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Executive Summary

The pnpose of this rcport is to documenl the regionnl hyfuolog/ swrottnding

12390 W Tetegrryh Road and tofcrcilibte tle planning and implementation of ort
site fuainage ifrasn-trcUre which is feasiblefor tlrc phased development of the

project

This report irrcfudes anevaludbnofregnnalrairfall sffiistics, uistingltyfuologa

alprnAive storm fuainage sohdions, and best mnnagement practices which the

operation can impbmenl dtring specfu rairfoll events. Additionalfu this report

witl identifi a lead fuairnge altemative. The results of this report will be the basis

for subs e quent storm fu ainage improvements.

Agromin's cuffent Limoneira operation (the "Facility') is located in the umncolporated

County of Ventura, between Ventura and Santa Paula, on the southedy side of the

V.C.T.C. railroad (see Figure 2). The Facility is situated on APNs 090-0-180-085.

Accordrng to the Assessor's Office this APN encompasses about 453 actes. Howevet,

this APN et al. have been determined to be a single, discrete lot in compliance with the

provisions of the Subdivision Map Act and locai ordinances pursuant thereto per a

Certificate of Compliance recorded in instrument no. 20140507-00057264-0. The gross

area of rhe lot is roughly 1.,013 acres.

The Facility has been in operation since 2004 and currendy encompasses about fifteen

acres. The proposed project will expand rhe atea to seventy acres.

The viciniry of the regional study area is the area bounded by the proposed project

boundary and those areas uphill from the FacrJrty that drarn southeastedy (see Figure 2

and Appendix 1). The local study area contains the 70-acre project boundary and is

located entirely within the County. \X/hile the regional study area is about 876.1 acres

and is also located entirely within the County. The existing land use in the regional srudy

areaprtrnaily contains agriculnral lands (see Appendix 1).

The project area zoningis Agricultural Exclusive (AE-40) within the Counry.

This report addresses the impacts ftom the 100-year, 24=hourevent for both study areas.

Its intended use is for the evaluation of dlainage infrastmcture solely by the buildout

Facility.

Authorization
This report has been prepared at the request of County to deterrnjne how the Facility

would be impacted dunng the runoff events described above. It is not the intent of this

report to suggest remediation for any regional drainage issues outside of the proje ct are '
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The conclusions and recommendations made herein are based on the generally accepted

pnnciples and practices of civil engineering in the region and at this time. No other

w^rr^nry is either expressed or implied.

Figure l.
Regional Location
Map
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Lnagery provided by IISRI and its [censors @ 2017

The followtng tnformation is contained within this report:

1,. A description of the existing drainage conditions for the study areas

2. Statistical analysis of nearby rasn gauge data.

3. A recommended drainage inftastructure plan showing the locations and sizes of the

pdmary components of the drainage infiastructure that will be needed to
accommodate the desrgr storm water n-rnoff generated by the Facility. Drainage

infiastructule elements evaluated rnclude:

. stom drain ptpes, swales, and open channels

o stofin clrain culverts

. stonn dra:n filtration

o pump systems

. storm water quality t(eatment systems

. storrn water impoundments

4. Watershed catchment boundaries and hydrologic information that support the

drainage infrastmcture plan. The U.S. Army Colps of Engineers Hydrologic

Modeling System (HEC-HMS v.4.2.1) computer model, along with the SCS Unit
Hydrograph transforrnation method, has been used as the basis for hydrologic

qre
2
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evaluations. Discharges expected at numerous key porrts of concentration have

been estimated using the FIEC-HMS computer model fot the design storm events.

5. Hydraulic analyses that examine the funcrional characteristics of the exsting and

proposed drainage infiastmcture. These hydraulic capacities have been evaluated

using standard formulas. Volumetric analysis of runoff hydrographs has been

evaluated using HEC-HMS.

6. Flistoric stom water monitoring analysis.

7. Storm water management system altemative analysis.

Figure 2.
Map

Vicinity

3w
Wffi
ffiM

ffiW

ffi
Warw

$ffi
ffik{s
6ffi

ffitffi
dtr
nrm

ffiffi
dmrffiffi

ffiw
W

Imagery provided by ESRI and its licensors @ 2017

Facility History and Study Approach
The Facility obtained coverage under the IGP in August 2016. Since then changes is the

material recovery law have required operational changes at material recovery facilities

which in tum has affected how they maintain compliance with the IGP.

The Califomia Integrated Waste Management Act of 1989 (A8939) mandated local

jurisdictions to meet solid waste diversions goals of 25o/o by 1995 and 50o/o by 2000.

A8737 now requires the solid waste diversion goal to increase to 75ok by 2020.

Cornmencing April 1,201.6, AB1826 requires commercial operations which generate

more than 8 cubic yards per week of organic material. to srgn up for commercial organic

recycling where programs exist. In 2017, it drops to generators of 4 q per week of

s 3
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organic material. In 201,9, it dlops futther to generators of 2 cy per we ek of solid waste.

And in 2020, if 50o/o of organic matetial is not reduced in the landfill the requirement

will drop to generators of 2 cy per week of solid waste. Iu 2020, green material used for
alternative daily cover at the Iandflll will no longer receive credit for diversion. This is

not an exhaustive list of the regulations that influence howAgromin will need to change

its operations.

In additron to these laws, the R\7QCB adopted the Genetal lfaste Discharge

Requilements for Compostrng Operations (ordei WQ 2015-01.21-DWQ) - August
2015. Pulsuant to this \XDR, compost operations shall be designed to contain

wastewate.r (and stonnwater runoff) on-site and not allow it to infiltrate into the ground.

Furthermore, process areas are to be protected from inundation from a 25-year,24-hour
rarnfali event. The WDR gives exrsting facilities up to six years to develop and irnplement
a plan to achieve these objectives.

These aggressive goals requte new sources of solid waste to be ptocessed. Therefore,
jurisdictions have been and unll be sending more material to be processed. The increased

stream of material coupled with t]le exstrng facility inftastructure conslraints cleates a

challengrrg envilonment for material recovery facilties to maintain regulatory

compliance and to remain competitive in the marketplace.

Another overarching objective for this project is to combine organic recyciing facilities

in western Ventua County with this Facility. With these materials, the Facility capaciry

would be over 300,000 tons pff year of gteen, wood, agricultural, and food materials.

To date, this would be the fust commercial organics processing facility in the County.

The regronal hydrology surface drains southeastedy towards the Santa Clara River. The
railroad bounds the north side of the project boundaty. It directs the uphrll runoff
towards the mrddle of the project arca. It is then conveyed in an earthen open channel

through the Facility. This open channel will be replaced with a double-balrel arch pipe
through the Facility so the development can occupy the sutface alea. This runoff will
not comrningle with the traciJity runoff. The local hydrology for the Facility will be

retained on-site for operational reuse. The retention basins are sized to contain the 100-

y ear, 2Lhour nrno ff event.

Design Rainfall Event

This report suggests the Faohty develop stomwater nnoff management contlols to the

rnaximum extent practicable.

The current IGP does not define the design storm event for designing passive treatment

controls. It only states that you are to reduce pollutants in rndusu'ial n-rnoff to the

maximum extent practicable (A4EP) using BAT/BCT (or best available technology/best
conventional technology) .

4
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Accordilrg to the Ventura County Technical Guidance Manual for Stormwater Quality
Control MeasuLes, datedJuly 1.3,201.1.,vo\ume-based BMPs, for disturbed areas ofmore
than 50 acres, can be sized to treat B0% of the average annual runoff volume. This

manual would be used to veriSr compliance with the current MS4 pennit in Ventura

County which also covers rndustlial facilities.

According to the Urban Runoff Quahty Management Report CWEF Manual of Practice

No. 23, ASCE Manual on Engtneering Practice No. B7), there is an optrmal capture

volume for desrgntrg cost-effective passive treatrnent conuol(s). It further states that

this point, known as the "knee of the curwe", would satis$, the MEP de in the NPDES
regularions. Urbonas et a/. (1.993) further refines the definition of this "knee", or point

of inflection on the curve, as the "maximized" volume because it is the point at which

rapidly diminishing returns rn the number of mnoff events captuled begin to occur'. It
is understood this report is not specific to the IGP. But in our professional opinion, it
presents the topic m an objecnve manner.

The Ventura County Watershed Protection Distnct marntatns rainfall stations

throughout the county. The gauge nearest to the Facility is located at Saticoy Fire Station

and County Yard wLlrch are about 2.2 mlles southwestedy from the Facility (see Table

1).

Gauge No. vc1,75/1,328/t75A

Latitude 34017',06" N

Longitude -LL9"09',21" W

Elevation 185

Dataset daily total

Record Peiod 1.956 - 2017

Using a1l available records with precipitation values greater than or equal to 0.1 inches,

the 80% of the average annual runoff, 24-horx runfall event is 1.21 rrches. This rainfall

event would yeld toughly the 82"'l percentile raurfail event. This value will be compared

to the design rarnfall event as discussed herein. The largest 2Lho,;tr nsnfall, rr 61 years

of record was 5.31 inches on January 1.0, 2005. According to the latest editron of the

\\?D Hydrology Manual, the 25-year,24houir rarnfall for the tracility regional drarrage

area is about 6.4 inches. See Appendx 2 and trigure 3 for more infotmation.

Summary of Obiectives and Hydrologic Gonditions
Agromin began thts operation n 2004 unth an Enforcement Agency Notification for up

to 200 tons per day or 12,500 cy on-site at arry one time of agdcultural and green material

processing. This project would expand the Facility to a commercial compost center with
a solid waste facility perntt. The mzLin objectives of the2015 \flDR is that the operation

TELEGRAPH ROAD - REGIONAL & LOGAL HYDROLOGY

Table 1. Rainfall
Station

5
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shall manage its wastewater on-site and to achieve a specific hydraulic conductivity on

work areas with active composting thus reducing impacts to groundwater resources. The

Facility wili utilize cement-treated native soil, paving, and liners to achieve the hydraulic

conducuviry requirements.

vcwPD station t7 s I t32B.l tTsA (19s5-2017)

Figure 3. Rainfall
Gauges
l75tr32B/1754
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According to the WPD Hydrology Manual, the 100-year, 24how rarnfall for the FaciJ-ity

regional drarnage area is about 7.7 inches. According to the NOAA Adas 14, Volume

6, Version 2 report for the Saticoy Fire Station, the 100-year,2lhour rainfall is roughly

the same.

Given the discussion above regarding the \X{DR requirements, the statistical analysis of
local rain gauges, and the MEP concept, the project proposes to desrgn the infrastructure

for the 7J-tnch,2Lhowr rarnfall event. This design parameter may allow the Facility to

submit for a Notice of Non-ApplicabtJrty, no discharge exemption under the IGP as the

tracility will be designed to contain the maximum historic precipitation event. If this

approach is approved by the SWRCB the Facilrty would not be requtred to obtain

coverage under the current IGP.

The detailed study areawas subdivided into 4 sub-basins (as shown in Appendix 1). This

includes only on-site drainage areas. The main objective of this study is to design

drainage infiastructure that will not significandy change the historic runoff pattems as

well as identift locations where the on-site desrgn stolTn can be retained for teuse. The

runoff fi'om uphill sub-basin area(s) cascades to lower sub-basin(s) once the local

depressions fill up or runoff is conveyed in the storrn &aurage system.

6



Table 2. Facility
Runoff

Table 3. Regional
Hydrology

'I 2390 W, TELEGRAPH ROAD - REGIONAL & LOGAL HYDROLOGY
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Regional StudyArea

The regional study area is not situated within or adjacent to a FEMA StrFlA.

The uphill drainage area between the railroad and State Highway 126 is routed through
the project are as described above. There is an unnamed concrete, open channel

adjacent to the eastem borindary of the Facility which conveys runoff fiom the regonal

drainage area on the uphdl side of State Highway 1,26. This channel can convey the 100-

year,2Lhow runoff event from the regional drainage area with a normal depth of +1.75

feet and no flow obstructions.

The peak discharge for the existing earthen ditch that bifi,rcates the project area is about

66.3 cfs. This ditch will be replacedwith a double-barrel 1'tgauge 40x31 pipe arch. The
headwall for this new culvert requires roughly 2.75 feetof head to convey the same flow
rate.

Burned watersheds were not consider in this report as the entire regional and local

catchment areas a.te developed agricultural lands. According to the Seismic HazardZone

maps fiom the Califorrua Geologic Survey, the local study area is within a liquefaction

zone but the majority of the regional study area is not. And the areal extent of possible

landslide areas that could affect the project are 
^re 

non-existent.
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There are rwo retention basins to contain the local dtasnage atea runoff. The oudet for
these basins is a fifty-foot wide spillway that can mn six inches deep. Rock rip-rap and

an overflow drain will be installed on the downhill side of each basin to help protect the

embankment and the adjacent land from erosion on the occasion of a runoff event

greater than the 100-year', 24how; stolrn. The drain for the westedy basin will be routed

to a nearby ensting roadside earthen ditch. The drarn for the east basin will outlet in the

existing concrete trap channel.

Todd Barranca Overflow

Todd Barranca c n overflow on the north side of Flghway 126 during certain tatnfall'

events. The potennal flood conditions are described in the Hydrologc and Hydraulic

Report by NextGen Engrreering which can be found rr the Appendix of this report.

If Todd Batanca were to overflow to the west, the mnoff would travel in an existing

ditch along the north side of Highway L26 to a double, box culvert at Highway station

462+00. The outfall for this culvert is the exisung concrete trap channel that runs

adjacentto the eastern boundary of the project area. Accordtng to the above-mentioned

report, the westedy overflow fiom the 100-year, 24hour rainfall event would be7 67 cfs.

The mnoff would be stored behind the fteeway until it can pass through the culvert.

The peak discharge, fiom this event, through the culvett wouid be770 cfs. The normal

depth of the trap channel would be about 5 feet deep at this flow rate.

This culvert was installed in the mid-1960s with the constmction of the freeway. It is

intended to selve the regional drainage are between the freeway, Foothill Road, Todd
Barranca and the Ellsworth Batanca and not any overflow from the Todd Barranca.

This project is only evaluating the greater event and not both events simultaneously.

According to the most recendy adopted FEMA FIRMs the buildout Facility area is

situated entirely in ZoneX (unshaded). Accotding to the above-mentioned report, small

portions of the buildout Facility area, without arE prEect deuekpmezl, would be located Zone

B or X (shaded) if FEMA updates the FIRMs with a sirnilar overflow from Todd
Barranca. \X/ith the project development, the buildout Facility area would remain in
ZoneX(unshaded) relative to potendal flooding from the existng trap channei direcdy

adjacent to the project area.

Zone X (unshaded) is defined as areas of minimal flooding or outside the 500-year

floodplain and protected by a levee from the 100-year flood. Zone B and X (shaded) is

defined as areas of moderate floodhazard. usually thearea between the limits of the 10G

year and 500-year floods. B Zones are also used to designate base floodplains of lesser

hazards,such as areas protected by levees fiom 100-year flood, or shallow flooding areas

with average depths of less than one foot or drainage areas less than 1 square mile.

Given the project area is believed to remain n Zone X with futute FEMA mapping, no

firrther miugauon fiIeasures are proposed beyond the development defined rr the

entidement planmng documents.
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Proiect Setting
Agromin's current Limoneira operation (the "Facility') is located jn the unincolporated

County of Ventura, between Ventura and Santa Paula, on the southedy side of the

V.C.T.C. railtoad (see Frgure 2). The Facility is situated on APNs 090-0-180-085.

Accordrrg to the Assessor's Office this APN encompasses about 453 actes. I-Iowever,

this APN et al. have been determined to be a single, discrete lot rn compliance with the

provisions of the Subdivision Map Act and local ordinances pursuant thereto per a

Cerrificate o f Compliance recorded in in strumen t no. 20l. 4050T -00057 264-0. The gto ss

area of the lot is roughly 1,013 acres.

The Facility has been in operation since 2004 and currendy encompasses about fifteen

acres. The proposed project will expand the area to seventy acres for a commetcial

compost center with a throughput capaaty of 300,000 tons per year of geen, wood, ag,

and food materials.

The existing utilities in the area are domestic and agricultural water systems, electtic

service systems, telephone systerns, and petroleum systems. There are production

agricultural and domestic water wells within one mile of the local study area. There is

not existing storm drainage infrastr-ucture to convey rLrioff from the tracility into a public
drainage system.

Agromin obtained a new topographic survey of the entire Facility in September 2013.

Supplemental surveys were also prepared tnJanuary 201,4 and November 2015. All
surveys were compiled into one file for the topographic mapping shown herein. The

horizontal coordinates for the sulveys are based on the California Coordinate System of
1.983,ZoneY in U.S. Survey Feet. The aerial suweywas prepared at a scale of one-inch

equals forty feet with a contour interwal of one foot for National Map Acculacy
Standards.

The detailed study area consists of approximately seventy acres that is divided into 4 sub-

basin watersheds (as shown in Appendix 1). These proposed watersheds are defined by

the physical constraints and topographic features that will be created and points of
interest in the study area. The land use within the local study area will consist of an

organics recycling facility. The terrain slope withrn the sub-basin areas va-ty roughly from
0.5oh to 3oh.

