE DRILLED: 25-Aug-04 FILE No. LSW-0337-01
DRILLER: California Geotech DRILLING METHCOD: B-24 LOGGED BY: ™S
BORING DIAMETER.: 4”55 BORING DEPTH: 15.5' GROUNDWATER DEPTH: NIA
- = 3 -
- oy
ol N < g o Deszription m,% j};‘ =8
i E t g & 0 - o
i 5 n s B - =" -
[ [ [l [l 1
0
Qal 2: Aluvium [Holacene) EE]
1 Yellowish brown {10YREM4], SAND with gravel. danse dv
to coarse sand f.ne lo medium gravel 20.30% angular
2 o sub rounded mostly fing. mux of Tr and Qal
3
261 &b 15 o)
K|
3
257 18 >
7
8
4
Tt: Tierra Redonda Fm {Miocene}
] Brown (5YR3/2} SANDSTOMNE. very dense. dry, 20-30% fines.
fire to coarse sand mostly ma to medium. puea and ptag rich
1
53 61 &7
12
g
‘4
15 Crilling difficu’
15 — — —— L — E— — — — — . - — _— [
264 £d Color change o dark brown (7 8YR4/2} fine contert i
17 decreases o 16-20%
13
Drilling very diffcLlf - refusa
L
25.5 535 .
o0 D@ 195
MO GROUNDWATER ENCOUNTERED
2
2z
2%
)
2%
Landset 3258 Srary Aorse Danysn Rd faonas DA EINLC Figure
Engineers, Inc. A28

12371 443-3470, “ax 537 445 3507

lanesatTan, o




EXPLORATORY BORING LOG No. B-27

FROJECT: Paraiso Hot Springs DATE DRILLED: 25-Aug-04 FILE No. L5W-D337-01
DRILLER: California Geotech DRILLING METHOD: B-24 LOGGED BY: M5
EORING DIAMETER: 4" 58 BORING DEPTH: 6.5 GROUNDWATER DEPTH; HiA
z £ s o5
= . z g & Gescriat gn ub"j,
= = £ W o iy
EoEE 3 2 K
) o, [ =} [
Soil: i
1 Oark brown (10YR2/1) clayey SAND. vory dense.
tiy. 25-35% fines fing o medm sani
2
k! | Y6 15
Tt: Ticrra Redonda Fm {Miccene)
4 Light gray (210YR7/1) SANDSTOME. very dense. dry slghily
weathered o fresh. cemented, weak firm o maderaely hard
4 rick hardness very closely fractured
5
202 2
T Tb@e.s
NO GROUNDWATER ENCOUNTERED
o
i
C
1
4
1%
1
LandSet yor Bo Sabeas D4 duul” Frgure
Enginegry, Inc, FantIVIAAT3EDT acasenF A cor A-30




EXPLCRATORY BORING LOG No. B-28

FROJECT: FParatso Hat Springs DATE DRILLED: 25-Aug-04 FILE No. LSwW-0337-01
DRILLER: Catifornia Geotech DORILLING METHOD: B-24 LOGGED BY: M5
BORING DIAMETER: 4" 5§ BORING DEPTH: 5.5 GROUNDWATER DEPTH: NiA
4 B Z £
= . - B g Deszriptior 3'_&
- £ z
& = 5 [} —
g8 35 e 2
L
Soil: =
1 Dark brown |110YR4/1) Clayey SAMND . very cense dry 25-357:
fires fine to mediLm sand
3 T8 S2E 32e LT 17z
Tt: Tigrra Redonda Fm (Migcene)
2 Light gray (10YR7!1) SANOSTONE. very gense dry shghthy
weathared ta fresh scemeanted. weak. fum to moderately
& hare rock hardness. very closely fractured
22z || 555 B}
® D@ 5.5
NO GROUNDWATER EHCCUNTERED
£
o
13
1
12
13
17
15
1%
2L
24
Landset SEOG Srgry -10ese Danyne Boo Sgicas Dh S0l Figure

A-31

Engineers. inc. VERD 2dGg%00 Tas 33004423300 wrasetfan oo




EXPLORATORY BORING LOG No. B-29

FPROJECT: Paraiso Hot Springs OATE DRILLED: 24-Aug-04 FILE No. LSW-0337-01
DRILLER: California Geotech DRILLING METHOD: B-24 LOGGED BY: M3
BORING DIAMETER: 4" 55 BORING DEPTH. 6.5° GROUNDWATER DEPTH: WA
5 g Lz
g : e
= o I._J £ 'E Descripirer _;_0;
A & [ m T
s
Soil: o
Reddish brown (5YR4:3) ciayey SAND. very dense
dry. 20-30% fine fine to medium sand
: 1 EE =45 i NCIN
o
5 Tt Tierra Redonda Fm (Miocene)
Reddish brown SANDSTONE. maderately weathered
A shgnthy eamented, weak firm ta moderateiy hacd. faciure
F6-2 87 Unkngwh i
TO @ 6.5
NG GROUNDWATER ENCOUNTERED
&
9
14
11
12
13
d
i
-
"
T
a8
Fe
La ndSet Figure
A.32

Engingers, Inc.




APPENDIX B

Water Well Drillers Reports
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APPENDIX C

Laboratory Test Results



December 31, 2004 File No.: LSW-0337-01

TableC-1
Summary of Laboratory Test Results
Sample | Depth (ft.) Dry Water Pocket Swell | Moisture | Angleof Unit
No. Density Content Penetrometer (%) Increase | Internal | Cohesion
(pcf) (%) (tsf) (%B) Friction (pcf)

11 3.0-35 117.8 5.9 >4.5

1-2 6.0-6.5 123.2 4.1 25

1-3 11.0-115 1177 8.8 3.0

1-4 15.0-16.5 12.3

1-5 20.0-21.5 141

1-6 25.0-26.5 15.2

1-7 31.0-32.5 17.8

1-8 35.0-36.5 20.0

1-9 38.5-40.0 18.0

1-10  43.5-45.0 20.8

2-1 3.0-35 109.5 2.3 >4.5

2-2 5.5-6.0 113.1 18 >4.5

2-3 10.0-11.5 18

2-4 15.0-16.5 54

2-5 20.0-21.5 104

31 3.0-35 104.0 7.4 3.25

3-2 6.0-6.5 112.2 6.2 >4.5

3-3 11.0-115 106.3 9.1 125

34 15.0-16.5 18.3

35 20.0-21.0 19.3

3-6 25.0-26.5 14.2

3-7 28.5-30.0 18.0

4-1 3.0-35 107.7 3.1 15

4-2 6.0-6.5 118.6 3.4 >4.5

4-3 10.5-11.0 1151 3.2 >4.5

4-4 15.0-16.5 3.3

4-5 20.0-21.5 2.3

C1



December 31, 2004 File No.: LSW-0337-01

Table C-1 Continued
Summary of Laboratory Test Results

Sample | Depth (ft.) Dry Water Pocket Swell | Moisture | Angleof Unit

No. Density Content Penetr ometer (%) | Increase | Internal | Cohesion
(pcf) (%) (tsf) (%B) Friction (pcf)

51 3.0-3.5 106.2 2.6 >4.5

5-2 6.0-6.5 118.8 151 >4.5

5-3 11.0-115 1122 14.0 2.25

54 16.0-16.5 1151 12.4 2.0

55 19.5-21.0 14.0

5-6 25.0-26.5 17.8

5-7 30.0-31.5 16.8

5-8 35.0-36.5 17.0

5-9 38.5-40.0 17.8

6-1 3.0-3.5 113.6 3.0
6-2 5.5-6.0 116.2 3.2

6-3 10.0-11.5 3.1
6-4 15.0-16.5 35
6-5 20.0-21.5 29

7-1 3.0-3.5 108.7 1.7
7-2 6.0-6.5 105.6 7.4
7-3 11.0-115 93.0 24.0

7-4 15.0-16.5 28.3
7-5 20.0-21.5 17.7
7-6 25.0-26.5 17.2
-7 30.0-31.5 17.2
7-8 35.0-36.5 38.6
7-9 40.0-41.5 235
7-10  45.0-46.5 19.0
7-11  48.5-50.0 17.9
7-12  53.0-54.5 14.2

8-1 3.0-35 112.3 14
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December 31, 2004 File No.: LSW-0337-01

Table C-1 Continued
Summary of Laboratory Test Results

Sample | Depth (ft.) Dry Water Pocket Swell | Moisture | Angleof Unit

No. Density Content Penetrometer (%) Increase | Internal | Cohesion
(pcf) (%) (tsh (%B) Friction (pcf)

8-2 6.0-6.5 116.9 1.0

8-3 10.0-11.5 0.9

8-4 15.0-16.5 16

8-5 20.0-21.5 12

9-1 3.0-35 84.1 8.3

9-2 6.0-6.5 108.7 15.2

9-3 11.0-11.5 109.1 17.2

9-4 16.0-16.5 100.3 16.8

9-5 21.0-215 106.7 16.5

9-6 25.0-26.5 19.6

9-7 28.5-30.0 18.1

10-1 2.5-3.0 1194 8.1 >4.5

10-2 5.5-6.0 112.7 9.1 >4.5

10-3 9.5-10.5 0.6

11-1 3.0-35 13

11-2 6.0-6.5 95.5 3.0 >4.5

11-3 11.0-11.5 1046 6.6 >4.5

11-4 15.0-16.5 20.9

11-5 20.0-21.5 138

11-6 25.0-26.5 11.8

11-7 30.0-31.5 14.0

11-8 35.0-36.5 18.9

11-9 40.0-41.5 17.9

11-10 45.0-46.5 19.1

12-1 2.0-25 88.5 8.3

12-2 5.0-6.5 2.0
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December 31, 2004 File No.: LSW-0337-01

Table C-1 Continued
Summary of Laboratory Test Results

Sample | Depth (ft.) Dry Water Pocket Swell | Moisture | Angleof Unit

No. Density Content Penetrometer (%) Increase | Internal | Cohesion
(pcf) (%) (tsh (%B) Friction (pcf)

12-3 10.0-115 2.7

12-4 15.0-15.5 2.3

13-1 3.0-35 105.2 3.1 >4.5

13-2 6.0-6.5 102.6 34
13-3 110115 1016 16.7

13-4  15.0-16.5 20.7
13-5 20.0-21.5 27.7
13-6  25.0-26.5 17.6
13-7  35.0-36.5 19.3
13-8  40.0-41.5 21.9
13-9  45.0-46.5 18.9
13-10 48.5-50.0 11.8

14-1 2530 125.9 5.7

14-2 5.0-6.0 29

14-3  10.0-11.5 1.9

14-4  15.0-16.5 6.0

14-5 20.0-21.5 1.9

14-6  25.0-26.5 2.7

15-1 5.5-6.0 93.3 114 3.0
15-2 6.0-6.5 76.8 33.9 3.0
15-3 110115 109.5 10.0 >4.5
15-4  15.0-15.5 0.6

15-5 18.0-18.7 35

16-1 2.0-25 119.7 4.8 >4.5
16-2 5.0-55 13

16-3  10.0-11.0 5.4




December 31, 2004 File No.: LSW-0337-01

Table C-1 Continued
Summary of Laboratory Test Results

Sample | Depth (ft.) Dry Water Pocket Swell | Moisture | Angleof Unit
No. Density Content Penetrometer (%) Increase | Internal | Cohesion
(pcf) (%) (tsh (%B) Friction (pcf)
16-4 15.0-16.5 3.2
17-1 3.0-35 112.8 3.8 >4.5

17-2 6.0-6.5 91.2 20.8
17-3 110115 1011 1.3

17-4  16.0-16.5 1.3
17-5  20.0-21.5 21
17-6  25.0-26.5 1.8
17-7  30.0-31.5 2.5
17-8  35.0-36.5 9.9
17-9  40.0-41.5 14.8
17-10 45.0-46.5 17.9
17-11  48.5-50.0 12.6
18-1 2.0-2.5 97.5 5.1
18-2 5.0-55 2.3
18-3  10.5-11.0 1.2

19-1 3.0-35 103.3 24

19-2 6.0-6.5 100.8 29 3.0
19-3 16.0-16.5 101.2 3.1 3.25
19-4  20.0-21.5 1.8
19-5 25.0-26.5 4.7
19-6  30.0-31.5 4.1
19-7  35.0-36.5 3.5
19-8  40.0-41.5 3.8
19-9  45.0-46.5 3.0
19-10 50.0-51.5 29
19-11 55.0-56.5 8.9
19-12  58.5-60.0 10.0
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December 31, 2004 File No.: LSW-0337-01

Table C-1 Continued
Summary of Laboratory Test Results

Sample | Depth (ft.) Dry Water Pocket Swell | Moisture | Angleof Unit

No. Density Content Penetrometer (%) Increase | Internal | Cohesion
(pcf) (%) (tsh (%B) Friction (pcf)

20-1 2.0-25 111.7 5.9

20-2 5.0-6.0 4.3

20-3 10.0-11.0 4.0

20-4 15.0-16.5 3.8

21-1 3.0-35 146.6 14

21-2 6.0-6.5 13

21-3 11.0-11.5 1139 6.1 >4.5

21-4 15.0-16.5 5.0

21-5 20.0-21.5 3.6

21-6 23.5-24.0 2.4

22-1 2.5-3.0 118.0 6.1 >4.5

22-2 5.0-6.0 2.0

22-3 10-10.5 3.2

23-1 3.0-35 107.3 9.8 >4.5

23-2 6.0-6.5 115.0 7.8 >4.5

23-3 11.0-115 1171 115

23-4 15.0-16.5 194

23-5 20.0-21.5 11.9

23-6 25.0-26.5 12.7

24-1 3.0-35 18

24-2 5.0-6.5 2.0

24-3 10.0-11.5 16

24-4 15.0-16.5 15

24-5 20.0-21.5 2.1

25-1 3.0-35 102.9 2.5 4.0
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December 31, 2004 File No.: LSW-0337-01

Table C-1 Continued
Summary of Laboratory Test Results

Sample | Depth (ft.) Dry Water Pocket Swell | Moisture | Angleof Unit

No. Density Content Penetrometer (%) Increase | Internal | Cohesion
(pcf) (%) (tsh (%B) Friction (pcf)

25-2 5.0-6.5 18

25-3 10.0-11.5 0.8

25-4 15.0-16.5 2.0

25-5 20.0-21.5 2.0

26-1 3.0-35 103.7 1.5

26-2 5.0-6.5 0.9
26-3 10.0-115 2.7
26-4  15.0-16.5 2.7
26-5 18.0-195 1.8
27-1 25-3.0 107.3 7.4 >4.5
27-2 5.0-6.5 3.1

28-1 2.5-3.0 112.4 2.7
28-2 5.0-55 2.7

29-1 25-3.0 105.2 5.5
29-2 5.0-6.5 7.6

Summary of Atterberg Limits Test Results

Sample No. Depth (ft.) Liquid Limit Plastic L imit Plasticity | ndex
56 25.0-26.5 14 25 11

9-4 16.0-16.5 27 18 9

23-6 25.0-26.5 36 13 23

28-1 2.5-3.0 19 33 14

Bulk A 0.0-5.0 27 18 9

Bulk G 0.0-5.0 27 15 12
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GRATN SIZE TEST RESTTLTS

FROJECT NAME Prrinso Hol Springs FROJECTNe  LEAWHRIT-01

DRILBOLENe B4 DEPTH My 3B/E-28% | gamrE 19 DATE OF TEST 1M

DEICEIFTION OF 3011 ey SAND WO K looma, axhamied, B-10% fNnes, ne (o conrma sl

PERCENT FINER BT WEIGHT PEECEMT COARSER BT WELIGHT

.5 ETANDARD FIEVES

| somare commae oy I STEVE. HITHB IR | HYT:BNWETEE |

4 3 'll.ﬂ]ﬂ- laar 4 ?:Il:l 18 20 :Idil:lﬂl:l 1 2

100 : : 1
AN
0 : H“a 0
&n II".IIL 20
7 : 1|".Il 10
&0 ¥ i
) 50
40 60
) el
e B
1n Fdm B
1=
f o : : 100
e w = 1 0§ 01 ans g0l 0.005 A
(3 AT SIEE. (mm)
COLFIE PIE COAFAR NETTLTA TIHE
COEBLES SEAVIL SAND ETIT and TLAT
oy WYy v . V. EMGINEERING - LANDFLANNINI
S e = e, i BV E YK ENVImONBENTEA 0 M JLT MG
P. 'H’a.— = - -
LE0-B Crary Horse Lanyon HOAg dinas. GA 83807
EMNGINEERS 1N C




GRATN SIZE TEST RESTTLTS

FROJECT NAME Prrinso Hol Springs FROJECTNe  LEAWHRIT-01

DRILBOLENe B3 DEPTHm ME-112 | ganorE 35 DATE OF TEST 114

DEICEIFTION OF 3011 el pprovy o || predcbad AAND: [ooss, sxhamind, 20-30% Nnes, ina 0 cssme aend

PERCENT FINER BT WEIGHT PEECEMT COARSER BT WELIGHT

.5 ETANDARD FIEVES

| somare commae oy I STEVE. HITHB IR | HYT:BNWETEE |

4 3 314 ] MNooldiE 4 ?]U 16 20 50 40 2 100 20
100 ; n : : td n
0 : \}-\ n
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= -.'? 50
'y
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40 1\ Al
) \EH n
i H
| i Bo
in LLE : B i g 3 i i
f i : : 100
100 1] 10 5 i 0.5 0.1 a.as p.01 0.005 [akuul]
R AT SIEE Gum)
COLFR BIE COAFE WETIUTL TINE
COEBLES GEAVHL SANMD OI0T and JLAT
Ay Y Yy Y VL ENMGINEERING - LANDPFLANNIN |
S e = e, i BV E YK ENVImONBENTEA 0 M JLT MG
LE0-B Crary Horse Lanyon HOAg dinas. GA 83807
ENGINEERS 1N C




GRATN SIZE TEST RESTTLTS

FROJECT NAME Prrinso Hol Springs FROJECTNe  LEAWHRIT-01

DRILBOLENe B3 DEPTH M 260-26% | saMME 536 DATE OF TEST SIEM

DEICEIFTION OF 3011 Lighl Ollve SANDY LEAN CLAY" will, very maolel, TE-00% fnaa, fina in cosee send

PERCENT FINER BT WEIGHT PEECEMT COARSER BT WELIGHT

.5 ETANDARD FIEVES

| somare commae oy I STEVE. HITHB IR | HYT:BNWETEE |

4 % 2114 ] N 1oae L ?:II:I 1% 20 =3 40 53 Im X
10 11 1
! il e
£ T E
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T
= 20
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= T
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N_&a B5 SN gy EMGINEERING - LANDFLANNINI
— - —— - -i?_ | — 2_? : YV E YW ENVImONBENTEA ] JL W P E
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GRATN SIZE TEST RESTTLTS

FROJECT NAME Prrinso Hol Springs FROJECTNe  LEAWHRIT-01

DROILBOLENe B-7 DEPTHmy 138-162' | sanorE 74 DATE OF TEST 1M

DEACEIFTION OF SO0TL E:::Hrq“ll preiedoed SAND: rme, sslurstad, Bnas tn cosme send, Ieea fine gransd, 18-20%

PERCENT FINER BT WEIGHT PEECEMT COARSER BT WELIGHT

.5 ETANDARD FIEVES

| somare commae oy I STEVE. HITHB IR | HYT:BNWETEE |

4 5 "'131.3‘1- 1 3E L ?:Itl 1% 20 =3 40 53 Im X
100 ; ; L m
: 1]
i H
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1] ‘"‘1 1n
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ol k"'\‘ 20
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AT STER Gmm)
COMFR PILE CORFR NEDCILTA TIHE.
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GRATN SIZE TEST RESTTLTS

FROJECT NAME Prrinso Hol Springs FROJECTNe  LEAWHRIT-01

DROILBOLENe B-7 DEPTH M 20E-212 | sanwE 75 DATE OF TEST 114

Ligghl ey el prasdedeed SAND: [oosa, arusled, fing tn ceres sesd, Ireea fine gresal, 3-15%
DESCRIFIION OF 30IL. oo

PERCENT FINER BT WEIGHT PEECEMT COARSER BT WELIGHT

.5 ETANDARD FIEVES

| somare commae oy I STEVE. HITHB IR | HYT:BNWETEE |

4 3 '-m]n i 4 :inn 1600 %0 40 5 100 2
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s W
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GRATN SIZE TEST RESTTLTS

FROJECT NAME Prrinso Hol Springs FROJECTNe  LEAWHRIT-01

DRILBOLENe B8 DEPTHmy 138-16%' | sanorE 94 DATE OF TEST 21

DEACEIFTION OF SO0TL Cark gray C1 AYEY SAND: bwme, sslureted, 1 1% finos_ fine o cooeme sand, tees Ane prensl

PERCENT FINER BT WEIGHT PEECEMT COARSER BT WELIGHT

.5 ETANDARD FIEVES

| somare commae oy I STEVE. HITHB IR | HYT:BNWETEE |
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GRATN SIZE TEST RESTTLTS

FROJECT NAME Prrinso Hol Springs FROJECTNe  LEAWHRIT-01

DRILBOLENe B8 DEPTH My 283-200 | samorE 97 DATE OF TEST 1M

DEACEIFTION OF SO0TL Cmrk Frl!_f wall gracded SAND: me, selureted, 15234 finae, fine [0 cosres sered, Imea fina

PERCENT FINER BT WEIGHT PEECEMT COARSER BT WELIGHT

.5 ETANDARD FIEVES

| somare commae oy I STEVE. HITHB IR | HYT:BNWETEE |
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GRATN SIZE TEST RESTTLTS

FROJECT NAME  Purinso Hol Springs FROJECTNe  LEWHRIM
DROILBOLENe  B-13 DEFTH g 130162 | samowE 134 DATE OF TEST 1M
DEACEIFTION OF SO0TL mh alhm RILTY LAMD WHCIAY: (ooss, arhersind, [miakoeidsd well graded sand, sl med

elmy, 259-39% Nnem, Arne | cenrma s, Irmea fina greml

PERCENT FINER BT WEIGHT PEECEMT COARSER BT WELIGHT

.5 ETANDARD FIEVES

| somare commae oy I STEVE. HITHB IR | HYT:BNWETEE |
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GRATN SIZE TEST RESTTLTS

FROJECT NAME  Purinso Hol Springs FOIECTNe  LEWHRSAN
DROILBOLENe  B-13 DEFTH g 200213 | samowE 138 DATE OF TEST 1M
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SCALE OF ACCEPTABLE RISKSFROM SEISMIC GEOLOGICAL HAZARDS

Level of Acceptable
Risk

Kindsof Structure

Extra Project Cost
Probably Required to
Reduce Risk to an
Acceptable L evel

Extremely low 1

Structures whose continued functioning is critical, or
whose failure might be catastrophic: nuclear reactors,
large dams, power intake systems, plants
manufacturing or storing explosives or toxic
materials.

No set percentage
(whatever isrequired
for maximum attainable
safety)

Slightly higher than
under extremely low
level 1

Structures whose use is critically needed after a
disaster: important utility centers; hospitals; fire,
police and emergency communication facilities, fire
station; and critical transportation elements such as
bridges and overpasses; aso dams.

5 to 25 percent of
project cost 2

Lowest possible risk to
occupants of the

structure 3

Structures of high occupancy, or whose use after
disaster would be particularly convenient : schools,
churches, theaters, large hotels, and other high rise
buildings housing large numbers of people, other
places normally attracting large concentrations of
people, civic buildings such as fire stations, secondary
utility structures, extremely large commercial
enterprises, most roads, alternative or non-critical
bridges and overpasses.

5 to 15 percent of
project cost 4

An ordinary level of
risk to occupants of the

structure 3°

The vast majority of structure: most commercial and
industrial buildings, small hotels and apartment
buildings, and single family residences.

1to 2 percent of project
cost, in most cases (2 to
10 percent of project in
aminority of cases) #

1 Failure of asingle structure may affect substantial populations

2 These additional percentages are based on the assumptions that the base cost is the total cost of the
building or other facility when ready for occupancy. In addition, it is assumed that the structure would have
been designed and built in accordance with current California practice. Moreover, the estimated additional
cost presumes that structures in this acceptable risk category are to embody sufficient safety to remain
functional following an earthquake.

3 Failure of asingle structure would affect primarily only the occupants.

4 These assumptions are based on the assumption that the base cost is the total cost of the building or
facility when ready for occupancy. In additions, it is assumed that the structures would have been designed
and built in accordance with current California practice. Moreover the estimated additional cost presumes
that structures in this acceptable-risk category are to be sufficiently safe to give reasonabl e assurance of
preventing injury or loss of life during and following an earthquake, but otherwise not necessarily to

remain functional.

5 “Ordi nary risk”. Resist minor earthquakes without damage: resist moderate earthquakes without
structural damage, but with some non-structural damage; resist major earthquakes of the intensity or
severity of the strongest experienced in California, without collapse, but with some structural damage as
well as non-structural damage. In most structures it is expected that structural damage, even in a major
earthquake, could be limited to repairable damage. (Structural Engineers Association of California)

Source: Meeting the Earthquake, Joint Committee on Seismic Safety of the California Legislature, Jan. 1974, p.9.
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SCLALE OF ACCEPTABLE RISKSFROM NON-SEISMIC GEOLOGIC HAZARD®

Risk Level

Structure Type

Risk Characteristics

Extremely low risks

Structures whose continued functioning is
critical, or whose failure might be
catastrophic: nuclear reactors, large dams,
power intake systems, plants manufacturing or
storing explosives or toxic materias

1. Failure affects substantial
populations, risk equals nearly
zero

Very low risks Structures whose use is critically needed after | 1. Failure affects substantial
adisaster: important utility centers; hospitals, | populations. Risk slightly higher
fire, police and emergency communication than 1 above.
facilities; fire station; and critical
transportation elements such as bridges and
overpasses; aso dams.

