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EXECUTIVE SUMMARY 

 

A groundwater investigation was conducted to evaluate the groundwater resources within 

Thing Valley on the Ewiiaapaayp Reservation and Rough Acres Ranch in McCain 

Valley.  The purpose of the investigation was to assess the availability of groundwater as 

a resource in support of the Tule Wind Farm construction project, which proposes to be 

extracted at these locations over a nine-month construction period. The groundwater 

investigation included long-term 72-hour constant rate pumping tests and subsequent 

analysis of the data to assess the hydraulic properties of the aquifer at each of these 

locations.   

 

Results of the groundwater investigation suggest that both locations provide viable 

groundwater resources in support of project construction.  Although groundwater 

resources on Tribal land are not within the jurisdiction of the County, pumping test 

results indicate that the Reservation well appears to be somewhat limited at the test 

pumping rate of 80 gallons per minute (gpm).  Based on a boundary condition identified 

during the course of the aquifer pumping test, it is recommended that a reduced pumping 

rate and a reduced frequency be used at this well. However, pumping from other 

Reservation wells may be used to supplement pumping from the test well.   

 

At the Rough Acres Ranch, pumping at 50 gpm showed no evidence of well interference, 

or significant depletion of the groundwater in storage within the pumping well.  In fact, 

analysis of the data suggests that pumping could be doubled without any significant 

impact.  Based on the results of the aquifer test, no significant impacts to this 

groundwater resource are anticipated associated with pumping at the Rough Acres Ranch 

test well. 
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1.0 INTRODUCTION 

 

1.1 Purpose of the Report 

 

This groundwater investigation report describes field conditions, and presents the results 

of field and analytical procedures used to evaluate groundwater resource availability 

within the Thing Valley area of the Ewiiaapaayp Reservation and the Rough Acres Ranch 

area of McCain Valley to support construction of the proposed Tule Wind Project.  The 

Tule Wind Project will include the construction of 134 wind turbines, and associated 

service roads, transmission lines and ancillary structures over a period of approximately 

nine months during which time groundwater will be extracted from the underlying 

aquifers to support construction activities.  This investigation also addresses the 

sustainability of groundwater withdrawal from the aquifers with respect to the existing 

and proposed future uses.  Construction is slated to begin in the third quarter 2011, and 

the wind turbine facility is scheduled to come on line in the fourth quarter 2012.  

 

Engineering estimates indicate that construction, and associated groundwater extraction, 

is expected to last approximately nine months.  According to the project developer, 

groundwater demand for the project is expected to occur in four phases.  Initially the 

project will require approximately 120,000 gallons of water per day (gpd) during road 

building (60 gallons per minute [gpm]), increasing to 250,000 gpd (equivalent to a 

constant rate of 124 gpm) while both road and turbine foundation construction and 

construction-related dust suppression.  Water demand will then decrease to 

approximately 130,000 gpd (a constant rate of 65 gpm) following completion of the 72-

day road construction portion of the project, while turbine foundation construction 

continues, and finally decrease to 100,000 gpd (50 gpm) for dust control during the 

remainder of the project.  Subsequent site work is not expected to require additional 

groundwater supply.  The total volume of extracted groundwater to support the project is 

anticipated to be approximately 65 to 125 acre-feet. 

 

When the Tule Wind Project turbines become operational, only a limited quantity of 

water will be required, estimated at 2,500 gallons per day to supply the operations and 

maintenance building services and support staff.   

 

1.2 Project Location and Description 

 

The Tule Wind Farm will be developed on 15,350 acres in eastern San Diego County.  

The project area is located approximately one mile north in Interstate 8 (I-8), generally 

between La Posta Truck Trail on the west and McCain Valley Road on the east (Figure 

1).  Given the large size of the project area and the need for water throughout, two sites 

were identified for water production:  Thing Valley and McCain Valley (Rough Acres 

Ranch).  These areas are described in more detail in the following sections. 

 

1.2.1 Thing Valley Water Production Area 

 

The Thing Valley Water Production Area is located approximately 10 miles north of I-8 

off La Posta Truck Trail/Thing Valley Road on the Ewiiaapaayp Reservation (Figure 

2A).  The reservation is located in an isolated, triangular-shaped, southeasterly-draining 
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valley near the headwaters of La Posta Creek.  Ground surface elevations range from 

5000 to 5100 feet on the valley floor, but rise to over 6200 feet along the surrounding 

ridgelines.  Reservation structures dot the valley floor, and include a fire station, an 

abandoned water bottling facility, and several abandoned, vacant, or partially-occupied 

residential structures.  Two groundwater production wells (“north well” and “south well”) 

were constructed in August 1980 near the center of the valley.  The “south well” is 

connected to a series of solar panels that power an electric submersible pump.  This well 

pumps water to a storage tank at the northwestern end of the valley, and the stored water 

supplies the Reservation.  The “north well” is located approximately 60 feet northeast of 

the “south well”.  It is equipped with an electric submersible pump, but it is not currently 

used for water production.  According to personal communications with the tribal 

representative and review of the tribal website, there are no permanent inhabitants within 

the valley, through tribal members visit the location periodically.  The nearest residence 

is approximately 4 miles south of the subject valley in the larger Thing Valley. The 

“north well” and “south well” occupy Assessor’s Parcel Number (APN) 4130800300, and 

the remainder of the valley spans APNs 4131503000, 4130800100, and 4130800200.  

The “far field” observation well is located within APN 4131503200. 

 

1.2.2 Rough Acres Ranch Water Production Area 

 

The Rough Acres Ranch Water Production Area is located approximately one mile north 

of I-8 between Ribbonwood Road on the west and McCain Valley Road on the east 

(Figure 2B).  This site occupies the broad alluviated, southeasterly-draining McCain 

Valley that, within the project area, is bounded on the north and south by low-relief 

granitic hills.  Ground surface elevations in the valley range from approximately 3600 

feet above mean sea level at the northwestern corner of the project area and along the 

northern bounding hills to about 3450 feet above mean sea level at the southeastern 

corner of the project area.  Within the project area, Rough Acres Ranch is surrounded by 

scattered residences on the west and south, a low-security detention facility and landing 

strip on the east, and open space on the north.  The valley floor is used for livestock 

grazing.  The Rough Acres Ranch property is crossed by a series of graded dirt roads, and 

contains a number of active and idle groundwater production wells that are used for 

domestic and agricultural supply. The area of the aquifer test spans APNs 6110600300, 

6110700100, 6110900200, 6110900300, 6110900400, 6110901800, and 6111100100.  