Storrn water n:noff generated from the proposed detailed study area generally drarrs

southeastedy as ovedand flow and as concentrated flow. Concentrated flow generally

occurs lr/ifiin the lower elevations. The ovedand flow from the sub-basins cascades

down the respective low points. At each low point, the storm water is further conveyed

through a storm drain network and through downstream sub-basins to the south and

east.

Industrial activity will occur everywhere within the local study area.
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EXISTING
GROUNDWATER

CONDITIONS
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Flood lnsurance Study
The detailed study area is located on the following FEMA trIRMs (see Appendix 5)

Ventura County, Cahfornia and Incolporated Areas, community panel number061.1,1C

0770 E, January 20, 2070. According to this map, the detailed study area is located

entirely in SFIIA ZoneX (unshaded).

Ventula Countf, Califorrua and Incolporated Areas, community panel number 061JJ.C

0790 E, January 20,201,0. According to this map, the detailed study area is located

entirely in SFIIA ZoneX (unshaded). \

Zone X (unshaded) is defined as areas of minimal flooding or outside the 500-year

floodplain and protected by a levee from the 100-year flood.

Native Soil Properties
The soil types within the study area were identified fiom the cuffent County Hydrology

Manual. Individual soil types are given unique values ranging fiom 1-7. There are two

(composite) soil types within the study arca;3 and 4 Q'{RCS Type C and B respectively

according to the County). Soil values can be seen in Appendix 3. Accordlng to the

NRCS, the Facility is covered by Mocho loam (AzIoA), Mocho clay loam (1t4sA) and

Mocho clay loam (IVITB). All of which are Type B soils.

The project is located entirely within the Santa Paula Basin. The depth to the seasonal

high goundwater table is high enough that may be significant. The historic high

groundwater level, according to the CGS on the Saticoy and Santa Paula Qua&angle
maps and the 201.5 Groundwater Section Annual Repot from the Ventura County

Watershed Protection District, is about twelve to thirteen feet deep near the traciliry.

Additional design requirements may be required if it is found to encroach on any new

dta,tnage infiastructure, appurtenances, or excavations.

The westem and eastem retention basins have a maximum cut of five and ten feet

respectively. Each basin will be lined to satisfy the \XDR hydraulic conducthlty
requirements. The eastem basin may require a fill cap to offset a potential buoyancy

force that may exist.
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DESIGN

ANALYSIS

12390 W, TELEGRAPH ROAD - REGIONAL & LOCAL HYDROLOGY
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Proposed System Sfudy Approactr
The pqpose of this design report is to facilitate the planning and rmplementation of
dlainage infrasUucture improvements to accolrunodate stonn water runoff within the

Facility. Additional study ob jecnves include:

,/ Develop a phased plan that alleviates localized flooding

'/ Provide study serwices consistent with City, County, and State standards

'/ Develop phased solutions that maimize the cost to benefit ratio

'/ Develop solutions that limit O&M costs

'/ Deveiop phased solutions that can be adapted

,/ Involve staff rr the development and rmplementation of the phased solutions

,/ Develop phased solutions that will minimize any disturbance to the City, County,

and surrounding community

./ Srte and operate storrn drainage facilities in such a manner that minimizes adverse

environmental impacts

The approach to design process is to explore 
^ 

rxrge of solutions. The drarnage design

presented in this report has been developed based on evaluations of the following

constraints:
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]WHo Watershedcharacteristics

. Topography

. Existing land use & its adaptability

o Localion of transportation

corridors

o Propertl boundaries & acquisition

o Logical points of drainage outfall

o Agency objectives

o Retrofirdngoppornmiiles

o Deslgn level of protection

o Environmentalimpacts

o Financing (expenses)

. Stnrctffe relocation

. Operation and maintenance

. Regulatory compliance

. Agency compliance

. Hydrologic criteria

o F'lexibility of serwice area

. Hydraulic capacities &
characteristics
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UTILITY
coNFllcr
ANALYSIS

fjormuladon of the infrastructure design was characterized by an evaluation of all of the

above constraints relative to the existing irnprovements, their level of importance to the

successful completion of the project, and theil interrelationships with each other.

Retention Basin APProach
Based on the above-mentioned constraints, the proposed design is to utilize stom water

impoundments.

TLrrs approach will provrde addrtional water quality enhancements allowing 
^ny 

dry

weather runoff to be captuled.

The location of the utiliues shown herein is for nrformation only. The location, fipe,

size, andf or depths rndicated were obtained from sources of varying reliability. The

consultant is not responsible or liable for the accr-uacy or completeness of those records.

Al1 utiliues should be field verified as to their actual location, tlT)e, size, and depth prior

to performing any excavation or other work close to any underground pipelne, conduit,

duct, wire, stmcnrfe or other utilities and structures subject to concerns for safety,

dispiacement, andf or damage by reason of such operations.

The existrng utilities in the alea are domestic and agriculnral water systems, electric

serwice systems, telephone systems, and petroleum systems. There are production

agiculrural and domestic water wells within one mile of the study area. Ground water

monitor.ing should be considered at any domestic well v"lthrr one mile of a proposed

storm water impoundment. There is no existing stortn drainage infrastnrcnrre to convey

runoff from the Facility.

For the most part, the dratnage collection system has been placed away or adjacent to

existing utilities. Any conflicts will need to be addressed during the preparation of the

constnrction documents for those facrhties and prior to construction of new facilities.

The property boundaries shown herein are based on a Record Boundary Map prepared

by Diamoncl N7est, Inc. dated April 1,, 201.4. Field verificanon/staking should be

performed dunng the constmction process to locate any dra:nage improvements defined

hetein.

There ar-e no planned righrof-way acquisitions or easements for drainage purposes. All
work wj1l be perfolmed within the Facility boundary. Plan approval and all necessary

pennits are required priot to construction.

The Counry and City General Plans and Zonng Codes regulate land use in the study

area. Generally, exstrng land use in the atea is consistent with these policy documents.

There are no known pendrrg formal appJications in the Counry or City to change land

use withtr the study area(s). No provisions have been made for changes rn future land

use within the study area(s).

RIGHT-OF
WAY

ANALYSIS

LAND USE

ANALYSIS
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ENVIRONMENT.

AL ANALYSIS

I2390 W. TELEGRAPH ROAD - REGIONAL & LOCAL HYDROLOGY
STUDY

Environmental documentation for this project will be prepared by the County for the

creation of a FaciJiry CUP.
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12390 W

STUDY
TELEGRAPH ROAD - REGIONAL & LOGAL HYDROLOGY

RELATED
DOCUMENTS

METHODOLOGY

Proposed Drainage DescriP,tion
In order to adequately evaluate the impacts and requirements of the proposed project,

the existmg d-t'ainage conditions werc analyzed. Research efforts were made to identrft

any dra:nage studies that documented the exrsting drainage conditions fot the study area.

The results of these efforts did not find any study that adequately documented those

condirions on-site. The pqpose of this dtainage study is to document the impacts of
cerrain ra'x:rfall. events on the study area(s). This information will be the basis of
comparison belween pre-development and post-development of storm drainage

infrastructure improvements.

This proposed drarrage desclpnon will analyze the effects of the 100-year, 24hou
event for the regional and local study areas.

The Consultant pursued the County and City for u'ty dlainage reports on the srudy atea.

$(/PD does have hydrologc srudies along the Santa Clara River. Accordrng to theirJune

201 1 srudy, the study 
^feas ^re 

a part of sub-area 860. Howevef, the srudy did not

calculate runoff ftom the sub-areas. It only used these areas to calculate the overall

runoff rr the Santa Clara River. This was confumed with lfPD staff. The City does not

have any hydrologic studies in this regron.

According to the USEPA MyWATERS Mapper and the Basin Plan fot the Coastal

Watersheds of Los Angeles and Ventula Counties, the region surrounding the Facility

discharges into the Santa CIan River, Reach 2. This reach is not identified on the

USEPA 201,2303(d) list of impaired water bodies.

Due to the complex nantre of the sub-basins, a hydrograph method was chosen to

estimate the design storm runoff. The complex aspects of the sub-basins include

consideration of available storage and varying times of travei. The Modrfied Rational

Method, as defined in the currcnt Counfy Hydrology Manual is typically employed to

generate the effective runoff within each sub-basin.

The County Hydrology Manual utilizes a Modified Rat-ional Method approach for its
hydrologic calculations. In general, the Rational Method is understood to prorrde peak

discharge relative to rainfall rrtensiry. It is not generally prefered in watershed

catchments where ponding of storm water occurs. Additionaliy, it does not typically

provide a leasonable relationship between peak storm water discharge and stoltn water

mnoff volume. Thrs phenomenon can be seen in Figr.ue 4. As seen on the synthetic

ratnfall. distribution, the County method yields litde mnoff before or after the peak. This

tl,pically produces a sha1p, narrow pea[ which ultimateiy requiles less storage volume

for detention basin analysis. The runoff yield could be as low as 1502. Prevrous versions

of the Manual required a minimum :1eld of 40oh.
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Table 4. SCS CN

12390 W. TELEGRAPH ROAD
STUDY

RE6IONAL & LOGAL }IYDROLOGY

The VCRAT method is considered the 'standard of practice' for hydrology calculations

in tlre county. However, the program does not allow for specific runfoll. parameters to

be entered. Therefore, the Arrny Corps of Engineers HEC-HMS pfogfam was utilized

to generate runoffhydrographs for each sub-basin area.

Commerciil Orgrnics Processing Facility

SCS Curve Number by Land Use

Effective

Impenious

Cover'

SCS Curve Number

Soil TYPe

l-and Use

Ooen Soae (fair condition) 0

7

42

65

61 65 71 77

2l
81 84

os

OR Orchard (fair

4 3

5 45 63 67 7) 7R A2 85

CB Covered Benies 80 87 91 9l 93 94 95 95

BP Benies with Beds 65 78 85 86 8S gl 92 93

WR Windrows 65 78 85 86 89 9t 92 93

PS 90 92 94 95 s5 s6 96 97 ffi
*n

IA t000/" oR 5 45 63 67 'r2 '18 82 R5 Srf
#!CB 77 82 85

32 60 '13 76 80 R4 R6 887A 55o/" OR & 45o/o RP ffi
ffiffi

sc '15o/" PS & 25o/o 84 89 89 92 93 9tq5s5S

rlc 90o/o oond & l0o/o PS g5 94 96 9'1 97 98 qR 98 ffiM
40o/o \N

90o/o 96

87

94

80

95

17F. 55o/o OR & 45o/o RP 73bU32 RO R4 86 RR

Equation 1. Rational
Method

Equation 2.
Manning Equation

L qlculated by using open space (fair condilion) lor pen'ious area md a cuNe number of98 for impenious am

Q=CiA

-JThere = rtrnoff coefficient

= rasnfall.intensity (i"/hd
= drainage are (ac)

C

i
A

V =7'486 R2t35t/2
n
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Equation 3.
Rational Runoff
Coefficient

Figure 4. Synthetic
Rainfall Distribution
Comparison

123gO W, TELEGRAPH ROAD - REGIONAL & LOCAL HYDROLOGY
STUDY

rWhere V =avet^gevelociry(ft/s)
11 = roughness coefficient
R = hydraulic radius (ft)

S - head loss per unit length of pipe (ft/ft)

The rainfall intensity can be taken from County Standards. The runoff coefficient in the

rational formula is dependent on the soil type, antecedent moisnre condition, recurrence

interwal, land use, slope, amount of urban development,rcinfalJ' intensity, surface and

channel roughness, and the duration of storm. Equation 3 provides a relationship

between all of these factors and was used to calculate the runoff coefficients.

c = t .z(t ;-,pN,ror, ({0. 0 tcN )0 
6 

)f "' (0. 00 lcN r +s 

)o 
t s-o I t ) 

11 
v + t) t zf'

\Xftere CN = SCS composite curwe number

T = recurrence interval (years)

S - avet^ge sub-basin land slope (70)

I - rainfall intensity of recutrence interval (ttt/hr)
P = percent impervious (decrmal)
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Figure 5. Combined
hydrograph - node
t2c

12390 W, TELEGRAPH ROAD - REGIONAL & LOCAL HYDROLOGY
STUDY

The rainfall for the 100-year, 24-hout stolm event for the srudy area per the Counry

I-Iydlology Manual is about 7.7 rnches. For the desigri storm event and normal

antecedent moisture conditions, the average runoff yield is roughly 610/o for the regonal

study area and 94o/o for the local srudy area.

Hydrologic Model
The computer model HEC-HMS was used to simulate, combine, and route outflow

hyd-rographs within each watershed. The simulanon of the hydrologic data is generated

by the development of the synthedc unit hydrograph, desrgn storm pattem, and the

runoff hydlogaph.

See Figure 5 for the combured hydrographs at the downstream end of the Faciliry for

the regional study. The total volume of mnoff can be increased 1-3%o because the runoff
is still occurring at the end of the design stolTn.

The development of the synthetic unit hydrograph involves the identification of several

watershed characteristics including composite curve numbets, soil cover, percent

impegrious, antecedent moisture conditions, land use, basin alea, uritial abstractions,

hydraulic length, basin slope, and lag time. These parameters are calculated in the

following steps.

90.00
Sub-basin (node) t2C (26.4 acres) - 7.7" rainfall

80.00

70.00

60.00

500 1,000
time (min)

1,500 2,000

The sub-basin watershed boundaries were delineated by \\4VIS on the recently

prepared srrvey map and known physical constraints.

50.00
I

oc
f

40.00

30.00

20.00

10.00

0.00

0

total runoff volume
16.2 ac-ft at 24-hours

a
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a

a

The transformation method used was the Ellsworth S-Graph .

Ralnfall excess is that part of the total precipitation depth that appearc as surface

flow during and after a stom event. Rainfall excess equals to total rainfall depth

minus losses due to interception by vegetation, infiltration into the soil, and surface

depression storage. The loss method used is the SCS Curwe Number' The

information is based on:

1,. Soil data

2. SCS curwe number

The catchment time of concentration is defined as the time from the center of mass

of net rainfall and the center of mass of mnoff. The lag time for each sub-basin was

calculatbd from the Curve Number Method. This methodis shown in equation 4.

Equation 4. Lag
Time , =':']J^t,1.?:' = 0.6* rc

1,900 * ru'

#sfrE
sstuffi
ffibnmw
rukvnr
rr!

Eilg
frilm
&nm
W
W

\Vhere = time of concentration (min)
= lag time (hr)

= hydraulic length of watershed (ft)

= potential maximum retention after runoff
= 

^ver 
ge land slope (o/o)

To adequately define the unit hydrograph, the unit time period of the synthetic

crincal storm pattem should generally be 30 Percent of the basin time of
concentration and should use multiples of 1 minute. The unit time period utilized

in this report is 1 minute.

See Appendix for catchment soil characteristics, catchment hydrologic

characteristics, and hydrograph plots for various locations.

T.
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Flow Routing
Flow routing methods for storage areas, channel, and sheet flow were estimated fiom
existing and proposed dimensions andpanmeters. The Modified Puls method was used

to route flowthrough storage a.(eas as required. The hydrologic modelwas used to route

flow tbrough existing conveyances and sub-basins. Existing and Proposed dimensions

were used for all conveyance routing. The discharge relationship from the storage areas

used the Normal Depth method with similar dimensions. See Appendix 1, for a &ug
of the entire watershed hydrologic model.
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Figure 6. Combined
hydrograph - node
16D

Equation 5.
Orifice Equation

12390 W, TELEGRAPH ROAD - REGIONAL & LOGAL HYDROLOGY
STUDY

120.00
Sub-basin (node) 16D (43.1 acres) - 7.7" rainfall

100,00

_._l I I I I t I I

1 totalrunoff volume

. 25.6 ac-ft at 24-hours

L*

r
500 1,000

time (min)
1,500 2,000

Hydraulic Model
Manning's Equation and Caltrans HDS No. 5 was used to simulate the hydraulic analysis

of the eistjng andproposed storm drainage conveyance systems. The simulation of the

hydraulic system utilized either the design stom event or the capacitJ of the existing

system whichever was less. This capacity was defined from street grades, drain locations,

and assumed maximum energy gradients.

Runoff captued in the retention basins vdll be used in the operations. The basins are

interconnected with a culvert so the entire site can use both basins to balance the runoff
volume. A wet well with a submersible pump will be used to remove the water into a
water truck. If needed water can be hauled off-site if it cannot be used in operations and

the basins are fi.rll. The Hazen-Williams formula was used to model the pipe headloss

and equation B was used to model the total dynamic head (IDFf of the pump system.

The following hydraulic formulas were used accordingly.

Q=C* A* (2* g* H)

\,J{/here = discharge (cfs)

= discharge coefficient (0.60)

= orifice xea (ffl
= gravitation al acceleffion Q2.2 ft / s)
= effective head on the orifice measured fiom the

centroid of the opening (ft)

80,00

60.00

40.00

20.00
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Equation 6.
Broad Crested Weir
Equation

Equation T.Hazen-
Williams Equation

Equation 8. TDH
Equation

ASSUMPTIONS

'12390 W, TELEGRAP}I ROAD - REGIONAL & LOCAL HYDROLOGY
STUDY

Q=C* L* Hl's

\(/here = discharge (cfs)

= weir coefficient (3.08)

= weir length (ft)

= head above weir ffest (ft)

n, =(to,sot-(3)

\7here = flow rate (gpm)

= coefficient of pipe friction

= pipe diameter (in)

= fiiction loss (ft/1,000 ft)

2

TDH = H no, * H 
",, 

* ho +lhr,, + hld +Lhn, *Y"29
Where H.* = total static head (ft)

Ho. = entrance headloss (ft)

h*, hro = fiiction headloss (ft)

hn" hnu = fitting and valve losses (ft)

The rarnfall and runoff Palametefs are based on County rain gauge data, the County

Hydrology Manual, and the County Design Standards.