Low risks Structures of high occupancy, or whose use 1. Failure of single structure would
after disaster would be particularly convenient | affect primarily only the
: schoals, churches, theaters, large hotels, and | occupants.
other high rise buildings housing large
numbers of people, other places normally
attracting large concentrations of people, civic
buildings such as fire stations, secondary
utility structures, extremely large commercial
enterprises, most roads, aternative or non-
critical bridges and overpasses.

“Ordinary” risks The vast mgjority of structure: most 1. Failureonly affects
commercia and industrial buildings, small owners/occupants of a
hotels and apartment buildings, and single structure rather than a
family residences. substantial population.

2. No significant potential for
loss of life or serious physical
injury.

3. Risklevel issimilar or
comparable to other ordinary
risks (including seismic risks)
to citizensin asimilar setting.
No collapse of structures;
structural damage limited to
repairable damage in most
cases. This degree of damage
isunlikely as aresult of
storms with a repeat time of
50 yearsor less.

Moderate risks Fences, driveways, non-habitable structures, Structure is not occupied or

detached retaining walls, sanitary landfills,
recreation areas and open space.

occupied infrequently.

Low probability of physical
injury.

Moderate probability of
collapse.

6 Non-seismic geologic hazards include flooding, landslides, erosion, wave runup and sinkhole collapse
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EXPLANATION

Qyls: Landslide (Holocene): Recent landslide depostits, mostly
occuring in the steeper slopes of the Tierra Redonda Formation
(T1)

| Qal 1: Alluvium (Holocene): Unconsolidated sand, silt, gravels,
| and cobbles

] Qal 5. Alluvium (Holocene): Unconsolidated sand, silt, and
- | trace gravel

Qols: Landslide (Pleistocene): Older landslide deposits
consisting of unconsolidated to semiconsolidated boulders and
cobbles supported by a sand and clay matrix

Qoa: Alluvium (Pleistocene): Older alluvial deposits consisting
of unconsolidated to semiconsolidated cobbles and boulders

~_| Tt: Tierra Redonda Formation (Miocene): Marine sandstone,
| conglomerate, and some mudstone

] Kgd: Granitic Basement Rock (Cretaceous): Hornblende
_ /| granodiorite with phenocrysts of feldspar

——J ms: Sierra De Salinas Schist (Paleozoic ?): Biotite
— | quartzofeldspathic schist

7~ ~~_ o Geologic Contact: dashed were approximate, querried
were unknown

_J -? Fault: dashed where approximate, dotted where concealed

D qguerried where unknown
U= upthrown side
D= downthrown side
C Ci
——- Geologic Cross Section

@ Note: Refers to location noted on Sheet 1

GEOLOGIC CROSS SECTIONS
Paraiso Hot Springs Resort
Paraiso Springs Road
Soledad/Greenfield Area, Monterey County, CA
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EXPLANATION

Hazard Areas:
Area 1: Low geologic hazard potential
Area 2: Minor geologic hazard potential
Area 3. Moderate geologic hazard potential

Area 4. High geologic hazard potential

Hazard Descriptors:
F: Faulting
L. Liquefaction
D: Debris flow
S: Landslide
. Proposed Developmet Areas

Z ——

RELATIVE GEOLOGIC HAZARDS MAP

H' 'Eﬁﬁ _®- Paraiso Hot Springs Resort
EMNMGINEERS., INC. Fﬂmiiﬂspﬁﬂgiﬂﬂﬂd
Socledad/Greanfleld Area, Monterey County, CA
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TECHNICAL MEMORANDUM CH2MHILL

Paraiso Springs Resort: Existing Hydrologic and
Hydraulic Site Conditions

PREPARED FOR: Thompson Holdings L.L.C.
(with Attachment)
PREPARED BY: David Von Rueden/CH2M HILL
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Kathy Rosinski/CH2M HILL
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Kris Hansen/EDSA
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DATE: July 15, 2005
PROJECT NUMBER 327806.TK.03

This Memorandum provides a preliminary analysis of the current hydrologic and hydraulic
conditions of the Paraiso Springs Resort (Project) Watershed and the potential for site
flooding.

SUMMARY

Watershed Description

The Project is located south of Soledad and east of Greenfield, in Monterey County
California. The Paraiso Springs drainage, which flows through the proposed development,
begins on the eastern slopes of the Sierra de Salinas Mountains and in the westerly portion
of the Arroyo Seco Watershed, travels northeasterly to the Arroyo Seco Valley floor, where
flows are collected and enter the Arroyo Seco River. The Arroyo Seco River is a major
tributary to the Salinas River.

The primary drainage basin, tributary to the Paraiso Springs channel, extends from the
southwest, at elevation 2400 feet (NGVD), to the northeast project boundary, at elevation
1000 feet. The basin is approximately 1160 acres in size, and is surrounded by mostly
undeveloped and rural agricultural land uses. The mountains and hillsides that are the
primary sources of flows to the creek are covered by a mixture of native oak savannas,
sycamore river valleys, grasslands, and scrub chaparral. The average slope of the hills to the
southwest of the project site is 0.40 ft/ft. The average slope of the hills to the west of the
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PARAISO SPRINGS RESORT: EXISTING HYDROLOGIC AND HYDRAULIC SITE CONDITIONS

project site is 0.36 ft/ft. Topographic contour patterns show that there are four points
within the basin that collect and transfer flows from the higher areas of the basin to the
existing stream.

Precipitation & Historical Flows

As discussed below, hydrologic data utilized in this memorandum was not compiled by the
authors and could be confirmed or modified through direct measurement utilizing rainfall
and stage gages present near or at the project site.

Average annual rainfall in the Project area is approximately 11-inches. Storms are few and
infrequent and primarily occur in January and February. Two recent flood events occurred
in January and in March of 1995, when almost 10-inches of rain fell in the watershed over
five days. Using the Monterey County Rainfall Intensities Chart, the March 1995 storm was
approximated to be between a 10- and 20-year event. Some damage to the pools and the
road on the site was reported. This damage included a culvert whose capacity was greatly
reduced by debris, brush and rocks.

Channel Characteristics

The main drainage channel through the Project site has an approximate width of 50 feet.
The adjacent lands southerly of this channel are relatively flat and extend several hundred
feet beyond the top of bank. The Soil Engineering Feasibility Report discusses existing soil
conditions and the potential for landslides and debris production within the project area.
This Report indicates that sediment and debris produced in the steeper portions of the
drainage basin will migrate into the channel and will require management.

The channel slope upstream of the Project site (approximately 50 percent of its total length)
is 0.25 ft/ft. The channel slope in the valley section of the channel (the length of the Project
site) is approximately 0.112 ft/ft. The expected average channel velocity, within the Project
site, is in the order of 27 ft/sec, at a full bank flow condition. This velocity, in combination
with existing soil conditions, illustrates a potential for channel erosion during infrequent
storm events.

Flood Zone

The Project site is shown on the Flood Insurance Rate Map (FIRM) for Monterey County,
CA (Unincorporated Areas), Panel Number 060195 0350 D, dated January 30, 1984. This
Map indicates that the Project Site is in Zone C — areas of minimal flooding. Although this
indicates the Project site is not within a flood hazard area, FEMA requires all new
construction to be built at the base flood elevation, which is 1-foot above the elevation of the
top of bank, for undesignated flood hazard areas.

Paraiso Resort Site

The Project site, approximately 240 Acres, encompasses 21 percent of the total basin area.
Only approximately 23 acres of the Project site is expected to contain impermeable surfaces.
Because this is such as small percentage of the overall drainage basin at 2%, no significant
increase in outflow from the basin is anticipated. However, because the project is to be built
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PARAISO SPRINGS RESORT: EXISTING HYDROLOGIC AND HYDRAULIC SITE CONDITIONS

in the flatter lands that are tributary to the drainage channel, an impact to the current
drainage patterns can be expected. Flows that are now delivered to the main channel via
the four collection points, as discussed in Watershed Description, and overland sheet flow,
will require collection and routing via culverts, piped storm drainage systems, or ditches
with erosion protection. The appropriate sizing, locations and erosion protection measures
for the drainage systems will be developed during subsequent Project design phases.
Likewise, emergency surface drainage releases, for flow volumes beyond the design
capacity of the drainage systems, will need to be provided to divert sheet flows around
buildings.

The current, bankfull capacity of the primary drainage channel is approximately 4,000 cfs,
excluding any existing culverts. It is estimated that approximately 400 cfs of runoff will be
generated from the watershed, above the west boundary of the Project site, during a 1%
(100-year) storm event. Therefore, the existing channel should have adequate capacity,
with freeboard, to convey upstream flows through the site, provided that all roadway
crossings of the creek provide a waterway opening that is comparable to the existing
channel section. Also, erosion protection measures, such as bed stabilization, toe protection
and bridge scour protection, should be implemented for the channel to preserve the channel
cross section and minimize sedimentation downstream.

Conclusions
Subsequent design phases for the Project should consider the following;:

* The Project is situated in an area tributary to a natural drainage channel and has the
potential to impact the current site drainage patterns.

» The Project Site is not subject to flooding from a 1% (100-year) storm event, provided
that the existing channel waterway cross section is maintained.

* Water surface elevations and velocities in the channel will need to be determined.
Grading required for building pads and /or the foundations of all structures will be one
(1) foot above the drainage channel banks. The grading or construction required for
flood protection throughout the development area will be fully coordinated with the
site’s tree preservation requirements.

* There is a potential for significant sediment and debris production from the upper
watershed. Debris basins upstream of the development should be implemented and a
maintenance plan prepared.

» Efforts to control possible flooding should be considered, including:

- diversion and/or containment of runoff above developed areas
- measures to limit erosion of the main drainage channel
- maintenance of the channel to prevent blockage

- overland flow patterns should be established around proposed buildings, as part of
the finish grading plan
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PARAISO SPRINGS RESORT: EXISTING HYDROLOGIC AND HYDRAULIC SITE CONDITIONS

METHODOLOGY AND ASSUMPTIONS

The preliminary hydrology data presented in this Memorandum were developed using a
rough analysis of the SCS Curve Number method.  Storm distributions for a duration of 24
hours were developed by SCS from U. S. National Weather Service data as typical design
storms. In the SCS method, the intensity of rainfall varies considerably during the storm
period. A Type 1 storm is used for areas in Central California. Runoff is affected by ground
cover, soil type, and topography.

SUPPORTING DATA

Assumptions for soil type, ground cover and topography were based on cursory reviews of
the Geology and Soil Engineering Feasibility Report for the Project, USGS Quadrangle
maps, and field visits. A Watershed Map, based on a USGS Quadrangle Map, is attached.
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PARAISO SPRINGS RESORT — RESPONSE TO HYDROLOGY AND HYDRAULIC ANALYSIS AND EROSION CONTROL MEASURES REVIEW COMMENTS

Attachment 2). The ditches are highly channelized, and are either located along natural
drainage paths or adjacent to roads. The banks have been stabilized in some locations by
the installation of sandbags. These drainage ditches are man-made, most likely by local
property owners, and are characterized by steep, unvegetated side slopes. The level of
maintenance for these incised channels is unknown. See Photos 1 through 3 in
Attachment 3.

2. Maps showing the subbasin delineation for the Project watershed and Project site are
included in Attachment 4. The Project watershed was delineated into nine subbasins.
These subbasins were delineated because they either had distinct drainage
characteristics or the flows collected at a location where specific project impacts could be
identified, such as the potential for landslides or debris flows.

3. The HEC-HMS model facilitates a more rigorous and detailed analysis than the analysis
that was conducted for the July 2005 Project evaluation and is appropriate for this
application. The 10-year and 100-year event stormwater volumes for the entire
watershed, using this more detailed hydrologic methodology as described above, were
found to increase from 117.5 ac-ft (123.5 cfs) to 124.0 ac-ft (124.2 cfs) and 261.1 ac-ft
(310.9 cfs) to 269.6 ac-ft (315.8 cfs) (see Supporting Data Tables/Figures), respectively.
This increase in stormwater runoff of 6.5 ac-ft (0.7 cfs) for the 10-year storm and 8.5 ac-ft
(4.9 cfs) for the 100-year storm translates to 5.5 percent and 3.3 percent, respectively, of
the total runoff volume and 0.6 percent and 1.6 percent, respectively, of the peak
discharge. This result is based on conservative assumptions regarding post-development
conditions, such as new impervious area, overland flow roughness, and Soil
Conservation Service Curve Numbers (SCS CN).

The approach to minimizing Project impacts due to stormwater runoff, as calculated
above, will be to use low impact design (LID) methodologies. Specific LID techniques,
often referred to as stormwater best management practices (BMPs), will be determined
during the design process. For purposes of this preliminary analysis, the areas of
“hardscape” shown on the Land Use Summary Table of the Project Tentative Map were
evaluated for appropriate LID construction techniques. Project “hardscape” areas and
related potential LID construction techniques are summarized below (CASQA, 2003).
Actual BMPs and combinations of BMPs to be used will be evaluated during final
design.

¢ Building footprints (7.22 acres)
— Roof runoff controls
— Site design and landscape planning
— Alternative building materials

e Patios, Paths, and Driveways (5.99 acres)
— Site design and landscape planning
— Pervious paving
— Vegetated swales
— Vegetated buffer strip
— Bioretention
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e Parking and Roadways (9.98 acres)
Pervious paving

Vegetated swales

Vegetated buffer strip
Bioretention

As noted in the July 15, 2005 Memorandum, only 23.19 acres of the 1,160 acre Project
watershed will be developed with “hardscape” features. Utilization of the LID
techniques, as described above, is anticipated to limit the post-Project runoff from
frequent storm events to virtually identical volumes as the pre-Project condition and to
result in insignificant increases during the rare, infrequent events (i.e. 100 yr event).

It should also be noted that the Project site is underlain by predominantly sandy soils, as
identified in the Project Geologic and Soil Engineering Report, prepared by Landset
Engineers, Inc. and dated December 2004. This soil condition should be very compatible
with the proposed LID construction techniques.

It should also be noted that the Project stormwater features will be designed to ensure
that the pre-project 10-year event flow will continue to reach the drainage channel
downstream of the Project site, post-development.

4. A US. Geological Survey (USGS) Water-Resources Investigations Report (USGS, 1994),
which was used for the previous analysis and is included in Attachment 5, and private,
unpublished information indicate that the mean annual precipitation (MAP) is
approximately 11 inches east of the Project site. However, the elevation across the entire
watershed ranges from 1,000 to approximately 2,400 feet. Therefore, it is likely that the
MAP varies, potentially significantly, across the watershed with elevation. Figure 2.3 of
the Monterey County Water Resources Agency’s (MCWRA) Water Resources Data Report:
Water Year 1994-1995 presents MAP for Monterey County (MCWRA, 2007). The project
site location was approximated on this map to find the MAP, see Attachment 6. MAP for
the Project site was found to be 23 inches. This MAP was verified by data collected by a
rain gage from 1950 to 1982. The Paloma Station is located approximately 9 miles
southeast of the Project site (Longitude 121.500 W, Latitude 36.350 N) at an elevation
1,835 feet. The data collected at this station indicates that the MAP is 23.25 inches for the
period of record (DWR, 1983).

Based on available data, the MAP could range from 11 to 23 inches across the entire
watershed. To be conservative, a MAP of 23 inches was used for the purpose of this
analysis.

The MAP, 23 inches, was used to calculate precipitation depth for the 10-year and
100-year storms for a duration of 24 hours. Precipitation depth was calculated using the
Santa Clara County’s Return Period-Duration-Specific (TDS) Regional Equation, which
establishes a relationship between precipitation depth and MAP for various storm return
periods. This equation was developed based on the three-day December 1995 rainfall
event that is still considered to be the storm of record for Northern California. (Santa
Clara County, 2007)

5. Detention ponds are not included in the Project, because the LID stormwater mitigation
methodologies described above will be implemented. Debris basins, as recommended in
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the previously referenced Geologic and Soil Engineering Report, would be implemented
and located at the point of concentration for Subbasins N-1 (see Photo 4 in Attachment 3)
and N-2, located in Indian Valley along the Northern edge of the Project site, and
Subbasins S-1, S-2, and S-3, located along the southern edge of the Project site (see
Attachment 4). These debris basins would intercept debris flows/slides from the
identified Subbasins, above the developed areas of the Project. They will be located
immediately adjacent to Project features and incorporated into the site grading footprint
for the overall Project. The debris basins are expected to include a series of two-to-four
small soil and rock checkdams, approximately three-feet tall, constructed at the low flow
line of the natural drainage feature. Minimal excavation behind the checkdams is
planned and no additional trees would be removed for construction. The debris basins
would be constructed adjacent to Project roadways, parking lots or maintenance paths to
facilitate inspection and maintenance.

Although Subbasin V-1 was identified as a potential site for debris flows, it is not
anticipated that a debris basin will be needed at the point of concentration for this basin.
The drainage channel was found to be well defined and relatively clear of debris at this
location. Rocks that were present were in general no greater than approximately

24 inches in diameter. Debris flowing through the main drainage channel did cause
flooding on site during a storm in 1995. However, this was due to the debris blocking
flow through an existing culvert located upstream of the hot springs pools (see Photo 8
in Appendix 3). The culverts at this location and the culverts located just upstream of the
property line (see Photo 1 in Appendix 3) will be removed as part of the Project to
restore the drainage channel capacity. Bridges will be installed to allow vehicular and
pedestrian access across the drainage channel. The bridges are expected to be single-span
structures, with abutments on each bank of the stream. Stream banks would be
reconstructed as part of the bridge construction and lined with rock riprap for scour
protection immediately adjacent to the abutments. Small storm drain outfalls would be
located within the bridge and rock riprap footprints.

Erosion Control Measures

Because the intention is to implement stormwater BMPs to ensure that post-development
stormwater flows in excess of pre-development conditions for a 100-year storm event do not
leave the Project site, aggradation of the channel downstream of the project site, is not
expected. Based on field observations, most of the sediment that travels from the steeper
areas of the watershed to the valley of the watershed during annual rainfall events, is
naturally deposited on the flatter areas of the watershed (i.e., within the Project site).
Sediment that currently feeds the channel downstream of the Paraiso Springs Resort Project
site, during more frequent or annual rainfall events, is contributed by the adjacent
floodplain below the Project site through sheetflow. Onsite debris basins will be designed to
retain large-particle sediment and other debris, but not suspended sediment. Passage of
suspended sediment will also be aided by the removal of existing culverts and the
restoration of natural drainage channel conditions as part of the Project. Therefore, it is
expected that nutrients that are necessary for the health of the channel, downstream of the
project site, will continue to be replenished.
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Any points where stormwater flows collect and it is necessary to discharge into the channel
will be designed with appropriate and primarily natural erosion protection measures, such
as rock slope protection and vegetation.

Regulatory Background Information

Comment noted regarding compliance with the requirements of Monterey County
Ordinance Chapter 16.2 Erosion Control and Ordinance Chapter 19.10 Design and Standard
Improvements, paragraph 19.10.050, Drainage. Analysis and design efforts for the Project
will comply with County policies in place when construction documents are developed.
Mitigation measures, such as permeable pavements and vegetated drainage swales, and
stormwater collection systems will be designed to ensure that stormwater drainage volume
and peak flows do not increase from existing conditions, as a result of the Project.

Comment noted regarding the anticipated new statewide NPDES Construction General
Permit. Project construction documents will comply with the most current General Permit.

Analytical Methodology and Significance Thresholds

The proposed project will not alter the course of flow through the main drainage channel,
will not significantly alter existing drainage patterns, and will not significantly increase the
rate of runoff. Minimal impacts to peak flow discharge and flow volume will be mitigated
onsite to ensure that no downstream impacts will result directly from the Project.
Downstream capacity will not be exceeded due to the Project, flow in excess of current flows
will be allowed to infiltrate on site.

Pre- and post-Project stormwater drainage volumes for 10-year and 100-year storm events
are summarized under Supporting Data Tables/Figures below. Stormwater runoff in excess
of existing conditions will be allowed to infiltrate on site. Design options that include roof
drain catchments, permeable surfaces for roads and pedestrian paths, permeable drainage
swales, and other alternatives to typical storm drain facilities will be applied (see
Attachment 7). Mitigation and LID improvements are not expected to create any additional
environmental impacts and are planned to be located in already disturbed areas as indicated
more specifically above.

Project Characteristics and Design Features Description Pertinent to Resource Category

Comment noted, the previous responses provide general information on the proposed
design of stormwater features, based upon the LID methodology, and also for the proposed
debris basins. Additional information needed for analysis and final design of Project
features, such as debris basins and channel stabilization measures would be collected and
utilized during the design phase. Resources would include documents such as the California
Stormwater Best Management Practice Handbook: New Development and Redevelopment
developed by the California Stormwater Quality Association (CASQA). These resources
would reflect industry accepted, proven BMPs for stormwater management. Additional
information and examples from the California Stormwater BMP Handbook is provided in
Attachment 7.
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Impact Analysis Information

Potential impacts associated with the Project, relative to site drainage and runoff are
expected to be mitigated by the proposed LID techniques that would include, but not be
limited to, the following design elements (CASQA, 2003), and are highlighted in the
responses above.

Site design and landscape planning
Roof runoff controls

Alternative building materials
Pervious paving

Vegetated swales

* Vegetated buffer strips

* Bioretention

The existing stream that runs through the Project site will not be modified, except for the
removal of existing culverts and bridge construction mentioned previously.

Supporting Data Tables/Figures

Site and watershed photos are presented in Attachment 3.

SCS CN were developed for the HEC-HMS model. The hydrologic soil group (A through D)
was identified utilizing an online soils database and mapping system provided by the
Natural Resource Conservation Service (NRCS) called Web Soil Survey 2.0. Attachment 8
includes a map of the Project watershed developed using Web Soil Survey 2.0 showing soil
type and identifying the hydrologic soil groups appropriate for developing the SCS CN. The
basis for SCS CN development is summarized in Table 1; SCS CN used in the HEC-HMS
model are summarized in Table 2 by Subbasin.

TABLE 1
Basis for development of Subbasin Soil Conservation Service Curve Numbers
Paraiso Springs Resort — Response to Hydrology and Hydraulic Analysis and Erosion Control Measures Review Comments

Cover/Land Use ' Hydrologic Condition = Curve Numbers for Hydrologic Soil Group
A B C D
Forestland — grass or orchards, Good 32 58 72 79

evergreen or deciduous

Residential — average lot size 1/3 N/A 57 72 81 86
acre (average 30% imperious,
includes paved streets)

Notes:
1. Taken from Table 8.7.3 (Mays, 2001)
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TABLE 2
HEC-HMS Subbasin Soil Conservation Service Curve Numbers
Paraiso Springs Resort — Response to Hydrology and Hydraulic Analysis and Erosion Control Measures Review Comments

Subbasin Hydrologic Soil Group'  CN: Existing Conditions 2 CN: Proposed Conditions s
V-1 B, C,and D 72 72
V-2

Plane 1 A,C,and D 72 72

Plane 2 A,B,and D 72 81
N-1 C 72 72
N-2 C 72 72
N-3

Plane 1 CandD 79 79

Plane 2 Band D 79 86
S-1 B 58 58
S-2 B 58 58
S-3 C 72 72
S-4

Plane 1 Band C 72 72

Plane 2 Band D 72 81
Notes:

1. When more than one Hydrologic Soil Group was found to be present in a given Subbasin, soil group was
determine

2. Assumes cover is Forestland for all Subbasins

3. Assumes cover changes from Forestland to Residential — average lot size 1/3 acre in Subbasins where
development is proposed

Based on the current tentative map for the Project, approximately 24 acres of the proposed
development could be impervious surfaces post construction if traditional design methods
were utilized. However, the goal of the Project is to use LID to minimize the effect of the
development to stormwater drainage patterns, to the extent feasible, with the ultimate goal
of no net impact. Therefore, the percentage of impervious surface included in the model for
post-Project conditions was assumed to be approximately 26 percent of the potential
impervious surface area.

Table 3 presents the overall results for the Project watershed, volume and peak discharge,
obtained from the HEC-HMS model for pre- and post-project conditions for 10-year and
100-year storm events.
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TABLE 3
HEC-HMS Results, Pre- and Post-Project for 10-year and 100-year Storm Events
Paraiso Springs Resort — Response to Hydrology and Hydraulic Analysis and Erosion Control Measures Review Comments

Parameter 10-year Storm Event 100-year Storm Event
Pre-Project Post Project Pre-Project Post Project
Volume (ac-ft) 117.5 124.0 261.1 269.6
Peak Discharge (cfs) 123.5 124.2 310.9 315.8
References
California Department of Water Resources (DWR). 1983. Paloma Gage Station, Station
Number D20 6650 00.