 

1.2.3 Project Description 

 

The Tule Wind Farm project will include the construction of up to 134 wind turbines and 

associated roads, transmission lines and support facilities.  Based on information 

provided by the project developer, IBR, the following water requirements have been 

estimated for the project construction (all work is anticipated to be performed over five-

day work weeks): 
 

1. Road Construction – Up to 120,000 gallons per work day will be required over a 72-

day construction period.  This translates to an average pumping rate of approximately 

60 gpm assuming sufficient storage is available to allow for pumping seven days a 

week (83 gpm if the pumps are only active during work days). 
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2. Turbine Foundation Concrete Mixing – Turbine foundation construction is estimated 

to require 7,500 to 15,000 gallons of water per foundation.  With 134 foundations to 

build, water demand will be approximately 15,000 and 30,000 gpd (assuming that 

two foundations are constructed each day in accordance with the 72-day work 

schedule).  This much water use equals an average maximum pumping rate of 

approximately 15 gpm.  The maximum continuous pumping rate (24-hours per day, 

seven days per week), required to support concrete mixing for three turbine 

foundations per day (45,000 gallons) is equivalent to 31 gpm.   

 

3. Dust Control – During subsequent construction activities, approximately 50,000 to 

100,000 gallons of water per working day will be required for dust control on project 

roads.  The average continuous pumping rate required during these activities would 

be 50 gpm for an estimated nine-month construction period.   
 

The pumping rates stipulated above are based on the assumption that there will be 

sufficient storage space to allow for groundwater extraction 24 hours per day, seven days 

per week.  If there is insufficient water storage capacity to allow for continuous pump 

operation, higher incremental pumping rates would be required.  Based on the aquifer 

testing performed for this report, the wells may not be able to pump at higher incremental 

pumping rates for peak demand. 

 

1.3 Applicable Groundwater Regulations 

 

Groundwater utilization for projects within the County of San Diego must address the 

requirements in the County of San Diego Groundwater Ordinance No. 9826, which 

stipulates that development and utilization of groundwater will not affect those who are 

dependent upon groundwater unless it can be demonstrated that there is an adequate 

supply to provide both the project and the existing users.  In addition, since the project is 

proposing to use more than 20,000 gallons per day, it is considered a water intensive 

project according to the Groundwater Ordinance, and requires an evaluation of the 

cumulative groundwater impacts.  The Ordinance provides for methods of analysis to 

determine potential impacts to the groundwater resource, and this investigation endeavors 

to address those potential impacts following the Ordinance-prescribed guidelines. 

 

This project will result in groundwater extraction and utilization that may affect the local 

environment, a unique resource, and groundwater-dependent habitats.  As a result, the 

California Environmental Quality Act (CEQA) requires an evaluation of environmental 

impacts associated with groundwater extraction, as well as other components of the 

project.  

 

2.0 EXISTING CONDITIONS 

 

This section of the water investigation report describes the existing conditions of the 

project areas, including topography, climate, geology and hydrogeology, surrounding 

land use, hydrology, and water quality.   
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2.1 Topographic Setting 

 

2.1.1 Thing Valley Water Production Area 

 

The Thing Valley Production area is situated in a triangular shaped valley near the 

headwaters of La Posta Creek.  Ground surface elevations range from approximately 

5100 feet above mean sea level (amsl) at the north end of the valley floor to about 5000 

feet amsl at the south end of the valley floor (Figures 3A).  Bounding ridgelines rise to 

over 6300 feet amsl.  The watershed for the production area is approximately 2310 acres, 

draining the area to the northwest that includes the eastern flanks of the Laguna 

Mountains to the west and the southwestern flanks of the Sawtooth Mountains to the 

northeast.  

 

2.1.2 Rough Acres Ranch Water Production Area 

 

The Rough Acres Ranch Water Production Area is situated in McCain Valley, a broad 

south- to southeasterly trending valley that is generally bounded by the eastern flanks of 

the Laguna Mountains to the west and the In-Ko-Pah Mountains to the north and east.  

The valley is over 13 miles long, extending from the In-Ko-Pah Mountains to the north, 

and draining into Tule Canyon and Carrizo Gorge at the southeast.  McCain Valley 

includes a large number of tributaries, including Tule Creek that passes through the 

Rough Acres Ranch study area as a dry wash at most times of the year.  Because of the 

vast expanse of the drainage area, for purposes of this investigation and following 

guidance from the County Hydrogeologist, the watershed area is defined as an area of 

one-half mile radius surrounding the proposed production well (Figure 3B). 

 

2.2 Climate 

 

For purposes of this water supply study, the climate factors of most concern include 

precipitation and evapotranspiration.  Data provided in this section comes from the 

County of San Diego Department of Planning and Land Use General Plan Update – 

Groundwater Study, State of California Department of Water Resources, and the 

California Irrigation Management System (CIMIS) databases. 

 

 

2.2.1 Climate of the Thing Valley Water Production Area 

 

At elevations of over 5000 feet, the Thing Valley WPA has a relatively mild climate.  

The site is located just east of the Laguna Mountains, and as a result, it sits in the rain 

shadow of these mountains.  Historical climate data from the Campo area were used to 

conservatively represent conditions at this site.  Based on information available from the 

California Department of Water Resources, the area receives an average of 15.6 inches of 

rainfall per year, with 80 percent of the rainfall occurring between November and March 

of each year.  According to the State of California Reference Evapotranspiration Map 

developed by CIMIS, the site is located in Evapotranspiration Zone 16, with an average 

of 62.5 inches of evapotranspiration per year.  
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2.2.2 Climate of the Rough Acres Ranch Water Production Area 

 

While 2000 feet lower in elevation, and about 10 miles east of the Thing Valley WPA, 

the Rough Acres Ranch WPA has similar values for rainfall and evapotranspiration.  