Rainfall
According to the isohyet ranfal.map in the County Hydrology Manual, the srudy area

has an 
^yet^ge 

100-year, 2Lhour ronfail. depth of about7.7 inches within the regional

watershed. A statrstical analysis was performed on County gauges 175/1,328/175A to

compare to the design storm rainfall event. The 85d'percentile,2Lhour rainfall is 1.35

inches.

The mean annual precipitation (t\4AP) is identified from D\MR, Bulletin No. 195,

October 1,976 and the cuffent information found on thet web site

(http://fefix.watef.ca.gov/webapp/precipitat-ion4. According to Station No. U03 8008

04 and NOAA Station USC00047957 (Santa Paula), the MAP is about 17.38-inches.

Bulletin No. 195, Plate 4 reports the mean 2Lhotx storm at roughly 3.0-inches.

Magnitude and Frequency of Floods Gomparison
Regional regression equations have been developed by USGS using generalized least

squares regression. These equations are a funcdon of drainage areaandmean annual

precipitation. They are also onlyvalid in a rutal watershed. However, the results can still
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Equation 9. Runoff
Regression Equation

Table 5. West Basin
Rating Table

12390 W, TELFGRAPH ROAD - REGIONAL & LOCAL HYDROLOGY
STUDY

be compaled to urban watersheds with the understanding that urban watershed runoff
should be two to five times that of the rural watershed. For sub-basin 1A:

Qroo = 3'28 x 4o'8et * Pr'se = 259'6 cf s

\)7here = drainage area (sm) = 529.7 ac

= mean annual rainfall (rn) = 17.38 in

As seen on the existrng &ainage 
^re^m 

p,the drscharge at node 2A is 380.6 cfs. This is

neady one and a half times the amount ftom the regression equafion. The results are

teasonable.

Proposed System llevelopment
The build-out project area will be protected from off-site run-on by the by-pass culvert

through the project arca and the existrng WPD channel along the east side of the

development. All on-site runoff will be conveyed through a stoi:rn drainage network to
two retention basins sized to contain the 100-year, 24how rainfall event.

The working ateas and basrrs will be improved to sausS' the hydraulic conducrivity

requirements of the WDR for compost operations Wa 2015-0121-D\7Q).
Accordingly, the Facility will be processing Tier II feedstocks. This requires working
surfaces to have a hydraulic conductiviry of 1.0 x 10 5 centimeters per second or less and

ponds to meet a hydraulic conductivity of 1.0 x 10 6 cm/s or less. These c:irteia will be

achieved by using a combination of asphalt pavement, cement treated native soil, and

synthetic geomembrane liners. The basins will also be equipped with a pan lysrmeter

monitoring device or equivalent alternative to measure their contajnment efficienry.

Stage (msl) Volume (ac-fr) Discharye (cfs)

168 0.0 0.0

170 1.8 0.0

1,12 5.6 0.0

174 10.0 0.0

116 14.8 0.0

1,17.9 1.9.9 0.0

178 20.1 0.0
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Table 6. East Basin
Rating Table

1239O W. TELEGRAPH ROAD - REGIONAL & LOGAL HYDROLOGY
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The basins are interconnected with a pipe culvert. So, they will always equalize to the

same level. The spillway elevation for both basins is 178.0 msl. And the I}}-year,2L
hour water level is 177.6 msL The spillway capacity for each is about 53 cfs.

The wet well is offline ftom the pipe culvert. A submersible pump will draln the ponds

through a skid mounted filtration system and then into a water trrck for operational use.

Straw watdes will be used around all catch basins to keep any large debris ftom entering

the storm drain system.

Stage (msl) Volume (ac-ft) : Dischatge (cfs)

0.0

0.0

1.12 6.8 0.0

174 1.2.0 0.0

2.0

Ww
ffik
ffi
ffib

l[ffi
{flnf
ffi
&ffi

at#
ffi

nff
ffi

HK
dffi
ffi
%
W

177.9

1,78

1,78.5

23.7

24.0

25.6

1,7.8 0.0

0.0

53.2
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Appendix 7 - Exhibits
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Appen 2 - Rainfall Information



date
1/10/200s 8:00

II/29/I97O 8:0O

72/6h997 8:Oo

zl77/L962 8:Oo

2h7h980 8:OO

2/L0/1,962 8:OO

L2/4/7974 8:oO

IlI1./2ODI 8:OO

I/2sh969 8:OO

1/10/1995 8:00

3hh9e78:0o
2/1,s17986 8:OO

2h8/2OI7 8:OO

I/20/7969 8:OO

L2/L9/2O7o 8:OO

3/It/1995 8:OO

3/4/7978 8:OO

3/612OOI8:OO

2/26/2OO4 8:OO

3/8/1968 8:00

3/27/7979 8:OO

12/20/7964 SiOO

7/3h977 8:OO

7/77 /t973 8:Oo

2hLh9928:OO
2/2h9988:OO
3/2/197O 8:OO

3/5/2ooL8:oo
2/8/1962 8:oo

2/77/1973 8:OO

1/7 /7974 8:oO

2/20h9968:Oo
77/8/2OO28:Oo

2/8/t993 8:OO

3h9h9978:OO
1/s/2008 8:00

2h0/7s63 8:oo

t2/LIh9968:OO
3h/I9788:oo

72/28/2OO48:oO

9/79/7976 8:oo

7/23/1983 8:OO

Ih1,h98O8:OO
7/8/L9748:oO

1/5/199s 8:00

2h9h9588:oo
3/26/L993 8:0O

2/28h99L8:OO

3/23/2oos 8:OO

2/3/I975 8:OO

2/3/7998 8:OO

2/8h9e88:oo
3/2I/2OII8:OO
72/7 /t992 8:OO

I2h9/79708:OO
L2l3/7966 8:OO

7/26h9s88:Oo
72/27h97L8:oo

2/1,9h9938:OO
I/7 /2076 8:OO

4h8/2OOo8:OO
1/11/199s 8:00

precip (in)

5.31

4.79

4,72

4,37

4.32

3.94

3.91

3.89
zQE

3.8s

3.64

3.63

J.bJ

3.s0
3.37

3.29

3.27

3.17

3.r7
3.10

3.10

3.00

3.00
2.98

1.96

2.94

2.93

2.9r
2.90

2.88

2.aa

2.87

2.87

2.82

2.81.

2.76

2.75

2.75

2.72

2.72

2.7r
2.11

2.68

2.66

2.66

2.65

2.63

2.61

2.6r
2.55

2.54

2.s3

2.50

2.49

2.48

2.46

2.45

2.45

2.45

2.45

2.42

2.47

excess (in) rai nfa I I

depth (in)

2.300

7.270
1.35

0.00
2.19

treatment
(%J

95.0
3.01

2.49

2.42

2.O7

2.O2

7.64

1.61

1.59

1.55

1.55

r.34
1.33

1.33

7.20

7.O7

0.99

0.9r-

o.87

0.87
0.80

0.80
0.70

0.70
0.68

0.66

0.64
0.63

0.61

0.60
0.s8

0.58
0,57

0.57

0.s2
0.51

0.46

0.45

0.45

0.42

0.42

o.4r
o.4r
0.38
0.36

0.36

0.35

0.33

0.31

0.31

0.25

o.24

0.23

0.20
0.19

0.18

0.16

0.15

0.15

0.15

0.15

o.r2
0.11

rainfall event

calculator

81.5th percentile

85th percentile

50-yr, 24-hr

8% of SO-yr, 24-hr

94.35th percentile

rainfall

depth (in)

0.000

o.o72
o.147

0.238

0.346

0.480

0.6s3
0.880
1.028

1.208

r.436
1.760

2.300

5.310

treatment
(%l

0
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ffiw 'ffi

NOAA Atlas 14, Volume 6, Version 2 SATICOY
FIRE STATION

Station lD: 93-0175
Location name: Ventura, California, USA*
Latitude: 34.2856', Longitude: -1 19.155'

Elevation:
Elevation (station metadata): 185 ft**

'source: ESRI MaPs
" source: USGS

POINT PRECIPITATION FREQUENCY ESTIMATES

Sanja Perica, Sarah Dietz, Sarah Heim, Lillian Hiner, Kazungu Maitaria, Deborah Martin, Sand.a

Pavlovic, lshani Roy, Carl Trypaluk, Dale Unruh, Fenglin Yan, Michael Yekta, Tan Zhao, Geoffrey
Bonnin, Daniel Brewer, Li-Chuan Chen, Tye Pazybok, John Yarchoan

NOAA, National Weather Service. Silver Spring, lvlaryland

PE tabular I PF qraohrcal I Maps & a-elials

PF tabular

B€arje IaB

PDS-based nt reci estimates with 90% confidence intervals tn tnc 1
ue

Ave recurrence

'l 5 10 25 100 200 500 1000

0.150
'126-0.181

0.188
157-0.227

0.233 0.268 0.312 0.343 0.372 0.401 0.437 0.463
5-min 1-O.327

0.215 0.269 0.334 0.384 0.447 0.491 0.534 0.575 0.663
10-min BO-0

15-min
.325 0.404 0.464 0.5s4 0.645 0.695 0.757

1

30-min 0.391 0.698 0.812 1.05
769-'l

1 14
-1

1.21

-o

60-min 0.767 '1.27 1.40
.09-1.795-1. 1.01-1

0.892 1.12 1.38 1.58 1.84 2.0'l
.57-2.61

2.18 2.34
1.72-3.21

2.54 2.68
2-ht 747 '1.15-1 1

3-hr '1.40 1.73
1.44-2.1

1.98 2.30 2.52 2.72 2.92
15-4.O1

3.'17

1 17-1 91

6-hr 1.57 2.46
o5-2.

2.82 3.28 3.89 4.18 4.53
1 9-6.

4.78

-1 -4.1 1 -5. 7.12

'12-ht 2.57
15-3.1

4.35 4.79
91 51 12-7 8.

2.56 3.31
92-3.81

4.21 4.90 5.77 6.39 6.98 7.54
93-9.

8.26 8.77
24-ht 1

2 4.'12 5.34 6.29 7.51 8.39 10.1
92-13.1

11.',| .9
2-day

1 -6.1 .47 -11 16

6.06 7.',19 10.8 11 .8 '13.2 't4.2
3-day

7.O1 .33-1 31-1 7 3-'1

4-day 3.77 5.06
47-5.

7.97 9.65
16-l 1

't 6.1

7.74 79-'15. 17 1.7 -

4.38 5.89 7.a1 9.35 11.4 12.9 14.4 15.9
2.5-20.

17.9 19.4
7-day

| -o. 1 8-1 3.

4.71 6.34 8.44 10_ 12.4 14.1
1.6-17

't5.7 17.5 19.7 21.5
10-day

1 7 12.7 3.7

20-day 5.44 7.4 9.98 12.1
10.6-14.1

14.9 19.3 21.5
6.9-27

24.5 26.9
'19.6-37

11

6.43 8.80 14.5 18.0
5.2-21

20.7 30.3 33.3
30-day 70-7 .7A-1 12.7 -1 17.1 7

10.3
15-11

'14.1 24.7 28.2 .8
45-day 70-a 1 ai-25. _7 -49.

8.64 1 1.8 16.0 19.5 24.3 28.2 32.2 36.4 42.3 47.1
60-day o 4-1 1-1 I

precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).

',lumbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates (for a

liven duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Esiimates at upper bounds are not

:hecked against probable maximum precipitation (PN4P) estimates and may be higher than currently valid PMP values.

)lease refer to NOAA Allas '14 document for more information.

http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.html?sFca&sta:93-017 5&.daLa:depth... 511912017
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PF graphical

pD5-based depth-du ration-frequency { DD F ) cu rves
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Maps & aerials

I scale terrain

scale terrain

http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.html?st:ca&sta:93-0175&data:depth'.. 511912017
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Back to Too

US Department of Commerce
National Oceanic and Atmospheric Administlation

National Weather Service
National W?ter Cenler

1 325 East Wesl Highway
Silver Spring, MD 20910

Q uestions?: tlryJ3lCsll9N.(an@
Disclaimer

http://hdsc.nws.noaa.gov/hdsc/pfds/pfdsjrintpage.html?st:ca&sta:93-0175&datrdepth... 5l19/2017



Station Number Station

U03 8008 04 Santicoy FS 175

Lontitude Elevation
-r.19.156 180

30-Min 1-Hour

0.s o.7

0.66 0.94

0.76 1.08

0.86 1.22

0.93 1,.32

0.99 1..4L

1,.04 1.5

1.11 L.6

1.16 1,.67

1.3 1.89

30-Min 1-Hour

Years Recorded

42

2-Hour 3-Hour

0.99 1.21

1.33 1.63

1.53 1.87

!.74 2.15

r..89 2.33

2.02 2.5

2.15 2.66

2.3 2.85

2.4r 2.99

2.75 3.42

2-Hour 3-Hour

2

0.87

0.57

1.58

0.85

r.32
0.94

1.55

0.61

0.35

r.25
0.86

2.98

0.65

0.75
1.r2
0.53

0.87

L.42

I.4
1.35

I.4L
0.94

1,.4

0.63

1.58

1.45

1.52

1,.O2

1.29

0.91

1.19

0.89

0.s2

0.81

0.86

1,.25

1.1

I.I2
0.66

t.4
0.61

County

Ventura

Latitude

34.285

Rainfall Statistics 5-lvlin

PR=0.5

PR=0.20

PR=0.10

PR=0.04

PR=0.02

PR=0.01

PR=0.00

PR=0.00

PR=0.00

PR=0.0001

Annual Maxima 5-Min

2007 --
2006 *-
2005 __

20Q4 --
2003 --
2002 --
2001 ---

2000 --
1999 --
r.998

1997

1996

1995

1994

1993

L992

1991

1990

1989

1988

t987
1986

1985

1984

1983

1982

1981

1980

1979

r978
r977
1976

t915
L974

r973
t972
L97L

L970

1969

1968

1967

1966

1965

1964

1963

7962
tvbl
1960

1959

1958

1957

1956 --
1955 --
L954 ---

1.953 --
t952 ---

1,.7

2.3L

2.66

3.06
3.33

3.81
4.11,

4.32
4.97

12-Hour 24-Hout 48-Hour

2.4L 3.4 ---

3.27 4.63 --
3.78 5.36 ---

4.36 6.2L ---
4.75 6.79 --

5.47 7.86

5.91 8.52

6.23 9

7.22 10.s

12-Hour 24-Hour

10-Min

0.2 ---

0.27 ---

0.31 --
0.34 --
0.37 ---

0.39 ---

0.41 --
0.43 --
0.45 ---

0.5 --
10-Min

o ,o ---

0.07 ---

0.09 --
0.23 *-
0.r7 ---

0.28 --
0.34 ---

0.08 --
0.04 ---

0.1 --
0--

0.13 --
0.06 -"
o.r2 --

o.2 --
0.13 ---

0.15 --
0.17 --
uJz ---

0.18 --
o.2 *-
0.2 ---

0.23 --
0.15 --
o.24 ---

0.2 ---

0.11 ---

0.18 ---

0.19 --
o.2 --

0.25 --
0.23 --
0.08 --
0.23 --
0.21, ---

0.2 --
0.21 ---

0.24 ---
o.22 --
0.22 ---
0.24 ---

15-Min
0.35

o.47

0.s3

0.6

0.65

0.69

0.73

0.77

0.8

0.9

15-Min

0.65

0.15

0.18

0.34

o.24

0.39

0.46

0.68

0.16

0.08

0.31

0.13

0.4

0.15

0.3s

0.38

0.23

0.38

0.5

0.34

0.38

0.46

0.48

0.5

0.24

0.45

0.45

0.23

o.41

o.52

0.6

0.43

0.35

o.2

o.37

o.32

0.3

0.4

0.38

0.25

0.48

0.32

6-Hour

48-Hour

72-Hout

72-Hour

-:-

1-Year

1-Year

5,

6-Hour

0.84

0.27

0.2't

0.6

0.33

0.56

0.62

0.96

0.23

0.14

0.5

0.25

0.79

0.25

0.48

0.63

o.29

0.5

0.75

0.57

0.s3

0.68

0.65

0.61

o.29

0.64

0.68

0.45

0.6

0.7

0.82

0.68

0.45

0.3

0.56

0.4

0.47

0.61

0.58
0.3

o.67

o.4t

1.13

0.49

0.33

0.95
0.49

0.95

o.73

I.I7
o.4

0.2t
0.87

0.5

1.59

0.41

o.62

0.81

0.46

0.73

0.96

0.77

0.78

0.76

1.05

0.44

0.9s
1.09

0.95

0.82

0.9

0.88

0.9

0.69

0.41,

0.63

0.54

o.67

0.8L

0.79

0.46

0.9

0.53

2.6s

r.32
1.01

2.54

L.47

L.97

L.44

2.29

1.08

o.57

L.4

1.13

3.0L
I.2L
L.22

1.43

0.89

0.94

2.47

2

2.15

2.31,

1.43

2.34

1.15

2.35

1.93

2.22

1.63

r.43
1.68

1.39

0.87

1.3

1.3L

r..53

L.2

1.6

0.87

2.r7
0.68

2.65

r.72
L.37

3.61

1.81

2.25

l.bb

2.85

1.34

0.73

1.43
'J,.L7

3.05

1.3

1,.4

1.83

0.93

1.29

3.19
2.6

2.6s

2.69

2.77

1.53

2.73

2.34

2.8L

2.08

2.82

1.92

2.1L

1.5

1.19

1.5

1.63

L.78

L.2L

2.O2

1.1

2.37

o.74

3.45

2.31,

2.34

4.94

1.89

2.62

2.75

2.98

1..64

1.13

1.69

1,.26

3.11
1.33

2.t8
2.63

1.06

L.59

4.5

3.07

3.8

2.99

2.7

3.59

2.79

3.02
2.45

3.72

2.s8

3.62

2.64

2.58

2.O2

2.O9

1.54

2

2.89

1.61

2.2

I.22
2.39

0.93

3.69 --
2.79 --
3.s ---

5.78 --
r.91, --
3.07 ---

4.L ---

4.35 --
1,.72 --
r.31. ---

2.03 --
L.4 "-

3.33 --
1.33 --
2.21 ---
2.94 ---

r.29 --
2.88 --
4.82 ---

3.07 ---

4.05 *-
3--

2.75 --
4 ---

4.4 ---
3.0s --
2.45 --
5.03 --
2.99 -^

4.1, ---

3.1 --

2.69 --
2.95 "-
t.54 --
2.77 --
5.77 ---
2.45 --

2.3 --
1,.57 ---

2.75 "-
1.05 --

L5.82

13.95

33.28
r.3.31

28.85

16.32

17.O2

6.11

8.59

L2.I
7.t

25.48

t7.04
10.86

31.5r.