California Stormwater Quality Association (CASQA). January 2003. California Stormwater
Best Management Practice Handbook: New Development and Redevelopment.
<www.cabmphandbooks.com>.

Landset Engineers Inc. December 2004. Geologic and Soil Engineering Feasibility Report for
Paraiso Hot Springs Spa Resort, Monterey County, California. Salinas, California.

Mays, Larry W. 2001. Water Resources Engineering. John Wiley & Sons, Inc. 1st ed.

Monterey County Water Resources Agency (MCWRA). October 2007. Water Resources Data
Report: Water year 1994-1995.

Natural Resource Conservation Service (NRCS). 20 June 2007. Web Soil Survey 2.0.
<http:/ /websoilsurvey.nrcs.usda.gov/app/>. 5 May 2008.

Santa Clara County. 14 August 2007. Drainage Manual.

U.S. Army Corps of Engineers (USACE). March 2000. Hydrologic modeling System (HEC-
HMS): Technical Reference Manual.

USACE. November 2003. Hydrologic modeling System (HEC-HMS): Users Manual. Version
3.1.0.

U.S. Geological Survey (USGS). 1994. Nationwide Summary of U.S. Geological Survey Regional
Regression Equations for Estimating Magnitude and Frequency of Floods for Ungaged Sites,
1993. Water Resources Investigations Report 94-4002. Reston, Virginia.
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Attachment 2). The ditches are highly channelized, and are either located along natural
drainage paths or adjacent to roads. The banks have been stabilized in some locations by
the installation of sandbags. These drainage ditches are man-made, most likely by local
property owners, and are characterized by steep, unvegetated side slopes. The level of
maintenance for these incised channels is unknown. See Photos 1 through 3 in
Attachment 3.

2. Maps showing the subbasin delineation for the Project watershed and Project site are
included in Attachment 4. The Project watershed was delineated into nine subbasins.
These subbasins were delineated because they either had distinct drainage
characteristics or the flows collected at a location where specific project impacts could be
identified, such as the potential for landslides or debris flows.

3. The HEC-HMS model facilitates a more rigorous and detailed analysis than the analysis
that was conducted for the July 2005 Project evaluation and is appropriate for this
application. The 10-year and 100-year event stormwater volumes for the entire
watershed, using this more detailed hydrologic methodology as described above, were
found to increase from 117.5 ac-ft (123.5 cfs) to 124.0 ac-ft (124.2 cfs) and 261.1 ac-ft
(310.9 cfs) to 269.6 ac-ft (315.8 cfs) (see Supporting Data Tables/Figures), respectively.
This increase in stormwater runoff of 6.5 ac-ft (0.7 cfs) for the 10-year storm and 8.5 ac-ft
(4.9 cfs) for the 100-year storm translates to 5.5 percent and 3.3 percent, respectively, of
the total runoff volume and 0.6 percent and 1.6 percent, respectively, of the peak
discharge. This result is based on conservative assumptions regarding post-development
conditions, such as new impervious area, overland flow roughness, and Soil
Conservation Service Curve Numbers (SCS CN).

The approach to minimizing Project impacts due to stormwater runoff, as calculated
above, will be to use low impact design (LID) methodologies. Specific LID techniques,
often referred to as stormwater best management practices (BMPs), will be determined
during the design process. For purposes of this preliminary analysis, the areas of
“hardscape” shown on the Land Use Summary Table of the Project Tentative Map were
evaluated for appropriate LID construction techniques. Project “hardscape” areas and
related potential LID construction techniques are summarized below (CASQA, 2003).
Actual BMPs and combinations of BMPs to be used will be evaluated during final
design.

¢ Building footprints (7.22 acres)
— Roof runoff controls
— Site design and landscape planning
— Alternative building materials

e Patios, Paths, and Driveways (5.99 acres)
— Site design and landscape planning
— Pervious paving
— Vegetated swales
— Vegetated buffer strip
— Bioretention
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e Parking and Roadways (9.98 acres)
Pervious paving

Vegetated swales

Vegetated buffer strip
Bioretention

As noted in the July 15, 2005 Memorandum, only 23.19 acres of the 1,160 acre Project
watershed will be developed with “hardscape” features. Utilization of the LID
techniques, as described above, is anticipated to limit the post-Project runoff from
frequent storm events to virtually identical volumes as the pre-Project condition and to
result in insignificant increases during the rare, infrequent events (i.e. 100 yr event).

It should also be noted that the Project site is underlain by predominantly sandy soils, as
identified in the Project Geologic and Soil Engineering Report, prepared by Landset
Engineers, Inc. and dated December 2004. This soil condition should be very compatible
with the proposed LID construction techniques.

It should also be noted that the Project stormwater features will be designed to ensure
that the pre-project 10-year event flow will continue to reach the drainage channel
downstream of the Project site, post-development.

4. A US. Geological Survey (USGS) Water-Resources Investigations Report (USGS, 1994),
which was used for the previous analysis and is included in Attachment 5, and private,
unpublished information indicate that the mean annual precipitation (MAP) is
approximately 11 inches east of the Project site. However, the elevation across the entire
watershed ranges from 1,000 to approximately 2,400 feet. Therefore, it is likely that the
MAP varies, potentially significantly, across the watershed with elevation. Figure 2.3 of
the Monterey County Water Resources Agency’s (MCWRA) Water Resources Data Report:
Water Year 1994-1995 presents MAP for Monterey County (MCWRA, 2007). The project
site location was approximated on this map to find the MAP, see Attachment 6. MAP for
the Project site was found to be 23 inches. This MAP was verified by data collected by a
rain gage from 1950 to 1982. The Paloma Station is located approximately 9 miles
southeast of the Project site (Longitude 121.500 W, Latitude 36.350 N) at an elevation
1,835 feet. The data collected at this station indicates that the MAP is 23.25 inches for the
period of record (DWR, 1983).

Based on available data, the MAP could range from 11 to 23 inches across the entire
watershed. To be conservative, a MAP of 23 inches was used for the purpose of this
analysis.

The MAP, 23 inches, was used to calculate precipitation depth for the 10-year and
100-year storms for a duration of 24 hours. Precipitation depth was calculated using the
Santa Clara County’s Return Period-Duration-Specific (TDS) Regional Equation, which
establishes a relationship between precipitation depth and MAP for various storm return
periods. This equation was developed based on the three-day December 1995 rainfall
event that is still considered to be the storm of record for Northern California. (Santa
Clara County, 2007)

5. Detention ponds are not included in the Project, because the LID stormwater mitigation
methodologies described above will be implemented. Debris basins, as recommended in
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the previously referenced Geologic and Soil Engineering Report, would be implemented
and located at the point of concentration for Subbasins N-1 (see Photo 4 in Attachment 3)
and N-2, located in Indian Valley along the Northern edge of the Project site, and
Subbasins S-1, S-2, and S-3, located along the southern edge of the Project site (see
Attachment 4). These debris basins would intercept debris flows/slides from the
identified Subbasins, above the developed areas of the Project. They will be located
immediately adjacent to Project features and incorporated into the site grading footprint
for the overall Project. The debris basins are expected to include a series of two-to-four
small soil and rock checkdams, approximately three-feet tall, constructed at the low flow
line of the natural drainage feature. Minimal excavation behind the checkdams is
planned and no additional trees would be removed for construction. The debris basins
would be constructed adjacent to Project roadways, parking lots or maintenance paths to
facilitate inspection and maintenance.

Although Subbasin V-1 was identified as a potential site for debris flows, it is not
anticipated that a debris basin will be needed at the point of concentration for this basin.
The drainage channel was found to be well defined and relatively clear of debris at this
location. Rocks that were present were in general no greater than approximately

24 inches in diameter. Debris flowing through the main drainage channel did cause
flooding on site during a storm in 1995. However, this was due to the debris blocking
flow through an existing culvert located upstream of the hot springs pools (see Photo 8
in Appendix 3). The culverts at this location and the culverts located just upstream of the
property line (see Photo 1 in Appendix 3) will be removed as part of the Project to
restore the drainage channel capacity. Bridges will be installed to allow vehicular and
pedestrian access across the drainage channel. The bridges are expected to be single-span
structures, with abutments on each bank of the stream. Stream banks would be
reconstructed as part of the bridge construction and lined with rock riprap for scour
protection immediately adjacent to the abutments. Small storm drain outfalls would be
located within the bridge and rock riprap footprints.

Erosion Control Measures

Because the intention is to implement stormwater BMPs to ensure that post-development
stormwater flows in excess of pre-development conditions for a 100-year storm event do not
leave the Project site, aggradation of the channel downstream of the project site, is not
expected. Based on field observations, most of the sediment that travels from the steeper
areas of the watershed to the valley of the watershed during annual rainfall events, is
naturally deposited on the flatter areas of the watershed (i.e., within the Project site).
Sediment that currently feeds the channel downstream of the Paraiso Springs Resort Project
site, during more frequent or annual rainfall events, is contributed by the adjacent
floodplain below the Project site through sheetflow. Onsite debris basins will be designed to
retain large-particle sediment and other debris, but not suspended sediment. Passage of
suspended sediment will also be aided by the removal of existing culverts and the
restoration of natural drainage channel conditions as part of the Project. Therefore, it is
expected that nutrients that are necessary for the health of the channel, downstream of the
project site, will continue to be replenished.
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Any points where stormwater flows collect and it is necessary to discharge into the channel
will be designed with appropriate and primarily natural erosion protection measures, such
as rock slope protection and vegetation.

Regulatory Background Information

Comment noted regarding compliance with the requirements of Monterey County
Ordinance Chapter 16.2 Erosion Control and Ordinance Chapter 19.10 Design and Standard
Improvements, paragraph 19.10.050, Drainage. Analysis and design efforts for the Project
will comply with County policies in place when construction documents are developed.
Mitigation measures, such as permeable pavements and vegetated drainage swales, and
stormwater collection systems will be designed to ensure that stormwater drainage volume
and peak flows do not increase from existing conditions, as a result of the Project.

Comment noted regarding the anticipated new statewide NPDES Construction General
Permit. Project construction documents will comply with the most current General Permit.

Analytical Methodology and Significance Thresholds

The proposed project will not alter the course of flow through the main drainage channel,
will not significantly alter existing drainage patterns, and will not significantly increase the
rate of runoff. Minimal impacts to peak flow discharge and flow volume will be mitigated
onsite to ensure that no downstream impacts will result directly from the Project.
Downstream capacity will not be exceeded due to the Project, flow in excess of current flows
will be allowed to infiltrate on site.

Pre- and post-Project stormwater drainage volumes for 10-year and 100-year storm events
are summarized under Supporting Data Tables/Figures below. Stormwater runoff in excess
of existing conditions will be allowed to infiltrate on site. Design options that include roof
drain catchments, permeable surfaces for roads and pedestrian paths, permeable drainage
swales, and other alternatives to typical storm drain facilities will be applied (see
Attachment 7). Mitigation and LID improvements are not expected to create any additional
environmental impacts and are planned to be located in already disturbed areas as indicated
more specifically above.

Project Characteristics and Design Features Description Pertinent to Resource Category

Comment noted, the previous responses provide general information on the proposed
design of stormwater features, based upon the LID methodology, and also for the proposed
debris basins. Additional information needed for analysis and final design of Project
features, such as debris basins and channel stabilization measures would be collected and
utilized during the design phase. Resources would include documents such as the California
Stormwater Best Management Practice Handbook: New Development and Redevelopment
developed by the California Stormwater Quality Association (CASQA). These resources
would reflect industry accepted, proven BMPs for stormwater management. Additional
information and examples from the California Stormwater BMP Handbook is provided in
Attachment 7.
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Impact Analysis Information

Potential impacts associated with the Project, relative to site drainage and runoff are
expected to be mitigated by the proposed LID techniques that would include, but not be
limited to, the following design elements (CASQA, 2003), and are highlighted in the
responses above.

Site design and landscape planning
Roof runoff controls

Alternative building materials
Pervious paving

Vegetated swales

* Vegetated buffer strips

* Bioretention

The existing stream that runs through the Project site will not be modified, except for the
removal of existing culverts and bridge construction mentioned previously.

Supporting Data Tables/Figures

Site and watershed photos are presented in Attachment 3.

SCS CN were developed for the HEC-HMS model. The hydrologic soil group (A through D)
was identified utilizing an online soils database and mapping system provided by the
Natural Resource Conservation Service (NRCS) called Web Soil Survey 2.0. Attachment 8
includes a map of the Project watershed developed using Web Soil Survey 2.0 showing soil
type and identifying the hydrologic soil groups appropriate for developing the SCS CN. The
basis for SCS CN development is summarized in Table 1; SCS CN used in the HEC-HMS
model are summarized in Table 2 by Subbasin.

TABLE 1
Basis for development of Subbasin Soil Conservation Service Curve Numbers
Paraiso Springs Resort — Response to Hydrology and Hydraulic Analysis and Erosion Control Measures Review Comments

Cover/Land Use ' Hydrologic Condition = Curve Numbers for Hydrologic Soil Group
A B C D
Forestland — grass or orchards, Good 32 58 72 79

evergreen or deciduous

Residential — average lot size 1/3 N/A 57 72 81 86
acre (average 30% imperious,
includes paved streets)

Notes:
1. Taken from Table 8.7.3 (Mays, 2001)
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TABLE 2
HEC-HMS Subbasin Soil Conservation Service Curve Numbers
Paraiso Springs Resort — Response to Hydrology and Hydraulic Analysis and Erosion Control Measures Review Comments

Subbasin Hydrologic Soil Group'  CN: Existing Conditions 2 CN: Proposed Conditions s
V-1 B, C,and D 72 72
V-2

Plane 1 A,C,and D 72 72

Plane 2 A,B,and D 72 81
N-1 C 72 72
N-2 C 72 72
N-3

Plane 1 CandD 79 79

Plane 2 Band D 79 86
S-1 B 58 58
S-2 B 58 58
S-3 C 72 72
S-4

Plane 1 Band C 72 72

Plane 2 Band D 72 81
Notes:

1. When more than one Hydrologic Soil Group was found to be present in a given Subbasin, soil group was
determine

2. Assumes cover is Forestland for all Subbasins

3. Assumes cover changes from Forestland to Residential — average lot size 1/3 acre in Subbasins where
development is proposed

Based on the current tentative map for the Project, approximately 24 acres of the proposed
development could be impervious surfaces post construction if traditional design methods
were utilized. However, the goal of the Project is to use LID to minimize the effect of the
development to stormwater drainage patterns, to the extent feasible, with the ultimate goal
of no net impact. Therefore, the percentage of impervious surface included in the model for
post-Project conditions was assumed to be approximately 26 percent of the potential
impervious surface area.

Table 3 presents the overall results for the Project watershed, volume and peak discharge,
obtained from the HEC-HMS model for pre- and post-project conditions for 10-year and
100-year storm events.
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TABLE 3
HEC-HMS Results, Pre- and Post-Project for 10-year and 100-year Storm Events
Paraiso Springs Resort — Response to Hydrology and Hydraulic Analysis and Erosion Control Measures Review Comments

Parameter 10-year Storm Event 100-year Storm Event
Pre-Project Post Project Pre-Project Post Project
Volume (ac-ft) 117.5 124.0 261.1 269.6
Peak Discharge (cfs) 123.5 124.2 310.9 315.8
References
California Department of Water Resources (DWR). 1983. Paloma Gage Station, Station
Number D20 6650 00.

California Stormwater Quality Association (CASQA). January 2003. California Stormwater
Best Management Practice Handbook: New Development and Redevelopment.
<www.cabmphandbooks.com>.

Landset Engineers Inc. December 2004. Geologic and Soil Engineering Feasibility Report for
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Attachment 1
Review of CH2M HILL Technical Memoranda

(Hydrology and Hydraulic Analysis and
Erosion Control Measures)



















Attachment 2
Localized Stormwater Drainage Patterns
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Stormwater Drainage Route Downstream of the Project Site
Localized Stormwater Drainage Patterns
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Attachment 3
Project Site Photos







Photo 1: Existing culverts on the Project Site above the eastern property line

Photo 2: Drainage channel passing through a vineyard downstream of the Project site



Photo 3: Roadside drainage ditch downstream of the Project site

Photo 4: Approximate point of concentration for Subbasin N-1



Photo 5: Approximate point of concentration for Subbasin V-1

Photo 6: Main drainage channel looking upstream, downstream of Photo 5 and
downstream of Photo 7



Photo 7: Main drainage channel looking upstream, just upstream from Photo 8

Photo 8: Main drainage channel looking downstream; culverts located upstream of the
existing hot springs pools



Attachment 4
Subbasin Delineation







Subbasin N-1

Subbasin N-2

Subbasin N-3
Subbasin V-2
Subbasin S-4
Subbasin S-3
Subbasin V-1
Subbasin S-2
North
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Attachment 5

U.S. Geological Survey Water Resources
Investigations Report 94-4002 Mean Annual
Precipitation Analysis

























Attachment 6
Monterey County Mean Annual Precipitation
Map Used for HEC-HMS Analysis
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Attachment 7
Potential Mitigation Measures







Description

Each project site possesses unique topographic, hydrologic, and vegetative features, some of
which are more suitable for development than others. Integrating and incorporating
appropriate landscape planning methodologies into Lthe project design is Lhe mosl elleclive
action that can be done to minimize surface and groundwater contamination from stormwater.

Approach

Landscape planning should couple consideration of land suitability for urban uses with
consideration of community goals and projected growth. Project plan designs should conserve
natural areas to the extent possible, maximize nalural waler slorage and infillralion
opportunities, and protect slopes and channels.

Suitable Applications

Appropriale applications include residenlial, commercial and industrial areas planned for
development or redevelopment.

Design Considerations

Design requirements for site design and lanc
should conform to applicable standards and
agencies with jurisdiction and be consistent -
General Plan and Local Area Plan policies.
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SD-10 Site Design & Landscape Planning

Designing New Inslallations

Begin the development of a plan for the landscape unit with atlention Lo the following general
principles:

m  Formulate the plan on the basis of clearly articulaled communily goals. Carelully idenlily
conflicts and choices between retaining and protecting desired resources and community

growlh.

m  Map and assess land suitability for urban uses. Include the following landsecape features in
Lthe assessment: wooded land, open unwooded land, steep slopes, erosion-prone soils,
foundation suitability, soil suitability for waste disposal, aquifers, aquifer recharge areas,
wellands, [loodplains, surface walers, agricullural lands, and various categories of urban
land use. When appropriate, the assessment can highlight outstanding local or regional
resources that the community determines should be protected (e.g., a scenic area,
recreational arca, threatened species habitat, farmland, fish run). Mapping and assessment
should recognize not only these resources but also additional areas needed for their
sustenance.

Project plan designs should conserve natural areas to the extent possible, maximize natural
water storage and infiltration opportunities, and prolect slopes and channels.

Conserve Natural Areas during Landscape Planning

Il applicable, Lhe [ollowing ilems are required and must be implemented in the site layout
during the subdivision design and approval process, consistent with applicable General Plan and
Local Area Plan policies:

m  Cluster development on least-sensitive portions of a site while leaving the remaining land in
a natural undisturbed condition.

m  Limil clearing and grading ol nalive vegelalion #l a sile Lo Lhe minimum amounl needed lo
build lots, allow access, and provide fire protection

m  Maximize trees and other vegetation at each site by planting additional vegetation, clustering
tree arecas, and promoting the use of native and/or drought tolerant plants.

m Promote natural vegetation by using parking lot islands and other landscaped areas.
m Preserve riparian areas and wetlands.

Maximize Natural Water Storage and Infiltration Opportunities Within the Landscape Unil

m  Promote the conservation of forest cover. Building on land that is already deforested affects
basin hydrology to a lesser extent than converting forested land. Loss of forest cover reduces
inlerceplion slorage, delention in the organic [orest floor layer, and water losses by
evapotranspiration, resulting in large peak runo=f increases and either their negative effects
or the expense of countering them with structural solutions.

m  Maintain natural storage reservoirs and drainagz corridors, including depressions, areas ol
permeable soils, swales, and intermittent streanzs. Develop and implement policies and

?aft4 California Stormwater BMP Handbook January 2003
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Site Design & Landscape Planning SD-10

regulations Lo discourage Lhe clearing, [illing, and channelization of these [ealures. Ulilize
them in drainage networks in preference to pipes, culverts, and engineered ditches.

m  Evaluating infiltration opportunities by referring to the stormwater management manual for
the jurisdiction and pay particular attention to the selection criteria for avoiding
groundwater contamination, poor soils, and hydrogeological conditions that cause these
facilities to fail. If necessary, locate developments with large amounts of impervious
surfaces or a potential to produce relatively contaminated runoff away from groundwater
recharge arecas.

Protection of Slopes and Channels during Landscape Design
m  Convey runoff safely from the tops of slopes.

m  Avoid disturbing steep or unstable slopes.

m  Avoid disturbing natural channels.

m  Stabilize disturbed slopes as quickly as possible.

m  Vegetate slopes with native or drought talerant vegetation.

m  Control and treat flows in landscaping ard/or other controls prior to reaching existing
natural drainage systems.

m  Stabilize temporary and permanent chanmel crossings as quickly as possible, and ensure that
increases in run-olf velocily and [requency caused by Lhe project do nol erode the channel.

m Install energy dissipaters, such as riprap. at the outlets of new storm drains, eulverts,
conduits, or channels that enter unlined channels in accordance with applicable
specifications to minimize erosion. Energy dissipaters shall be installed in such a way as to
minimize impacts to receiving waters.

= Line on-sile conveyance channels where appropriale, Lo reduce erosion caused by increased
flow velocity due to increases in tributary impervious area. The first choice for linings
should be grass or some olher vegelalive surface, since these materials not only reduce
runoff velocities, but also provide water quality benefits from filtration and infiltration_ If
velocities in the channel are high enough lo erode grass or olher vegelalive linings, riprap,
concrete, soil cement, or geo-grid stabilization are other alternatives.

m  Consider other design principles that are comparable and equally effective.

Redeveloping Existing Installations

Various jurisdictional stormwater managemsnt and mitigation plans (SUSMP, WQMP, cte.)
define “redevelopment” in lerms of amounls of additional impervious area, increases in gross
floor area and/or exterior construction, and land disturbing activities with structural or
impervious surfaces. The definition of * redevelopment” must be consulted to determine
whether or not the requirements for new development apply to areas intended for

redevelopmenl. If the delinilion applies, Lhe steps outlined under “designing new installations™
above should be followed.
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SD-10 Site Design & Landscape Planning

Redevelopmenl may presenl significanl opporlunily lo add lealures which had nol previously
been implemented. Examples include incorporation of depressions, areas of permeable soils,
and swales in newly redeveloped areas. While somne site constraints may exist due to the status
of already existing infrastructure, opportunities shold not be missed to maximize infiltration,
slow runoff, reduce impervious areas, disconnect direclly connecled impervious areas.

Other Resources
A Manual for the Standard Urban Stormwater Mitigation Plan (SUSMP), Los Angeles County
Department ol Public Works, May zoo0z.

Stormwater Management Manual for Western Washington, Washington State Department of
Ecology, Augusl 2001.

Model Standard Urban Storm Water Mitigation Plan (SUSMP) [or San Diego Counly, Porl of
San Diego, and Cities in San Diego County, February 14, 2002

Model Waler Qualily Managemenlt Plan (WQMP) for County of Orange, Orange County Flood
Control District, and the Incorporated Cities of Orange County, Draft February 2003.

Ventura Countywide Technical Guidance Manual for Stormwater Quality Control Measures,
July 2002.

___________________________________________________________|
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foundation planting. The first three approaches require the roof runoff to be contained in a
guller and downspoul syslem. Foundalion planting provides a vegelaled strip under the drip
line of the roof.

Approach

Design ol individual lols [or single-family hoines as well as lots [or higher densily residential and
commercial structures should consider site design provisions for containing and infiltrating roof
runoll or directing rool runoll Lo vegelalive swales or buller areas. Relained waler can be reused
for watering gardens, lawns, and trees. Benefits to the environment include redueced demand for
polable waler used [or irrigalion, improved stormwater quality, increased groundwater
recharge, decreased runoff volume and peak flows, and deereased flooding potential.

Suitable Applications

Appropriate applications include residential, commercial and industrial areas planned for
development or redevelopment.

Design Considerations

Designing New Installations
Cisterns or Rain Barrels

One method of addressing roof runoff is to d
to cisterns or rain barrels. A cistern is an abe
vessel with either a manually operated valve
open outlet. Roof runoff is temporarily store
for irrigation or infiltration between storms.
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SD-11 Roof Runoff Controls

barrels needed is a [unction of the rooflop area. Sore low impact developers recommend that
every house have at least 2 rain barrels, with a minimum storage capacity of 1000 liters. Roof
barrels serve several purposes including miligaling the first flush from the roof which has a high
volume, amount of contaminants, and thermal load. Several types of rain barrels are
commercially available. Consideration must be given lo selecling rain barrels Lhal are veclor
proof and childproof. In addition, some barrels are designed with a bypass valve that filters out
gril and other conlaminants and routes overflow o a soak-away pil or rain garden.