Using historical precipitation records from a monitoring station in Boulevard, California 

(approximately 2 miles south of the site), the average annual precipitation for the area is 

approximately 15.8 inches.  The Rough Acres and Thing Valley WPAs are located in the 

same Evapotranspiration Zone, which indicates an average annual evapotranspiration of 

62.5 inches.   

 

2.3 Land Use 

 

2.3.1 Land Use Surrounding the Thing Valley WPA 

 

The Thing Valley WPA is located within the Ewiiaapaayp Reservation.  According to the 

San Diego County General Plan, the site is located within the Mountain Area Community 

Planning Area with a land use designation as Indian Reservation.  The highlands of the 

watershed area are located within the Cleveland National Forest, and the San Diego 

County General Plan identifies this area as the Central Mountain Community Planning 

Area, with an open space forest designation. 

 

There are no full-time residents or industries within the Reservation limits, though the 

Reservation includes several abandoned structures and structures that are used 

periodically, as well as a fire station and a structure that was to be used as a water 

bottling plant.  Aside from these structures, the surrounding land is undeveloped 

mountain and valley terrain.  The nearest residents are located approximately 3 miles 

south of the WPA at Thing Valley Ranch.  

 

2.3.2 Land Use Surrounding the Rough Acres Ranch WPA 

 

The Rough Acres Ranch WPA is located in a sparsely populated region of the county.  

According to the San Diego County General Plan, the site is located within the Mountain 

Area Community Planning Area and has a land use designation as general agricultural.  

Properties surrounding the site are designated as general rural, and one parcel to the east 

is designated as National Forest/State Parks. 

 

Consistent with the designated land uses, the Rough Acres Ranch is used for livestock 

grazing, and this property is surrounded by large lot residences to the west and south, a 

low-security detention center and rural air field to the east, and high desert open space to 

the north and east.  

 

2.4 Water Demand 

 

Because there are no residents or uses for groundwater within the Thing Valley WPA, 

and the County has no jurisdiction over groundwater use on tribal lands, there is no 

requirement to evaluate water demands in this area. 
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For the Rough Acres Ranch WPA, a conservative approach was used to ensure that the 

proposed project would not affect adjacent groundwater users.  It is assumed that all 

groundwater for this project will be derived from the Rough Acres Ranch WPA even 

though the project will also utilize water from the Thing Valley WPA.   

 

As recommended by the County Groundwater Geologist, the water production area was 

restricted to a one-half mile radius surrounding the production wells (the estimated 

maximum area of interference from the pumping well).  However, to evaluate other 

groundwater uses, the evaluation radius was extended in some instances to about three 

quarters of a mile.  Within this evaluation area, seven single family residences were 

identified, including one residence that operates an apparent poultry farm.  In addition to 

the residences, the Rough Acres Ranch property is utilized for free-range livestock 

grazing, with an estimated head count of 100 animals.  Using residential water demand 

values provided by the County’s Guidelines for Determining Significance and published 

values for livestock water usage, the groundwater demand for the project is estimated in 

the following table: 
 

Water Use 

Demand 

(Acre-Feet per Year) 

Demand 

(Acre-Feet per Month) 

Proposed Project Construction 
(9 month duration) 
 

 

60 

 

6.7 

Post-Project Maintenance 

 

2.8 0.23 

Residential Water Use  
(7 residential properties; 0.5 acre-feet per year per residence) 
 

 

3.5 

 

0.29 

Livestock Grazing 
(100 head; 19 gallons per day per animal) 
 

 

2.13 

 

0.18 

Poultry Raising  
(500 birds; 770 liters per 1000 birds per day ) 

 

0.11 

 

0.01 

Totals: 65.74 7.18 

 

2.5 Geology and Soils 

 

The Thing Valley and Rough Acres Ranch WPAs are situated within batholithic rocks of 

the Peninsular Ranges Geomorphic Province.  Batholithic rocks were generally emplaced 

in the late Mesozoic to early Cenozoic eras.  Post-emplacement uplift, weathering, and 

erosion has resulted in formation of surficial soils and alluvial deposits that mantle the 

crystalline bedrock.  Due to the remote locations and paucity of mineral resources, 

neither site has been studied in detail, and most of the available geologic information 

comes from regional geologic studies, including the “Preliminary Geologic Map of the 

30’ x 60’ El Cajon Quadrangle” (Todd, 2004) and “Mineral Resources of the Sawtooth 

Mountains and Carrizo Gorge/Eastern McCain Valley Wilderness Study Areas (Todd, et 

al., 1987).  Soils information is provided by the United Sates Department of Agriculture - 

Soil Conservation Service and Forest Service. Geologic and soils conditions specific to 

each WPA and its watershed are described below. 
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2.5.1 Geology and Soils of the Thing Valley WPA 

 

The Thing Valley WPA is flanked by the Laguna Mountains to the west and the 

Sawtooth Mountains to the north and east.  Based on the available geologic information, 

in the vicinity of the WPA, the two mountain ranges are geologically similar, and are 

composed of the early Cretaceous-age Las Bancas Tonalite, an assemblage of lightly 

foliated tonalite, granodiorite, and quartz diorite.  In addition, at the northernmost portion 

of the watershed, the Sawtooth Mountains are also underlain by a variety of Triassic and 

Jurassic-age metasedimentary rock units.  

 

Along the valley floor, the crystalline bedrock is overlain by recent alluvium.  Based on 

the logs of the groundwater production wells, the thickness of alluvium is estimated to be 

approximately 30 to 50 feet. 