r2.77
11.8

27.r2
19

33.07

10.48

tr.72
L6.28

t4.43
21,.65

7.47

14.t6
24.76

13.85

19.36

L4.82

L4.28

8.53

11.99

24.48

7.34

11.36

6.49

29.26



Station

Santa Paula

RP2
RP5

RP IO
RP 25

RP 50

RP IOO

RP 2OO

RP 5OO

RP t000
RP I 0000

Monthly Rainfall Total
Statio No Counb Lat Long. Elev. Source Ob TirYB Re( Slope Interce

V03 7957 00 Ventur 34.317 -119.133 231 CD I I I

Retum Period for Rainfall For lndicated Monthly Total Rain

Sunl

t6.02
23.22

2',1.96

33.82

38.09

42.26

46.37

5t.74
55.76

69.03

42.24

6.12

3. r6
ilt

0.451

0.447

1.0

t.2
0.5

Oct

0.26

0.94

1.50

2.28

2.89

3.53

4.t8
5.07

5.76

8.17

0.53

0.84

4.t6
0.00

4.61

ll0
t.599
1.501

2.4

2.4

6.1

Nov

0.99

2.93

4.33

6. l5
'7 -53

8.90

10.29

t2.13
t3.54
18.30

t.54
1.99

10.37

0.00

4.15

ll0
1.289

L380
1.8

t.7
4.0

Dcc

2.14

4.45

6.03

8.03

9.50

10.96

12.41

14.31

t5.75

20.55

2.69

2.62

10.66

0.00

3.16

I t0
0.972

0.935

0.9

1.4

-0.3

Jan

2.'1'1

6.53

9.34

13.06

15.92

I 8.80

21.'72

25.64

28.65

38.91

3.95

4.t5
18.63

0.00

3.52

ll0
1.051

L055
1.8

1.9

3.2

l'cb

3.23

7.18

9.'17

12.99

15.32

t'l.61
19.86

22.80

25.01

32.21

4.05

4.01

20.89

0.00

3.92

ll0
0.990

1.058

t.4
t.2
2.7

Mar

4.83

6.83

9.49

1.52
13.58

15.67

r8.46
20.61

2'1.93

2.99

2.74

n.19
0.00

2.96

ll0
0.9 l6
0.995

l.t
1.9

0.8

Apr

0.83

1.92

2.65

3.5',7

4.24

4.90

5.56

6.41

7.06

9.19

t.0't
1.33

5.'72

0.00

3-91

ll0
t.241
1.106

1.6

1.3

2.5

May

0.08

0.63

Ll5
1.95

2.61

3.31

4.05

5.08

5.90

8.83

0.34

0.72

3.95

0.00
4.97

109
2.090
2.104

3.0

3.2

9.8

Jul

0.00

0.01

0.03

0.06

0.08

0.1 I

0. l4
0.19

0.23

0.36

0.01

0.03

0.26

0.00

10.34

109
4.819

3.709

6.3

4.4

43.8

Aug

0.01

0.07

0. I6
0.30

0.43

0.58

0.74

0.9'7

l.t5
1.84

scp

0.12

0.46

0.96

1.86

2.68

3.62

4.66

6.t6
'1.39

I 2.00

0.26

0.63

4.06

0.00

4.94

109
2.409

2.959

3.5

4.8

14.8

2.14

Jun

0.01

0.08

0. l4
0.23

0.31

0.39

0.48

0.60

0.69

1.02

0.04Avemge

Stdev

Rec Max
Rec Min
z
Yrs Rec
Calc CV
Reg CV
Skew

Reg Skew

Kurtosis

0.12

0.64

0.00

6.84

r09
2.988
2.251

J.O

3.0

t2.9

0.04

0. l6
LlI
0.00

8.59

I l0
4.156
3.2t4

5.8

4.4

35.4

Monthly Total Rain

Year Sum Oct Nov Dec Jan Fcb Mar Apr

189?

1898

| 899

r900

190 l

t902
I 903

1904

I 905

1906

1907

1908

1909

l9l0
l9l I

t9t2
t9 r3

t9t4
I9l5
l9l6
t9l7
l9l 8

l9 t9
1920

t92l
t922
t923
t924
1925

1926

t92'7

t928
1929

1930

193 I

1932

I 933

1934

I 935

r936

1937

1938

1939

1940

13.'10

6.32

6.54

9.5't
| 6.80

12.38

18.40

r 3.36

22.44

I'1.93

2'1.83

t5.13
25.3s

16.'12

t9.29
I 1.07

15.41

28.48

23.12

24.49

t9.94
2t.88
12.08

t2.53
17.44

20.93

I 5.07

7.s7

10.01

t6.41

23.32

I l.16
l4.l'7
1 1.59

14.19

20.54

lt.l5
t4.94
21.39

t6.31

26.49

26.98

I 5.68

\3.29

0.00

1.0'l

0.08

1.84

0.00

2.24

0.00

0.00

0.38

0.00

0.00

3.30

0.15

0. l3
0.62

0.00

0.56

0.00

0.15

0.00

2.36

0.00

0.00

0.33

0.30

0.34

0.43

0.72

1.02

0.81

0. l3
1.84

0.06

0.00

0.02

0.05

0.24

0.44

],62
0.37

4.t6
0.00

0.00

0.00

0.00

0.00

0.00

t.t7
4.'71

0.54

4.75

0.00

0.00

1.50

0.00

0.00

2.40

1.36

0.00

0.1 I

3.09

0. l3
0.68

0.00

0.30

3.01

0.t2
L86
0.00

1.63

0.00

t.t2
0.89

s.49

t.2'7

2.04

0.00

2.68

0.00

0.00

0.26

L66
0.00

0.00

1.03

0.00

2.t8
0.00

6.25

0.65

l.l0
7.2'7

0.32

t.2l
0.00

2.33

4.33

2.60

6.43

0.00

t.t'7
2.t8
1.33

10.66

7.0t
0.04

1.08

2.23

!.28
2.64

3.29

0.00

0.00

8.70

0.90

6.86

4.'76

t.74
6.35

4.92

6.99

1.22

5.03

0.92

3.44

1.6'7

4.57

1.30

1.66

0.3 t
2.54

3.35

13.23

5.08

10.88

2.82

9.54

0. l8
3.79

t2.73
5.38

18.17

3.24

0.26

1.43

0.41

6.60

4.55

1.86

1.94

0.31

2.04

L89
0.00

2.47

6.58

3.94

2.03

8.84

3.19

3.97

0.17

3.24

0.87

2.95

3.s7

4.98

0.70

0.00

0.00

4.34

4.49

1.98

3.83

8.02

3.60

1.95

4.56

5.94

0.00

2.88

0.00

9.51

8.40

9.30

0.56

7.24

13.00

1.89

2.93

1.02

3.43

1.03

0.18

t.25
4.42

I 0.66

2.2'7

2.10

0.92

4.09

5.78

0.00

3.85

0.82

10.32
'1.93

9.49

1.33

5.24

3.24

l 55

2.41

l.36
0.42

3.31

6.23

5.94

5.50

9.03

6.22

0.05

4.88

2.36

5.53
'1 .t't
0.00

0.66

0.98

1.04

0.12

6.28

2.65

5.74

t.99
t.49
0.00

3.46

2.25

0.t2
2.34

2.25

t.5l
3.14

0.00

0.09

0.23

0.00

3.31

t.9l
4.48

|.17
2.29

0.73

0.00

0.00

0.35

0.38

0.91

0.50

2.65

t.46
0.67

0.40

0.18

0.94

0.00

0.00

0.00

L67
0.47

0.76

1.16

0.00

0-3'7

0.00

0.00

0.82

0.23

0.00

2.9'7

t.23
2.02

5.72

1.53

0.29

1.89

0. l7
2.00

0.54

0.32

0.00

3.50

0.69

0.12

0.19

0.53
2.22

3. l3

May Jun Jul Aug Sep

0.00 0.00 0.00 0.00 0.45

r.22 0.00 0.00 0.00 0.86

0.00 0.00 0.00 0.00 0.00

1.49 0.00 0.00 0.00 0.00

l.14 0.00 0.00 0.00 0.71

0.00 0.00 0.00 0.00 0.00

0.10 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 1.82

3.15 0.00 0.00 0.00 0.00

0.05 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.55

0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 2.78

0.00 0.00 0.00 0.00 0.07

0.84 0.00 0.00 0.00 0.00

0.00 0.47 0.00 0.50 0.00

0.51 0.00 0.00 0.00 0.00

1.69 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 1.44

0.19 0.00 0.00 0.00 0.00

0.00 0.00 0.26 0.00 1.78

0.22 0.00 0.00 0.00 l.7l
0.00 0.00 0.00 0.00 0.00

3.95 0.00 0.00 0.00 0.17

0.46 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.14

0.00 0.00 0.00 0.00 0.00

0.88 0.08 0.00 0.00 0.00

0.16 0.02 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00

0.59 0.00 0.00 0.00 0.00

0.00 0.12 0.00 0.00 0.69

0.76 0.00 0.00 0.00 0.02

1.25 0.00 0.00 0.21 0.00

0.02 0.05 0.00 0.00 0.15

0. l3 0.40 0.00 0.09 0.00

0.00 0.52 0.00 0.00 0.08

0.00 0.00 0.00 0.25 0.00

0.00 0.00 0.00 0.00 0.00

0.2t 0.00 0.00 0.00 0.00

0.09 0.00 0.00 0.00 0.25

0.00 0.00 0.00 0.00 1.59

0.00 0.00 0.00 0.00 0.00

t'7.52

JDG

0.00

0.00

3.t6
t.t2
0.00

0.00

0.00
0.31

1219t2016



Monthly Rainfall Total
Statio No Counb Lat Long. EIev. Source Ob TirYrs Re( Slope lnterce

u037957 00 Vennu 34.317 -119.133 237 CD Ill

Retum Period for Rainfall For lndicared Monthly Total Rain

Station

Santa Paula

Jun Jrl Aug Scp

0.00 0.00 0.00 0.00

0.00 0.00 0.08 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.r7
0.04 0.00 0.34 0.00

0.06 0.00 0.00 0.00

0.05 0.00 0.00

0.15 0.06 0.00 0.25

0.00 0.00 0.02 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.04 0.00

0.00 0.00 0.00 0.00
0. I 5 0.00 0.00 0.00

0.00 0.00 0.00 0.26

0.00 0.00 0.00 0.03

0.00 0.00 0.00 0.00

0.00 0.00 0.04 0.06

0.00 0.00 0.00 0.00

0.52 0.00 0. I 5 2.05

0. I I 0.00 0.03 0.00

0.00 0.00 0.08 0.18

0.00 0.00 0.00 0.r0
0.00 0.00 0.00 0.12

0.00 0.00 0.r0 0.00

0.00 0.10 0.00 0.00

0.00 0.00 0.00 0_00

0.00 0.00 0.00 0.00

0.02 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.02 0.00 0.00

0.00 0.00 0.00 0.07

0.1 I 0.02 0.05 4.06

0.00 0.00 1.1 l 0.00

0.00 0.00 0.00 0.89

0.00 0.00 0.00 0.07

0.00 0.00 0_00 0.00

Ocl Nov Dcc Jan

I .80 0. l5 7 .31 5.9'l
t.0l 0.44 6.50 0.47

1.07 0.19 1.00 16.53

0.t4 0.20 '7.90 !.44
0.00 3.25 0.90 0.23

0.96 0.26 6.23 0.2s

0.23 8.32 4.08 0.00

0. l0 0.02 1.27 0.00

0.01 0.00 3.36 2.20

0.00 1.2'7 4.3t 3.06

0.51 0.97 0.21 2.68

0.85 2.56 4.95 12.01

0.00 3.4t 4.47 I.38
0.00 2.09 Q.08 4.97

0.00 0.96 l.t0 5.29

0.00 L37 3.3 l 7.03

0.00 0.00 0.28 5.34

2.02 0.50 4.39 2.'72

0.05 0.07 0.00 2.07

0.08 0.00 L39 3.95

0.00 4.71 0.58 l.3l
0.00 3.80 1.25 2.71

0.38 0.00 0.03 0.70

0.48 3.65 0.t0 2.75

0.64 I .4t 5. t0 0.57

0.00 t0.37 5.68 1.73

0.15 3.72 6.68 4.30

0.00 6.95 1.09 0.99

0.62 0.69 l.6t t8.63

0.00 1.83 0.05 2.41

0.02 7.09 '7.'t6 1.03

0.08 0.43 8.20 0. l5
0.29 4.82 0.95 6.1 I

0.t7 2.t0 l. I | 9-6t

0.96 0.1 I 6.78 0.00

0.22 0.00 0.12 0.00

0.00 0.29 0.62 6.90

0.03 0.1't 4.62 8.39

0.23 3.50 2.45 6.51

0.46 0.86 1.78 8.57

0.00 0.00 t.32 3.03

0.00 1.00

0.00 0.00 l.l I 1.06

0.00 0.00 0.07 0.91

0.00 0.00 0.00 0.00

0.00 0.02 0.00 0.89

0.05 0.05 0.00 0.03

0.08 0.00 0.00 0.00

0.00 0.00 0.00 0.06

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.03

0.00 0. l 7 0.00 0.00

0.64 0.02 0.00 0.00

0.00 0.00 0.00 0.24

0.26 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.06
0_00 0.00 0_00 0.00