If the cistern has an operable valve, the valve can be closed to store stormwater for irrigation or
infiltration belween storms. This syslem requires continual monitoring by the resident or
grounds crews, but provides greater flexibility in water storage and metering. If a cistern is
provided wilh an operable valve and waler is slored inside for long periods, the cistern must be
covered to prevent mosquitoes from breeding

A cistern system with a permanently open outlet can also provide for metering stormwater
runoff. If the cistern outlet is significantly smaller than the size ol the downspoul inlet (say Va4 Lo
/2 inch diameter), runoff will build up inside the cistern during storms, and will empty out
slowly after peak intensities subside. This is a feasible way to mitigate the peak flow increases
caused by rooftop impervious land coverage, especially for the frequent, small storms.

Dry wells and Infiltration Trenches

Roof downspouts can be directed to dry wells or infiltration trenches. A dry well is constructed
by excavaling a hole in the ground and filling il willy an open graded aggregate, and allowing the
water to fill the dry well and infiltrate after the storm event. An underground connection from
Lhe downspoul conveys waler inlo Lhe dry well, allowing il Lo be slored in the voids. To
minimize sedimentation from lateral soil movement, the sides and top of the stone storage
malrix can be wrapped in a permeable filler [abric, though the bollom may remain open. A
perforated observation pipe can be inserted vertically into the dry well to allow for inspection
and mainlenance.

In practice, dry wells receiving runoff from single roof downspouts have been successful over
long periods because they contain very little sediment. They must be sized according to the
amount of rooftop runoff received, but are typically 4 lo 5 [eel square, and 2 Lo 3 [eel deep, wilh
a minimum of 1-foot soil cover over the top (maximum depth of 10 feet).

To protect the foundation, dry wells must be set away [rom Lhe building al leasl 10 [eel. They
must be installed in solids that accommodate infiltration. In poorly drained soils, dry wells have
very limniled [easibilily.

Infiltration trenches function in a similar manner and wonld be particularly effective for larger
rool areas. An infiltration trench is a long, narrow, rock-filled trench with no outlet that receives
stormwater runoff These are described under Trearment Controls.

Pop-up Drainage Emitter

Roof downspouts can be directed to an underground pipe thal daylights some dislance [rom Lhe
building foundation, releasing the roof runoff through a pop-up emitter. Similar to a pop-up
irrigation head, the emitter only opens when there is {low [rom Lhe roof. The emiller remains
flush to the ground during dry periods, for ease of lawn or landscape maintenance.
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Roof Runoff Controls SD-11

Foundalion Planling

Landscape planting can be provided around the base to allow increased opportunities for
stormwaler infiltration and prolecl the soil [rom erosion caused by concentrated sheet flow
coming off the roof. Foundation plantings can reduce the physical impact of water on the soil
and provide a subsurface matrix of roots tha' encourage infiltralion. These planlings musl be
sturdy enough to tolerate the heavy runoff sheet flows, and periodic soil saturation.

Redeveloping Existing Installations

Various jurisdictional stormwater managemenl and mmtigation plans (SUSMP, WQMP, ele.)
define “redevelopment” in terms of amounts of additional impervious area, increases in gross
floor area and/or exterior construction, and land disturbing aclivities with structural or
impervious surfaces. The definition of “ redevelopment™ must be consulted to determine
whether or not the requirements for new development apply to areas intended for
redevelopment. If the definition applies, the steps outlined under “designing new installations™

above should be followed.

Supplemental Information
Examples
m  City of Ottawa’s Water Links Surface —Water Quality Protection Program

m  Cily of Toronto Downspoul Disconneclion Program

m  City of Boston, MA, Rain Barrel Demons-ralion Program

mpact Development”, January/February 2003.

t Development Design Center, Beltsville, MD.

mnagement Agencies Association, 1999 Edition
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termed ‘permeable’ paving  Advantages of parvious pavements is that they reduce runoff
volume while providing lreatment, and are unoblrusive resulling in a high level ol acceplability.

Approach

Attenuation of flow is provided by the storage within the underlying structure or sub base,
together with appropriate flow controls. An underlying geotextile may permit groundwater
recharge, thus contributing to the restoration of the natural water cycle. Alternatively, where
mfiltration is inappropriate (e.g., if the groundwater vulnerability is high, or the soil type is
unsuitable), the surface ean be eonstructed above an impermeable membrane. The system offers
a valuable solution for drainage of spatially constrained urban areas.

Significant attenuation and improvement in waler qualily can be achieved by permeable
pavements, whichever method is used. The surface and subsurface infrastructure can remove
bolh the soluble and fine parliculale pollulants that occur within urban runoff. Roof water can
be piped into the storage area directly, adding areas from which the flow can he attenuated.
Also, within lined systems, there is the oppors ™ © = ' et T

Suitable Applications

Residential, commercial and industrial appli
The usc of permeable pavement may be restr
arid regions or regions with high wind erosic
specific disadvantages associated with perme
which are as follows:
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SD-20 Pervious Pavements

m  Permeable pavement can become clogged il improperly installed or maintained. However,
this is countered by the ease with which small areas of paving can be cleaned or replaced
when blocked or damaged.

m  Their application should be limited to highways with low traffic volumes, axle loads and
speeds (less than 30 mph limit), car parking areas and other lightly trafficked or non-
trafficked arcas. Permeable surfaces are currently not considered suitable for adoptable
roads due to the risks associated with failure on high speed roads, the safety implications of
ponding, and disruption arising from reconstruction.

s When using un-lined, infiltration systems, there is some risk of contaminating groundwater,
depending on soil conditions and aquifer susceptibility. However, this risk is likely to be
small because the areas drained tend to have inkerently low pollutant loadings.

m  The use of permeable pavement is restricled Lo gentle slopes.
m  Porous block paving has a higher risk of abrasion and damage than solid blocks.

Design Considerations

Designing New Installations

Il the grades, subsoils, drainage characlerislics, and groundwater conditions are suitable,
permeable paving may be substituted for conventional pavement on parking areas, cul de sacs
and other areas wilh light tralfic. Slopes should be [lat or very gentle. Scottish experience has
shown that permeable paving systems can be installad in a wide range of ground conditions, and
Lhe flow allenualion performance is excellenl even when the systems are lined.

The suitability of a pervious system at a particular pavement site will, however, depend on the
loading criteria required of the pavement.

Where Lhe syslem is Lo be used [or infiltraling drainage walers inlo Lhe ground, Lhe vulnerability
of local groundwater sources to pollution from the site should be low, and the seasonal high
waler lable should be al leasl 4 [eel below Lhe surlace.

Ideally, the pervious surface should be horizontal in order to intercept local rainfall at source.
On sloping sites, pervious surfaces may be terraced o accommodate differences in levels.

Design Guidelines

The design of each layer of the pavement must be determined by the likely traffic loadings and
their required operational life. To provide satisfactcry performance, the following criteria
shonld be considered:

m  The subgrade should be able to sustain traffic loading without excessive deformation.

m  The granular capping and sub-base layers should give sufficient load-bearing to provide an
adequate construction platform and base for the overlying pavement layers.

m  The pavement materials should not crack of suffer excessive rutting under the influence of
traffic. This is controlled by the horizontal tensile stress at the base of these layers.
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Pervious Pavements SD-20

There is no current structural design methoc specifically for pervious pavements. Allowances
should be considered the following factors in the design and specification of materials:

m  Pervious pavements use materials with high permeability and void space. All the current UK
pavement design methods are based on the use of conventional materials that are dense and
relatively impermeable. The stillness of “he materials must therefore be assessed.

m  Waler is presenl wilthin the construction and can soften and weaken materials, and this must

be allowed for.

m  Existing design methods assume full friction belween layers. Any geolexliles or
geomembranes must be carefully specified to minimize loss of friction between layers.

m  Porous asphall loses adhesion and becoimes brittle as air passes through the voids. Its
durability is therefore lower than conventional materials.

The single sized grading of materials used m=ans that care should be taken to ensure that loss of
finer particles between unbound layers does not occur.

Positioning a geotextile near the surface of the pervious construction should enable pollutants to
be trapped and retained close lo lhe surlace of the construction. This has both advantages and
disadvantages. The main disadvantage is that the filtering of sediments and their associated
pollutants at this level may hamper percolation of waters and can eventually lead to surface
ponding. One advantage is that even if eventual mainlenance is required Lo reinslale
mfiltration, only a limited amount of the construction needs to be disturbed, since the sub-base
below the geotextile is protected. In addition, the pollutant coneentration at a high level in the
structure allows for its release over time. It s slowly transported in the stormwater to lower
levels where chemical and biological processes may be operating to retain or degrade pollutants.

The design should ensure that sufficient voic space exists for the storage of sediments to limit
the period between remedial works.

m  Pervious pavements require a single size grading to give open voids. The choice of materials
is Lherefore a compromise belween slillness, permeability and storage capacity.

m  Because the sub-base and capping will be in conlacl with waler for a large parl of Lhe lime,
the strength and durability of the aggregate particles when saturated and subjected to
wetting and drying should be assessed.

m A uniformly graded single size material cannot be compacted and is liable to move when
conslruction traffic passes over il. This effect can be reduced by the use of angular crushed
rock material with a high surface friction.

In pollution control lerins, these layers represent the site of long term chemical and biological
pollutant retention and degradation processes. The construction materials should be selected,
in addition to their structural strength properties, for their ability to sustain such processes. In
general, this means that materials should ercate neutral or slightly alkaline conditions and they
should provide favorable sites for colonization by microbial populations.
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SD-20 Pervious Pavements

Construction/Inspection Considerations

Permeable surfaces can be laid without eross-falls or longitudinal gradients.
The blocks should be lain level

They should not be used for storage of site materials, unless the surface is well protected
from deposition of silt and other spillages.

The pavement should be constructed in a single operation, as one of the last items to be
built, on a development site. Landscape developmenl should be compleled belfore pavemenl
construction to avoid contamination by silt or scil from this source.

Surfaces draining to the pavement should be stabilized before construction of the pavement.

Inappropriate construction equipment should be kept away from the pavement to prevent
damage to the surface, sub-base or sub-grade.

Maintenance Requirements

The maintenanee requirements of a pervious surface should be reviewed al Lhe lime of design
and should be clearly specified. Maintenance is required to prevent clogging of the pervious
surface. The factors to be considered when defining mainlenance requirements musl include:

Type of use
Ownership
Level of trafficking

The local environment and any contributing catchments

Studies in the UK have shown satisfactory operation of porous pavement systems without
maintenance for over 10 years and recent work by Immbe et al. at gth ICUD, Portland, 2002
describes systems operating for over 20 years witho1t maintenance. ITowever, performance
under such regimes could not be guaranteed, Table 1 shows lypical recommended mainlenance
regimes:
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Pervious Pavements SD-20

Table 1 Typical Recommended Maintenance Regimes
Activity Schedule

Minimize use of salt or grit for de-icing
Keep landscaped areas well maintained Ongoing

Prevent soil being washed onto pavement

m  Vacuum clean surface using commercially available sweeping
machines al the [ollowing limes:

- End of winter (April) 2/3 X per year
- Mid-summer (July / August)
- After Autumn leaf-fall (November)

Inspect outlets Annual

L B

If routine cleaning does not restore infiltration rates, then
reconstruction of part of the whole of a pervious surface may be
required.

m  The surface area affected by hydraulic failure should be lifted for
inspection of the internal materials to identify the location and

extent of the blockage. As needed (infrequent)

Maximum 15-20 years
m  Surface materials should be lifted and replaced after brush
cleaning. Geotextiles may need complete replacement.

Removed silts may need to be disposed of as controlled waste.

; Sub-surface layers may need cleaning and replacing.

Permeable pavements are up to 25 % cheaper (or at least no more expensive than the traditional
forms of pavement construction), when all eonstruetion and drainage costs are taken into
account. (Accepting that the porous asphalt itself is a more expensive surfacing, the extra cost of
which is offset by the savings in underground pipework ete.) (Niemezynowicz, et al., 1987)

Table 1 gives US cost estimates for capital and maintenance costs of porous pavements
(Landphair et al., 2000)

Redeveloping Existing Installations

Various jurisdictional stormwater management and mitigation plans (SUSMP, WQMP, cte.)
defline “redevelopment” in lerms of amounts of additional impervious area, increases in gross
floor area and/or exterior construction, and land disturbing activities with structural or
impervious surfaces. The definition of “ redevelopment” must be consulted to determine
whether or not the requirements for new development apply to areas intended for
redevelopment. If the definition applies, the steps oullined under “designing new inslallalions”
above should be followed.
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SD-20 Pervious Pavements

Additional Information
Cost Considerations

Permeable pavements are up to 25 % cheaper (or at least no more expensive than the traditional
forms ol pavemenl conslruction), when all construc-ion and drainage costs are taken into
account. (Accepting that the porous asphalt itself is 1 more expensive surfacing, the extra cost of
which is offset by the savings in underground pipework etc.) (Niemczynowicz, et al., 1987)

Table 2 gives US cost estimates for capital and mainlenance cosls of porous pavemnenls
(Landphair et al., 2000)
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Pervious Pavements

SD-
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Table 2 Engineer’s Estimate for Porous Pavement
Porous Pavement
Cycles/ | Quant. 1 Quant. 2 Quant. 3 Quant. 4 Quant. 5

Item 1lnits Price Year Acre WS Tatal Acre WS Total Acre WS Tatal Acre WS Total Acre WS Total
|Grading sy $2.00 604 §1,208 1209 $2.418 1812 $3.624 2419 $4,838 3020 $6,040
Paving 3Y $19.00 212 34,028 424 $8,056 636 $12,084 848 $16,112 1060 $20.140
Excavation CY $3.60 201 $724 403 $1.,451 604 $2174 a0é $2,802 1008 $3,629
|Filter Fabric Y $1.15 700 805 1400 31,610 2000 $2,300 2800 $3,220 3600 $4.,140
Stone Fill CY $16.00 201 $3.216 403 $6,448 604 $9 664 806 $12 B46 1008 $16,128
Sand CY $7.00 100 $700 200 §1.400 300 $2,100 400 $2.800 500 $3,500
Sight Wall EA $300.00 2 §600 3 $800 4 $1,200 7 $2.100 7 $2.100
Seading LF $0.05 644 832 1288 564 1632 897 2576 $129 3220 $1861
|Check Dam cY $35.00 0 50 0 $0 0 50 o $0 0 $0
Total Construction Costs $10,105 $19,929 $29.819 $40,158 $49,798
ucﬂ'm“"“""' oSt Amorsisac $505 $396 $1,481 $2,008 $2,430

Annual Maintenance Expense
Cycles/ | Quant. 1 Quant. 2 Quant. 3 Quant. 4 Quant. 5

Item 1lnits Price Year Acre WS Tatal Acre WS Total Acre WS Tatal Acre WS Total Acre WS Total
Swasping AC $250.00 (] 1 $1,500 2 $3,000 3 $4 500 4 $6,000 5 $7,500
Washing AC | $250.00 ] 1 $1,500 2 $3,000 3 34,500 4 $6,000 5 $7,500
|Inspection MH | $20.00 5 5 §100 5 $100 5 $100 5 $100 5 $100
Deep Clean AC $450.00 05 1 $225 2 $450 3 3675 39 $a78 5 $1,125
Total Annual Maintenance Expense $3,980 $7,792 $11,651 $15,483 $19,370
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SD-20 Pervious Pavements

Other Resources

Abbott C.L. and Comino-Mateos L. 2001. In situ performance monitoring of an infiltration
drainage system and field testing of current design procedures. Journal CIWEM, 15(3), pp.198-
202.

Construction Industry Research and Information Association (CIRIA). 2002. Source Control
using Constructed Pervious Surfuces C582, London, SW1P 3AU.

Construction Industry Research and Information Association (CIRTA). 2o00. Sustainable urban

drainage systems - design manual for Scotland and Northern Ireland Report C521, London,
SW1P 3AU.

Construction Industry Research and Information Association (CIRIA). 2000 Cr22 Sustainable
urban drainage systems - design manual for England and Wales, London, SW1P 3AU.

Construction Industry Research and Information Association (CIRTA). RP448 Manual of good
praclice for the design, construction and mainlenance of infiltration drainage systems for
stoarmater runaff control and disposal, London, SW1P 3AU.

Dierkes C., Kuhlmann L., Kandasamy J. & Angelis G. Pollution Retention Capability and
Maintenance of Permeable Pavements. Proe 9" International Conference on Urban Drainage,
Portland Oregon, September 2002.

Harl P (2002) Permeable Paving as a Slormwaler Source Control System. Paper presented at
Scottish Hydraulics Study Group 14" Annual seminar, SUDS. 22 March 2002, Glasgow.

Kobayashi M., 1999. Stormwater runoff control in Nagoya City. Proc. 8 th Int. Conf. on
Urban Storm Drainage, Sydney, Australia, pp.825-833.

Landphair, H., McFalls, J_, Thompson, D, 2000, Dcsign Methods, Seleetion, and Cost
Effectiveness of Stormwater Quality Structures, Texas Transportation Institute Research Report
1837-1, College Station, Texas

Legret M, Colandini V, Effects of a porous pavement with reservior strucutre on runoff
water:water quality and the fate of heavy metals. Laboratoire Central Des Ponts et Chaussesss

Macdonald K. & Jefferies C. Performance Comparison of Porous Paved and Traditional Car
Parks. Proc. First National Conference on Sustainable Drainage Systems, Covenlry June 2001.

Niemezynowicz J, Hogland W, 1987: Test of porous pavements performed in Lund, Sweden, in
Topics in Drainage Hydraulics and Hydrology. BC. Yen (Ed.), pub. Int. Assoc. For Hydraulic
Research, pp 19-80.

Pratt C.J. SUSTAINABLE URBAN DRAINAGE — A Review of published material on the
performance of various SUDS devices prepared for the UK Enviromment Agency. Covenlry
University, UK December 2001.

Pratt C.J., 1995. Infiltration drainage — case sludies of UK practice. Project Report
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Pervious Pavements SD-20

22 Conslruction Industry Research and Information Association, London, SW1P 3AU; also
known as National Rivers Authority R & D Note 485

Pratt. C. J., 1990. Permeable Pavements for Stormwater Quality Enhancement. In: Urban
Stormwater Quality Enhaneement - Souree Control, retrofitting and combined sewer
lechnology, Ed. H.C. Torno, ASCE, ISBN 0872062 7594, pp- 131-155

Raimbaull G., 1997 French Developimenls in Reservoir Structures Sustainable water resources 1
the 21°* century. Malmo Sweden

Schliiler W. & Jelleries C. Moniloring Lhe outflow from a Porous Car Park Proc. First National
Conference on Sustainable Drainage Systems, Coventry June 2001.

wild, T.C., Jefferies, C., and D’Arcy, B.J. SUDS in Scotland — the Scottish SUDS database
Report No SR(02)09 Scotland and Northern Ireland Forum for Environmental Research,
Edinburgh. In preparation August 2002.
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Approach

Alternative building materials are available for use as lumber for decking, roofing materials,
home siding, and paving for driveways, decks, and sidewalks.

Suitable Applications

Appropriate applications include residential. commercial and industrial areas planned for
development or redevelopment.

Design Considerations
Designing New Installations
Decking

One of the most common materials for construction of decks and other outdoor construction has
traditionally been pressure treated wood, which is now being phased out. The standard
treatment is called CCA, for chromated copper arsenale. The key ingredienls are arsenic (which
kills lermiles, carpenler anls and other insec

kills the fungi that cause wood to rot) and ch

wilh the olher ingredients lo bind them Lo th

of arsenic is far from trivial. A deck just 8 fee

more than 1 1/3 pounds of this highly potent

materials include a new type of pressure trea

composite lumber.
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SD-21 Alternative Building Materials

There are currently over 20 producls in Lhe markel consisting of plastic or plastic-wood
composites. Plastic lumber is made from 100% recyeled plastie, # 2 HDPE and polyethylene
plastic milk jugs and seap bollles. Plaslic-wood composites are a combination of plastic and
wood fibers or sawdust. These materials are a long lasting exterior weather, inseet, and chemieal
resistant wood lumber replacement for non structural applications. Use il for decks, docks,
raised garden beds and planter boxes, pallets, hand railings, outdoor furniture, animal pens,
boal decks, elc.

New pressure treated wood uses a much safer recipe, ACQ, which stands for ammoniacal copper
quarlenary. Il conlains no arsenic and no chromiumn.. Yet the American Wood Preservers
Association has found it to be just as effective as the standard formula. ACQ is common in Japan
and Europe.

Roaofing

Several studies have indicated that metal used as roofing material, flashing, or gutters can leach
metals into the environment. The leaching occurs because rainfall is slighlly acidic and slowly
dissolved the exposed metals. Common traditional zpplications include copper sheathing and
galvanized (zine) gutters.

Coated metal products are available for both roofing and gutter applications. These products
eliminale conlacl ol bare metal with rainfall, eliminating one source of metals in runoff. There
are also roofing materials made of recycled rubber and plastic that resemble traditional
malerials.

A less traditional approach is the use of green roofs. These roofs are not just green, they're alive.
Planted with grasses and succulents, low- profile green roofs reduce the urban heat island effect,
stormwater runoff, and cooling costs, while providing wildlife habitat and a connection to nature
for building occupants. These roofs are widely used on industrial facilities in Europe and have
been established as experimental installations in several locations in the US, including Portland,
Oregon. Their feasibility is questionable in areas of California with prolonged, dry, hot weather.

Paved Areas

Traditionally, concrete is used for construction of pztios, sidewalks, and driveways. Although it
is non-loxic, these paved areas reduce slormwaler infiltration and increase the volume and rate
of runoff. This increase in the amount of runoff is the leading cause of stream channel
degradation in urban areas.

There are a number of alternative materials that can be used in these applications, including
porous concrete and asphalt, modular blocks, and crushed granite. These materials, especially
modular paving blocks, are widely available and a wrll established method to reduce stormwater
runoll.

Building Siding

Wood siding is commonly used on the exterior of residential construction. This material
weathers fairly rapidly and requires repeated painting Lo prevenl rolling. Allernalive “new”
products for this application include cement-fiber and vinyl. Cement-fiber siding is a masonry
product made from Portland cement, sand, and cellulose and will not burn, cup, swell, or
shrink.
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Alternative Building Materials SD-21

Peslicide Reduclion

A common use of powerful pesticides is for tae control of termites. Chlordane was used for many
years for this purpose and is now found in urban streams and lakes nationwide. There are a
number of physical barriers that can be installed during construction to help reduce the use of
peslicides.

Sand barriers [or sublerranean lermiles are a physical delerrenl because Lhe lermiles cannol
tunnel through it. Sand barriers can be applied in crawl spaces under pier and beam
foundations, under slab foundations, and beiween Lhe [oundalion and concrele porches,
terraces, patios and steps. Other possible locations include under fence posts, underground
cleetrical cables, water and gas lines, telephane and electrical poles, inside hollow tile cells and
against retaining walls.

Melal lermile shields are physical barriers Llc termites which prevent them from building
invisible tunnels. In reality, metal shields funetion as a helpful termite detection deviee, foreing
them Lo build tunnels on the outside of the shields which are easily seen. Metal termite shields
also help prevent dampness from wicking to adjoining wood members which ean result in rot,
Lthus making the malerial more allraclive lo termites and other pests. Metal flashing and metal
plates can also be used as a barrier between piers and beams of structures such as decks, which
are particularly vulnerable to termite attack.

Redeveloping Existing Installations

Various jurisdictional stormwater management and mitigation plans (SUSMP, WQMP, etc.)
defline “redevelopment” in lerms ol amounls of additional impervious area, increases in gross
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metals), promote infiltration, and reduce the tlow velocity ot

stormwater runoff. Vegetated swales can serve as part of a g O a“F’ Grease A
stormwater drainage system and can replace curbs, gutters and Organics 4
storm sewer systems. Legend (Removal Effectiveness)
. . . ® low B High
California Experience
A Medium

Caltrans constructed and monitored six vegetated swales in
soulhern California. These swales were generally efleclive in
reducing the volume and mass of pollutants in runoff Even in
the areas where the annual rainfall was only aboul 10 inches/yr,
the vegetation did not require additional irrization. One factor
that strongly affected performance was the presence of large
numbers of gophers at most of the sites. The gophers created
earlhen mounds, deslroyed vegelalion, and generally reduced Lhe
effectiveness of the controls for TSS reduction.

Advantages

m  If properly designed, vegetated, and oper
serve as an aesthetic, potentially inexpen
development or roadway drainage conve;
significant collateral water quality benefi
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TC-30 Vegetated Swale

m  Roadside dilches should be regarded as significant polential swale/buller strip siles and
should be utilized for this purpose whenever possible.

Limitations

s Can be difficult to avoid channelization.

s May not he appropriate for industrial sites or locations where spills may occur

m  Grassed swales cannot treat a very large drainage area. Large areas may be divided and
treated using multiple swales.

m A thick vegetative cover is needed for these practices to function properly.

m  They are impraclical in areas with sleep lopography.

m They are not effective and may even erode when [low velocilies are high, il Lthe grass cover is
not properly maintained.

m Insome places, Lheir use is reslricled by law: many local municipalities require curb and
gutter systems in residential areas.

m  Swales are mores susceptible to failure if not prcperly maintained than other treatment

BMPs.

Design and Sizing Guidelines

Ilow rate based design determined by local requirements or sized so that 85% of the annual
runoff volume is discharged at less than the desizn rainfall intensity.

Swale should be designed so that the water level does not exceed 2/3rds the height of the
grass or 4 inches, which ever is less, al the design treatment rate.