 

Based on maps prepared by the Soil Conservation Service (now Natural Resources 

Conservation Service), and presented on Figure 4A the following table presents the soil 

types and their properties within the Thing Valley WPA watershed area: 
 

 

Soil Type 

Moisture Holding 

Capacity (in) 

Runoff 

Potential 

Maximum Runoff 

Percentage 

Area 

(acres) 

Acid Igneous Rock Land (AcG) 0.10 Rapid 100% 250 

Bancas Stony Loam (BbG) 3-5.5 
Rapid to Very 

Rapid 
81% 1000 

Crouch Coarse Sandy Loam (CtE) 4.5-7 Medium 71% 50 

Crouch Coarse Sandy Loam (CtF) 4-6 Rapid 74% 40 

Crouch Rocky Coarse Sandy Loam (CuE) 3.5-5 Medium 78% 30 

Crouch Rocky Coarse Sandy Loam (CuG) 3.5-5 
Rapid to Very 

Rapid 
78% 100 

Mottsville Loamy Coarse Sand (MvC) 4-5 
Slow to 

medium 
74% 40 

Mottsville Loamy Coarse Sand (MvD) 4-5 Medium 74% 30 

Sheephead Rocky Fine Sandy Loam (SpG2) 2-3 
Rapid to Very 

Rapid 
87% 750 

Steep Gullied Land (StG) Not Available Rapid 100% 10 

 

2.5.2 Geology and Soils of the Rough Acres Ranch WPA 

 

The Rough Acres Ranch WPA is located at the eastern edge of the Peninsular Ranges.  

Available geologic information in the vicinity of the WPA indicates that the area is 

underlain by the early to late Cretaceous era La Posta Tonalite, an assemblage of 

horneblende-biotite trondhjemite and granodiorite that is exposed on the low-relief 

highlands surrounding and within McCain Valley.  Along the valley floor, the crystalline 

bedrock is overlain by recent alluvium.  Based on the logs of the groundwater production 

wells in the valley, the thickness of alluvium is estimated to be 30 and 70 feet. 

 

Based on maps prepared by the Soil Conservation Service (now Natural Resources 

Conservation Service), presented on Figure 4B, the following table presents the soil types 

and their properties within the Rough Acres Ranch WPA watershed area: 
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Soil Type 

Moisture Holding 

Capacity (in) 

Runoff 

Potential 

Maximum Runoff 

Percentage 

Area 

(acres) 

Acid Igneous Rock Land (AcG) 0.1 Rapid 100% 10 

Calpine Coarse Sandy Loam (CaC) 4.5-6.5 
Slow to 

medium 
72% 5 

La Posta Loamy Coarse Sand 

(LaE2) 
2-3 Medium 87% 60 

La Posta Rocky Loamy Coarse Sand 

(LcE2) 
1-2 Medium 94% 150 

Loamy Alluvial Land (Lu) 6-9 Slow 62% 120 

Mottsville Loamy Coarse Sand 

(MvC) 
4-5 

Slow to 

medium 
75% 110 

Tollhouse Rocky Coarse Sandy 

Loam (ToE2) 
1-2 

Medium to 

rapid 
94% 50 

 

2.6 Hydrogeologic Units 

 

This section of the water investigation report describes the water-bearing units at each 

site and their general hydraulic properties. 

 

2.6.1 Hydrogeologic Units of the Thing Valley WPA 

 

The hydrogeologic units of the Thing Valley WPA include the recent alluvial soils and 

the underlying fractured Las Bancas Tonalite.  The alluvium is restricted to the lowest 

portion of the valley floor; based on available geologic maps and Soil Conservation 

Service surveys, it underlies less than 10 percent of the watershed.  In contrast, the Las 

Bancas Tonalite underlies the entire watershed area, either directly or beneath the 

alluvium.   

 

A California State Department of Water Resources well completion report (no. 058539) 

is available for the “south” well that was used as the observation well for the aquifer 

testing in this study.  Drilling logs for the “north” aquifer pumping test well and far-field 

observation wells were not available.  Based on the log for the south well, the alluvium at 

this location is approximately 12 feet thick.  Relatively weathered “granitic” bedrock 

extends from 12 to 50 feet below ground surface, and relatively unweathered “granitic” 

rock was encountered from 50 feet to the bottom of the hole at 400 feet.  The geologic 

conditions at the north and far-field wells would be expected to be generally similar 

based on inspection of the surface geology. 

 

A static water level was measured at each of the three test wells prior to the start of the 

step-drawdown test (Section 2.7).  The static water levels in each well were sufficiently 

deep, and is likely below the base of alluvium.  This suggests that alluvium groundwater 

is ephemeral, and does not contribute significantly to the available groundwater resource 

at this site. 

 

The fractured Las Bancas Tonalite appears to be the most significant aquifer within the 

Thing Valley WPA.  Using the recommendations from the County Groundwater 
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Geologist, a specific yield of 0.1 percent has been established for this unit.  Figure 6 

presents a conceptual hydrogeologic cross section through the Thing Valley WPA. 

 

2.6.2 Hydrogeologic Units of the Rough Acres Ranch WPA 

 

The hydrogeologic units of the Rough Acres Ranch WPA include the recent alluvial soils 

and the underlying weathered and fractured La Posta Tonalite.  As shown on Figure 7, 

the alluvium covers the broad valley floor, and based on available geologic maps and Soil 

Conservation Service surveys (Figure 4B), it underlies approximately 50 to 60 percent of 

the watershed.  The alluvium is directly underlain by the Las Bancas Tonalite, which is 

also exposed as outcroppings throughout the watershed.  Figure 8 depicts a conceptual 

hydrogeologic cross section through this WPA. 

 

While seven wells were used for the aquifer test in this study area, only the pumping well 

and two observation wells are within the prescribed one-half mile radius watershed.  A 

California State Department of Water Resources well completion report (no. 1089956) is 

available for the pumping well.  Geologic information suggests that the alluvium in the 

center of the valley is approximately 70 to 80 feet thick.  Weathered bedrock extends to a 

depth of about 230 feet, and below that depth to the total depth of boring (420 feet), the 

crystalline rock is relatively unweathered.  Static water levels measured in the pumping 

and observation well suggest that the lower 45 to 50 feet of alluvium is saturated.  Little 

alluvium is noted on the logs for other observation wells in the test area, and well depths 

typically range from 400 to 900 feet, indicating that the fractured La Posta Tonalite is the 

primary source of groundwater for production wells in the area.  

 

The fractured La Posta Tonalite appears to be the most significant aquifer within the 

Rough Acres Ranch WPA, with the alluvium providing at least seasonal recharge to the 

subjacent bedrock aquifer.  Using the recommendations from the County Groundwater 

Geologist, a specific yield of 0.1 percent has been established for this bedrock aquifer.  