0.36 0.00 0.00 0. 12

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.05

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.32

0.t2

5.80 3.45

0.39 0.07

1.45 0.00

4.98 1.2'7

2.26 0.02

0.61 2.63

0.66 0.00

0.00 0.00

7.92 0.02

5.98 0.02

3.59 0.00

2.40 0.47

9.44 0.45

2.22 0.59

0.00 0.00

3.19 1.59

3.23 2.32

2.02 3.50

6.15 1.4'7

0.59 0.00

3.97 l-09
0.82 0.00

4.27 0.00

3.76 4.t6
0.00 0.90

5.10 2.'14 9.97 4.99

3.35 4.02 0.0r 0.00

2.92 4.t9 I .35 1.40

4.06 0.62 4.04 9-2t

t.42 0.40 2.02 1.33

0.84 3.71 2.62 1.41

t.04 3.30 0.48 2.94

0.48 0.00 2. 15 2.42

0.60 0.00 1.08 2.8'7

0.20 3.66 2.12 10.03

0.00 4.53 9.76 8.92

0.93 1.55 0.39 6.47

1.32 l,l4 18.26 1.36

0.12 2.29 233 6.31

2.61 5.94 5.28 0.20

2.39 6.84 3.88 20.89

|.3'1 0.6t 2.47 0.30

0. t3 0.00 t.95 8.57

0.00 0.00 6. l2 7.83

3.30 ll29 t.20 4.00

5.03 4.07 0.00 s.43

0.52 t.37 0.-t5 6.'t3

0.03 7.04 t2.85 8.65

0.55 2.08 L94 0.94

0.00 0.96 4.54 1.56

Apr

3.66

0.81

l.l8
0.00

0.24

0.00

r.80
0.02

0.98

1.89

1.70

t.47
0.4'7

2.20

2.36

1.2t

5.48

0.00

2.70

0.00

0.00

2.9t
0.81

5.22

0.00

s.22

1.05

0.99

0.00

0.63

0.08

0.00

0.07

1.55

0.70

0.00

2.42

0.00

0.40

0.76

May

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.06

|.23
0.02

0.01

0.00

0.00

0.02

1.86

t.06
0.58

0.00

0.00

0.00

0.00

0.08

0. l3
0.00

0.00

0.00

0.1 I

0.00

0.00

0.00

0.46

0.03

0.01

0.00

0.00

0.00

2.08

0.00

0.00

0.26

Sum

38.1 t

14.27

28.98

24.3'7

I 6.04

I3. l6
13.00

8.36

9.60

t3.74
8.23

32.54

I 1.40

t4.68
t3.41

I 5.88

I 1.48

3l.05
6. l3

1t.42
'7.23

27.29

15.30

9.93

14.46

19.31

23-21

t4.93
31.20

t4.06
I 8.54

9.22

24.07

16.12

18. l7
t2.34
t3.24
37.24

23.77

29.24

I 1.88

14.64

34.90

12.42

I t.69
25.62

7.58

t3.14
8.56

6.12

t2.s2
22.45

29.01

t3.t4
34.01

14.15

t5.74
42.24

10.78

t6.17
23.37

l 0.86

21.32

10.19

37.50

16.38

8.50

0.11

0.00

0.00

0.00

0.00

0.00

0.08

0.75

0.00

0.00

Feb

t0.52
0.54

2.96

t0.02
6.65

L40
0.00

1.24

1.27

2.6t
1.25

0.t2
0.00

3.41

t.60
0.75

1.97

7.27

3.9t
2.80

0.00

18.r0
5.44

0.00

0.t2
t.43
0.00

1.26

7.67

3.6s

0.7'1

0.23

9.07

0.07

3.86

5.21

0.12

8.93

4.tl
13.04

l.6l

Mar

8.70

I .91

6.42

3.49

5.01

3.65

0.00

3.81

t.46
1.03

0.69

10.29

0.67

3.64

0.36

0.00

L95
8.41

0.00

0.50

0.53

1.35

2.99

2.00

t. t4
0.00
2.9t
3.49

0.89

6.12

0.78

0.00

2.82

2.97

4.84

1.85

2.12

n.'79
6.90

3.87

6.22

t94t
t942
t943
1944

t945
1946

t947
1948

1949

1950

195 l
1952

1953

t954
1955

t956
t957
1958

1959

I 960

l96l
1962

r963

1964

1965

1966

1967

1968

1969

t9'70

t9'71

t972
t973
1974

t9'15

t976
t97'.1

1978

t979
1980

l98l
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1983

1984

1985

1986

t98't
1988

1989
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t99l
1992

t993
t994
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t997
1998
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2000
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2002
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2006
2007

2008

0.51

3.60

0.38

0.53

0.00

1.18

0.00

0.32

0.00

0.27

1.43

0.32

0.90

0.00

L65
0.00

0.00

0.00

1.80

0.30

0.00

0.00

3.'13

1.39

0.22

0.37

0.88

0.29

0.00

3.46

0.00

0.00

0.00

0.13

t.73
0.00

0.93

1.56

0.00
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Elev: 237 ft. Lat: 34.31 2' N Lon: 1 1 9.1 33" W

Station: SANTA PAULA, CA US GHCND;USC00047957

Summary of
Monthly Normals

1981-2010
Generated on 121081201 6

National Centers for Environmental lnformation
15'1 Patton Avenue

Ashevllle, North Carolina 28801

Temperature ('F)

Mean Number of Days

Min

0

0.0

00
0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0

Min

32

1.7

0.8

0.3

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.2

1.8

4.8

Max

5Z

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0

Max

50

31.0

28.O

31.0

30.0

JI U

30.0

31.0

31.0

30.0

31.0

30.0

30.9

364.9

Max

90

0.1

0.2

0.5

o.7

0.5

1.0

2.8

o_t

2,4

0.7

0.0

12.5

Max

100

0.0

0.0

0.0

0.'1

-7777

0.0

0.1

7777
0.1

0.2

0.0

0.0

0.5

Heating Degree Days

Base (below)

b5

2do

zoz
239
165

98

40

o

15

65

190

309

1703

171

139

107

57

18

-7777
-7777

-7777

8

7A

171

752

102

78

52

ZU

-7777

0

-7777
-7777

1

5b

100

392

55

65

47

z6

I
-7777

0

0

U

0

-7777

19

OJ

231

Cooling Degree Days

Base (above)

72

-7777

-7777

1

2

1

2

11

20

19

o

1

-7777

63

70

1

1

1

3

40

10

3

-7777

65

5

b

5

IJ

22

44

124

141

109

44
'13

4

530

60

ZJ

28

55

97

158

273

291

245

143

51

20

1407

46

40

66

109

175

243

366

384

334

229

99

43
2142

71

71

104

157

234

305

428

446
394

290
142

68

2710

Mean

Long
Term
Avg
std.
Dev.

2.0

2.4

2.0

2.2

1.7
't.6

2.3

2.4

1.S
ae

1.8

2.1

Long
Term
Min
std.
Dev.

l.o
2.5

2.4

2.2

2.5
'1.9

1.7

2.5

2.3

2.2

2.O

1.9

2.3

Long
Term
Max
std.
Dev.

3.4

2.6

2.9

t.6
26

2.4

2.4

2.8

3.1

2.9

5.2

2.9

2.8

Mean

cc.z
55,9

60.0

62.5

65.1

68.8

69.4

oo. I

64.4

59.1

55.2

o t.o

Daily
Min

4't.1

42.5
43.9
45.9
50.0

56.9

56.1

54.7

50.2

44.4
41.1

48.3

Daily
Max

69.3

69.2
71.O

74.O

75.1

80.7

82.7

o l.o

78.5

/ J.O

69.2

75.2

Month

1

2

4

5

b

7

8

9

10

11

12

Summary

@ Denotes mean number of days greater than 0 but less than 0.05.

-7777: a non-zerc value that would round to zero
Empty or blank cells indicate data is missing or insufficient occurrences to compute value.
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Precipitation (in.)
Precipitation Probabilities

Probability that precipitation will be
equal to or less than
the indicated amount

Monthly Precipitation
vs. Probability Levels

75

5.29

7.10
t07

1.47

o.29

0.01

0.00

0.00

0.07

o.71

2.40

4.03

.50

2.14

4.19

0.45

0.01

0.00

0.00

0.00

0.00

0.30

1.05

1.92

12.19

.25

1.11

1.37
nao

0.00

0.00

0.00

0.00

0.00

0.00

0.00

o.20

0.62
aao

Mean Number of Days

Daily Precipitation

>= 1.00

1.2

1.7

0.9

o.2

0.1

0.0

0.0

-7777
o.2

0.4

0.8

5.5

>= 0.50

2.3

2.7

1.8

0.2

0.1

0.0

-7777

0.2

0.4

0,9

1.4

10.5

>=010
4.8

4.6

3.8

1.3

o.7

0.2

-7777
0.1

0.3

1.0

2.1

J.t
22.O

>= 0.01
EO

57
4.7
t6

0.8

0.2

o.2
'1.0

3.0

4.0

28.9

Totals

Means

Mean

4.85

2.69

0.83

0.35

0.o7

0.01

0.04

0.16

0.69

1.44

2.53

Month

1

2

4

5

6

7

8
o

10

11

12

Summary

@ Denotes mean number of days greater than 0 but less than 0.05.
-7777'. a non-zeto value that would round to zero
Empty or blank cells indicate data is missing or insufficient occurrences to compute value.
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Summary of
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00
0.0

0.0

0.0

0.0

0.0

75

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

.50

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

.25

0.0

0.0

0.0

0.0

0.0

0.0

0.0

Snow Probabilities
Probability that snow will be equal to

or less than the indicated amount

Monthly Snow vs. Probability Levels
Values derived from the

incomplete gamma distribution.

0.0

0.0

0.0

0.0

0.0

'10

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

00
0.0

q

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

3

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

1

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

Snow Depth >= Thresholds

0.0

0.0

0.0

0.0

0.0

10.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

5.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

1.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

-7777

Mean Number of Days

Snolvfall >= Thresholds

0.1

0.0
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0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

Totals
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Snowtall
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8
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Summary
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2
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@ Denotes mean number of days greater than 0 but less than 0.05

-7777'. a non-zero value that would round to zero
Empty or blank cells indicate data is missing or insufficient occurrences to compute value.
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Dec
470

316

174

68

20

303

Nov
573
423

275

142

51

Jb5

290
143

466

Oct

600
445

sep
845

694

544

394

535

Aug
91 1

756

601

446
291

591

Jul
893

738
583

424

273

qfo

Jun
755
605

455

305

158

464

May
699

544
389

97

419366

Apr
(oa

449
299
157

Mar

386

234

104
28

Feb
444
305

l/J

71

ZJ

Jan
471

317

174

55

60
Growing Degree Units

50/86

Units

Base
40

45

50

Dec

7954
O IJJ

4346
2710

1407

Corn

50/86 5U5 576 906 1 691 2155 2734 3860 4JlO 4689 4992

Nov
7484
5817

4172
2642

1387

Oct
691 I
5394

3897

2500

1 336

sep
6157

4794

2210

1 193

Aug
5312

41 00

2908

1816

948

lated Monthly)
Jul

4401

3344
2307

1370

657

Jun
3508

2606

1724

942
384

May

2001

1269

637

zzo

Apr
2054
1457

880

403
129

Mar

1 456
'1008

58'1

246

74

Feb
915

622
347

142

46

Jan
471

ct/

174

71

ZJ

Base

40

45

50

55

60

Note: For corn, temperatures below 50 are set to 50, and temperatures above 86 are set to 86

M indicates the value is missing

-7777: a non-zero value that would round to zero
Empty or blank cells indicate data is missing or insufficient occurrences to compute value.
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Soil Features:-Ventura Area, California

Soil Features

This table gives estimates of various soil features. The estimates are used in land

use planning that involves engineering considerations.

A restrictive layeris a nearly continuous layer that has one or more physical,

chemical, or thermal properties that significantly impede the movement of water
and air through the soil or that restrict roots or otherwise provide an unfavorable
root environment. Examples are bedrock, cemented layers, dense layers, and
frozen layers. The table indicates the hardness and thickness of the restrictive layer,

both of which significantly affect the ease of excavation. Depth to fop is the vertical
distance from the soil surface to the upper boundary of the restrictive layer.

Subsidence is the settlement of organic soils or of saturated mineral soils of very
low density. Subsidence generally results from either desiccation and shrinkage,
or oxidation of organic material, or both, following drainage. Subsidence takes place
gradually, usually over a period of several years. The table shows the expected
initial subsidence, which usually is a result of drainage, and total subsidence, which
results from a combination of factors.

Potentiat for frost action is the likelihood of upward or lateral expansion of the soil

caused by the formation of segregated ice lenses (frost heave) and the subsequent
collapse of the soil and loss of strength on thawing. Frost action occurs when
moisture moves into the freezing zone of the soil. Temperature, texture, density,
saturated hydraulic conductivity (Ksat), content of organic matter, and depth to the
water table are the most important factors considered in evaluating the potential for
frost action. lt is assumed that the soil is not insulated by vegetation or snow and

is not artificially drained. Silty and highly structured, clayey soils that have a high

water table in winter are the most susceptible to frost action. Well drained, very
gravelly, or very sandy soils are the least susceptible. Frost heave and low soil

strength during thawing cause damage to pavements and other rigid structures.

Risk of corrosion pertains to potential soil-induced electrochemical or chemical
action that corrodes or weakens uncoated steel or concrete. The rate of corrosion
of uncoated steel is related to such factors as soil moisture, particle-size

distribution, acidity, and electrical conductivity of the soil. The rate of corrosion of
concrete is based mainly on the sulfate and sodium content, texture, moisture
content, and acidity of the soil. Special site examination and design may be needed
if the combination of factors results in a severe hazard of corrosion. The steel or

concrete in installations that intersect soil boundaries or soil layers is more
susceptible to corrosion than the steel or concrete in installations that are entirely
within one kind of soil or within one soil layer.

Foruncoatedsteel,theriskof corrosion,expressedas/ouz, moderate,orhigh,is
based on soil drainage class, total acidity, electrical resistivity near field capacity,
and electrical conductivity of the saturation extract.

For concrete, the risk of corrosion also is expressed as low, moderate, or high. lt
is based on soil texture, acidity, and amount of sulfates in the saturation extract.
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Soil Features--Ventura Area, California

Report-Soil Features

Data Source lnformation

Soil Survey Area: Ventura Area, California
Survey Area Data: Version 6, Jan 3, 2008

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

Low

Low

Low

Low

High

High

High

High

InInlnIn

MoA-Mocho loam,
0 to 2 percent
slopes

Mocho

MsA-Mocho clay
loam, 0 to 2
percent slopes

Mocho

MsB-Mocho clay
loam, 2 to 5
percent slopes

Mocho

PcA-Pico sandy
loam, 0 to 2
percent slopes

Pico
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Natural Resources
Conservation Service

Hydrologic Soil Group-Ventura Area, California

Web Soil Survey
National Cooperative Soil Survey

10t24t2013
Page 2 of 4

MAP LEGEND MAP INFORMATION

The soil surveys that comprise your AOI were mapped al1:'24,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause
misunderstanding of the detail of mapping and accuracy of soil line
placement. The maps do not show the small areas of contrasting
soils that could have been shown at a more detailed scale.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: http://websoilsurvey.nrcs.usda.gov
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more accurate
calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

Soil Survey Area: Ventura Area, California
Survey Area Data: Version 6, Jan 3, 2008

Soil map units are labeled (as space allows) for map scales 1 :50,000
or larger.

Date(s) aerial images were photographed: May 5, 201O-Aug 31,
2010

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.

Area of lnterest (AOl)

Area of lnterest (AOl)

Soils

Soil Rating Polygons
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g ctD

ED
m Not rated or not available

Water Features
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Transportation
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Soil Rating Lines

Ft/ AJD

t'B
4r tsi L)

asl c

Flp CID

Fr,r' D

{ t Not rated or not available
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Hydrologic Soil Group-Ventura Area, California

MoA

MsA

MsB

PcA

Totals for Area of lnterest

Hydrologic Soil Group

Pico sandy loam, 0 to 2
percent slopes

B

B

B

B

88.3

43.1

1.9

135.9

1.4%

100.0%

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.

lf 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.

Hydrologic Soll Group- Summary by Map Unit - Ventura Area, California (CA674)

Rating Acres in AOI Percent of AOIMap unit symbol Map unit name

65.0%

31.7%

1.9%

Mocho loam, 0 to 2
percent slopes

Mocho clay loam, 0 to 2
percent slopes

Mocho clay loam, 2 to 5
percent slopes

USDA

-
Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

10t24t2013
Page 3 of 4



Hydrologic Soil Group-Ventura Area, California

Rating Options

Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified

Tie-break Rule; Higher

USDAY Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey
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MAP LEGEND MAP INFORMATION

The soil surveys that comprise your AOI were mapped at
1:24,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause
misunderstanding of the detail of mapping and accuracy of soil
line placement. The maps do not show the small areas of
contrasting soils that could have been shown at a more detailed
scale.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: http://websoilsurvey.nrcs.usda.gov
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as
of the version date(s) listed below.

Soil Survey Area: Ventura Area, California
Survey Area Data: Version 6, Jan 3, 2008

Soil map units are labeled (as space allows) for map scales
'1:50,000 or larger.

Date(s) aerial images were photographed: May 5, 2010-Aug
31, 2010

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.

Area of lnterest (AOl)

Area of lnterest (AOl)

Soils

Soil Rating Polygons

Soil Rating Lines

.02

F.rt .05

{""n} .10

{t .15

,t .17

rt .20

.02

.05

.10

.15

.tt
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.24

.28

.37

.43

.49

.55

.64

Not rated or not available

{. .24

t, .28

r-., r .32

nr'../t': 37

Prl .43

Aa .49

4, .55

Nr .64
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Soil Rating Points
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@ .05

E! .10

H .'15
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tr .28
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6! .43

E .49

I .55

I .64

E Not rated or not available
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K Factor, Whole Soil-Venlura Area, California

K Factor, Whole Soil- Summary by Map Unit - V.entura Area, California (CA674)

Acres in AOI Percent of AOIMap unit symbol I *"0 unit name Rating

65.0o/o

31.7o/o

1.9%

Mocho loam, 0 to 2
percent slopes

Mocho clay loam, 0 to 2
percent slopes

Mocho clay loam, 2 to 5
percent slopes

K Factor, Whole Soil

MoA

MsA

MsB

PcA

Totals for Area of lnterest

Pico sandy loam, 0 to 2
percent slopes

88.3tn

2.6

15

15

17

43.1

1.9

135.9

1 .4o/o

100.0%

Description

Erosion factor K indicates the susceptibility of a soil to sheet and rill erosion by
water. Factor K is one of six factors used in the Universal Soil Loss Equation (USLE)
and the Revised Universal Soil Loss Equation (RUSLE) to predict the average
annual rate of soil loss by sheet and rill erosion in tons per acre per year. The
estimates are based primarily on percentage of silt, sand, and organic matter and

on soil structure and saturated hydraulic conductivity (Ksat). Values of K range from

0.02 to 0.69. Other factors being equal, the higher the value, the more susceptible
the soil is to sheet and rill erosion by water.