Longitudinal slopes should not exceed 2.5%

Trapezoidal channels are normally recommended but other configurations, such as
parabolic, can also provide subslantial waler quality improvement and may be easier to mow
than designs with sharp breaks in slope.

Swales constructed in cut are preferred, or in fill areas that are far enough from an adjacent
slope to minimize the potential for gopher damage. Do not use side slopes constructed of
fill, which are prone to structural damage by gophers and other burrowing animals.

A diverse selection of low growing, plants that thrive under Lhe specific sile, climalic, and
watering conditions should be specified. Vegetation whose growing season corresponds to
the wet season are preferred. Drought tolerant vegetation should be considered especially
for swales that are not part of a regularly irrigated landscaped area.

The width of the swale should be delermined using Manning’s Equation using a value of
0 25 for Manning's n

?2af13 California Stormwater BMP Handbook January 2003

New Developmenl and Redevelopment
www.cabmphandbooks.com



Vegetated Swale TC-30

Construction/Inspection Considerations

m Include directions in the specifications for use of appropriate fertilizer and soil amendments
based on soil properties determined through testing and compared to the needs of the
vegelalion requirements.

m Install swales at the time of the year when there is a reasonable chance of successful
establishment without irrigation; however, it is recognized that rainfall in a given year may

not be sufficient and temporary irrigation may be used.

m  If sod tiles must be used, they should be placed so that there are no gaps between the tiles;
stagger the ends of the tiles to prevent the [ormation of channels along Lthe swale or slrip.

m  Use aroller on the sod to ensure that no air pockets form between the sod and the soil.

m  Where seeds are used, erosion controls will be necessary to protect seeds for at least 75 days
after the first rainfall of the season.

Performance

The literature suggests that vegetated swales represent a practical and potentially effective
technique for controlling urban runoff quality. While limited quantitative performance data
exists for vegetated swales, it is known that check dams, slight slopes, permeable soils, dense
grass cover, increased conlacl lime, and small storm events all contribute to successful pollutant
removal by the swale system. Factors decreasing the effectiveness of swales include compacted
soils, short runoff contact time, large storm events, frozen ground, short grass heights, steep
slopes, and high runoff velocities and discha-ge rates.

Convenlional vegelaled swale designs have achieved mixed resulls in removing parliculale
pollutants. A study performed by the Nationwide Urban Runoff Program (NURP) monitored
three grass swales in the Washinglon, D.C., area and found no significant improvement in urban
runoff quality for the pollutants analyzed. However, the weak performanee of these swales was
attributed to the high flow velocities in the swales, soil compaction, steep slopes, and short grass

height.

Another project in Durham, NC, monitored the performance of a carefully designed artificial
swale that received runoff from a commercial parking lol. The projecl lracked 11 slorms and
concluded that particulate concentrations of heavy metals (Cu, Pb, Zn, and Cd) were reduced by
approximately 50 percent. However, the swale proved largely inelleclive [or removing soluble
nutrients.

The effectiveness of vegetated swales can be enhanced by adding check dams at approximately
17 meter (50 foot) increments along their length (See Figure 1). These dams maximize the
retention time within the swale, decrease flow velocilies, and promole parliculale sellling.
Finally, the incorporation of vegetated filter strips parallel to the top of the channel banks can
help to treat sheet flows entering the swale.

Only 9 studies have been conducted on all grassed channels designed for water quality (Table 1).
The data suggest relatively high removal rates for some pollutants, but negative removals for
some bacteria, and fair performance for phosphorus.
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Table 1 Grassed swale pollutant removal efficiency data

Removal Efficiencies (% Removal)

Study TSS| TP | TN | Ny Metals Bacteria Type

Caltrans 2002 77 8 67 GG 83-90 -33 dry swales
Goldberg 1993 67.8| 4.5 - 314 42—62 -100 grassed channel
%Zigﬁg:;:?}?gﬂ;;hg?;n 60 | 45 - -2 2 16 25 grassed channel
gi;iig:;%?ﬁiﬁgﬁ;ﬁ;ﬂ 83 | 29 - -2 46 73 25 grassed channel
IWang ct al., 1981 8o - - - 70-80 - dry swale
Dorman ct al., 1989 98 18 - 25 17-81 B dry swale
Harper, 1988 87 83 84 o 88—90 - dry swale
Kercher et al_, 1983 09 | 99 99 g 99 - dry swale
Harper, 1988. 81 17 40 E2 37 69 wet swale

Koon, 1995 67 39 - 3 -35to 6 - 'wet swale

While il is dilficull Lo distinguish belween diflerenl designs based on the small amount of
available data, grassed channels generally have poorer removal rates than wet and dry swales,
although some swales appear Lo exporl soluble phosphorus (Harper, 1988; Koon, 1995). Il is nol
clear why swales export bacteria. One explanation is that bacteria thrive in the warm swale
soils.

Siting Criteria

The suitability of a swale at a site will depend on land use, size of the area serviced, soil type,
slope, imperviousness ol Lthe conlribuling walershec, and dimensions and slope of Lhe swale
system (Schueler et al | 1992). In general, swales can be used to serve areas of less than 10 acres,
wilh slopes no grealer than 5 %. Use ol nalural lopcgraphic lows 1s encouraged and natural
drainage courses should be regarded as significant local resourees to be kept in use (Young et al.,

1996).

Selection Criteria (NCTCOG, 1993)
s Comparable performance to wet basins

m Limited to treating a few acres
m  Availability of water during dry periods to maintain vegelalion
m Sufficient available land area

Research in the Austin area indicates that vegetated controls are effective at removing pollutants
even when dormant. Therefore, irrigation is not required Lo maintain growth during dry
periods, but may be necessary only to prevent the vegetation from dying.
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Vegetated Swale TC-30

The topography of the site should permit the design of a channel with appropriate slope and
cross-sectional area. Site topography may also dictate a need for additional structural controls.
Recommendations for longitudinal slopes range between 2 and 6 percent. Flatter slopes can be
used, if sufficient to provide adequate convevance. Sleep slopes increase [low velocily, decrease
detention time, and may require energy dissipating and grade check. Steep slopes also can be
managed using a series of check dams to terrace the swale and reduce the slope to within
acceptable limits. The use of check dams with swales also promotes infiltration.

Additional Design Guidelines

Most of the design gnidelines adopted for swale design specify a minimum hydraulic residence
time of 9 minutes. This criterion is based on the results of a single study conducted in Seattle,
Washington (Seattle Metro and Washington Department of Ecology, 1992), and is not well
supported. Analysis of the data collected in that study indicates that pollutant removal at a
residence time of 5 minutes was not significanltly different, although there is more variabilily in
that data. Therefore, additional research in the design criteria for swales is needed. Substantial
pollutant removal has also been observed for vegelaled conlrols designed solely [or conveyance
(Barrett et al, 1998); consequently, some flexibility in the design is warranted.

Many design guidelines recommend Lhal grass be frequently mowed to maintain dense coverage
near the ground surface. Recent research (Colwell et al., 2000) has shown mowing frequency or
grass height has little or no effect on pollutant removal.

Summary of Design Recommendations

1) The swale should have a length tkat provides a minimum hydraulic residence time of
al leasl 10 minules. The maximum bollom width should not exceed 10 [eel unless a
dividing berm is provided. The d=pth of flow should not exceed 2/3rds the height of
Lhe grass al the peak ol the waler qualily design slorimn inlensily. The channel slope
should not exceed 2 5%

2) A design grass height of 6 inches 1is recommended.

3) Regardless ol Lhe recommended delenlion lime, the swale should be not less than
100 feet in length

4) The width of the swale should be determined using Manning’s Equation, at the peak
of the design storm, nusing a Manning’s n of 0.25.

5) The swale can be sized as both a treatment facility for the design storm and as a
conveyance syslem Lo pass Lhe peak hydraulic flows of the 100-year storm if it is
located “on-line.” The side slopes should be no steeper than 3:1 (H:V).

6) Roadside ditches should be regarded as significanl polenlial swale/buller strip siles
and should be utilized for this purpose whenever possible. If flow is to be introduced
through curb cuts, place pavemernt slightly above the elevation of the vegetated areas.
Curb cuts should be at least 12 inches wide to prevent elogging.

7) Swales must be vegetated in order to provide adequate treatment of runoff. It is
important to maximize water contact with vegetation and the soil surface. For
general purposes, select fine, close-growing, water-resistant grasses. If possible,
divert runoff (other than necessary irrigalion) during the period of vegelalion
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eslablishment. Where runoll diversion is nol possible, cover graded and seeded
areas with suitable erosion control materials.

Maintenance

The useful life of a vegetated swale system is directly proporlional lo ils mainlenance [requency.
If properly designed and regularly maintained, vegetated swales can last indefinitely. The
mainlenance objeclives [or vegelaled swale syslems include keeping up the hydraulic and
removal efficiency of the channel and maintaining a dense, healthy grass cover.

Mainlenance aclivities should include periodic mowing (with grass never cut shorter than the
design flow depth), weed control, watering during drought conditions, reseeding of bare areas,
and clearing ol debris and blockages. Cullings should be removed from the channel and
disposed in a local composting facility. Accumulated sediment should also be removed
manually to avoid concentrated flows in the swale. The application of fertilizers and pesticides
should be minimal_

Another aspect of a good maintenance plan is repairing damaged areas within a channel. For
example, if the channel develops ruts or holes, it should be repaired utilizing a suitable soil that
is properly tamped and seeded. The grass cover shonld be thick; if it is not, reseed as necessary.
Any standing water removed during the maintenance operation must be disposed to a sanitary
sewer at an approved discharge location. Residuals (e g, silt, grass cuttings) must be disposed
in accordance with local or State requirements. Mainlenance ol grassed swales moslly involves
maintenance of the grass or wetland plant cover. Typical maintenance activities are
summarized below:

m Inspect swales at least twice annually for erosior, damage to vegetation, and sediment and
debris accumulalion prelerably al Lhe end of lhe wel season lo schedule summer
maintenance and before major fall runoff to be sure the swale is ready for winter. However,
addilional inspeclion aller periods ol heavy runoff is desirable. The swale should be checked
for debris and litter, and areas of sediment accumulation.

m  Grass height and mowing frequency may not have a large impact on pollutant removal.
Consequently, mowing may only be necessary once or twice a year for safety or aesthetics or
to suppress weeds and woody vegetation.

m  Trash lends lo accumnulale in swale areas, parlicalarly along highways. The need for litter
removal is determined through periodic inspection, but litter should always be removed
prior lo mowing.

m Sediment accumulating near culverts and in channels should be removed when il builds up
lo 75 mmn (3 in.) al any spol, or covers vegelalion.

m  Regularly inspect swales for pools of standing waler. Swales can become a nuisance due lo
mosquito breeding in standing water if obstructions develop (e.g. debris accumulation,
invasive vegetation) and/or if proper drainage slopes are nol implemenled and mainlained.
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Cost
Construction Cost

Little data is available to estimate the difference in cosl belween various swale designs. One
study (SWRPC, 1991) estimated the construction cost of grassed channels at approximately
$0.25 per ft2. This price does not include design cosls or conlingencies. Brown and Schueler
(1997) estimate these costs at approximately 32 percent of construction costs for most
slormwaler managemenl praclices. For swales, however, these costs would probably be
significantly higher since the construction ccsts are so low compared with other practices. A
more realistic estimate would be a total cost ol approximalely $0.50 per [12, which compares
favorably with other stormwater management practices.
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Table 2 Swale Cost Estimate (SEWRPC, 1991)
Unit Cost Total Cost
Component Unit Extent Low Moderate High Low Moderate High

Mobilization / Swale 1 $107 274 F441 $107 £274 $441
Demobilization-Light

Site Preparation

Clearing®............... Acre 0.5 $2 200 $3,800 $5 400 $1,100 $1,000 $2,700
g;ﬁ;}g‘ -------------- Acre 0.25 $3 800 $5,200 %6 600 $050 $1,300 $1,650
Excavatior? Yd? 372 $2.10 $3.70 $5.30 $781 $1,376 $1,972
Level and Till*....... Yd? 1,210 $0.20 $0.35 $0.50 $242 $424 $605
Sites Development

Salvaged Topsoil 2

Seed, and Mulch'.. Yd 1,210 $0.40 $1.00 $1.60 $484 $1,210 $1,936
SO Yd? 1,210 $1.20 $2.40 $3.60 $1.452 $2,904 $4,356
Subtotal - - - - - $5.116 $0, 388 $13,660
Contingencies Swale 1 25% 25% 25% §1,279 $2,347 $3.415
Total -- K - — -- $6,385 $11,736 $17,075

M:(SEWIW—
Note: Mobilization/demobilization refers to the organization and planning involved in establishing a vegetative swale.

* Swale has a botton width of 1.0 foot, a top width of 10 feet with 1:3 side slopes, and a 1,000-foot length.

® Area cleared = (top width + 10 feet) x swale length.

¢ Area grubbed = (top width x swale length).

"Volume excavated = (0.67 x top width x swale depth) x swale length (parabolic cross-section).

® Area tilled = (top width + 8(swale depth®) x swale length (parabolic cross-section).
3(top width)
' Area seeded = area cleared x 0.5.

8 Area sodded = area cleared x 0.5.
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Table 3 Estimated Maintenance Costs (SEWRPC, 1991)
Swale Size
(Depth and Top Width)
Component Unit Cost 1.5 Foot Depth, One- 3-Foot Depth, 3-Foot Comment
Foot Bottom Width, Bottom Width, 21-Foot
10-Foot Top Width Top Width
Lawn Mowing $0.85 / 1,000 2/ mowing $0.14 /linear foot $0.21 /linear foot Lawn maintenancs area=(top

width + 10 feat) x langth. Mow
eight times per year

General Lawn Care

$0.00 / 1,000 f*/ year

$0.18 ! linear foot

$0.28 ! linear foot

Lawn maintenancs area = (top
width + 10 feet) x length

Swale Debris and Litter
Removal

$0.10 ! linear foot { year

$0.10 /linear foot

$0.10 / linear foot

Grass Reseeding with
Mulch and Fertilizer

$0.30/ yd?

$0.01 /linear foot

$0.01 /linear foot

Aroa rovegetated equals 1%
of lawn maintenance area par
year

Program Administration and
Swale Inspection

$0.15/ linear foot / year,
plus $25 / inspection

$0.15 ! linear foot

$0.15 / linear foot

Inspact four times per year

Total

$0.58 / linear foot

$ 0.75 / linear foot
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Muaintenance Cosl

Caltrans (2002) estimated the expected annual mainlenance cosl for a swale wilh a tribulary
area of approximately 2 ha at approximately $2,700. Since almost all maintenance consists of
mowing, the cost is fundamentally a function of the mowing frequency. Unit costs developed by
SEWRPC are shown in Table 3. In many cases vegetated channels would be used to convey
runoff and would require periodic mowing as well, so there may be little additional cost for the
water quality component. Since essentially all the activities are related to vegetation
management, no special training is required for mainlenance personnel.
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Provide for scour (a) Cross section of swale with check dam.

prodection

Notatlon:

L =Length of swale impoundment area per check dam (fty  (b) Dimensional view of swale impoundment arca.
Dy = Dopth of chack dam (ft)

Ss = Bottom sipe of swala (ft/ft)

W = Top width of check dam {ft}

Wy = Bottom width of check dam {ft)

Zyg3 = Ratio of horizontal to vertical change in swale side slope (ftft)
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as stormwater infrastrueture. Consequently, there is little M  Oiland Grease u
resistance to their use. M Organics A

Legend (Removal Effectiveness)

California Experience
® low B High

Caltrans constructed and monitored three vegetated buffer strips
in southern California and is currently evaluating their A Medium
performance at eight additional sites statewide. These strips were

generally effective in reducing the volume and mass of pollutants

in runoff. Even in the areas where the annual rainfall was only

about 10 inches/yr, the vegetation did not require additional

irrigation. One factor that strongly affected performance was the

presence of large numbers of gophers at most of the southern

California sites. The gophers created earthen mounds, destroyed

vegetation, and generally reduced the effectiveness of the

controls for TSS reduction.

Advantages

m  Buffers require minimal maintenance acl
erosion prevention and mowing).

m If properly designed, vegetated, and oper
provide reliable water quality benefits in
high aesthetic appeal.
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TC-31 Vegetated Buffer Strip

m  Flow characlerislics and vegelalion Lype and densily can be closely controlled Lo maximize
BMP effectiveness.

m  Roadside shoulders act as effective buffer strips when slope and length meet criteria
deseribed below.

Limitations
m May not be appropriate for industrial sites or locations where spills may occur.

m  Buffer strips cannot treat a very large drainage area.
m A thick vegetative cover is needed for these practices to function properly.

m  Buller or vegelative filter length musl be adequate and flow characteristics acceptable or
water quality performance can be severely limited.

m  Vegetative buffers may not provide treatment for dissolved constituents except to the extent
that flows across the vegetated surface are infiltrated into the soil profile.

m  This technology does not provide significant attenuation of the increased volume and flow
rale ol runofl during inlense rain events.

Design and Sizing Guidelines

m  Maximum length (in the direetion of flow towards the buller) of the tribulary area should be
00 feet.

m  Slopes should not exceed 15%.

m  Minimum length (in direction of flow) is 15 feet.

m  Width should be the same as the tributary area.

m  Eilher grass or a diverse selection of other low growing, drought lolerant, nalive vegelalion
should be specified. Vegetation whose growing scason corresponds to the wet season is

prelerred.

Construction/Inspection Considerations
m Include directions in the specifications for use of appropriate fertilizer and soil amendments

based on soil properlies delermined Lhrough lesling and compared Lo Lthe needs of Lthe
vegetation requirements.

m Inslall strips al the lime of the year when there is a reasonable chance of successtul
establishment without irrigation; however, it is recognized that rainfall in a given year may
nol be sulficient and lemporary irrigalion may be required.

m Ifsod tiles must be used, they should be placed so Lhal there are no gaps belween Lhe liles;
stagger the ends of the tiles to prevent the formation of channels along the strip.

m  Use a roller on Lhe sod Lo ensure Lhal no air pockets form between the sod and the soil.
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m  Where seeds are used, erosion controls will be necessary Lo prolecl seeds [or al least 75 days
after the first rainfall of the season.

Performance

Vegetated buffer strips tend to provide somewhal beller Lrealinent of stlormwaler runoll than
swales and have fewer tendencies for channelization or erosion. Table 1 documents the pollutant
removal observed in a recenl study by Callrans (2002) based on three siles in southern
California. The column labeled “Significance” is the probability that the mean influent and
ellluent EMCs are nol signilicanlly dilferent based on an analysis of variance.

The removal of sediment and dissolved metals was comparable to that observed in much more
complex controls. Reduction in nilrogen was not significant and all of the sites exported
phosphorus for the entire study period. This may have been the result of using salt grass, a warm
weather species that is dormant during the wet season, and which leaches phosphorus when
dormant.

Another Caltrans study (unpublished) of vegetated highway shoulders as buffer strips also found
substantial reductions often within a very short distance of the edge of pavement. Figure 1
presents a box and whisker plot of the concentrations of TSS in highway runoff after traveling
various distances (shown in meters) through a vegetated filter strip with a slope of about 10%.
One can see that the T'SS median concentration reaches an irredueible minimum conecentration
of about 20 mg/L within 5 meters of the pavement edge.

Table 1 Pollutant Reduction in a Vegetated Buffer Strip

Mean EMC
Constituent Influent Efflv
(mng/L) (g
TSS 119 q
NO;-N 0.67 0.
TEN-N 2.50 2.
Total N 3.17 o
Dissolved P 0.15 0.-
Total P 0.42 0.
Tolal Cu 0.058 0.c
Tolal Pb 0.046 0.C
Total Zn 0.245 0.055 78 £0.000
Dissolved Cu 0.029 0.007 77 0.004
Dissolved Pb 0.004 0.L02 66 0.006
Dissolved Zn 0.099 0.035 65 <0.000
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il may be prudenl Lo follow the strips wilh anolher praclice than can reduce [looding and
channel erosion downstream.

Siting Criteria

The use ol buller strips is limiled Lo genlly sloping areas where the vegetative cover is robust and
diffuse, and where shallow flow characteristics are possible. The practical water quality benefits
can be effectively eliminated with the occurrence of significant erosion or when flow
conecentration oceurs across the vegetated surface. Slopes should not exceed 15 pereent or be less
than 1 percent. The vegetative surface should extenc across the full width of the area being
drained. The upstream boundary of the filter should be located contiguous to the developed
area. Use of a level spreading device (vegetated berm, sawtooth concrete border, rock trench,
ete) to facilitate overland sheet flow is not normally recommended because of maintenance
considerations and the potential for standing water.

Filter strips are applicable in most regions, but are restricled in some silualions because they
consume a large amount of space relative to other practices. Ifilter strips are best suited to
treating runoff from roads and highways, roof downspouts, small parking lots, and pervious
surfaces. They are also ideal components of the "outer zone" of a stream buffer or as
pretreatment to a struetural practice. In arid areas, however, the cost of irrigating the grass on
the practice will most likely outweigh its water quality benefits, although aesthetic
considerations may be sufficient to overcome this constrainl. Filler slrips are generally
impractical in ultra-urban areas where little pervious surface exists.

Some cold waler species, such as Lroul, are sensilive to changes in temperature. While some
treatment practices, such as wet ponds, can warm stormwater substantially, filter strips do not

4ot 8 California Stormwater BMP Handbook January 2003
New Developmenl and Redevelopment
www.cabmphandbooks.com



Vegetated Buffer Strip TC-31

are nol expecled Lo increase slormwaler lemperalures. Thus, these praclices are good for
protection of cold-water streams.

Filter strips should be separated from the ground water by between 2 and 4 ft to prevent
contamination and to ensure that the filter strip does not remain wet between storms.

Additional Design Guidelines

Filter strips appear to be a minimal design practice because they are basically no more than a
grassed slope. In general the slope of the strip should not exceed 15fe% and the strip should be
al leasl 15 [eel long lo provide waler qualily lreatment. Both the top and toe of the slope should
be as flat as possible to encourage sheet flow and prevent erosion. The top of the strip should be
inslalled 2-5 inches below the adjacenl pavement, so that vegetation and sediment accumulation
at the edge of the strip does not prevent runoff from entering.

A major question that remains unresolved is how large the drainage area to a strip can be.
Research has conclusively demonstrated that Lhese are elleclive on roadside shoulders, where
the contributing area is about twice the buffer area. They have also been installed on the
perimeter of large parking lots where they performed fairly effectively; however much lower
slopes may be needed to provide adequate water quality treatment.

The filter area should be densely vegelaled with a mix of erosion-resistant plant species that
effectively bind the soil. Native or adapted grasses, shrubs, and trees are preferred because they
generally require less [erlilizer and are more drought resistant than exotic plants. Runoff flow
velocities should not exceed about 1 fps across the vegetated surface.

For engineered vegetative strips, the facility surface should be graded flat prior to placement of
vegetation. Initial establishment of vegetation requires attentive care including appropriate
watering, fertilization, and prevention of excessive flow across the facility until vegetation
completely covers the area and is well established. Use of a permanent irrigation system may
help provide maximal water quality performance.

In cold climaltes, filler slrips provide a convenienl area for snow slorage and lrealmenlt. Il used
for this purpose, vegetation in the filter strip should be salt-tolerant (e.g., creeping bentgrass),
and a mainlenance schedule should include the removal of sand built up at the bottom of the
slope. In arid or semi-arid climates, designers should specify drought-tolerant grasses to
minimize irrigalion requirements.

Maintenance

Filter strips require mainly vegetation management; therefore little special training is needed
[or mainlenance crews. Typical mmainlenance activities and frequencies include:

m Inspeet strips at least twice annually for erosion or damage to vegetation, preferably at the
end of the wel season Lo schedule summer maintenance and before major fall run-off to be
sure the strip is ready for winter. However, additional inspection after periods of heavy run-
off is most desirable. The strip should be checked for debris and litter and areas of sediment
accumulation.

m  Recent research on biofiltration swales, but likely applicable to strips (Colwell et al_, 2000),
indicates that grass height and mowing frequency have little impact on pollutant removal;
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consequenlly, mowing may only be necessary once or lwice a year [or salely and aeslhelics
or to suppress weeds and woody vegetation.

m ‘Irash tends to accumulate in strip areas, particularly along highways. The need for litter
removal should be determined through periodic inspection but litter should always be
removed prior lo mowing.

m  Regularly inspecl vegelaled buller slrips [or pools of standing water. Vegetated buffer strips
can become a nuisance due to mosquito breedinz in level spreaders (unless designed to
dewater completely in 48-72 hours), in pools of slanding waler il obslruclions develop (e.g.
debris accumulation, invasive vegetation), and/or if proper drainage slopes are not
implemented and maintained.

Cost

Construction Cost

Little data is available on the actual construction costs of filter strips. One rough estimate can be
the cost of seed or sod, which is approximately 30¢ per ft2 for seed or 70¢ per ft2 for sod. This
amounts to between $13,000 and $30,000 per acre of filter strip. This cost is relatively high
compared with other treatment practices. However, the grassed area used as a filter strip may
have been seeded or sodded even il il were nol used for treatment. In these cases, the only
additional cost is the design. Typical maintenance costs are about $350/acre/year (adapted
from SWRPC, 1991). This cost is relatively inexpensive and, again, might overlap with regular
landseape maintenance costs.