Published specific yield values for mixed sand and gravel aquifers (Driscoll, 1986) 

indicate a range of 10 to 25 percent. 

 

2.7 Hydrologic Inventory and Groundwater Levels 

 

2.7.1 Thing Valley WPA Hydrologic Inventory 

 

As described in Section 2.6.1, two groundwater production wells are located within the 

Thing Valley WPA watershed.  The wells are owned by the Ewiiaapaayp Tribe.  The 

“south” well is currently used for as-needed water supply and pumps water to a storage 

tank.  The “north” well was constructed to supply water to a proposed water bottling 

facility, but it is not currently used.  Outside of the project watershed area, approximately 

one mile south of the north and south wells, is the “Thing Valley” observation well that is 

located near the confluence of La Posta Creek and an unnamed tributary.  No other wells 

are known to exist within the watershed area.  Well construction information and static 

water levels are provided in the following table. 
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Well Name 

Total 

Depth (ft) 

Seal 

Depth (ft) 

Production 

Rate (gpm) 

Water Level – August 2010 

(feet below top of casing) 

“North” Well 400 22 Idle 54.81 

“South” Well Unknown Unknown Up to 30 gpm 49.34 

“Thing Valley” Well Unknown Unknown Idle – No Pump 77.62 

 

Locations for these wells are shown on Figure 5.  The locations and elevations of these 

wells are not surveyed; however, using approximate ground surface elevations to 

establish an approximate groundwater elevation, a hydraulic gradient of 0.05 feet per foot 

is estimated.  The approximated groundwater elevations suggest a southeasterly flow 

direction down Thing Valley. 

 

According to a report provided by the Ewiiaapaayp Tribe, the “South” well has the 

potential to produce water at a rate of about 30 gpm.  It is used to provide water to a 

storage tank that supplies water to tribal members at the residences and the fire station.  

Since there are no permanent residents in the reservation, the south well only pumps 

occasionally to maintain the water level in the tank. 

 

The North well is capable of producing groundwater at up to 90 gpm, and a pumping test 

conducted on the well following its construction indicates a specific yield of 55 gpm.  

The North well was constructed to provide water to a commercial water bottling facility 

constructed adjacent to the tribal fire station, though the bottling facility never opened 

and the North well remains idle. 

 

The Thing Valley well is located approximately one mile south of the north and south 

wells and is not equipped with a pump or power.  The well has no cap, and is open to the 

atmosphere and needs to be secured to be in compliance with California State Well 

Standards (Bulletin 74-90). 

 

Surface water bodies within the Thing Valley WPA watershed include the ephemeral La 

Posta Creek and its unnamed, ephemeral tributaries.  La Posta Creek passes within 

approximately 400 feet to the west of the south well.  There are no reservoirs or ponds 

within the watershed, and no springs have been mapped in the area. 

 

2.7.2 Rough Acres Ranch WPA Hydrologic Inventory 

 

While only two wells (Wells 6 and 6a) are located within the prescribed 502-acre 

watershed area, seven wells surrounding the project area were evaluated during this 

project.  Of these, four are equipped with pumps and are actively used for municipal 

water supply or to provide water to livestock.  The remaining three well are either 

equipped with pumps and are not currently used, or have not been equipped with pumps.  

Well construction, current estimated production, and static water levels are provided on 

the following table. 
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Well Name 

Total 

Depth (ft) 

Seal 

Depth (ft) 

Production 

Rate (gpm) 

Water Level – August 2010 

(feet below top of casing) 

Well No. 6a “North” Well 385 75 1  28.0 

Well No.  6 “South” Well Unknown Unknown 1 27.80 

Walker Residence Well Unknown Unknown <0.5 54.78 

Well No. 9 Livestock Supply Well Unknown Unknown <0.5 29.45 

Well No. 2 185 24 No Power 23.92 

Well No. 4 185 91 No Pump 10.98 

Well No. 8 970 50 Pump 17.95 

 

Locations for these wells are shown on Figure 7.  The locations and elevations of these 

wells are not surveyed; however, using approximate ground surface elevations to 

establish an approximate groundwater elevation, a hydraulic gradient of 0.01 feet per foot 

is estimated.  The approximated groundwater elevations suggest convergent flow toward 

McCain Valley, with a general southeasterly flow within the valley. 

 

Based on aquifer testing conducted as part of this investigation and well testing 

conducted during construction, Well No. 6 and No. 6a are capable of producing 

groundwater at 50 to 60 gpm.  The well test conducted on well No. 6a after construction 

indicates a specific yield of 60 gpm.  Currently these wells are principally used to supply 

water to grazing livestock, and are estimated to provide water at a rate of about 1500 

gallons per day, or 1.05 gpm on average.  

 

Well logs were not available for the Walker residence well, which provides potable water 

for a single-family residence.  Using recommendations provided by the County 

Groundwater Geologist for a typical residential well, it is estimated that this well 

produces about one-half acre-foot per year, or about 0.5 gpm on average. 

 

Well logs were also not available for the “Livestock” Well No. 9 located between the 

Walker residential well and Wells No. 6 and No. 6a.  This well provides water for 

grazing livestock in troughs located throughout the ranch.  It is estimated that this well 

produces water at a rate of about 500 gallons per day, or about one third of a gpm on 

average. 

 

Well No. 2 is located approximately one mile northeast of Wells No. 6 and No. 6a.  First 

groundwater was encountered at a depth of 70 feet below ground surface in “black and 

white rock” interpreted to be the La Posta tonalite.  Well tests conducted during 

construction indicate a specific yield of 10 gpm over a three hour test period.  Currently, 

the well is idle. 

 

Well No. 4 is located approximately one mile north of Wells No. 6 and No. 6a.  First 

groundwater was encountered at a depth of 35 feet in “decomposed granite”.  Well tests 

conducted during construction indicate a specific yield of 15 gpm over a one hour test 

period.  There is no pump in this well. 
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Well No. 8 is located about 3 miles east of Wells No. 6 and No. 6a, just east of McCain 

Valley Road.  First groundwater was encountered at a depth of 30 feet in “weathered 

granitic rock”.  A specific yield was not achieved during the post-construction well test, 

which pumped the well at 50 gpm for 8 hours and recorded 800 feet of drawdown. 