"Erosion factor Kw (whole soil)" indicates the erodibility of the whole soil. The
estimates are modified by the presence of rock fragments.

Rating Options

Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified

Tie-breakRule; Higher

Layer Options (Horizon Aggregation Method): Surface Layer (Not applicable)

USDA

=
Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

10t2412013
Page 3 of 3
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Septic Tank Absorption Fields (CA!-Ventura Area, California

Web Soil Survey
National Cooperative Soil Survey

1012412013
Page 2 of 5

MAP LEGEND MAP INFORMATION

The soil surveys that comprise your AOI were mapped al 1 :24,000.Area of lnterest (AOl)

Area of lnterest (AOl)

Soils

Soil Rating Polygons

ffi Limitations

E8 No timitations

E Not rated or not available

Soil Rating Lines

'la Limitations

.r* No limitations

.t t Not rated or not available

Soil Rating Points

I Limitations

@ No limiiations

n Not rated or not available

Water Features

Streams and Canals

Transportation

1-1-; Rails

.iv lntersiate Highways

rsls US Routes

r i l\4ajor Roads

Local Roads

Background

I Aerial Photography

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause
misunderstanding of the detail of mapping and accuracy of soil line
placement. The maps do not show the small areas of contrasting
soils that could have been shown at a more detailed scale.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: http://websoilsurvey.nrcs.usda.gov
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more accurate
calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

Soil Survey Area: Ventura Area, California
Survey Area Data: Version 6, Jan 3, 2008

Soil map units are labeled (as space allows) for map scales 1 :50,000
or larger.

Date(s) aerial images were photographed: May 5, 20'1O-Aug 31 ,

2010

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.



Septic Tank Absorption Fields (CA)-Ventura Area, California

Septic Tank Absorption Fields (CA)

65.0%Mocho (85%) Permeability
ranges .6 - 2"/
hr (slow perc)
(0.50)

88.3Mocho loam, 0 to
2 percent
slopes

LirnitationsMoA

43.1 31.7o/oMocho (85%) Permeability <

6"/hr in
24-60" (slow
perc) (1.00)

MsA Mocho clay loam,
0 to 2 percenl
slopes

Limitations

Permeability <

6"/hr in
24-60" (slow
perc) (1.00)

2.6 1 .90/oLimitations Mocho (85%)MsB Mo-cho clay loam,
2 to 5 percent
slopes

1.9 1.4o/oPico (85%) Seepage in
bottom layer
(1.00)

PcA Pico sandy loam,
0 to 2 percent
slopes

Limitations

135.9 100.0%Totals for Area of lnterest

100.0%135.9Limitations

135.9 100.0%Totals for Area of lnterest

USDAr Natural Resources
Gonservation Service

Web Soil Survey
National Cooperative Soil Survey

10t2412013
Page 3 of 5



Septic Tank Absorption Fields (CA)-Ventura Area, California

Description

Septic tank absorption fields are areas in which effluent from a septic tank is

distributed into the soil through subsurface tiles or perforated pipe. Only that part

of the soil between the depths of 24 and 60 inches is evaluated. This interpretation
shows the degree and kind of soil limitations that affect septic tanks.

The ratings for septic tanks are based on the soil properties that affect absorption
of the effluent, construction and maintenance of the system, and public health.
Saturated hydraulic conductivity (Ksat), depth to a water table, ponding, depth to
bedrock or cemented pan, and flooding affect absorption of the effluent. Stones and

boulders, ice, and bedrock or a cemented pan interfere with installation.
Subsidence interferes with installation and maintenance. Excessive slope may
cause lateral seepage and surfacing of the effluent in down slope areas. Some soils
are underlain by loose sand and gravel or fractured bedrock at a depth of less than
4 feet below the distribution lines. ln these soils the absorption field may not
adequately filter the effluent, particularly when the system is new. As a result, the
ground water may become contaminated.

The ratings are both verbal and numerical. Rating class terms indicate the extent
to which the soils are limited by all of the soil features that affect these uses. "No

limitations" indicates that the soil has features that are very favorable for the
specified use. Good performance and very low maintenance costs can be

expected. "Limitations" indicates that the soil has features that are favorable to

unfavorable for the specified use. The most limiting limitations are displayed for
each soil. The limitations listed can be overcome or minimized by special planning,

design, or installation. Fair to poor performance and moderate to high maintenance
costs can be expected, depending on the number of limitations and the severity of
each limitation.

Numerical ratings indicate the severity of individual limitations. The ratings are

shown as decimal fractions ranging from 0.01 to 1.0. They indicate gradations

between the point at which a soil feature has the greatest negative impact on the

use (1.0) and the point at which a soilfeature is not a limitation (0.0).

The components listed for each map unit in the accompanying Summary by Map
Unit table in Web Soil Survey or the Aggregation Report in Soil Data Viewer are

determined by the aggregation method chosen. An aggregated rating class is

shown for each map unit. The components listed for each map unit are only those
that have the same rating class as the one shown for the map unit. The percent

composition of each component in a particular map unit is given to help the user
better understand the extent to which the rating applies to the map unit'

Other components with different ratings may occur in each map unit. The ratings
for all components, regardless the aggregated rating of the map unit, can be viewed
by generating the equivalent report from the Soil Reports tab in Web Soil Survey
or from the Soil Data Mart site. Onsite investigation may be needed to validate these
interpretations and to confirm the identity of the soil on a given site.

USDA

-
Natural Resources
Gonservation Service

Web Soil Survey
National Cooperative Soil Survey

10t2412013
Page 4 of 5



Septic Tank Absorption Fields (CA)-Ventura Area, California

The California version of this interpretation differs from the national version in that
the limiting features were edited in order to convey more information to the user.
The rating classes were edited to read "no limitations" and "limitations".

Rating Options

Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified

Tie-break Rule: Higher

USDA7r Natural Resources
Gonservation Service

Web Soil Survey
National Cooperative Soil Survey

1012412013
Page 5 of 5
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Appendix 4 - Watershed Chqracteristics



Iliogenic Energv Park

SCS Curve Number by ltnd Use

Effectivc SCS Curve Numbcr

Impenious Soil Type

BLand Use

OS

Cover A c D

Open Space (fail condition) 0

765

42 61 6s 7l 77

t

8l 84

4 J

OS Open Space (good condition) 0 29 52 64 7l 7657

OR Orchad (fair condition) 45 bJ 67 '12 78 82

Covered Benies 8'1 9l 9l 93 94 95 95

BP Benies with Plastic Beds 65 78 85 86 89 91 92 93

WR Windrows 65 78 85 86 89 91 92 93

PS PavernenVEquipment/Sh uctures 90 92 94 95 95 96 96 9'.7

IA l00o/o OR 45 63 67 72 78 82 85

3B '15% oR &25%CB 24 55 70 73 77 82 85

7A 557o OR & 45% BP 1l 60 73 76 80 84 86 88

9C '15YoPS &25o/oWR 84 89 89 92 93 94 95 95

llc 90% pond & l0% PS 95 94 96 97 9'1 98 98 98

l3D 40% wR & 60%PS 80 87 87 91 91 93 94 95

t5D 90% pond & 10% PS 95 94 96 97 9'1 98 98 98

1'1E 55ol. OR & 45olo BP 32 60 '13 '16 80 84 86 88

L calculaled b,v using open space (fair condition) for perviow rea md a curve number of98 for impervious area



sub-b6in composite cuNe
number

78
'7'7

80

94

98

9l
98

80

wetershed length

(ft)

10,150.0

4,930 0

4,580 0

I .630.0
425 0

2,050.0

515 0

2-150

upper elevation
(ft)

los,er elevation
(ft)

land use soil group hydraulic length average land slope
(ft) (%)

8,280 0 3 60

3.944 0 0.40

3,664 0 0.40

1,304 0 L00
3400 020

1.640 0 I 00
4l2 0 4.20

1.960 0 40

la
T"

(hr)
lug
(hr)

097
165
112
0?3
014
012
0 t7
09

16
27
21
0,1

0?
05
03
1.1

la-s

(mrn)

57 96

98 99

85 19

i3 86

85:
t9 07

991
5t 6,1

IA
3B

9C

llc
r3D
I5D
t7E

06
06
05
0l
00
0l
00
05

l8
30
25
06
02
t0
02
25

c
B

B

c
c
B
c
B



APPT]IIIII( A TIIIIIBIIS

ExHrerr 14n. AMC ll NRCS Cunvr NuMeens ron UruoevELoPED Lnruo

UNDEVELOPED

LAND USE AND CONDITION

Poor: Less than 50% Cover

Fair: From 50oh to 75oh Cover

Good: More Than 75% Cover

% lmpervious

HYDROLOGIC SOIL GROUP AND
VCWPD NUMBERS

Effective Average

A (1), (2) B c D (3)

7 6 5 4 3 2 1

3rassland (Annual Grass) roor 0 0 46 57 60 b.J 68 76

- atr 0 0 21 4Z 47 EN 60 bCr 70

3ood 0 0 41 47 54 (o 64

Spen Brush (Sagebrush
trlattop Buckwheat) )oor 0 0 JI F4 55 60 66 70 AE

-arr 0 0 zz 40 44 49 u 5B 61

Sood 0 0 a2 ?o 46 JI 56

3ig Brush (Scrub Oak
Vlanzanita, Ceanothis) = air 0 0 23 39 42 46 5'1 54 59

3ood 0 0 29 34 41 46 E1

lhamise (Narrow Leal
)haparral) :air 0 0 21 43 48 55 63 68

3ood 0 0 44 49 60 64

fak Savannah (Spars€
)aks & Annual Grass) Poor 0 0 34 57 67 71

Fair 0 0 22 41 45 51 61

Orchard Poor 0 0 42 5b 59 62 65 6/ 71

Woodland Fair 0 0 39 43 47

Pinon & Juniper Fair 0 0 43 48 u 58 6t

Forest Fair 0 0 22 41 45 50 56 bU 64

Pasture or Range Poor 0 0 61 76 78 81 u 87 89

Fair 0 0 40 61 65 71 77 B1 84

Good 0 0 29 5Z 64 71 I6 80

$Ql!: WPD MODIFIED RATIONAL METHOD USES SOIL ryPES 1-7 AND
EFFECTIVE IMPERVIOUS PERCENTAGE IN VCRAT MODEL

Note (1) Curve numbers for soil types 6 and 7 not all available

Note (2) For CNs<30, ensure that P-0.2-S > 0

Note (3) Curve numbers for soil type 1 not all available

Reference:
Boyle, 1967. Revised Hydrologic Analysis, Zone ll except Pasture

from NRCS TR-55 f abJe 2-2c. For other land use types see TR-55

VCWPD Design Hydrology Manual -20'10 Page A-27



APPT]IIIIII A TIIHIBII$

Exhibit 14b. AMC II NRCS Curve Numbers for Developed Land

DEVELOPED

LAND USE

% IMPERVIOUS HYDROLOGTC SOrL GROUP (5)

Condition
(1)

EFFEC

TIVE

AVER-

AGE

A B c D

7 6 5 4 3 2 ,l

3pen Spaces, Lawns, Parks, Gol'

lourses, Cemeteries, etc.
Good

0 0 29 57 64 71 t6 80

Fair 0 0 42 ot 65 II 81 84

Residential 1 ac. Lot 10 20 45 62 66 71 to BO 84

Residential 112 ac. Lol 13 NF 45 65 68 78 B1 85

Residential 1/3 ac. Lot 15 30 4B 67 70 75 ao 82 86

fesidential 114 ac. Lol 19 JO 53 70 7Q B1 84 87

lesidential 1/5 ac. Lot aa 47 59 74 80 84 86 89

Residential 1/6 ac. Lot 28 FA 66 79 B1 B4 B6 BB 90

Residential 1/8 ac. Lot 32 65 72 OJ 84 87 B9 90 92

lesidential- Condos JI 69 74 B4 B6 BB 90 92 93

ndustrial Unpaved Yards, etc. 36 72 B6 89 91 92 93

lommercial & Business 50 B5 BB 90 91 o? 93 95 95

ndustrial Parks, Paved Parking
ltc. 70 o2 93 94 95 96 96 97 97

)arking Lots, Roofs, Driveways
raved Streets with Curbs & Drains 90 100 98 98 98 oa 98 98 9B

Public Facilities & Institutions
lncludes Schools, Governmenj
Centers, Military Bases, etc. (2) aa 47 74 BO 84 86 89

Transportation and utilities (3) IU o? 79 87 BB 90 91 92 93

Newly graded/under construction .

No veg. 0 0 71 B5 88 s0 92 94

Paved Streets with open ditches
including right-of-way (3) 70 o? 70 87 8B 90 91 92 93

Gravel streets including righ!of.
way 0 0 71 82 84 86 8B 90 o.t

Dirt street including righlof-way 0 0 Crb 7g 81 OJ 86 88 89

Nalural desert landscaping- native
vegetation 0 0 55 AR /9 o.) B6 88

Farmsteads- buildings, lanes
driveways, and surrounding lots (2) 47 51 bv 72 76 BO B3 ttu

Agriculture- Straight Row + Crop
Residue Cover on >5% of surface Good 0 0 57 7) 74 80 85

Poor 0 0 64 7B 80 83 B6 8B 90

VCWPD Design Hydrology Manual - 2010 Page A-28



APPT]IDII( A TIilIIBIIS

DEVELOPED

LAND USE

% IMPERVIOUS HYDROLOGTC SOrL GROUP (s)

Condition
({ )

EFFEC

TIVE

AVER-

AGE

A B c D

7 6 5 4 3 2 1

Agriculture- Straight Row Good Good 0 0 60 75 77 80 84 86 89

Agriculture- Straight Row Poor Good 0 0 b5 fo 8,1 B4 87 89 91

Strawberries, 36" beds on 48'
centers, beds covered with plastic
(4) 72 72 90 94 94 OR 96 vb 97

Fallow - Bare Soil or Newly Gradec
Lands 0 0 71 83 85 88 s0 92 94

Fallow - with crop residue cover or
>5% of surface Good 0 0 6B BO 82 84 87 8B 90

Crchard .or Tree Farm, 50/5C

woods-grass Poor 0 0 39 60 64 AO at 79 83

Crchard or Tree Farm, 50/5C

woods-grass Fair 0 0 26 4B 53 67 1n 77

Crchard or Tree Farm, 50/5c
/ioods-grass Good 0 0 21 42 47 54 6'r bCr 72

NOTE: WPD MODIFIED RATIONAL METHOD USES SOIL TYPES 1-7 AND
EFFECTIVE IMPERVIOUS PERCENTAGE lN VCRat MODEL

Note (1)
roor is < 5Oo/o cover; Fair is from 50 to 75% cover; Good is >75oh cover; alsc
)onsider density of canopy and vegetative cover and degree of surface roughness

Note (2) % lmpervious and CNs assumed same as residential 1/5 ac lots

Note (3) Assumed same as industrial parks

Note (4) Oalculated assuming planted on 200'x208' parcel with 8' road along one boundary

Note (5)
TR-55 Notes: CNs developed using average % imperviousness with CN=98, pervious

areas equivalent to open space in good condition. Greater than 30% impervious aree

;onsidered di rectly connected.

Reference TR-55 Manual fah1e 2-2. For other land use types, see TR-55 Manual.