The true cost of filter strips is the land they consume. In some situations this land is available as
wasted space beyond back yards or adjacent to roadsides, but this practice is cost-prohibitive
when land prices are high and land could be used for other purposes.

Mamntenance Cosl

Mainlenance of vegelaled buller sirips consisls mainly of vegelalion managemenl (mowing,
irrigation if needed, weeding) and litter removal Cansequently the costs are quite variable

depending on the frequency of these activities and the local labor rate.
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Spreader
designs include gravel trenches, si
(unbadd;cmhs,mudlﬂnpmwmh’
pavement, and stabilized turf strip)

Note: Not to Scale

___________________________________________________________|
BofB California Stormwater BMP Handbook January 2003

New Developmenl and Redevelopment
www.cabmphandbooks.com



evenly along a ponding area. Exfiltration of the stored water in M  Oil and Grease
the bioretention area planting soil into the uaderlying soils M Organics
oceurs over a period of days.

Legend (Removal Effectiveness)
California Experience ® low ®m  High
None documented. Bioretention has been used as a stormwater A  Medium

BMP since 1992. In addition to Prince George's County, MD and
Alexandria, VA, bioretention has been used successfully at urban
and suburban areas in Montgomery County, MD; Ballimore
County, MD; Chesterfield County, VA; Prince William County,
VA; Smith Mountain Lake State Park, VA; and Cary, NC.

Advantages

m  Bioretention provides stormwater treatnient that enhances
the qualily of downslream waler bodies by temporarily
storing runoff in the BMP and releasing 1 C
four days to the reeciving water (FEPA, 19

m  The vegetation provides shade and wind
noise, and improves an area's landscape.

Limitations

m  The bioretention BMP is not recommend
slopes grealer lhan 20% or where malure
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be required since clogging may resull, particularly il the BMP receives runofl with high
sediment loads (EPA, 1999).

m Bioretention is not a suitable BMP at locations where the water table is within 6 feet of the
ground surface and where the surrounding soil stratum is unstable.

m By design, bioretention BMDPs have the potential to create very attractive habitats for
mosquiloes and olher veclors because ol highly organic, often heavily vegetated areas mixed
with shallow water.

m In cold climates the soil may freeze, preventing runoll [rom infiltrating into the planting soil.

Design and Sizing Guidelines
m  The bioretention area should be sized to capture the design storm runoff.

m In areas where the native soil permeability is less than 0.5 in/hr an underdrain should be
provided.

m  Recommended minimum dimensions are 15 feet by 40 feet, although the preferred width is
25, feet. Excavated depth should be 4 feet.

= Arca should drain completely within 72 hours.
m  Approximately 1 tree or shrub per 50 ft2 of bioretention areca should be included.
m  Cover area wilh aboul 3 inches of mulch.

Construction/Inspection Considerations
Bioretention area should not be established until contributing watershed is stabilized.

Performance

Bioretention removes stormwater pollutants through physical and biclogical processes,
including adsorption, filtration, plant uptake, microbial activity, decomposition, sedimentation
and volalilizalion (EPA, 1999). Adsorplion is Lhe process whereby particulate pollutants attach
to soil (e g, clay) or vegetation surfaces. Adequate contaet time between the surface and
pollulant must be provided [or in Lhe design of Lthe system for this removal process to occur.
Thus, the infiltration rate of the soils must not exceed those specified in the design eriteria or
pollutant removal may decrease. Pollutants removed by adsorption include metals, phosphorus,
and hydrocarbons. Filtration oceurs as runoff passes through the bioretention area media, such
as the sand bed, ground cover, and planting soil.

Common particulates removed from stormwater include particulate organic matter,
phosphorus, and suspended solids. Biological processes that occur in wetlands result in
pollutant uptake by plants and microorganisms in the soil. Plant growth is sustained by the
uptake of nutrients from the soils, with woody plants locking up these nutrients through the
seasons. Microbial activity within the soil also contribules Lo lhe removal ol nilrogen and
organic matter. Nitrogen is removed by nitrifying and denitrifying bacteria, while aerobic
bacteria are responsible for the decomposition of the organic matter. Microbial processes
require oxygen and can result in depleted oxygen levels if the bioretention area is not adequately
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aeraled. Sedimentlalion occurs in Lthe swale or ponding area as the velocily slows and solids [all
out of suspension.

The removal effectiveness of bioretention has been studied during field and laboratory studies
conducted by the University of Maryland (Davis et al, 1998). During these experiments,
synthetic stormwater runoff was pumped through several laboratory and field bioretention areas
to simulate typical storm events in Prince George's County, MD. Removal rates for heavy metals
and nutrients are shown in Table 1.

Table 1 Laboratory and Estimated
Bioretention Davis et al. (1998);
PGDER (1993)

Pollutant Removal Rate

Tolal Phosphorus 70-83%

Metals (Cu, Zn, Pb) 9:3-98%

TKN 68-80%

Tolal Suspended Solids 00%

Organics 90%

Bacteria 90%

Results for both the laboratory and field experiments were similar for each of the pollutants
analyzed. Doubling or halving the influent pollutant levels had little effect on the effluent
pollutants concentrations (Davis et al, 1998)

The microbial activity and plant uptake occurring in the bioretention area will likely result in
higher removal rates than those determined for infiltration BMPs.

Siting Criteria

Bioretention BMPs are generally used to trezt stormwater from impervious surfaces at
commercial, residential, and industrial areas (EPA, 1999). Implementation of bioretention for
slormwaler managemenl is ideal [or median strips, parking lot islands, and swales. Moreover,
the runoff in these areas can be designed to cither divert directly into the bioretention area or
convey into the bioretention area by a curb and gutter collection system.

The best location for bioretention areas is upland from inlets that receive sheet flow from graded
areas and at areas that will be excavated (EPA, 1999). In order to maximize treatment
effectiveness, the site must be graded in such a way that minimizes erosive conditions as sheet
flow is conveyed to the treatment area. Locations where a bioretention area can be readily
incorporated into the site plan without further environmental damage are preferred.
Furthermore, to effectively minimize sediment loading in the treatment area, bioretention only
should be used in stabilized drainage areas.
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Additional Design Guidelines

The layout of the bioretention area is determined afler sile constrainls such as localtion of
utilities, underlying soils, existing vegetation, and drainage are considered (EPA, 1999). Sites
with loamy sand soils are especially appropriate for bioretention because the excavated soil can
be backfilled and used as the planting soil, thus eliminating the cost of importing planting soil.

The use of biorelention may nol be [easible given an unstable surrounding soil stratum, soils
with clay content greater than 25 percent, a site with slopes greater than 20 pereent, and/or a
sile wilh malure trees thal would be removed during construction of the BMP.

Bioretention can be designed to be off-line or on-lin= of the existing drainage system (EPA,
1999). The drainage area [or a biorelenlion area should be between 0.1 and 0.4 hectares (0.25
and 1.0 acres). Larger drainage areas may require multiple bioretention areas. Furthermore,
the maximum drainage area for a bioretention area is determined by the expected rainfall
intensity and runoff rate. Stabilized areas may erod= when velocities are greater than 5 feet per
second (1.5 meter per second). The designer should determine the potential for erosive
conditions at the site.

The size of the bioretention area, which is a function of the drainage area and the runoff
generated from the area is sized to capture the water qualily volume.

The recommended minimum dimensions of the bioretention area are 15 feet (4.6 meters) wide
by 40 feel (12.2 melers) long, where the minimuin width allows enough space for a dense,
randomly-distributed area of trees and shrubs to become established. Thus replicating a natural
foresl and crealing a microclimale, thereby enabling the bioretention area to tolerate the effects
of heat stress, acid rain, runoff pollutants, and insect and disease infestations which landscaped
areas in urban sellings lypically are unable Lo lolerale. The prelerred widlh is 25 feel (7.6
meters), with a length of twice the width. Essentially, any facilities wider than 20 feet (6.1
melers) should be lwice as long as Lhey are wide, which promeotes the distribution of flow and
decreases the chances of coneentrated flow.

In order to provide adequate storage and prevent water from standing for excessive periods of
time the ponding depth of the bioretention area should not exceed 6 inches (15 centimeters).
Water should not be left to stand for more than 72 hours. A restriction on the type of plants that
can be used may be necessary due to some plants’ wuler inlolerance. Furlhermore, il waler is
left standing for longer than 72 hours mosquitoes and other insects may start to breed.

The appropriate planting soil should be backfilled ir:to the excavated bioretention area. Planting
soils should be sandy loam, loamy sand, or loam texture with a clay content ranging from 10 to
25 percenl.

Generally the soil should have infiltration rates greater than 0.5 inches (1.25 centimeters) per
hour, which is lypical of sandy loaims, loamy sands, or loams. The pH of the soil should range
between 5.5 and 6.5, where pollutants such as organic nitrogen and phosphorus can be adsorbed
by the soil and microbial activity can flourish. Additional requirements for the planting soil
include a 1.5 to 3 percent organic content and a maximum 500 ppm concentration of soluble
salts.
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Soil tests should be performed [or every 500 cubic yards (382 cubic melers) of planling soil,
with the exception of pH and organic content tests, which are required only once per
biorelenlion area (EPA, 1999). Planling soil should be 4 inches (10.1 centimeters) deeper than
the bottom of the largest root ball and 4 feet (1.2 meters) altogether. This depth will provide
adequate soil for the plants’ root systems to become eslablished, prevenl planl damage due Lo
severe wind, and provide adequate moisture capacity. Most sites will require excavation in
order Lo oblain lhe recommended depth.

Planting soil depths of greater than 4 feet (1.2 meters) may require additional construction
praclices such as shoring measures (EPA, 1999). Planting soil should be placed in 18 inches or
greater lifts and lightly compacted until the desired depth is reached. Since high eanopy trees
may be deslroyed during mainlenance the bioretention area should be vegetated to resemble a
terrestrial forest community ecosystem that is dominated by understory trees. Three species
each of both trees and shrubs are recommended to be planted at a rate of 2500 trees and shrubs
per hectare (1000 per acre). For instanee, a 15 foot (4.6 meter) by 40 foot (12.2 meter)
bioretention area (600 square feet or 55.75 square meters) would require 14 trees and shrubs.
The shrub-to-tree ratio should be 2:1to 371,

Trees and shrubs should be planted when conditions are favorable. Vegetation should be
watered at the end of each day for fourteen days following its planting. Plant species tolerant of
pollutant loads and varying wet and dry conditions should be used in the bioretention area.

The designer should assess aeslhelics, sile layout, and maintenance requirements when
selecting plant species. Adjacent non-native invasive species should be identified and the
designer should lake measures, such as providing a soil breach to eliminate the threat of these
species invading the bioretention area. Reginnal landscaping manuals should be consulted to
ensure Lhal the planting ol the biorelenlion area meels Lhe landscaping requirements
established by the local authorities. The designers should evaluate the best placement of
vegelation wilhin Lhe biorelenlion area. Plants should be placed at irregular intervals to
replicate a natural forest. Trees should be placed on the perimeter of the area to provide shade
and shelter from the wind. Trees and shrubs can be sheltered from damaging flows if they are
placed away from the path of the incoming mnoff. In cold climates, species that are more
tolerant to cold winds, such as evergreens, should be placed in windier areas of the site.

Following placement of the trees and shrubs, Lhe ground cover and/or mulch should be
established. Ground cover such as grasses or legumes can be planted at the beginning of the
growing season. Mulch should be placed immediately after trees and shrubs are planted. Two
to 3 inches (5 to 7.6 cm) of commercially-avzilable fine shredded hardwood mulch or shredded
hardwood chips should be applied to the biorelenlion area lo prolect from erosion.

Maintenance

The primary maintenance requirement for bioretention areas is that of inspection and repair or
replacement of the treatment area's components. Generally, this involves nothing more than the
routine periodic maintenance that is required of any landscaped area. Plants that are
appropriate for the site, climatie, and watering condilions should be selecled [or use in Lhe
bioretention cell. Appropriately selected plants will aide in reducing fertilizer, pesticide, water,
and overall maintenance requirements. Biorelenlion syslem components should blend over
time through plant and root growth, organic decomposition, and the development of a natural
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TC-32 Bioretention

soil horizon. These biologic and physical processes over lime will lenglhen the [acilily's lile span
and reduce the need for extensive maintenance.

Routine maintenance should include a biannual health evaluation of the trees and shrubs and
subsequent removal of any dead or discased vegetation (EPA, 1999). Diseased vegetation
should be treated as needed using preventative and low-toxic measures to the extent possible.
BMPs have the potential to ereate very attractive habitats for mosquitocs and other vectors
because of highly organic, often heavily vegetated areas mixed with shallow water. Routine
inspections for areas of standing water within the BMP and corrective measures to restore
proper infiltralion rales are necessary Lo prevenl creating mosquito and other vector habitat. In
addition, bioretention BMPs are susceptible to invasion by aggressive plant species such as
callails, which increase Lhe chances of waler slanding and subsequent vector production if not
routinely maintained.

In order to maintain the treatment area’s appearance it may be necessary to prune and weed.
Furthermore, mulch replacement is suggested when erosion is evidenl or when Lhe sile begins Lo
look unattractive. Specifically, the entire area may require mulch replacement every two to
three years, although spot mulching may be sufficient when there are random void areas. Mulch
replacement should be done prior to the start of the wet season.

New Jersey's Department of Environmenlal Proleclzon states in their bioretention systems
standards that acecnmulated sediment and debris removal (especially at the inflow point) will
normally be the primary mainlenance [unclion. Oller potential tasks include replacement of
dead vegetation, soil pH regulation, erosion repair at inflow points, mulch replenishment,
unclogging the underdrain, and repairing overf{low structures. There is also the possibility that
the cation exchange capacity of the soils in the cell will be significantly reduced over time.
Depending on pollulant loads, soils may need Lo be replaced wilhin 5-10 years ol conslruction
(LID, 2000).

Cost
Construction Cost

Conslruction cosl eslimales [or a biorelenlion area are slightly greater than those [or the
required landscaping for a new development (EPA, 1999). A general rule of thumb (Coffman,
1999) is that residential bioretention areas average aboul $3 Lo $4 per square [vol, depending on
soil conditions and the density and types of plants used  Commercial, industrial and
institutional site costs can range between $10 to $40 per square [ool, based on the need for
control structures, curbing, storm drains and underdrains.

Retrofitting a site typically costs more, averaging $6,500 per bioretention area. The higher costs
are attributed to the demolition of existing concrete._ asphalt, and existing structures and the
replacement of [ill material wilh planling soil. The costs of retrofitting a commercial site in
Maryland, Kettering Development, with 15 bioretention arcas were estimated at $111,600.

In any bioretention area design, the cost of plants veries substantially and can account for a
significant portion of the expenditures. While these cosl eslimales are slighlly grealer than
those of typical landscaping treatment (due to the increased number of plantings, additional soil
excavation, backfill material, use of underdrains etc.), those landscaping expenses Lhal would be
required regardless of the bioretention installation should be subtracted when determining the
net cost.
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Bioretention TC-32

Perhaps ol most imporlance, however, Lhe cosl savings compared Lo Lhe use ol traditional
structural stormwater conveyance systems makes bioretention areas quite attractive financially.
For example, Lhe use of biorelenlion can decrease the cost required for constructing stormwater
conveyance systems at a site. A medical office building in Maryland was able to reduce the
amount of storm drain pipe that was needed [romn 800 Lo 230 [eel - a cosl savings ol $24,000
(PGDER, 1993). And a new residential development spent a total of approximately $100,000
using biorelention cells on each lol inslead of nearly $400,000 [or the lradilional slormwaler
ponds that were originally planned (Rappahanock, ). Also, in residential areas, stormwater
managemeil controls become a parl ol each property owner's landscape, reducing the public
burden to maintain large centralized facilities.

Maintenance Cosl

The operation and maintenance costs for a bioretention facility will be comparable to those of
typical landscaping required for a site. Costs beyond the normal landseaping fees will include
Lhe cosl [or lesling Lhe soils and may include costs for a sand bed and planting soil.
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Attachment 8
Web Soil Survey 2.0 Output for the Project Site







Hydrologic Soil Group—Monterey County, California
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Hydrologic Soil Group—Monterey County, California

MAP LEGEND

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Map Units

Soil Ratings
A

AD
B
B/D

C/D

Od0ooBond

D
Not rated or not available

Political Features
Municipalities
o Cities
|:| Urban Areas

Water Features
Oceans

e Streams and Canals

Transportation
- Rails

Roads
4+ Interstate Highways

-~ US Routes

State Highways

Fon o

Local Roads

Other Roads

MAP INFORMATION

Original soil survey map sheets were prepared at publication scale.
Viewing scale and printing scale, however, may vary from the
original. Please rely on the bar scale on each map sheet for proper
map measurements.

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL: http://websoilsurvey.nrcs.usda.gov
Coordinate System: UTM Zone 10N

This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

Soil Survey Area:
Survey Area Data:

Monterey County, California
Version 7, Dec 10, 2007

Date(s) aerial images were photographed:  5/13/1994

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.

Natural Resources
Conservation Service

Web Soil Survey 2.0

National Cooperative Soil Survey

5/5/2008
Page 2 of 4







Hydrologic Soil Group—Monterey County, California

Hydrologic Soil Group

Hydrologic Soil Group— Summary by Map Unit — Monterey County, California

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI
AaE Alo silty clay, 15 to 30 D 23.2 2.0%
percent slopes
AaF Alo silty clay, 30 to 50 D 102.2 8.8%

percent slopes

AsC Arroyo Seco gravelly B 36.7 3.1%
sandy loam, 5to 9
percent slopes

CcG Cieneba fine gravelly C 467.3 40.0%
sandy loam, 30 to 75
percent slopes

CnC Cropley silty clay,2to9 |D 29.5 2.5%
percent slopes

Fa Fluvents, stony A 121 1.0%

Jc Junipero-Sur complex B 89.5 7.7%

LmF Los Osos clay loam, 30 |C 5.3 0.5%
to 50 percent slopes

LmG Los Osos clay loam, 50 |C 17.2 1.5%
to 75 percent slopes

MaE McCoy clay loam, 15to |C 9.0 0.8%
30 percent slopes

PnD Placentia sandy loam, 9 |D 8.0 0.7%
to 15 percent slopes

PnE Placentia sandy loam, 15 | D 11.5 1.0%
to 30 percent slopes

SdF San Benito clay loam, 30 |B 12.6 1.1%
to 50 percent slopes

Sg Santa Lucia-Reliz D 73.7 6.3%
association

SoG Sheridan coarse sandy |B 150.2 12.9%
loam, 30 to 75 percent
slopes

Xd Xerorthents, dissected |D 119.3 10.2%

Totals for Area of Interest (AOI) 1,167.4 100.0%

Natural Resources Web Soil Survey 2.0 5/5/2008

Conservation Service National Cooperative Soil Survey Page 3 of 4



Hydrologic Soil Group—Monterey County, California

Description

Hydrologic soil groups are based on estimates of runoff potential. Soils are
assigned to one of four groups according to the rate of water infiltration when the
soils are not protected by vegetation, are thoroughly wet, and receive precipitation
from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when thoroughly
wet. These consist mainly of deep, well drained to excessively drained sands or
gravelly sands. These soils have a high rate of water transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These
consist chiefly of moderately deep or deep, moderately well drained or well drained
soils that have moderately fine texture to moderately coarse texture. These soils
have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist
chiefly of soils having a layer that impedes the downward movement of water or
soils of moderately fine texture or fine texture. These soils have a slow rate of water
transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when
thoroughly wet. These consist chiefly of clays that have a high shrink-swell
potential, soils that have a high water table, soils that have a claypan or clay layer
at or near the surface, and soils that are shallow over nearly impervious material.
These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is
for drained areas and the second is for undrained areas. Only the soils that in their
natural condition are in group D are assigned to dual classes.

Rating Options
Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified

Tie-break Rule: Lower

Natural Resources Web Soil Survey 2.0 5/5/2008
Conservation Service National Cooperative Soil Survey Page 4 of 4









TECHNICAL MEMORANDUM CH2MHILL

Paraiso Springs Resort - Drainage Analysis and Drainage Plan Comments

PREPAHED FOR: loha Thompson/Thompson Holdings, LLC
PREPARED BY: Meabon Burns, PE (CA Mo, C 71053)/CH2M HILL
COPIES: David Yon Rueden, PE/CH2ZM HILL

File
DATE: May 2, 2012
PROJECT NUNBER: 43483403

The purpose of this Technical Memarandum (TM) is to provide responses to Monterey County Water Resources
Agency (MCWRA) review comments an the Memorandum titled Paralso Springs Resert — Respanse ta Hydrology and
Hydraulic Anclysis and Erosion Controlf Meosures Review Comments dated Qctober 28, 2008, MCWRA Comments
were provided in a letter from Jennifer Badensteiner to Jacqueline Onciano dated Novemnber 24, 2010. A copy of this
Istter is included in Attachment 1 for reference.

Response to Drainage Analysis and Drainage Plan Comments

The comments indicate that MCWRA standard design policy “requires stormwater detention facilities designed to
limit the 100-year post-development runoff rate to the 10-year pre-development runaff rate.” It was further clarified
during a conference call on February 12, 2012 that this standard design policy is for a 2-hour storm event.

This TM presents the preliminary design of a detention basin for the Project that is sized to comply with the MCWRA
standard design policy. A hydrologic analysis was developed to support this preliminary design utilizing data from the
2008 Memorandum.

Hydrologic Analysis

A hydrologic analysis was developed to comply with the MCWRA's standard design policy that the 100-year post-
development runaoff rate must be limited to the 10-year pre-development runcff rate for a 2 hour storm event. This
analysis was canducted using the Rational Method to calculate peak storm runoff

0 = KA

where O is the peak runoff rate, Kis 1.0 in U.5 customanry units, € is the runoff coefficfent, 7 is the average rainfall
intensity for a specific return period and duration {t;), and A is the drainage area {Mays, 2001},

Rainfall intensity, f, was calculated using the equation and data provided on Plate 25 {MCDPW, 1977) for return
periods of 10-vears and 100-years as required by the standard design policy. The duration, also known as time of
concentration (&), used in the rainfall intensity calculations was developed using the US Soil Conservation Service
(3C5) lag equation, which is an empirical equation that requires the longest flow path, SCS curve number [CN), and
average watershed slope as inputs (Mays 2001},

Analysis Resulis

The rasuits of the revised hydrologic analysis are shown below. Calculations are included in Attachment 2.
Supporting docurmnentation for these calculations Is included in Attachment 3 through Attachment 6.

Table 1 summarizes the 10-year pre-development runoff rates by subbasin.
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PARAIGD EPRINGS RES0RT — DRAIWAGE AMALYDIS AND CRAMNAGLE PLAN CT'WMENTS

TAELE 1
1-Year Pre-Development Ruroff Rates
Suphasin C (-} { (infhe) A {acres) Q {cka)
N o 0.33 17.% .4
5 C.41 028 17.8 2.0
' .41 0.29 44.2 4.6
TOTAL 2.0

inshr = inches per hour
cfs = cubic feet per second

Table 2 summarizes the 100-year post-development runoff rates by subbasin.

TAELE 2
10D-Yeor Post-Development Runolf Aates »
Suhbasin C{) i {infhr) A facres) G [ofe)
M 074 0.60 7.5 7.3
s 070 Qs 7.3 7.1
W 0.z 049 44 2 12.4
TOTAL 26.8

in/hr = inches per hour
cls = cubic feet per second

Table 3 compares the runcff voelume that will need to be detained onsite to comply with the MCWRA standard design
policy.

TABLE 3
Onsite Detontion Volume Required for Complianse

Tahle Head 2-Hour Yolume {CF) 2 Hour Volume (MG) 2 Hour Volume {ac-h)
100-year Post-Developmeant 192,740 t.5 4.4

10-year Pre-Development 64,820 &.5 1.5

DiYferonce 127,920 1.0 2.9

CF = cubic feet
MG = millien gallons
ac-ft = acre feat

Based on this analysis, the Project will include a detention basin sized to hold a minimum of 2.9 acre-feet. The
detention basin will be approximately 100 feet by 100 feat at the hottom with side slopes of 2:1 and a depth of 10
feat. The proposed location for the detention basin is shown on the site map in Attachment 3.
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. Hydrologic Analysis Calculations
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Attachment 1
MCWRA Comment Letier







MONTEREY COUNTY

PO B4R 930
SALINAS , CA D002
(3317554660

FAK fE31) 4247910

STREET ALILEYNS

CURTIS ¥ WREERKS §93 BLANGCD CIRCIE
CENERAL MANAGES SALINAYL, CA G390 4450
Movember 24, 2010

Jacqueline Onciano, Planning & Building Services Manager
Mounterey County Resource Management Agency

Platning Depariment

168 W. Aiisal Street, 2 Floor

Salinas, CA 93901

SUBJECT: Paraiso Springs Resort (PLN 040183) Response to Preliminary Eugineering
Reports for Paraiso Het Springs Resort, prepared by CH2MHILL, dated
August 2010,

Dear Ms. Oneiano;

After reviewing the subject reports the Monterey County Water Resowrees Agency {Agency) has
the following comments:

Water Demand

The Estimated Potable Water Demand and Potable Waier Sowurce Technical Memorandim
contained within the subject reports did not include the following assumptions in the water
balance caigulations:

e Pre-projecl water usc and Pre-project recharge
o ost-project water use for the spa [acilily
e Post-project recharpe

The Agency recemmends the Paraiso Springs Resort waler balance tollow the water balance
template prepared for the Omni Subdivision (PC 020344). The revised water balance analyses
should be included DEIR.