 

In addition to the wells within the prescribed watershed and those used as observation 

wells during the aquifer testing conducted as part of this study, there are seven residences 

within three-quarters of a mile of the project site, and each has its own water supply well.  

It is estimated that each of the seven additional residences utilizes about one-half acre-

foot of water per year, and one of the residences has a small poultry farm with an 

estimated 500 birds that utilizes an additional 0.11 acre-foot of water per year.  In total, 

the additional water use in the vicinity of the site is estimated to be about 3.61 acre-feet 

per year, or about 2.25 gpm on average. 

 

Surface water bodies within the Rough Acres Ranch WPA watershed include the 

ephemeral Tule Creek.  Although the USGS topographic map of the area identifies a 

small reservoir near the northwestern portion of the watershed, that feature was not 

observed within the study area.  Rough Acres Ranch discharges water from Wells No. 6 

and No. 6a to a small livestock watering reservoir about 2000 feet north of these wells.  

The reservoir is not lined, and as a result, water infiltrates rapidly into the ground.  A 

groundwater spring was observed on the canyon wall adjacent to Well No. 4.  The 

estimated flow rate from the spring is less than 1 gpm.  No other surface water bodies are 

present within the watershed or surrounding study area. 

 

2.8 Water Quality 

 

Because this water development project is intended to provide water for construction 

rather than for potable use, no water quality evaluation has been conducted. 

 

3.0 WATER QUANTITY IMPACT ANALYSIS 

 

Water quantity impact analyses were performed in accordance with the County of San 

Diego Groundwater Ordinance, the County’s Guidelines for Determining Significance 

and Report Format and Content Requirements – Groundwater Resources and the 

approved Groundwater Investigation Workplan and Well Test Plan developed for the 

Tule Wind Project.  Based on the County guidelines for determining significance and 

correspondence with the County, the water quantity analysis section must address well 

interference, and 50 percent reduction of groundwater in storage associated with 

groundwater extraction for construction.  In addition, in accordance with the County’s 

Groundwater Ordinance, because it is anticipated that groundwater extraction will exceed 

20,000 gpd, which is considered a water intensive use, a cumulative groundwater 

evaluation is required.  
 

This section provides an analysis of the groundwater conditions and a determination of 

significant impacts to the groundwater resources, based on CEQA guidelines. It should be 

noted however that the County does not have jurisdiction over water use on tribal lands, 

including the wells in Thing Valley on the Ewiiaapaayp Reservation.  Aquifer testing on 
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the Reservation was performed to assess available water for the project construction and 

a summary of these results is included herein. 

 

Because the Thing Valley WPA is located within the Ewiiaapaayp Reservation, there is 

no regional authority governing the use of this water.  As a result, the water quantity 

impact analysis has been limited to performance of a 72-hour aquifer pumping test from 

the North Well at a rate of 80 gpm followed by measurements of recovery back to static 

conditions.  Over the test, the water level was drawn down approximately 80 feet in the 

pumping well, and about 17 feet in the nearest observation well, and less than one quarter 

of a foot in the Thing Valley observation well about one mile downgradient of the 

pumping well.  Analysis of the test data as presented in Appendix A.   

 

Thing Valley Water Quantity Impact Analysis.  Thing Valley test data were recorded by 

Solinst Levelogger Gold pressure transducer data loggers placed in the pumping well and 

two observation wells. The aquifer transmissivity (the capacity of the well to transmit 

water) was calculated by a variety of methods using AquiferTest Pro, Version 3.5, 

numerical modeling software (Röhrich and Waterloo Hydrogeologic, 2002) and ranges 

from about 100 to 835 ft
2
/day depending on the data (early, middle, late portions of the 

test) obtained during pumping and recovery; the average transmissivity was calculated to 

be 393 ft
2
/day.  A summary of the calculated transmissivity values and additional 

calculated values from the pumping test are provided in Appendix A. 

 

A plot of time versus drawdown was developed from the aquifer pumping test data.  

Based on the data, a projected total drawdown in the pumping well of 190 feet is 

expected.  A negative boundary condition occurs after 1700 minutes (about 28 hours) and 

pumping of 136,000 gallons of water.  During the intial 1700 minutes of the pumping 

test, the drawdown cone around the pumping well was likely pulling water from the 

portion of the fractured rock within Thing Valley.  As the cone developed further, the 

cone is interpreted to have intercepted less fractured bedrock (most likely along the 

canyon walls) resulting in diminished production (the negative boundary effect). 

 

Considering that the pump has been inoperable for some time prior to the aquifer 

pumping test, it may be beneficial to remove the pump and conduct an inspection of the 

well casing and pump for corrosion damage and encrustation to ensure that the well(s) are 

optimally operable for the duration of the construction program.   

 

3.1 Guidelines for Determination of Significance 
 

For groundwater extraction projects in this fractured rock basin such as the Tule Wind 

Project, the County Guidelines state:  
 

“groundwater impacts will be considered significant if a soil moisture balance, or 

equivalent analysis, conducted using a minimum of 30 years of precipitation data, 

including drought periods, concludes that at any time groundwater in storage is 

reduced to a level of 50 percent or less as a result of groundwater extraction. 

Groundwater impacts are considered significant if a soil moisture balance or 

equivalent analysis conducted using a minimum of 30 years of precipitation data, 
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including drought periods, concludes that at any time groundwater in storage is 

reduced to a level of 50 percent or less as a result of the project groundwater 

demands.”   
 

The Guidelines also state: 
 

“As an initial screening tool, offsite well interference will be considered a 

significant impact if after a five year projection of drawdown, the results indicate 

a decrease in water level of 20 feet or more in the offsite wells. If site-specific 

data indicates water bearing fractures exist which substantiate an interval of more 

than 400 feet between the static water level in each offsite well and the deepest 

major water bearing fracture in the well(s), a decrease in saturated thickness of 

5% or more in the offsite wells would be considered a significant impact.” 
 