VCWPD Design Hydrology Manual -2010 Page A-29



Appendix 5 - FEMA FIRM Mops
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endix 6 - draulics



Worksheet for trao channel

Friction Method

Solve For

Manning Formula

Discharge

Roughness Coefficient

Channel Slope

Normal'Depth

Lefl Side Slope

Right Side Slope

Bottom Width

0.013

0.00700

5.00

1.10

1 .10

3.33

fttft

ft

fUfi (H:V)

fUfi (H:V)

ft

Discharge

Flow Area

Wetted Perimeter

Hydraulic Radius

Top Width

Critical Depth

Critical Slope

Velocity

Velocity Head

Specific Energy

Froude Number

Flow Type

762.37

44.15

18.20

2.43

14.33

6.51

0.00219

17.27

4.63

9.63

1.73

ft"/s

ft2

ft

ff

ft

ft

ft{ft

ft/s

ft

ft

Supercritical

Downstream Depth

Length

Number Of Steps

0.00 ft

0.00 ft

0

Upstream Depth

Profile Description

ProJile Headloss

Downstream Velocity

Upstream Velocity

Normal Depth

Critical Depth

Channel Slope

0.00 ft

lnfinity fVs

lnflnity fVs

5.00 ft

6.51 ft

0.00700 fttft

0.00 ft

BentleySystems, lnc. BentleyFlowMasterVSi (SELECTseries {} [08.11.01.031

2TSiemonsCompanyDriveSuite200W Watertown,cT06T95USA +1-203-755-1666 Pago 1 of 21214120'1811:15:23 AM



Worksheet for trap channel
GVF Output Data

Critical Slope 0.00219 fttft

Bentley Systems, lnc. Bentley FlowMaster V8i (SELECTseries 1) [08.1 1 .01 .03]

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 2 ot 2121412018 11:15:23 AM



Worksheet for {8E - double barrel

Friction Method

Solve For

Manning Formula

Discharge

Roughness Coeflicient

Channel Slope

Normal Depth

Diameter

0.012

0.00800 fttft

1.90 ft
2.50 ft

Discharge

Flow Area

Wetted Perimeter

Hydraulic Radius

Top Width

Critical Depth

Percent Full

Critical Slope

Velocity

Velocity Head

Specific Energy

Froude Number

Maximum Discharge

Discharge Full

Slope Full

Flow Type SuperCritical

36.79

4.00

5.29

0.76

2.14

2.05

76.0

0.00682

9.19

1.31

3.21

1 .18

42.75

39.74

0.00686

ft3/s

t(
ft

ft

ft

ft

To

fttft

fUs

fl

ft

ft3/s

ft"/s

fUft

Downstream Depth

Length

Number Of Steps

o.do ft

0.00 fr

0

Upstream Depth

Profile Description

Profile Headloss

Average End Depth Over Rise

Normal Depth Over Rise

Downstream Velocity

0.00 ft

0.00 ft

0.00 To

76.00 To

lnfinity fUs

BentleySystems, lnc. Bentley FlowMasterV8i (SELECTseries 1l 108.11.01.031
2TSiemonsCompanyDriveSuite200W Watertown,CT06T95USA +1.203-755-1666 Page 1 of z1214120'l.811:16:43 AM



Worksheet for {8E - double barrel

Upstream Velocity

Normal Depth

Critical Depth

Channel Slope

Critical Slope

lnfinity ftls
1.90 ft
2.05 ft

0.00800 fttft

0.00682 ftift

BentleySystems, lnc. Bentley FlowMasterVSi (SELECTseries 1) [08.11.01,03]
2TSiemonsCompanyDriveSuite200W Watertown,CT06T95USA +1.203.755-1666 page 2 ol 2'12141201811:16:43 AM



Worksheet for {8E - double barrel

Solve For Discharge

Headwater Elevalion

Centroid Elevation

Tailwater Elevation

Discharge Coefficient

Diameter

189.00 ft
'186.25 ft

187.00 ft

0.60

2.50 ft

Discharge

Headwater Height Above Centroid

Tailwater Height Above Centroid

Flow Area

Velocity

33.41

2.75

0.75

4.91

6.81

ft%

fl

ft

f(
fUs

BentleySystems, lnc. BentleyFlowMasterVSi (SELECTseries 1) [08.11.01.031
2TSiemonsCompanyDriveSuite200W Watertown,CT06T95USA +1-203-2554666 page 1 of 11214120'1811:17:33 AM



Worksheet for spillway

Solve For Discharge

Headwater Elevation

Crest Elevation

Tailwater Elevation

Crest Surface Type

Crest Breadth

Crest Length

Paved

178.50 ft

178.00 ft

170.00 ft

15.00 ft
50.00 ft

Discharge

Headwater Height Above Crest

Tailwater Height Above Crest

Weir Coefficient

Submergence Factor

Adjusted Weir Coefficient

Flow Area

Velocity

Wetted Perimeter

Top Width

53.17

0.50

-8.00

3.01

1.00

3.01

25.00

2.13

51.00

50.00

ft"/s

ft

ft

US

US

ft2

fUs

ft

ft

BentleySystems, lnc. BentleyFlowMasterVSi (SELECTseriest) [08.1'1.01.031
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Executive Summary
This Hydrology and Hydraulic (H&H) Report summarizes the preparation and results of hydrologic and

hydraulic models and analysis of Todd Barranca near Ventura, California. The results of the models will
be used by Agromin lnc., whose property is west of Todd Barranca, to determine if there are flood

conditions on their property. These results are part of a Conditional Use Permit (CUP)application to
Ventura County. The floodplain generated by the 2D hydraulic model, using updated hydrology,

produced the floodplain seen in Figure ES-1.

The results of the model under proposed conditions (with a curb) show that there is no flooding on the
Agromin property, as seen in Figure ES-2.

Figure ES-7: Existing 700-Yr Flood Depths near Agromin Property

4

State Highway L26

AG RSM IN
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Proposed Peak depth of
0.93' at Station 2822'

AG RSM IN

Stert Profile Steti0ning

Figure ES-2: 700-Yr Flood Depths neor Agromin Propefi under proposed conditions

Goals
The goal of this analysis is to refine the floodplain map

near the Agromin property by the creation of a detailed

hydrologic model and a 2D hydraulic model for the Todd

Barranca. Agromin lnc. is a producer of mulch, compost,

and other soil products. Their products are stored in

mounds on their property and are thus susceptible to

being moved by floodwaters. This detailed study of the

area and delineation of an accurately defined 100-year

floodplain around Agromin's property will be used to

address concerns for a Conditional Use Permit in Ventura

County.

The goals for the Hydrologic and Hydraulic models

specifically include:

Hydrologic HEC-HMS model: Hydrographs, based

on the county methods and the best available

data in the area, for use by floodplain 2D

modeling.

a

5

Figure 7: Project Locotion
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a Hydraulic HEC-RAS model: 100-yr floodplain map of the studied area using unsteady flow and

2D techniques.

lntroduction
Agromin lnc. has property located in Ventura County near State Highway 126 between Santa Paula and

the City of Ventura. The property is located in the flat alluvial plains north of the Santa Clara River.

Surrounding the property is agricultural land, predominantly lemon and avocado orchards. To the north

of the property are the Santa Paula Mountains, to the south is the Santa Clara River, to the west is the

town of Saticoy at a distance of 1.3 miles, and to east is the city of Santa Paula, at a distance of 3 miles.

Figure 1 shows the project location, neighboring cities, and the Los Padres National Forest to the North

which is home to the Headwaters of Todd Barranca in the Santa Paula Mountains.

The Agromin property considered for the CUP is parcel of approximately 70 acres. The lot is located

approximately 3,700 ft. west of Todd Barranca, a tributary to the Santa Clara River, and is outside of the

Santa Clara River 100-yr FEMA Floodplain. However, previous hydraulic models of the area (discussed

later in this report) have shown Todd Barranca backing up and overflowing before it crosses under State

Highway 126 during a 100 year event. The backwater flows both east and west of Todd Barranca,

pooling north of the freeway and eventually passing through the double 8'x6' culverts (noted in Figure

2) and potentially overflowing the channels south of the freeway and flooding the property. The owners

of Agromin lnc. are therefore particularly interested in the overflow of the Barranca north of Freeway

12G, the backwater behind State Highway 125 and the resultant floodplain caused by the overflow. Such

an analysis requires an accurate understanding of flow rate in Todd Barranca and a 2D floodplain model

to better understand the extent of flooding caused by the overflow. Figure 2 shows key elements of the

study, and Figure 6, in the hydraulics section of this report shows prominent hydraulic structures within

the studied area.

6NextGen Engineering Todd Barranca H&H Report



North

Todd Barranca
Overflow/Detention
Area behind HW 126

.AG R€}M I N'

Dbl 8'x6' Box Culverts

Santa Clara River

Figure 2: Key Elements olThe Study

Purpose and Benefits
This H&H report and analysis broadens the County's knowledge of flooding in and around Todd

Barranca, and provides the county with a well delineated floodplain for the studied reach. The methods

used in the models are in accordance with Ventura County's Hydrology Design Manual (VCHDM, 20t7l,
and produce results that can be easily verified by the county. More specifically, the H&H report
provides information on potential flood conditions on or around the Agromin Property and will be used

by Agromin lnc. to apply for a Conditional Use Permit. The floodplain boundaries and tables produced

through the HEC-RAS study will provide Agromin lnc. with the floodplain information they need to
better understand flooding risks, and to protect their property and the neighboring properties from the
flooding produced by a 100-yr event.

Background and Pre-Design Studies
Todd Barranca has been the subject of a number of hydrologic and hydraulic studies. The Effective FEMA

floodplain, determined by a FEMA study completed in April of 2018, does not include Agromin lnc. in the
floodplain, or model any overflow behind State Highway t26. However, a number of other studies have

7NextGen Engineering Todd Barranca H&H Report



been completed in the area; a few of which do include the property in the 100-yr floodplain or indicate

overflow conditions around highway 126. Relevant studies are listed in chronological order below:

a HSPF Hydrologic Study, 2009, Revised in 2011. AGUA TERRA Consultants completed a

Feasibility Study of the area, which included the creation of Hydrologic Simulation Program -
Fortran (HSPF) hydrologic model and, hydraulic and sediment transport models of the

watershed to evaluate natural, existing and future conditions of the Santa Clara River. The

original document had an addendum added by Ventura County Watershed Protection District,

Los Angeles County Department of Public Works, and the Los Angeles Distrid of the U.S. Army

Corps of Engineers in 2011. Figure 3 shows the results of the HSPF model for the area. There are

certain inconsistencies in the HSPF hydrology used in the OAR, including greater run off in

Wheeler Canyon than Todd Barranca, even though Wheeler Canyon has a much smaller

cumulative drainage area, as seen in Figure 3.

o

Figure 3: HSPF Hydrology

Hydraulic Study: May 2012, CMD Smith prepared an Overflow Analysis Report (OAR) for Todd

Barranca for The U.S. Army Corps of Engineers (USACE). The OAR used the above mentioned

2011 HSPF hydrology. The red names in Figure 3 were calculated using USGS regression

equations. The study included a hydraulic model which suggested overflow conditions between

Telegraph Road and State Highway L26 during the 100-year, 24-hour storm event.

a Hydrologic & Hydraulic Studies: June 2018. Harrison lndustries having noted the

inconsistencies in the 2011 HSPF hydrology used by the USAC, created their own HEC-HMS

hydrologic model, Using the hydrology generated by HEC-HMS, Harrison lndustries created a

HEC-RAS model to understand hydraulics of the area. The model used similar flows to the OAR,

however did not account for runoff volume or duration. The model was modified to account for
potential overflow volume and duration and confirmed the potential of westerly overflow of
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about 200 AF around State Highway 126 for a duration of 100 minutes; however conservation of
mass, energy and momentum were not accounted for in the model.

The 2012 hydraulic study by the CDM Smith included the Agromin Property in the 100-yr. floodplain, as

shown in Figure 4. The OAR floodplain shown in Figure 4 is recognized by Ventura County, however is

based on the broad assumptions of the USPF hydrology. Harrison's attempt to redefine the floodplain
using updated hydrology and a new hydraulic model in 2018 was inconclusive but supported the
hypotheses of overflow around State Highway 126 during a 100-yr event.

Figure 4: Overflout Analysis Repart Floadplain {AAR,2072}

Questions about the HSPF hydrology, which was used by the OAR to define the floodplain shown in
Figure 4, as well as the limitations of the one dimensional HEC-RAS study done by Harrison lndustries,
prompted the need for a new hydrologic and a 2D hydraulic study of the area.

9
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Topographic Data
All topographic data was georeferenced to NAVD 88 vertical datum and NAD 83 horizontal datum.

HEC-HMS Model

2005 LiDAR 1' contour intervals of The Todd Barranca Watershed, provided by the County, were used in

combination with 2017 USGS NED 20' contour intervals to topographically map the watershed. County

f intervals were used to delineate the farthest downstream sub-watershed (236 in the HEC-HMS model,

see Exhibit 1). USGS 20' intervals were used to determine the values that were used in the other four

sub-basins of the HEC-HMS model. The use of 1' contours adds precision to the model through better

delineation of sub watershed 236, and improves upon the methods used in previous studies of the area.

HEC-RAS Model

2005 LiDAR 10' gridded points of the Todd Barranca Watershed, provided by the county, were used in

the HEC-RAS model. The terrain file was modified to accurately model flow in the below mentioned

culvert areas. Modifications were based on as-built drawings and field measurements.

o Double Box Culvert under highway 726 (west 2D area)

o Double round culvert at highway 126 and Todd Barranca

o Culvert at railroad bridge and Todd Barranca

e Railroad tunnel under highway t26.

Hydrology
A detailed HEC-HMS 4.2.1 study of the Todd Barranca was completed to produce a unit hydrograph at

the foothills of the steep Santa Paula Mountains for use in a 2D HEC-RAS model. The results from the

hydraulic model were compared to the 2018 HEC-HMS study completed by Harrison lndustries, and

calibrated with hydrographs produced by the 2011 HSPF study, per Ventura County standards. The

following section describes in detail the methods and values used to model flow within Todd Barranca as

the result of a design 100-yr storm.

Description of the Watershed Extents of Study
The Agromin fields are located within the Adams Canyon - Santa Clara River Watershed, in the Todd

Barranca sub-watershed. The Todd Barranca watershed is elongated N.S. and the studied section

stretches 6.3 miles with an area of 8.3 mi2. The Barranca runs southeast leaving the Santa Paula

Mountains at the base of Wheeler Canyon. Todd Barranca leaves the steep Santa Paula Mountains and

enters the alluvial plains and continues through agricultural land, passing under the Santa Paula Freeway

and draining into the Santa Clara River. NRCS soil surveys (NRCS, 2017, USDA 1970) characterized the

watershed as containing loamy soils with 0-2% slopes. Run-off and stormwater flows from upstream

developments. Hampton Canyon (located in the upstream foothills of Todd Barranca), and Wheeler

Canyon (located downstream from Hampton Canyon), drain into Todd Barranca and were included in

the HEC-HMS study.

The downstream extent of the hydrologic model is the upstream extent of the hydraulic model. The

hydrologic study will consequently provide a hydrograph that represents the flow from the steep

canyons that has accumulated within the channel. The hydraulic model will be used to modelthe
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gradual incline of the agricultural lands and the consequential flooding within the alluvial plains caused

by overflow from the channel. The hydrologic model does not extend into the alluvial plains, as it is

assumed infiltration of the tilled agricultural land would allow a majority of the rainfall to infiltrate, and

would not compound the peak flow within the channel.

Local rainfall that drains into the box culverts under highway L26 is not included in the model because,

while the culverts will direct local runoff; the peak of local runoff and the peak from the overflow from

the channel can be assumed to not be coincident, and thus would not compound the detention effect

behind the highway.

Basis of Hydrology
The studied watershed was broken down into five sub-basins and six reaches. Basin boundaries and

reach extents were determined using the HEC-GeoHMS 10.1 plugin of ArcGlS Desktop 10.5.1, The

VCWPD methods used have been compared with runoff data from 2005 storms (10 to 50-yr) storms in a

number of undeveloped watersheds and generally create storm models with peaks that deviate 7O% or

less from stream gages in the modeled undeveloped watershed. The methods and values used are

explained in detail within the following section.

HEC-HMS Methods and Assumptions
The model was completed adhering to the parameters laid out in the Ventura County Design Hydrology

Manual (VCDHM, 20771. Specific attention was given to Section 5: HEC-HMS Design Storm Modeling of

the manual. The HEC-HMS model uses more precise values for infiltration, sub-basin area, lag time,

slope, and rainfall intensity as described in the following sections.

Design Storm

NOAA Atlas 14 100-yr rainfall isohyet was received from Appendix E of the VCDHM. The centroid of the

studied watershed was determined using ArcGlS. Rainfall depth at the centroid was used with a SCS type

1 rainfall distribution to produce the 100-yr, 24hour duration design storm. Exhibit 3 shows the centroid

of the watershed and resultant rainfall yield. Rainfall at the watershed centroid was determined by

performing inverse distance weighting of the NOAA isohyets in ArcMap. Rainfall at the centroid of the

watershed was calculated to be 10.93 in.

Sub-Basins

The study was separated into five sub-basins. Delineation of sub-watersheds was done using HEC-

GeoHMS plugin for ArcGlS, and using the topographic data described in the 'Topographic Data" section

of this report. The drainage point for the studied area is 7827 fI downstream of Foothill Road. The

names of sub-basins were automatically generated in HEC-GeoHMS, and the assigned sub-basin number

has no relevance to their characteristics. TABLE 1 is a summary of the values used in each sub basin,

which is followed by a discussion on how the values in TABLE 1 were determined.
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TABLE 7: SUMMARY OF VALUES USED IN SUB-BASINS IN HEC-HMS MODEL

Sub-basin watershed area was determined using the HEC-GeoHMS plugin for ArcGlS. lt is described in

square miles based on the GRS 1980 ellipsoid for the EPSG:2229 NAD83 California Zone 5 projected

coordinate system. The Topographic Data section of this report describes the topographic information

used to delineate the watersheds.

SubBosin 2i6
Runoff contributed by SubBasin 236 was not included in the hydrologic model. The terrain in this

watershed is relatively flat and is classified as agricultural land by the county. For this reason flow does

converge to the drainage point where the 2D hydraulic model will begin, however it may not converge

at the time of the peak hydrograph. The hydrograph at the outlet of L72 was thus routed to the outlet of
236 with no runoff added by SubBasin 236.

Figure 5: Agrlcultural Fields of Suh&asin 236.

Transform Method: User-Specified S-Graph

After reviewing the S-Graph options in Section 5.2.6 of the VCDHM, the Ellsworth Barranca S-Graph was

chosen due to the narrow nature of the watershed, and proximity of Todd Barranca to the Ellsworth

Barranca.

Loss Methad: lnitial and Constont

lnitial loss was set to zero, as specified in Section 5.2.5 of the VCDHM.

r.2573 3.2454 2.9172 0.71,t8 0.1400

0 0 0 0 0

0.208 0.477 0.641 o.492 N/A

0 0 0 0 0
0.451 L.4LL 0.586 0.366 0.265
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lnfiltration for each sub-basin was determined through taking the weighted average of infiltration rates

for NRCS soil types in the sub-basin. Weighting of infiltration rates was based on the percent

concentration of each soil type within each sub-basin,

Soil number infiltration rates for each soil were determined through referencing ranges covered by

multiple sources such as ASCE, SMAA , etc. TABLE 2 lists infiltration rates for each soil number. Exhibit 2

is a soil map for the studied area and was used to determine weighted values.