Drainage Analyvsis & Drainage Plan

According to the Hydrology and Hydraulic Analpsis and Erosion Control Measures Technicat
Memarandum contained within the subject reports, detention ponds are not proposed and
stormwater ranoff will be mitigated through the use of retention/infiltration facilitics. Therefore,
the project does not comply with the Agency’s standard design policy that requires stormwater
detention facilities designed to limir the 100-year post-development runoft ratc to the 10-year
pre-development rate.




If stormwater retention facilities ate proposed, the design criteria should be approved by the
Agency priot 1o the preparation of the preliminary drainage calculations and preliminary
drainage plan. Additonally, 4 geologic report should be included in the DEIR analyzing the
suitability of subsurface materials for stormwater retention, and the potential impacts to geolagic
hazards should be analyzed.

The memorandum did nat include information regarding the proposcd stormwater retention
desipn criteria, proliminary drainage caleslations, or a preliminary diainage plan. These items
should be included in the DEIR.

Stream Setback

The Draft BIR should include & site plan showing all proposed development setback 50 feet from
fop-gf-hank (us defined in Monterey County Code Chapter 16.16) of the waterconrse referred to
inthe ADEIR as the “Paraiso Springs drainage”. If development is proposed within 50 fect of
the top-gf-bunk, the DEIR should address the two provisions outlined in Chapter 16.16.050K of
the Monterey County Code.

The Agency requests the opportunity to review the water balance analyses, preliminary drainage
analysis, preliminary drainage plan, and the stream sethack plan prior to the release of the DEIR,
If you bave any questions, pleasc fec! free 10 contact me at (831} 755-4860.

ifer Bodensteiner, CFM
Water Resources Hydrologist
Floodplain Management and Development Review Section
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PARAISO SPRINGS RESORT
Pre-Development Subbasin Details

Longest Flow |
Subbasin Area [5F) Area [acres) Path, L (LF} | max Elev | Min Elev : Slope, § (%)

N P 762,317 1750 2,933 . 1310 | 880 7%

5 776,457 17.83 3564 1 1,193 880 8.8%

Y 1,827,175 44.24 3,546 © 1,295 1 1,005 8.2%
Watershed 3,465,549 79.57 !

2. Subbasing are delinested in Attachment3 |
b. Composite CN based on Tahle 8.7.3 (Mays, 2001}, sec Attachment 6




Post- De'.re[opmem Subbasm Details

PARAISO SPRINGS RESORT | e

3. Subbasins are dalmealed in Attachment 3 i

; Lengest Flow Impervious ©
Subbasin?  Area (§F) | Area(acres) | Path, L {LF) fWlax Elevy ; Min Elev |Slope, S {%) CN {SF) {acres] | (% avea)
N . 182,317 izsn | 2333 1110 880 | 7.a% | 8% 1 384320 g2 1 sow
5 i 7Ied457 | 1783 1 3564.00 1393.00 85G.C0 Lo 1 &Y 332 675 7E4 | aaw
¥ 1897175 4424 3781 1315 1085 B2% | 74 | 445100 | 1027 23%
watershad; 3,465,948 I 1257 : — (1162095 | 2688 1 39%

b Compasite CM based on Table 8.7.3 [Mays 2001}, See Attachmenz 64
. Al developed areas are astumgdto be i ious, see Attachment 4

i semed o be !




PARAISO SPRINGS RESORT |

SCS Lag Fquation)

Time of Concentratian (t.} Calculations

. = (100140, 8*[[1000/CN}-9140.7)/(1900*5/0.5)

Tabte 15.2.4 (Viays, 2001]

1G-Year Pre-Development |

'"__Subbaﬁn__

5 (%}

S i

7.8%

_ Subbasin___

100-Yaar Post-Development |-

S (%)

YA

RN -

N 2933 b

— 3,546—"“."

7.8%

B.2%

28




566 Chapter 15 Stermwarer Control: Storm Sewers and Detenlion

In {he rational method cach sewer is designed individually and independently (except for the
computation of sewer flow 1ime) and the caresponding rainfall intensity Jis computed repeatedly

Tor the area drained by the sewer. For u given sowoer, all the different arcas drained by this sewer E"’_!_ci'

have the same §. Thus, as the design progresses wowards e downsiream sewers, the drainage arca
increases and usually the {ime of concentrativn increases accordingly. This increasing ¢, in tum 5Cs
gives u decreasing ( that should be applied 1o the cntire arcn drained by the scwer, vilac
Inlet tirnes, or times of conceniradion for the case of no upsiream scwers, can be computed using EU'S'
a mmmber of mothods, some of which are presented in Table 15,3 4, The longest lime of coneen- C'"S
tration among the dmes for the vardous Qow rowtes in the drainage area iy the erlical time of con- Servi
ceptralion used. —
Semirer:

Tahle 15.2.4  Sumtnary of Tune of Concentration Fomnulas
Meahod and Date Formila for ¢ ¢niin) Remarks

Kirpich (1940} r = 00N7RLYTE -~ 0,385 Developed from $CS data for seven rural busins in Tennesses XA

California Culveris
Practice {{942)

Jzzard [1946)

TFedcral Avialion
Administration

(1970

Kinematic wave
lowmmdas

[Movgadi and Linsley
(1965),

Aron and Erborge
(Y973n

508 g equalien
(U.8, Soil
Conservalion
Service [1973))

L with well-detined channe] and stezp slopes (3% 10 109%:); for
overland flow an conerete or asphalt surfaces multiply 1 by
0.4, fur concrete channets ioultiply by 0.2; no adjustmends for

averland (kyw an bace sl or (lew in roadside ditches.

lengeh af channelfdiich
T headwater to outled, 1t
§ = average watershed slope. fU0L

.‘
I

Essentially e Kupich Tormula; developed from simall mantainons -
basing in California (1.3, Burcau of Reclamation, 1973, 1987), .

6011 QLY
£ = length of longest walcreourse,
1]]

= elevatjon difference hetween
divide and ouatlet, &
: 133 *
[ 41.025;(:}.&1("‘]‘3{;?6][‘ Develaped in laboratory experiments by Boreau of Public :
¢ Boaes for overland flow on roadway and furf surfaces; values
i = rainfall intensily, in'h of e relardunce cou(fivient tange from §.0070 for very smootk
¢ = relucdance coofficiont paverment 1o 0042 for conercte paverment Lo 806 {iy dense
L = lenpth of Mow path, 1 turl; sohution requires Heration; prodoct § mas L shoold be
¥ = shooe of {low path. (U7 < 500, )
= 1811~ €L 0Hg0dH Developed frem aiticld drainage data assembled by the Corp
¢ = rational wethod runodt of Engineers, methodd 15 intended for use on atrlicld drainage
cocflicient prohlems, but has heen used frequently for overland fiow in
G = Jength of avedaud {Tow, [ urbian basing,
F = surihee siope, G
{10 12,
= f)‘)ﬁ% Overland (fow equation developed (rom kinetnaic wave ;m;al
T of surface runet fron developed surfaces; method requires

iteration since both § (raingad] muensity) and £, are unknawn
sueporposition of intensity—duration-frequency curve gives
ditact graphical selution for ¢

L = lenpth of overland flow, f
Monning roughness
cocfficlent

= minlalt ivensiy iy
average overland slope fitfft

I

PP
o

7 O Uy VR
‘ 19005%>

L = hydoaulic leagth of
watershed (lonpest flew
pathy {i

Ci = 5C5 munof{ curve number

F = averaps watershad slops, %

Equation devetoped by SCS from agriculivral warersbed
it has been adapted 10 small wrban basing under 2000 a

found generally pond where aren s completely pavex:_fd!_'
mixed argas it tens 1o pvEResERIAle, st ment 1.'>1ci0l'5.?m
applied 1o cormest for channel improvesient aud impervigd
arzg; the equalon assemes thal ¢, = |7 X basin lag,




PARAISG SPRINGS RESORT

2 year
10 yeari
100 year |

=775 % 1/ sqrt (¢

10-Year Pre-Developm:

From Plate 25 (MCDPW, 1577 |~

Subhasin *ilin/hr)

Rainfall intensity Calculations |

t. (min} .

T

0.33

M L 074

307

Development
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N 11
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228 e e s b — - —

234
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N o8 GV7Y NORTH & CENTRAL MONTEREY COUNTY
Cay TWO YEAR ONE HOUR

RAINFALL INTENSITIES CHART
SCALE: 1" =5.5 MILES

Sebly CHEAIESIE
ROSEH#YOT

LIHLE alkg

\ . ]
NOTE: \0‘9 0.8 05 07 0.6 0.5 0.4 0.5 |

1. Inlansities for paricular lacation in the Scutharn part of the Counly gvaitable from County Surveyors Office,
2. Lonversion Faclors:

Intensity of a 10-year design slomm £quals 2-year design storm tirnes 1.48

Intensity of a 25-year design storm squals 2-vear design storm times 1.73

Inkengity of a 50-year design storm aquals 2-year design starm times 1.2

Intensily of a 100-year design storm equals 2-year design slom times 2.22

3. The maximum Intensity {l;) for storms of various in duration is détermined by the formuia: I = 7.755/ \E in
which variatles are as follows:
It = maximum intensily of storm of t minutes duration
[ = one houwr rainfalt intensity from above char and note 2
t = fime in minules shoest time it takes story runctf to fiow from farhest
point in the drainage arga 1o the peint in guestion
4. Example: Find maximum intensity of 20 minule sterm in Chualar, expecled to occur on the average of
ance in 25 years.
Solution: From charl (.3Mr inlensily Tor 2-year desion slorm,
From note 2, 0.3 times 1.73 equals 0.52"hr the maximum inlensity of a 25-year one hour
design siarm.

Fromnote 3, It = ?.?Siw{; = (7.?5}(0.52);’\5—5 = (190" hr. Therefore, the maximum 20 minute
intensity of a storm that on the average would ocowr onee cvery 25 vears would be 0.90°hr.

| MONTEREY COUNTY  Geo b oF

PLIBL I vt

N STANDARD  DETAILS
A md S s AL _‘-f.:;'--r‘; R Rt
£l d R
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PARAISQ SPRINGS RESORT R
Rational Method

K =1 for US custormary units

| e e T e e | s - o —— 1 e 1

0.41 |10y forest/woodland; steep, over 7%

0.95 10Q-yr Asphaltic

053 |100-yr Fair condition (grass over 50% to 75% of the area); steep, over 7%

i 15.2‘3...[_&3%' 2001]....__. S |
10-Year Pre;ﬂevelé_éﬁ:l:ép_t I i
subbasin ¢ ifinfr) | Afacres)  auets) | -
L 641 033 | W50 . 235 | i
S5 |64 028 | 1783 2,02 L
v 641 ... D26 | 4424 I 4B4 ;
i 500 e e e
100-Year Post-Development _ e
~Subbasin 1% Impervious | Weighted C N
_______ N oo S0% LT O T :
O .+ U N S - e _. R
e ]l 3% 0.63 -
!
% Impervious) * 0.53 : i
Cilingbr) | Atacres)  Qiers) |y

0a7 17.50 NI R
0.56 17.83
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564 Chapler 15 Stenmwaler Contrel: Siormn Sewers and Detendion

Table 15.2.2  Technical licws and Limitations t0 Consider in Storm Sewer Design (continned)

i

Minimum size of pipe 12-2% in (0.3-0.6 m}
Werticud ulignment at manholes: -
Ditferent size pipe Mlach erown of pipe or 80 12 C
85% depth lines i,-’
Sanwe size pipe Minimum of {.1-0.2 fl (0.03-
{.06 m} in invenl drop
Minimum depth of seil cover 122410 {0.3-0.6 m)
Final hydraulic desiga Cheek design for surchiaree and
' Junction losses by using
backwater analysiz !
Location of inlats in sireet whera the allowable
eutter Mlow capacity is exceeded
Serreer Dibinas and Roesner ¢19930 B
15.2.2 Raticnal Method Design
From an engineering viewpaint the design cun be divided inte two main sspects: ranall peediction —
and pipe sizing. The rational method, which can be traced back 1o the mid-ninctcenth centugy, is Teute:
still probably the mast popular method used for the design of storm sewers { Yen and Alean, 1959}, Sonre

Although criticisms bave been raised of its adequacy, and severa other more advanced methods
have heen proposed, the rational method, because of its simplicity, is still in continued use for
sewer desipn when high aceuracy of raneff rate is not essential,

Using the rations] melhod, the storm mooff peak js cstimated by the rationa) formula

@ = KCiA (15.2.1)

where the peak ronott rate G s i fts (m), K is 1.0 in ULS, custarmary units (0.28 for SI unils)
C i5 the runofi’ cosfTicient (Table 15.2.3), i is the averags raindall intensity i in/hy (e from,
imensily-duration freyuency relationships for a specifie teturn period and duration f, il niin, and
A is the ared of the tributary drainage arca in acres (km®, The dutation i taken as the tme of con
ceniration 7. of the drainage ares,

Takle 1523 Runolf Coefficients for Use in the Rationa) Method

Retwn Peviod (years)

Characier of Sorface 2 S i1y 25 50 [[14 306

Develnped
Asphaltic 073 037 08l 0,36 0.94 {0.95
Coucretefroof (75 D& 083 0RO IRLF)

Grass areas (bavns, parks, zie.)
Poer condiiion (grass cover less than 500 of the area)

Flat, (2% (132 {.34 037 040 {44 047

Average, 2-75% 0.37 .40 N4y 046 049 053

Sieep, over 75 {40 043 043 049 052 055
Faiy conditinon {grass cover 50% v 73% of the arew)

Flai, 3-2% 0.25 028 430 43 037 04

Averige, 2-75% 033 0.36 038 042 045 D49

Steep, over 7% 0.37 0.4} 042 G446 049 053
Gernd vonddivion (grass cover larger than 75% af the aren)

Flat, 0-2% 021 023 0as 032 2 (3

Avcrage, 2-74% 029 032 035 039 042 046

Steep, aver 7%




13.2 Stworm Systems 865

Table 15.2.3  Runoll Coeffivients for Use in the Rational Method Ceonriniaa)

Returtt Period {yeary)

Chavacier of Surface 2 5 w2 50 00 500
t Undeveloped
Cultivaied Jand
H Flat, (-2% .31 .34 3o D4b 3 Q47 Q.37
e Average, 279 {135 38 041 044 .44 151 0.60
i Stecp, over 7% . (.39 042 044 048 0351 0.54 061
t Pasturefrange
Flat, p-2% 025 028 030 034 037 04l 053
Average, 2-7% .33 036 .38 042 fhAS 049 .59
: Steep, over 7% 0.37 BN 42 046 049 (.53 .60
—— 3
I Foare sliwoodlands
{ Flat, 0-2% .10 .23 028 B3k 835 0.39 .48
; Avctipe, 2-74% 0.31 0.33 D26 040 043 047 054
: Steep, over 76 0.35 139 04l 03 0,48 .52 {158
o ; Now: The values in the table are the stndaids used by the City of Austin, Tenas.
is
) : Source: Chow, Maidmenr, and Mawvs (1988),
«ls | L .
or i T wrhan arcas, the drainage arca usaally consists of subareus or subealchmenrs of substantially
: ditferent surface clharacteristics, As & regull, o composite analysis is required that muse ke intg
! accownt dhe vavious surface characteristics, The areas of he sabcatchinenis are denoted by A and
i the nmolf cecthicients for each subcatchment are deneoted by C. Then the peak vnoff is computed
A3 : using the following farm of the rational Tonnula:
g), »: I
m e Q= Ky A {15.2.2)
nd ’_:% ’ #21
- :@'- where in is the number of subeatchiients drained Ity & suwar

The rednfedt incensiry § s U average voinlsl rate considered [or a particular drainage basin or
subbasin. The intensily is selected on the basis of desian eainfall duration and deaign frequengy of
oveurrence. The design duraion is equal to the time of concenivation for rhe drainage area under
consideration. The frequency of oreurrence is a statistical variable that is establishod by design
standaeds o chusen by the engincer as a design paramuter.

The fime of concentration 1, vged in the rational wethad s the time associated with the peak
tunoff from the witershed 1o the point of interest. Runoft from 4 watershed ustlly reaches a peak
at the lime when the entire watershod s contribuiing; in this case, the time of conceutration is the
time for a drop of water to Dow from e remalest point in (the watershed io 1he point of intcresl.
Runofi may reach a peak prior to the tinte the cntire watershed s comtributing. A triai-and-error
pracedure ean be used to determing the critical time of concentration. The time of concentration
Lo any point in 3 stovn dranage system s the sum of the ikt tme 7, and the flow dme toin the
upstream scwers conpected (o the calchmeant, that s,

o=y +t, (1523
where the Naw Hime is
“r’r
;IZZ.F {15.2.4)
]

where L s the leagth of the jh pipe along ihe Gow path in it (a) and ¥ iz the average flow veloe-
iy i the pipe in £t {mis) The inlet time iy is the longest tme of overland Now of water in 3
catchment 1o reach the storm sewer inlet draining the catchment.




PARAISO SPRINGS RESORT
Runoff Rates and Volumes_

G {cF/hr)

*Return Period Q {cfs) 2 hour (CF} 2 hour {MG} 2 hgl:u{ac-ft]
100-Yeor Post-Development 26,77 96,370 | 192,739 = 144 442
10-Year Pre-Development 900 32411 | 64822 048 143

Differance 12,77

63,959

127,917 0.95 2.94




Attachment 3
Project Site Map and Subbasin Delineation
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Attachment 4
Proposed Developed Area Calculations
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Hydrolonie Soil Graup—Monlerey County, California Paraisa Springs Resort

Hydrologic Soil Group

Hydrolagie Soil Group— Sunmary by Map Unit — Monterey County, California [CAQ53)

Map unit symbol $ap unit name Rating Acros in AQI 1 Parcent of A0§
. BsG Arrayn Seco gravelly sandy loam, S5tod B 17.8 19.3%
: percent slopes i :
E.CnC Crapfey sty clay, 2 ta 8 percenl slopes b 25.3 | 27.5% |

Fluvents, stony A 11.0 11.9%
P . R e e e e R .._......_.___!._....... oo . .
f_Jc Junipero-Sur complex B 2.6 2.8%
fLmG Log Osas clay [pam, 50 to 78 percent » 41 4.5%
slopes
PrO Flacentia sandy laarm, 8 W 15 parcent M) 8.0 8.T%
; slopes :
PRE Placentia sandy loam, 15 to 30 persent ID 0.4 0.4%
: slOpes !
Xd Yerorthenls, dissected o : 23.0 24.9%
" Totals far Area of Interast § 52.2 100,0%
G304 Natural Resources " inteb Sail Survey 51212012

Consarvation Service Maticnal Caoparalive Soil Survey Page 3 o0i 4



Hydrologre Soil Graup—Montaray Goundy, Calfornra Paraise Springs Resart

Description

Hydralogic soil groups are basad on estimates of runoff potential. Scils are
assigned {o one of four groups according to the rate of water infiltration when the
sqils are not protected by vegetation, are thoroughly wet, and receive precipitation
fram long-duration atorms.

The soils in the United States are assigned to four grouns (A, B, G, and D) and
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Solls having & high infiltration rate {(low runoff potentialy when tharoughly
wet, These consist mainly of deep, well drained to excessively drained sands or
gravelly sands. These soils have a high rata of water transmission.

Group B, Soils having a moderate infiltration rate when thoroughly wet. These
consist chisfly of moderately deep or deep, moderately well drained orwall drained
goils that have moderately fine texdure to moderately coarse texiure. These soils
have a moderate rate of water trangmission.

Group C, Soils having a slow infiltration rate when thoroughly wet. These consist
chiefly of soils having a layer that impedes the downward movement of water or
soils of moderately fine texture or fine texture. These soils have a slow rate of water
transmission.

Group D. Soils having a very slow infitration rate {high runoff potential) when
thoroughly wet. Theae consist chiefly of clays that have a high shrink-swell
polential, soils that have a high water table, sails that have a claypan or clay layer
at or near the surface, and soils that are shallow over nearly impervious material,
Thesa soils have a very slow rate of water transmission.

If & soil is assigned to a dual hydrologic group {A/D, B/D, or C/D), the Tirst [atter is
for drained areas and the second is for undrained areas. Only the soils that in thelr
natural condition are in group D are assigned ta dual classes.

Rating Options
Agaregation Method: Dominant Condition

Component Percant Culoff.  None Specified
Tia-break Rula: Higher

154 Hatural Resources Web Sail Survey BAeOA2
Conservation Service Malional Cooperalive Sail Survey Fage < of 4



Attachment 6
Composite Curve Number Calculations
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8.7 Curve Mumber Esimation an Abstractions 263

The valees of O Tor various land uses on these soid tvpes are given in Table 8.7.5. For a water-
shued srade up of several soil types and fand uses, o composite TN can be calouduiad,
tinirmuny nliluation rates for the various soil groups are

Chratg Mizirunn fafitiraiion Raee (infe}
A 120 - 0.45
B 013 030
» 0 - 003

Table §.7.3  Ruualf Corve Nugbers (Average Watershed Condinon, T = .25

Curve Numbers for
Hydrabogic Sail Group

Land tlse Doseviption A B oD

Fully deveciaped urban areas® {vegetation extublisbed)
Lawnsy, open spaces, parks, galf courses, cemeterics. ele.

Good rondiion: grass cover on T5% or move of the area o4l T
. Fair condilion;, geess cover ou 500 1o 75% of the arca 45 B9 T B4
. Paor condiion: grass cover on 50% or luss of the orea G 79 B HO
Paved packing lots. roofs, driveways. ete, YR 98 938 a9H
Sueets and roads
Paved with cwbs and storm sewers 9% 88 9% U8
Ciravel ThoOB5 R0 9l
Din - T2 OB 8T RD
Pawed widy open dilehes A} B9 ur ui
Avcrage B imperviouns
Commergial amd business areas g5 o9 M ul
LndustTal chstricts 72 #  B® 91 o3
Rorw Bouses, 1w hovses, and residential G5 JTO8F A vl
with tor sizes 1/8 acre or Jess
Resigentind; averags kol sixe
14 acre 38 6l I8 81 ®Y
V1 aoie 30 sTT HBEOB6
142 aciw 15 54 0 B0 85
i acre i) 1 npR TS B4
2 aere 13 46 03 7T B2
Developing urban ovens® (s vepetation csibdishad)
Mewly praded area OB ik
Cover
s vdrolegic
Land Use Trewment of Practiow Condition!
Culyvated spricullural ko
Fallow Suaigin row o869t
Conservation Lllage Paoor TGOBS G 9%
Constrvation tillage Cloenl T4 #3 B 80
Raw crops Stranedn yow Pror 7281 8% Gy
Sirnglt row Good Y A 1 TS T
Conservation village Poor THH} By W0

Conservation tllage CGiod 64 75 8I 8%




266 Chapter 8 Surface RunalT

Tabie 7.3 Runoff Curve Numbers (oaninned)

Curve Numbers {or

Caover Hydralogic Sail Group
Hydralogic

Land Use Treativent of Practice Condition® A B C 3]
Contoured Poor 00T 834 B8

Confoursd Good 63 13 82 86

Contoured and comservition Paoty [ S R Y

titlags Civorl 64 T4 BF R3

Contoured and tamaces Paur 86 T4 R0 82

Contoured and lerraaes Gioad 62 70 T8 %l

Contourac and wrruces Paor 65 T3 1T #1

and conservaiion Ltlage Goad 8] M T 30

Small graia Straight row Paor 65 76 84 &8
Straiph row Good 3 75 BY 67

Conservation lillage Poor 64 TA A 1]

Conservalion tillage Cood o0 T a0 &

Comoured Poor 63 74 81 #5

Comtoursd Craod &1 73 R d

Comoured and conservation Poot 62 13 41 R4

litlage Good 63 72 %0 B3

Contoured and {erraces Fuoor 6l 72 T B2

Contoured and 1erraces Crond 59 Wy 78 Bl

Comtoured aud 1206ages Poor an o 71 TR Bl

and conservanon tillage ~ Cowd 5% 8% 7T A0

Close-seeded Straight row Pous a6 77 B3 89
leprncs or Strulghl row Good 58 M 31 85
rolation meadew® Contoured Poor e 75 Ay ES
Cetloured Guood 55 o9 T8 E3

Cotoued awd 1wnaces Poor fy 73 8D B3

Contoured and lemaces Ciomd 51 67 18 B0

Noeneulivated agricultural

land Paslyre or range Mo meeianicat treatment Poor 68 T 85 BG
Mo mechanical treaimient Fair ELT R L . L

No mechanical treoiment Gand w61 T 80

Conouied Poasw 31 &7 A1 48

Conlaured Fair dn 3 i3 A

Contoured Giood 6 3™ W M

Meadow — W o5 7 I8
Forestland—grass or Paor 58 13 R2 &6
orchards—evergreen or Fair 44 a5 7 82
deciducus Good 32 5% 72 0T9
Brush Boor 48 &7 TT 83
Goad Mo48 e85 T3

Whoads Poor 45 &6 17 33
Fair w60 I3 7%

Gouod 25 55 1w M

Farmstenls — 59 74 g2 B
Foresi-range :
Herhpcaos Poor 19 Ha 52
Fair 71 &) B

Cood ol 74 84







8.7 Cueve Number Estimation und Absiractions 267

Table 8.7.3  Runoil Curve Nunbers (contfitued}

Cupve Mumbers for

Cover Hydiafoie Soil Cronp
Hydralogiv
Land Use Teaatment of Pry Condigion® A B ¥

Ouk-aspen Poor 63 4
Fair 4757

t Goed i 4l
Tuniper-grass Poor 283
Fair 53 73

Goad 41 &l

Sage-grass Paoos &7 &0
Fair S 63

Ciond 35 48

* For tand wses with impecvious dreus. curve numbers ane conmputed amsuning that 100% ol ol srony impervions
aras is direcdy connected w the dosimege sysiem. Pervions aeeas lewn) aie qupsidercd wbe cquivadent 1w luwhs in
pood conditian mnd the imparuious areas iave o CA of 98

b il piovesd streets.