In addition, based on conversations with the County Groundwater Geologist, a basin-

wide cumulative analysis is not required because the project’s groundwater extraction 

period is limited to approximately 9 months.  For purposes of the cumulative analysis, 

with the approval of the County Groundwater Geologist, the Rough Acres Ranch Water 

Production Area boundary has been defined as an area with a one-half mile radius 

surrounding the projected ranch groundwater extraction well No. 6a.  

 

3.2 Methodology 

 

In accordance with the approved well test plan for the Tule Wind Project, a step test 

followed by a 72-hour constant rate aquifer pumping test was conducted at Well No. 6a at 

the Rough Acres Ranch to evaluate hydraulic characteristics in this proposed construction 

supply well.  Prior to initiating the pumping test, area residents were contacted to request 

their participation in the test.  In order to participate, the resident was asked to 

discontinue pumping and allow measurement of changes in water levels in their supply 

well over the testing period. The following residents listed with their Assessor’s Parcel 

Number (APN) were contacted: 
 

Resident APN Response 

Dave and Linda Shannon 611-091-14 No domestic water storage on site 

Dennis and Celeste Wilson 611-091-15 No domestic water storage on site 

York Heimerdinger 611-091-02 Has storage but refused the test 

Jeff and Peggy Garber 611-090-15 Has storage but refused the test 

Lynn Wilson 611-050-24 No domestic water storage on site 

Wayne and Frankie Thibodeau 611-091-07 No return call 

 

As presented in this table, none of the surrounding residents agreed to participate in the 

test. However, because the well pumping test was being performed on the Rough Acres 

Ranch, most of the available wells on the ranch were made available for monitoring.  In 

addition, the Ranch Manager, Mr. Walker, made his residential supply well available for 

the duration of the test.  A Solinst Levelogger Gold data logger was placed in each of the 
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available ranch wells prior to the long-term constant rate pumping test.  These well 

locations are presented on Figure 7.   

 

The 72-hour aquifer pumping test was conducted between August 24, and 27, 2010, 

followed by measurement of well recovery to static conditions.  Direct water level 

measurements could not be performed in 4-inch diameter cased pumping well No. 6a, 

because of limited access through the well head, with only sufficient room to place the 

levelogger pressure transducer into the well to a depth of 114 feet below the water level 

for measurements of the water level in this well.  Because of limited access through the 

wellhead at Well No. 6, located approximately 36 feet from the pumping well, water 

levels in this observation well were measured manually with an electric water level 

meter.  Flow from the pumping well (at about 50 gpm) was measured with an in-line flow 

meter and water was discharged to a stock pond location approximately 2000 feet 

northeast of the pumping well.  In addition, barometric pressure was measured with the 

Solinst Barologger Gold transducer, placed in the pumping well pump house adjacent to 

the pumping well.  The pumping well static water level at the start of the test was about 

28 feet below ground surface (bgs) and the pump depth was reportedly positioned at an 

estimated depth of 350 feet, though the pump depth could not be verified.  During the 

pumping test, the maximum drawdown in the pumping well was 77.5 feet.  In the nearest 

observation Well No. 6, the water level was drawn down a maximum of 3.7 feet.  An 

estimated 216,000 gallons of water was pumped to the stock pond.   

 

Results of the pumping and recover tests were plotted on semilog plots to evaluate the 

data.  County Guidelines were reviewed and incorporated into the analysis.  In addition, 

the long-term aquifer test data were analyzed using AquiferTest Pro, Version 3.5, 

numerical modeling software (Röhrich and Waterloo Hydrogeologic, 2002) to calculate 

aquifer hydraulic properties.  

 

3.3 Well Test Results 

 

As required by the County Guidelines, a plot of the pumping test time versus drawdown 

curve in the pumping well was used to estimate the drawdown in the pumping well after 

five years (2,600,000 minutes) of pumping at an average of 50 gpm as performed during 

the pumping test.  From the graphed pumping data, the projected draw down is 87 feet 

after five years (Figure 3; Appendix B).  Recognizing the project water requirements are 

needed over an estimated 9-month construction period, 84 feet of drawdown is predicted.  

In the event that during the construction, a higher pumping rate is needed, using 

proportions, doubling the pumping rate to 100 gpm would produce a drawdown of 174 

feet after five years.   

 

Using the plot of the drawdown plotted against time presented logarithmically since 

pumping started (Figure 3; Appendix B), aquifer transmissivity can be calculated using 

the Cooper-Jacobs approximation to the Theis equation: 
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s
Q

T ∆= π4
3.2

 

where, 
T = transmissivity in square feet per day 

Q = average pumping rate in ft
3 
/ day (e.g., 50 gpm multiplied by 193 = 9650 ft

3 
/ day) 

π = 3.14 

∆s = change in drawdown over one logarithm of time (3.13 ft. from Appendix B, Figure 3) 

 

Based on this equation, a transmissivity of 563 square feet per day is calculated from the 

pumping data.  Using Aquifer Test Pro numerical modeling software, curve matching 

methods were used on the time versus drawdown plots to calculate transmissivity, 

hydraulic conductivity, and storativity by different methods.  The transmissivity values 

obtained from the pumping well ranged from between 26.9 and 630 square feet per day.  

The analytical results show higher transmissivity (and hydraulic conductivity values) for 

curves matched to the observation well No. 6 and range from 0.375 to 3750 square feet 

per day.  It is believed that the relatively thick alluvial section in this area of McCain 

Valley acts as a reservoir recharging the underlying fractured bedrock system.  If the 

fractures in the bedrock are limited, the actual volume of groundwater available may be 

controlled by these thicker sections of alluvium and the more highly fractured bedrock. A 

summary of the calculated hydraulic properties from the aquifer tests, are presented in 

Table 1 included in Appendix B.  

 

The recovery data were evaluated to assess long-term affects on the groundwater aquifer.  

The plot of residual drawdown versus t/t’ (the ratio of time to time since pumping 

stopped) plotted on a logarithmic scale was used to evaluate aquifer storage.  At t/t’ equal 

to 1, a residual drawdown would indicate permanent dewatering of the aquifer and 

greater than 2 feet of residual drawdown would indicate a failed pumping test.  As shown 

on Figure 4 in Appendix B, when the resultant recovery curve is projected back to t/t’ 

equals 1, a residual drawdown of 0.33 feet is obtained indicating a successful test.    