TABLE 2: INFILTRATION RATES FOR SOTLS W|THIN THE TODD BARRANCA WATERSUED STUDY AREA

According to Ventura County's County View on-line maps for Land Use (Accessed July 2018), the

majority of the watershed is classified as open space, with a small section of watershed 235 being

classified as agricultural. The agricultural lands are mostly lemon and avocado orchards, and are thus

classified as "orchards or tree farm" . Exhibit 14a from the VCWM specifies 0% impervious for both open

space and orchard and tree farm.

Lag time
The model used the USACE lag time equation, as specified in section 5.2.1 of the VCDHM. Key values,

such as Manning's n and sub-basin slope are noted in TABLE 3.

TABLE 3: MANNING'S N AND SLOPES OF SUB-BAi,NS

Sub-Basin slope was determined to be a "S3 slope" as defined in Section 5.2.2 of the VCDHM. The "Ss

slope" is a weighted average for elongated catchments and accounts for the fact that the travel time in

different channel reaches do not vary linearly and therefore is representative ofthe basin response

time. Values used to determine the slope were generated by HEC-GeoHM5.

Electronic File "E-1" (Attached on CD) was used to determine slopes and lag time, and contains all values

used to determine lag time.

7 0.06

2 0.20
0.2s3

4 0.50

5 0.90
2.OO6

7 7.OO

0.055 Undeveloped, steep slope. 591.15L42
232 0.045 Undeveloped, gradual slope 150.18

332 0.045 Undeveloped, gradual slope 193.66

0.045 Undeveloped, gradual slope 190.47t72
236 0.055 Undeveloped, steep slope 256.06
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Reaches

The study consists of six reaches that were used to connect upstream sub-basins to downstream sub-

basins. TABLE 4 is a summary of the values used in each reach, which is followed by an explanation of
how the values in TABLE 4 were determined. Reaches were generated automatically by the HEC-

GeoHMS plugin for ArcGlS.

TABLE 4: SUMMARY OF VALUES USED tN REACHES IN HEC-HMS MODEL

Routi n g M ethod : M u ski n g u m-Cu nge

A routing method was not specified in Section 5 of the VCDHM so the Muskingum-Cunge, a traditional
conservation of mass method and standard method, was chosen.

Reach Length

Reach length was measured from the inlet to the outlet of the sub-basin, and is the full length of the
reach, measured at the centerline of the creek. Reach lengths were determined using HEC-GeoHMS.

Reoch Slope

Reach slope was determined through the use of HEC-GeoHMS which calculated the average slope from
inlet to outlet of each sub-basin.

Manning's N for Reoches

Manning's n roughness coefficient was determined by comparing observations from a visit to the Todd
Barranca with standard values. TABTE 4 lists Manning's n values used in the routing portion of this
hydrologic model (Acrement, 1989). Willows and sycamores were observed growing within the channel
along with a number of smaller trees and bushes. Vegetation seems to become sparser upstream. All

reaches were determined to have a large amount of vegetation and consequently assigned a Manning's
n ranging from 0.04-0.05.

Reoch Shope

Shape and dimensions of the channel were determined by cutting cross sections of the studied reach.

ATcMAP and the 3-D Analyst Line interpolation plugin were used to generate the cross-sections.

Topography used to determine the cross-section shape is discussed in the Topographic Data section of
this report. Reach shape and dimensions are discussed in TABLE 4. Cross sections corresponding to
Reaches 1-5 were then simplified into trapezoidal sections and then organized by reach. Reach 6 cross

sections were then simplified as a triangular channel given that these channels were roughly were
estimated as triangular. The average shape of all reaches were calculated in excel and the results are
found in Appendix C.

4834 3234.7 4025 9756.3 6286.3 2694.3
0.04 0.026 o.0252 0.0164 0.0747 0.0141
.o4 04 o4 .o4 ,04 .05

Trap.Trap. Trap. Trap Trap. Triangle
300 50 300 295 29.5

0.41 0.37 .057 o.44 0.48 0.14
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Calibration
The resultant raw hydrograph at the outlet of sub-basin 332; was calibrated with the peak flow value of

the County Standard HSPF hydrograph at the same location, by increasing infiltration rates by 38%. The

resultant calibrated hydrograph, at the outlet of sub-basin 236, was the final hydrograph that was used

in the 2-D floodplain model.

TABLE 5: HYDROGRAPH F|OW AND VOLUME AT OUTLET OF SUB-BAS,N 332

The calibrated HEC-HMS hydrograph using a 1-minute time step produced a peak and volume that is
compared to the HSPF models peak and volume in TABLE 5: HYDROGRAPH FLOW AND VOLUME AT

OUTLET OF SIJB-BASIN 332. The difference of the peaks was less than 0.8 percent. The calibrated HEC-

HMS hydrograph is compared to the HSPF and Harrison hydrograph in Appendix A.

Analysis and Resultant llydrograph
Figure 5 shows the HEC-HMS resultant hydrograph at the outlet of sub-basin 236, which was used in the

2D HEC-RAS model.
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Figure 5: Hydrograph at\the Autlet of Sub-Basin 236 used in HEC-RAS model {7 minute time interuals)

1455HEC-H MS (NextGen) Results 6838
6890 2999HSPF Model
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Hydraulics
The following section describes in detail the methods used to determine 100-year floodplain extents,

depths, and velocities, along Todd Barranca and near Agromin's property. A hybrid one-dimensional and

two-dimensional (1D/2D) HEC-RAS model was created to determine flooding within the studied area.

Description of Hydraulic Structures and Project Components
The area of interest for the hydraulic HEC-RAS study contains a number of hydraulic structures; the most

significant are noted in Figure 6 and discussed below.

Figure 6: Praminent Hydraulic Stuctures in Studied Area

Trapezoidal Channel: An existing concrete trapezoidal channel on the Northside of the Highway 726

parallels the freeway from about 700 ft. West of Todd Barranca to about 700 Ft. West of Edwards Ranch

Road. lt is assumed that this channel was intended to drain the local drainage area on the north side of

the freeway and not to receive overflow from Todd Barranca. The Channel drains into existing double

box converts roughly 1,300 ft. east of Edwards ranch Road. From there, a private concrete channel

drains water into the Santa Clara River roughly 3,900 ft' from the box culverts.

Double 8' x 6' Box Culvert: This double box culvert conveys runoff from north of Highway 126 under the

highway, to drain toward the Santa Clara River to the South. The culvert was presumably designed to

drain the runoff from the trapezoidal channel and not intended to receive overflow from Todd Barranca,

Todd

Barranca

Detention Area

behind HW 126
Trapezoidal

Channel

Double 8'x 6' Box Culverts State

Highway 126

Railroad

Drainage Channel

ASRSHIN
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Harrison lndustries estimated the capacity of the culvert at 1,065 cfs with roughly a high-water elevation

2.5 above the box soffit and 5.5 ft. of tail water depth.

Detention Area behind HW 125: There is backwater capacity behind HW 125 that could allow runoff to
pond until it passed through the box culverts. Harrison industries estimated about 70 AF of storage

behind the freeway.

State Highway t26: The highway is elevated above the grade of the land, causing a detention effect

behind the highway. Based on as-built plans and topographic information, the low point of the highway

is about 750 ft. West of Edwards Ranch Road, and would be the initial overflow location of ponded

water north of the Freeway.

Railroad. The railroad track crosses under State Highway 126 approximately 900 ft. East of Todd

Barranca, and crosses over the Barranca around Todd Road. The railroad is also elevated above the

grade of the land and has a ponding effect on water that overflowed from Todd Barranca,

HEC-RAS Methods and Assumptions
The HEC-RAS model expands upon an existing 1D hydraulic model, provided by Ventura County, by

adding 2D elements outside of the Todd Barranca channel. The model added key specific hydraulic

elements within the 2D area, and used topography discussed in the 'Topographic Data" section of this

report. Results from the model have been compared to the OAR floodplain (Figure 4).

HEC-RAS v. 5.03 and GeoHEC-RAS was used to add 2D elements to an existing 1D HEC-RAS model.

Utilization and Modification of Fxisting 1D HEC-RAS Model

The 1D HEC-RAS model from the County was utilized to model the main channel. The model was

modified in the following ways:

o Eliminated all reaches within the model with the exception of Todd Barranca

o Eliminqted all sections upstream of section L6O7t.
o Added addition sections as required.
o Added 2D areas east and west ofTodd Barranca

o Added six lateral structures to model which routes overflow from 1D to 2D areas

. Added double box culvert under highway L26.

Manning's N Values

Manning's N Values are listed below

Manning's N values for Todd Barranca in 1D model remained the same.

o 0.052 for the main channel.

o 0.075 for both over banks

o 0.015 for the ditch area

o USDA National Land Cover Database (NLCD) was used for Manning's N values in the 2D

areas. Figure 7 and Figure 8 show land use and Manning's N values used in the model.

a
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Figure 7: Map of Land Cover Area Figure 8: NLCD Manning's N Volues

Model Extents
The H EC-RAS lD reach of the model begins at section t6O77, approximately L827 feet downstream of
Foothill Rd. The downstream end of the HEC-RAS 1D model is section 1365 at the Santa Clara River. The

2D area limits are sufficient for flood analysis at the Agromin Property, but were not extended to the
Santa Clara River.

Structures
A number of hydraulic structures are present in the studied area. Structures that affected the flow
around Agromin's property were added to the model, otherwise the terrain file was simply modified to
model the structures effect on the floodplain.

Lateral Structures

o Six lateral structures were created to route overflowfrom Todd Barranca to 2D areas

r Weir crest elevations were cut to 2005 L|DAR 1' contours.
o Structure width: 3 feet
o Weir Coefficient (for lateral structures): 0.3

Culverts in 2D Areas

o Double box 8'x 5' culvert was added under Highway 126 (west 2D area). The terrain file was

adjusted to allow for the culvert to be added to the model. Figure 9 shows flow through the
double box culvert. The flow through this culvert greatly influences the floodplain around the
Agromin property.
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Figure 9: FIow Through Douhle Box 8x6 Culvert

Double box culverts under Telegraph Road \ /ere not added to the model because no backwater

reaches this area.

Double 3.5' corrugated metal pipe located 40 feet upstream of Highway 726 atTodd Barranca

was added to the model by adjusting the terrain file to account for flow back into Todd

Barranca, however the culvert details were not added because the culverts do not affect flow at

the Agromin property.

Single concrete culvert located at Todd Barranca and Railroad Bridge was added to the model by

adjusting the terrain file to account for flow back into Todd Barranca. However, culvert details

were not added because the culvert does not affect flow at the Agromin Property.

a

Analysis and Resultant Floodplain
Unsteady flow analysis was performed using HEC-RAS 5.03. The 24- hour hydrograph, explained in the

Hydrology section of this report, provided the flow used in the model. The model performed

computations every 15 seconds during the modeled time period and the output was plotted at 5

minutes intervals. Figure 10 shows the maximum extents of the flooding and maximum depths, at the
peak flow.
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Proposed Peak depth of
0.93' at Station 2822'

Figure 70: Proposed Flood Eoundaries and Depths

Conclusions
The results from the 2D HEC-RAS model corroborate the results of the OAR produced in 2OL2 in that the
2D HEC-RAS model also models backwater behind highway 126. However, the floodplain extents

produced in the OAR are much less detailed than the study herein.

Valuable information provided by the 2D HEC-RAS model include a better defined boundary of flooding
and, more importantly, shallow flooding (less than 1 foot in most places) on and around the Agromin
Property. This area would be classified as a Special Flood Hazard Area, Zone X. Precautions would have

to be taken accordingly for a Zone X Flood Hazard Area, and additional mitigation strategies could be

taken. Additionally the model did not show flooding over Highway 125 west of Todd Barranca.

The model does indicate that proposed flooding on the Agromin Property is an average of O.27' (Approx.

3 inches) deep, and thus qualifies as a Zone X for FEMA floodplain maps, and the average velocity at the
profile line is 0.87 ft/sec.

"lslands" within the floodplain are filled depressions within the topography. While they appear isolated,

they are connected to the other floodwaters and are filled with overflow from the channel, and not
pooled rainfall.
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Recommendations
The flooding under the Existing Conditions is minimal and may not require a curb depending on land

use. The construction of a curb on the eastern side of the property would keep water off of the Agromin

Property. Figure 11 shows the floodplain with the wall. Appendix D further discusses this idea.

Figure 77: Floodplain with Proposed Canditions

Proposed Peak depth of
0.93' at Station 2822'

Maximum proposed 1l-12
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Appendix A: Hydrograph at the Outlet of County Sub-Basin 851 and NextGen Sub-Basin 332 and
Harrison HE-HMS Model Sub-Basin 5A)

HEC-HMS used for NextGen and Harrison Hydrographs
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Appendix B: Maximum Water Surface Profile Elevations and Velocities

ln the Existing Floodplain
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Existing floodplain.

Zoomed in existing floodplain view
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Existing flood depth at Station 1923.

flqod D.pth

0/

xio ru 2S'
si;h (ft}

Existing velocity at Station 2823.

V.lo.hy.

Peak velocity of 3.78 ft/sec
at Station 2823. Average

depth of 0.92 ft/sec.

fi
|i.

r.oo t6d
sbriailtt

z& zffi ,b6

l2

0,

s
s
s

?
a
.E
!
s

@6a 1?@ l&

ao in 80d lai ls 1iff m za6

I

Peak depth of 1.25' at

Station 1923. Average

depth of 0.26'.

t

ifl'
''l :-

'fItl

l, i
*.Ft106p!et!'

lryPA.req?en

NextGen Engineering 28 Todd Barranca H&H Report



Sta.297O.77

Edge of water

Existing

2.13' between parcel and

edge ofwater,

Sta.2968.64

Parcel line

Detailed view of edge of parcel line under exiting conditions.

Flood depth at Station 2968.54 under existing conditions
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Appendix C: Average Cross Section Determination Spreadsheet
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Avs SlopeR slopeL slope Base Width (ft)Sub-Basin Reach Station
0.22 0.130.04 205t
0.44 0.253642 0.07

o.47465 0.613 0.32
0.27 0.280.28 23!4
0.19 0.661.13 3275
0.45 0.647lt6 0.83

0.270.33o.2L 2767
0.15 0.180.21 182I
0.29 o.793269 7.29
0.33 0.41338Average 0.39

232 R1

o.29 o.270.25 3741

1.35 0.806922 0.26
o.29 0.321083 0.35
0.40 0.39o.37 4884
o.72 0.255965 0.37

0.19308 0.286 0.09
o.37418 0,46Average 0.28

232 R2

0.37 0.380.40 4001

0.60 0.343082 0.07
0.27167 0.233 0.30

0.08 0.43o.79 6094
t.67 0.900.L2 3085

1.48 0.853086 o.22
7.tt0.607 1.61 720

0.34 0.280.21 3488
o.67 o.5739s.78

R3

Average o,47

232

0.22432 o.271 o.t7
0.460.69o.24 !572

0.68 0.400.11 2453
0.48 0.344324 0.19

o.74308 0.r.65 1.31
0.68 0.941.19 6926
0.23 0.720.02 2737

0.33308 0.318 0.35
0.25o.27o.22 3089

o.22 0.300.38 34810
0.77 0.50L7811 0.22

0.57348 1.03L2 o.t2
1.18 0.690.20 32013
1.16 0.60308t4 0.0s

0.721077 0.1115 0.13
0.440.55Averace 0.33 382

332 R4

7.O7 0.700.32 6151

1.55 7.276402 0.99
0.35320 0.363 0.34

1.16 0.690.23 1864
0.17 0.132615 0.10

0.330.306 0.36 500
0.66 0.340.02 6157
0.2L 0.190.17 3488
0.20 0.406539 0.59

0.36340 0.3710 0.35
o.60 0.480.35 448

t72 R5

Average
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R Slope Avg SlopeL SlopeStation Heleht (ft)Sub-Basln Reach
0.18o.24 0.137 11

0.06 0,089 0,112
0,06 0.060.073 6

0.27o.27 o.274 21
0.080.08 0.0885

o.r2 0.140.15

R6

Average

236
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Appendix D: Proposed Conditions
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Proposed Peak depth of
0.93' at Station 2822'

Start Profile Stationing

Maximum proposed ll-12

PROPOSED CONDITIONS -7239.4 cfs Peak - There is no water on the Agromin Property or the
property to the north and it does not overtop Highway 126 to the north.
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Flood depth along proposed wall at Station 2822.
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Detail of Double Box culvert under Hwy 126:

Detailed view of end of wall with parcel line:

Parcel Line

Profile Line-

East Edge of
Wall

Break Line - Part of
model

Sta. 2971.16

Edge ofwater

Existing

2.49' between parcel and

edge of water.

Sta.2968.64
Parcel line
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The current has the wall extending to culvert to the 208' contour line. This is approximately 8' beyond

the parcel line. This prevents any water to flow on to the Agromin property.

Flood depth at Station 2968.64 under proposed conditions
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