* Usie o the ddenizn of temparary weasares during grading and consiection. Dngrersiows mepercent o arban ares
unidder develogmiend vary coasiderably. The user will determine the peccent impervioos. Then wsng the newly wraded
area OM anid Figore §.7, 10 or b ahe composite O St e conipted (0 oy digred of duvelmpmen,
* For eomseryation 1ilage peor hydrologic venditon. 5% 1o 209 af the surfue is coverad with residue tess dhan 750-
Msfucrs ponw Grops er I00-IbAicre small graing.

For conservasion tillage gond hydrologic oomditon, nene than 2068 of the sirsen i covered with nesidue {grauer
U 50 Ibvaere row crops o 300-1b/acra amall grada
¢ Closg-diilled or broudeast.

Faor nopcubivated agricudturad Jangd:

Fase hiyedrodogie condition Aas less thal 25% sronnd vever dunsity.

Fair hydrelogic cosgition his botween 25% and 3058 ground cover dansity.
Lined hydrologic condition bas more thas 505 groand cover density,

For furost-range:

Poor bendrologic condition has lest tan 306 geomd caver densdty,

Fair hydralogic condition has berween 305 auh 70% gronmed cover deisily,
Giond hydrolegic colleition lim: mion Qun 708 sround caver dessily.

Sewree: LS, Depeiment of Agricabiuee Sl Consenation Service | 19586).

3  Curve Numbers

Table 87,3 givey the curve aumbers for avezage watershed conditions. 1, = 0.28, and antecedent
moistite condition L For warersheds consisting of several subcatelunents with cifferent N5, the
area-averuged composite CN cin be compured for the entire watershed. This anabysis assumes that
the Impervious areas are direcly conngered 1o the watershed drainoge systen {Figure 8.7.1a). 11
the pereent imperviowsness is difforent fiom the valae listed in Table 8.7.3 o if the impervions
arcus are not directly connected, then Figures 8.7, 1o or b, respeclively can be used, The pervions
O used dn these figures is equivatent o the open-space O in Table §.7.3. 1§ the winl imperviops
arzd is less than 30 percent, Figure 8,700 15 used to obtaln o composite GV, For naturad dasent
landscaping and newly praded areas, Table 8.7.3 gives only the O far pervigus s,



TECHNICAL MENORANDUM CHZ2MHILL-

Paraiso Springs Resort (PLN 040183) - Stream Setback Plan

FREPARED FOR: John Thompsen/Thompson
Holdings, LLC
coPY TO: file
PREPARED BY: David Van Rueden P.E. {#26428)/CH2ZMHILL
DATE: April 20, 2012

PROJECT NUMBER: 434834

Introduction

This Technical Memorandum {TM} is in response to a request from the Monterey County Water Resources Agency
(MCWRA), as outlined in their Novernber 24, 2010 letter to Jacqueline Onciapo/Planning Department, regarding
development setback from the Paraiso Springs watercourse. The subject watercourse is an unnamed intermittent
drainage swale/stream that traverses the Project site, from west to east. Please refer to the Paroiso Springs
Resort — Response to Hydralogy and Hydraulic Anafysis and Ergsian Cantrol Measures Review Camments Technical
Memorandum, prepared by CH2ZMHILL and dated October 28, 2008, for additional information ahout this
drainage feature,

Watercourse Setback Delineation

Monterey County Code Chapter 16.16.050K specifies a 30-foot setback from a watercourse for all proposed
development. Please see the attached Site Plan (& pages total) for an annotated map showing approximate
watercourse top-of-hank locations, and the 50-foot setback line on either side of the watercourse. Please note
that the tap-of-bank has been delineated using aerial topography. The watercourse is not clearly defined along its
entire length throughout the Profect site, because at several locations, it is currently confined to cubverts. This
analysis only focused on porticns of the development where a defined channel exists. All of the existing culverts
will be removed from the watercourse as part of the Project.

As shown on the attached Site Plan, the proposed development would encroach into the 50-foot setback zone at
several locations. Therefore, we have analyzed the significant encroachments relative to the two provisions
outlined in the previously-noted County Code. The locations studied are labeled on the Site Plan as Sections A-A,
B-0 and C-C. Section A-A is representative of the setback encroachment from time-share-condaminiums near the
downstream end of the watercourse. Section B-B is located near the center of the development, where Hotel
units encroach into the sethack zone. Section C-C is located further upstream and indicative of the setback
encroachment from the proposed spa and fitness facilities.

Watercourse Capacity

Provision 1 of County Code Chapter 16.15.050K requires that development within a setback zone not significantiy
reduce capacity of an existing watercourse, nor otherwise adversely affect other properties.

The capacity of the existing watercourse was initiatly evaluated by CH2ZMHILL and summarized in the TM entitled
Paraiso Springs Resort: Existing Hydrologic and Hydraulic Site Canditions, dated July 15, 2005. This document

TH_STREAMSETACAPLEN 1
COPYRIGHT 20HE BY ChIM HILL NG COMPANY CONFDENTA_



TARAISO SPRINGE REEORT {FLK C40183F = STREAM SSTEACK PLAN

described the flow capacity of the existing watercourse as approximately 4,000 cfs. This capacity exceeded the
approximately 400 cfs of runoff from a 100-yr storm event. Subseguently, CHZMHILL re-evaluated the watershed
using a more accurate HEC-HMS model and documented the post-Project 100-yr runoff rate as 316 cfs, in their
2008 TM. Based on the previous analysis and the information presented in the following section, the existing
watercourse should have adequate capacity to covey the anticipated 100-yr post-project flow rate. The proposed
development will not constrict or significantly reduce the existing watercourse capacity. No adverse impacts on
other properties are anticipated by the proposed development.

Erosion Protection

Provision 2 of County Code Chapter 16.16.050K reguires that the new development be safe from flow related
erosion and not cause erosion hazards.

To address this issue, we propose to use Rock Slope Protection (RSP in the watercourse, at all lacations where
building or critical roadway construction would encroach into the 50-foot setback zone. Please refer to the
attached typical watercourse sections A-A, B-B and C-C for conceptual RSP installation details 2t critical Project
locations. The canceptual RSP design is based upan the Califarnia Bank and Share Rock Slape Protection Desigh
Manual, published by Caltrans. Pertinent pages from this Manuat are attached. The approximate stream depths
and velocities were calculated manuatly, using King’s Handbook of Hydraulics. These preliminary calculations are
also attached, Table 1 summarizes the key design parameters of the RSP design.

Tabie 1

Flow 1 Channe( Average  Chznnel Channel 100-¥r Stream RSP RSP

Data Roughness Channel Bottom  Sideslope Water VEIDcEt\fi Class?  Thickness®
Slope Width Depth {fes)

{Q ds) {n} {s) {b-Ft] (z) (D-ft} [t}
Se:f::'“ 316 £.03 0.100 10 a1 1.4 9.7 Light 3
SE;:’“ 316 0.03 0.053 7 2:1 20 9.7 Light 3
section 416 £.03 0.07% 20 a1 1:2 7.3 Light 3

¢

Ialncity shown is 67% of calculated average channel velocity, applicable for parallel flow per CALTRANS Manual,
2 7P class is based on CALTRANS standard specifications, Section 77,
3 RSP section includes placament of a geotextile fabric, between soil surface and rock.

Summary

it is anticipated that during Project design, the Site Plan will be refined to reduce sethack zone encroachments. At
locations where setback epcroachments cannot be avoided, erosion control measures as described herein will be
constructed within the existing watercourse for erosian protection and to preserve 100-yr flow capacity.
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CALIFORNIA BANK AND SHORE
ROCK SLOPE PROTECTION DESIGN
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Third Edition - Internat
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2+1-C. Defermine Minimum Stone Weight. Solve Equation 1 for W in US
cusiomary units. To gef values in System Inlernationa (S1), metric units, first divide the
weight of minimum stable rock, W in pounds by 2.2 to get W in kilograms, then divide by
1060 to get W in tonnes. Lise W later in gection 5-1-D.
See Figure 5-1 for key variables in Equation 1,

Equation 1, W = 0.00002 1{6 8G
(SG-1)° SIN®*(-a)

W= theoretical minimum rock mass (size or weight} which resists forces of flowing
waler and remains stable on slope of stream or river bank, POUNDS.

V = velocity to which bank is exposed, FEET PER SECOND.
for PARALLEL flow multiply avarage channel velocity VMby 0.67 (2/3)
for IMPINGING fiow multiply avarage channel velocity VM by 1.33 (4/3)

SG = specific gravity of the rock.

r=70 DEGREES (for randemly placed rubble, a constant ),

a = euiside slope face angle with herizonlal, DEGREES,

in profiie, the lower elavation limit of riverbank RSP is based on expected scour
{determined by experience, measurements, or scour equations). The upper elevation limit
is based on design high water, aithough it may be set higher,

P D —

Figure 5-1. Key Variables in Fquation ]

plan view profile view

- seour clevation

23
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Table 5-3. Mintmum Layer Thickness
St metric {US customary)

R&P-Class Layer Methad of Placement Minimum Thickness
8T (5 ton) A 260 meters (8.5 feet)
4T {4 ton) A 2,07 meters (6.8 feet)
2T {2 ton} A 1,65 meters (5.4 feet)
1T(1ton) A 1,31 meters (4.3 feet)

142 T {1/2 ton) A 1.04 meters (3.4 feet)
17T {1 fon) B 1.65 meters (5.4 feet)
V2T (172 ton) B 1.31 meters (4.3 fesaf)
104 T (1/4 ton) B 1.00 meters (3.3 feet)
Light B 78D miltimeters (2.5 feet)
Faging B 550 milimeters {1.8 feal)
Backing No. 1 B 550 millimeters {1 8 feet}
Backing No, 2 B | 380 milimeters {1.25 feet)
Backinng No. 3 B 230 millimeters (0,75 feat) ]

For lotal thickness, add each layer thickness, Use zero thickness for the RSP-
fabric. Before adopting values In Table 5-3, consult with a materials engineer about rock
sources, quality, shapes, and specific gravity. Caiculate new thickness values if the shape
factor is not spherical and specific gravity is not reasonably close fo 2,65, "Minimum
Thickness" values were calculated by starting with US customary units, hard-converling
to a vaiue in feel, lhen soff-converting 1o S| metric values.,

5-3-G. Review Hydraulic Calculations at Site With RSP and Possihility of
Vegetation. This step of the layered design precess is required to help assure future
success of the revetment under changed channei dimensions, roughness coefficienls, and
other permitfagreement requirements. Examples are: filling vaoids amang RSP with soll
andfor covering RSP with sail then planting local species, and/er enhancing fish habitat
by placing large-sized rack along the foe. Discuss site hydraulics with people of permit
agencies and feasible revegelation efforts, Historically, sites wilh no pricr vegelation are
usually not revegetated, especially when subjected to scouring velocities or high wave
altack.

KTH



CH2M HILL Engineers, Inc.
1737 NORTH FIRST STREET
SuITE 300

SAN JOsE, CA

95112-4524

TEL 408.436.4936

FAX 408.436.4829

February 14, 2013

434834

John Thompson
Thompson Holdings, LLC
P.O. Box 2015

Horsham, PA 19044

Subject: Paraiso Springs Resort - PLN040183
Stream Channel Modification
Response to Comments from Monterey County

Dear John:

We have reviewed the February 2, 2013 email from John Ford of the Monterey County
Planning Department, regarding the subject Project and offer the following responses
relative to information requested. The questions from the email have been included below
in italics, for ease of reference. Our response immediately follows each question as listed
below.

1. Q. An engineered plan showing the existing contours along the stream channel, including the
existing grades and the proposed changes to the channel including removal of the culvert,
recontouring of the channel and improvements for the crossing locations

A. Existing elevation contours along the stream channel are shown on the Project Site
Plan included on the Tentative Map, previously submitted to the County on
5/18/12. Proposed changes to the stream channel include the following;:

e Removal of existing small diameter metal culverts at four locations (see attached Site
Plan). As part of this work, the stream bed and banks would be reconstructed to
match the existing channel section adjacent to these work areas and to a stable side
slope per geotechnical recommendations. Disturbed channel areas would be
revegetated with native grasses via hydroseeding.

COPYRIGHT 2013 BY CH2M HILL, ENGINEERS INC. « COMPANY CONFIDENTIAL



John Thompson

Page 2

February 14, 2013

434834

Portions of the Project will encroach into the 50-ft top of bank setback zone and rock
slope protection will be installed in the channel to prevent erosion, per County Code
16.16.050K. The general location and installation details are included in the Stream
Setback Plan Technical Memorandum, dated 4/20/12, previously submitted to the
County.

New stream channel crossings for new roadways are proposed at two locations.
These locations and roadway widths are shown on the Tentative Map. The crossings
are planned to be clear-span concrete slab bridges on pile foundations. The bridge
spans would be approximately 50 ft long. Rock slope protection would be installed
on the channel banks beneath and approximately 25 ft upstream and downstream of
the bridge abutments for erosion and scour protection. Disturbed channel areas
would be revegetated with native grasses via hydroseeding. Another similar type
bridge will cross the proposed pond immediately north of the main Hotel building
(see attached Site Plan).

Q. The potential impacts to wetlands need to be identified. This would include impacts in the
existing stream channel where modifications are proposed and areas of riparian vegetation
along the eastern stretch of the channel, particularly where the stream crossing is shown.
WRA did the wetland delineation, but did not evaluate the impacts associated with any
activities around the stream. They indicate there will be no impacts to the stream channel.
Right now there is no assessment of the potential impact on the channel for either minimal
improvements (channelization and stream crossings) or for the re-circulating stream.

A. Wetland impacts will be addressed by others.

Q. If the recirculating stream is to be analyzed, we need to know where the water will come
from, the volume of water used, and the source of the water. Please define the extent of the
recirculating stream, and what improvements are needed to the channel to accommodate the
stream. How will the recirculating stream affect water supply? The biologist should assess
what impact the recirculating stream will have on the vegetation along the stream channel
there is a portion of the stream that goes through oak woodland.

A. A pond is proposed as a landscape feature located between the Hotel and Hotel
parking lot, as shown on the Tentative Map. The pond would have a surface area of
approximately 15,000 to 20,000 sf and a depth of 5-10 ft. It would be constructed in
an area where the stream currently is contained in an existing culvert and would be
connected to the existing stream channel at the westerly and easterly ends of the
pond. The stream connections are anticipated to be graded transitions and armored
with landscape-type amenities, such as boulders. The water source for the pond
would be natural springs water piped from the spa overflow. As the springs flow
constantly, the pond would fill and then spill excess water down the existing stream
channel, as is the current condition. Because springs water would be used to fill the
pond, no effect on the Project water supply is anticipated. A pond liner is

COPYRIGHT 2013 BY CH2M HILL ENGINEERS, INC. « COMPANY CONFIDENTIAL



John Thompson
Page 3

February 14, 2013
434834

anticipated to control seepage and retain water volume. The pond would likely
include an aeration system to maintain water quality.

Thank you.

Sincerely,

CH2M HILL Engineers, Inc.

Qi

David Von Rueden
Sr. Project Manager

Attachments

C: file

COPYRIGHT 2013 BY CH2M HILL ENGINEERS, INC. « COMPANY CONFIDENTIAL



Z

NOT TO SCALE

Remove 24"
Culvert

CMP

Remove 18"

= \ New Bridge Wm_q%km 2-247 CMR

Location

/7 Remove 24" CMP
Culvert

[LLARARARR

New Bridge
Location

New Bridge
Location -~

L~
—~

Existing Stream

Paraiso Springs Resort
Site Plan

SCALE: NOT TO SCALE DATE: 02/12/2013



TECHNICAL MENORANDUM CHZ2MHILL-

Paraiso Springs Resort (PLN 040183) - Stream Setback Plan

FREPARED FOR: John Thompsen/Thompson
Holdings, LLC
coPY TO: file
PREPARED BY: David Van Rueden P.E. {#26428)/CH2ZMHILL
DATE: April 20, 2012

PROJECT NUMBER: 434834

Introduction

This Technical Memorandum {TM} is in response to a request from the Monterey County Water Resources Agency
(MCWRA), as outlined in their Novernber 24, 2010 letter to Jacqueline Onciapo/Planning Department, regarding
development setback from the Paraiso Springs watercourse. The subject watercourse is an unnamed intermittent
drainage swale/stream that traverses the Project site, from west to east. Please refer to the Paroiso Springs
Resort — Response to Hydralogy and Hydraulic Anafysis and Ergsian Cantrol Measures Review Camments Technical
Memorandum, prepared by CH2ZMHILL and dated October 28, 2008, for additional information ahout this
drainage feature,

Watercourse Setback Delineation

Monterey County Code Chapter 16.16.050K specifies a 30-foot setback from a watercourse for all proposed
development. Please see the attached Site Plan (& pages total) for an annotated map showing approximate
watercourse top-of-hank locations, and the 50-foot setback line on either side of the watercourse. Please note
that the tap-of-bank has been delineated using aerial topography. The watercourse is not clearly defined along its
entire length throughout the Profect site, because at several locations, it is currently confined to cubverts. This
analysis only focused on porticns of the development where a defined channel exists. All of the existing culverts
will be removed from the watercourse as part of the Project.

As shown on the attached Site Plan, the proposed development would encroach into the 50-foot setback zone at
several locations. Therefore, we have analyzed the significant encroachments relative to the two provisions
outlined in the previously-noted County Code. The locations studied are labeled on the Site Plan as Sections A-A,
B-0 and C-C. Section A-A is representative of the setback encroachment from time-share-condaminiums near the
downstream end of the watercourse. Section B-B is located near the center of the development, where Hotel
units encroach into the sethack zone. Section C-C is located further upstream and indicative of the setback
encroachment from the proposed spa and fitness facilities.

Watercourse Capacity

Provision 1 of County Code Chapter 16.15.050K requires that development within a setback zone not significantiy
reduce capacity of an existing watercourse, nor otherwise adversely affect other properties.

The capacity of the existing watercourse was initiatly evaluated by CH2ZMHILL and summarized in the TM entitled
Paraiso Springs Resort: Existing Hydrologic and Hydraulic Site Canditions, dated July 15, 2005. This document

TH_STREAMSETACAPLEN 1
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TARAISO SPRINGE REEORT {FLK C40183F = STREAM SSTEACK PLAN

described the flow capacity of the existing watercourse as approximately 4,000 cfs. This capacity exceeded the
approximately 400 cfs of runoff from a 100-yr storm event. Subseguently, CHZMHILL re-evaluated the watershed
using a more accurate HEC-HMS model and documented the post-Project 100-yr runoff rate as 316 cfs, in their
2008 TM. Based on the previous analysis and the information presented in the following section, the existing
watercourse should have adequate capacity to covey the anticipated 100-yr post-project flow rate. The proposed
development will not constrict or significantly reduce the existing watercourse capacity. No adverse impacts on
other properties are anticipated by the proposed development.

Erosion Protection

Provision 2 of County Code Chapter 16.16.050K reguires that the new development be safe from flow related
erosion and not cause erosion hazards.

To address this issue, we propose to use Rock Slope Protection (RSP in the watercourse, at all lacations where
building or critical roadway construction would encroach into the 50-foot setback zone. Please refer to the
attached typical watercourse sections A-A, B-B and C-C for conceptual RSP installation details 2t critical Project
locations. The canceptual RSP design is based upan the Califarnia Bank and Share Rock Slape Protection Desigh
Manual, published by Caltrans. Pertinent pages from this Manuat are attached. The approximate stream depths
and velocities were calculated manuatly, using King’s Handbook of Hydraulics. These preliminary calculations are
also attached, Table 1 summarizes the key design parameters of the RSP design.

Tabie 1

Flow 1 Channe( Average  Chznnel Channel 100-¥r Stream RSP RSP

Data Roughness Channel Bottom  Sideslope Water VEIDcEt\fi Class?  Thickness®
Slope Width Depth {fes)

{Q ds) {n} {s) {b-Ft] (z) (D-ft} [t}
Se:f::'“ 316 £.03 0.100 10 a1 1.4 9.7 Light 3
SE;:’“ 316 0.03 0.053 7 2:1 20 9.7 Light 3
section 416 £.03 0.07% 20 a1 1:2 7.3 Light 3

¢

Ialncity shown is 67% of calculated average channel velocity, applicable for parallel flow per CALTRANS Manual,
2 7P class is based on CALTRANS standard specifications, Section 77,
3 RSP section includes placament of a geotextile fabric, between soil surface and rock.

Summary

it is anticipated that during Project design, the Site Plan will be refined to reduce sethack zone encroachments. At
locations where setback epcroachments cannot be avoided, erosion control measures as described herein will be
constructed within the existing watercourse for erosian protection and to preserve 100-yr flow capacity.
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State of California
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Engineering Service Center
Office of Structural Foundations
Transportation Labaratory

CALIFORNIA BANK AND SHORE
ROCK SLOPE PROTECTION DESIGN

Practitiones’s Guide and Field Evaluations of Riprap Methods

Final Report No. FHWA-CA-TL-95-10
Caltrans Study No. 907103

Third Edition - Internat
QOctober 2000

Prepared in Cooperation with the US Department of Transporiation
t ederal Highway Adminisiration



2+1-C. Defermine Minimum Stone Weight. Solve Equation 1 for W in US
cusiomary units. To gef values in System Inlernationa (S1), metric units, first divide the
weight of minimum stable rock, W in pounds by 2.2 to get W in kilograms, then divide by
1060 to get W in tonnes. Lise W later in gection 5-1-D.
See Figure 5-1 for key variables in Equation 1,

Equation 1, W = 0.00002 1{6 8G
(SG-1)° SIN®*(-a)

W= theoretical minimum rock mass (size or weight} which resists forces of flowing
waler and remains stable on slope of stream or river bank, POUNDS.

V = velocity to which bank is exposed, FEET PER SECOND.
for PARALLEL flow multiply avarage channel velocity VMby 0.67 (2/3)
for IMPINGING fiow multiply avarage channel velocity VM by 1.33 (4/3)

SG = specific gravity of the rock.

r=70 DEGREES (for randemly placed rubble, a constant ),

a = euiside slope face angle with herizonlal, DEGREES,

in profiie, the lower elavation limit of riverbank RSP is based on expected scour
{determined by experience, measurements, or scour equations). The upper elevation limit
is based on design high water, aithough it may be set higher,

P D —

Figure 5-1. Key Variables in Fquation ]

plan view profile view

- seour clevation

23
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Table 5-3. Mintmum Layer Thickness
St metric {US customary)

R&P-Class Layer Methad of Placement Minimum Thickness
8T (5 ton) A 260 meters (8.5 feet)
4T {4 ton) A 2,07 meters (6.8 feet)
2T {2 ton} A 1,65 meters (5.4 feet)
1T(1ton) A 1,31 meters (4.3 feet)

142 T {1/2 ton) A 1.04 meters (3.4 feet)
17T {1 fon) B 1.65 meters (5.4 feet)
V2T (172 ton) B 1.31 meters (4.3 fesaf)
104 T (1/4 ton) B 1.00 meters (3.3 feet)
Light B 78D miltimeters (2.5 feet)
Faging B 550 milimeters {1.8 feal)
Backing No. 1 B 550 millimeters {1 8 feet}
Backing No, 2 B | 380 milimeters {1.25 feet)
Backinng No. 3 B 230 millimeters (0,75 feat) ]

For lotal thickness, add each layer thickness, Use zero thickness for the RSP-
fabric. Before adopting values In Table 5-3, consult with a materials engineer about rock
sources, quality, shapes, and specific gravity. Caiculate new thickness values if the shape
factor is not spherical and specific gravity is not reasonably close fo 2,65, "Minimum
Thickness" values were calculated by starting with US customary units, hard-converling
to a vaiue in feel, lhen soff-converting 1o S| metric values.,

5-3-G. Review Hydraulic Calculations at Site With RSP and Possihility of
Vegetation. This step of the layered design precess is required to help assure future
success of the revetment under changed channei dimensions, roughness coefficienls, and
other permitfagreement requirements. Examples are: filling vaoids amang RSP with soll
andfor covering RSP with sail then planting local species, and/er enhancing fish habitat
by placing large-sized rack along the foe. Discuss site hydraulics with people of permit
agencies and feasible revegelation efforts, Historically, sites wilh no pricr vegelation are
usually not revegetated, especially when subjected to scouring velocities or high wave
altack.

KTH