 

Based on the lack of significant drawdown (3.7 feet) in the nearest observation well 36 

feet away, and no evidence of an effect in more distal observation wells suggests that the 

there is significant water within this water production area.  Interference with the nearest 

off-site wells approximately one half mile from the pumping well are not anticipated 

from the level of pumping proposed during project construction.  

 

3.4 Cumulative Impacts Analysis 

 

Because the project water needs exceed 20,000 gallons of water per day, a cumulative 

basin analysis is required.  To address these cumulative requires, GLA worked directly 

with the County’s Groundwater Geologist, Mr. Jim Bennett, to develop a reasonable 

approach.  Because the McCain Valley is an extensive groundwater basin and pumping is 

proposed from a limited area of the basin, it was agreed that the cumulative analysis 

would be limited to a ½ mile radius about the pumping Well No. 6A.  The cumulative 

analysis was performed using spreadsheets and calculations initially developed by Mr. 

Bennett. 
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Initially, project groundwater extraction at 50 gpm (72,000 gpd) and area residential and 

operational water demands were evaluated against monthly groundwater recharge during 

a drought condition to determine if project extraction will exceed 50 percent of the total 

storage capacity within an effective area of McCain Valley defined as approximately 

within one half mile of the proposed pumping Well No. 6a.  A second analysis was 

performed with double the pumping (100 gpm) to further evaluate increased water 

utilization at this well.  Using drought year precipitation data from the Boulevard gauging 

station (July 1998 through June 2005), when groundwater recharge is minimal and water 

is extracted from storage, a conservative assessment of possible groundwater impacts was 

developed.   

 

3.4.1 Groundwater Recharge 

 

In the spreadsheet, groundwater recharge was estimated from available precipitation data 

for the Boulevard gauging station over a seven year drought period from July 1998 

through June 2005, provided by the County Groundwater Geologist.  The recharge area 

was considered to be an area encompassing the ½-mile radius surrounding the pumping 

well, equivalent to 502 acres.  The groundwater recharge also accounts for 

evapotranspiration based on an average of 62.5 inches per month as established by 

California Reference CIMIS ETo map, Zone 16.   

 

3.4.2 Groundwater Demand 

 

For the groundwater demand, the project water needs were incorporated with standard 

assumptions of water needs for other known potential groundwater users including 

residents, livestock, and other users identified within approximately ½ of the pumping 

well.  To be conservative some land uses within ¾ mile of the pumping well were 

included into the overall area groundwater demand calculations.  The groundwater 

demand calculation assumed that there were seven residents using 0.5 acre feet of water 

per year in accordance with County Guidelines.  From literature (The Ohio State 

University Extension, 2002), an estimated 100 head of cattle graze on the Rough Acres 

Ranch, would require an estimated daily intake of 19 gallons per animal per day (the 

maximum estimated daily water intake required for a bull in 90 degree temperatures), 

equivalent to 2.13 acre feet of water.  It should be noted that slightly lower water 

consumption values (up to 15 gallons per day) are estimated for various classes of horses 

that may also be grazing on the Ranch lands.  A poultry farm, estimated to include 500 

poultry, is located to the south of Rough Acres Ranch and based on available literature 

from Pennsylvania State University (2002), a conservative estimate of 100 gallons per 

day or 0.11 acre feet of water consumption each year is assumed to support these 

animals.   

 

These water quantities in combination with the estimated 9-month construction schedule 

of water demand from the pumping well on Rough Acres Ranch of 50 gpm resulted in an 

overall groundwater demand of 7.18 acre-feet per month, or 65.74 acre-feet per year.  

The groundwater demand would increase to 13.88 acre-feet per month and 125.74 acre-

feet per year with a corresponding doubling of the production from the pumping well to 

100 gpm.  
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3.4.3 Groundwater in Storage 
 

The groundwater storage capacity was calculated using conservative estimated of the 

saturated thickness of each of the hydrogeologic units underlying the water production 

area as observed in boring logs within the McCain Valley.  For this analysis, it is 

assumed that the saturated thicknesses include 20 feet of alluvium, 10 feet of residuum, 

and 500 feet of fractured bedrock.  Assuming that these materials are continuous over the 

502 acre water production area, conservative estimates of the specific yield for each unit 

was obtained from the County.  As summarized in Table 1 in Appendix C, the greatest 

specific yield is associated with the alluvium at 10%, the specific yield for the residuum 

is 5%, and because the fractured bedrock yields water only within the fractures, the 

specific yield for this unit is 0.10%.   
 

By multiplying the 502 acres by the specific yield and by the saturated thickness for each 

hydrogeologic unit, the total groundwater in storage within the ½-mile water production 

area is 1002 acre feet of water.  
 

3.4.4 Long-Term Groundwater Availability 
 

Based on the proposed 9-month construction period and the project groundwater demand 

along with adjacent water users, subtracted from the existing groundwater in storage, in 

combination with the anticipated groundwater recharge generated over a seven year 

drought cycle, there will be no long-term groundwater requirements in support of the 

project.  As shown on Table 2 in Appendix C, the maximum drawdown within the 

subject area is about 66 acre-feet, well above the 50% basin depletion level of 500 acre-

feet.  Even if project pumping were to be increased to 100 gpm, a maximum of 136 acre-

feet of drawdown is calculated within the basin (Table 3; Appendix C).  In fact, until 

pumping is increased by eight times to 54 acre-feet per month or nearly 486 acre-feet per 

year would the basin approach the 50% depletion level of 500 acre-feet (Table 4; 

Appendix C).   
  
Based on these analyses, the long-term result of pumping at 50 gpm reduces the 

groundwater in storage to 94% and a maximum reduction to 92% of the total 

groundwater in storage during the 7-year drought period.  Under an increased (100 gpm) 

pumping scenario, the groundwater in storage is reduced to 86% of the total with an 

average of 89%.   
 

Following the project construction phase, the estimated water demand for the project site 

is estimated to be 2500 gallons per business day or about 2 acre-feet per year, associated 

with the operations and maintenance facility for the wind turbines.  Based on the 

calculations of groundwater availability this level of use would have no significant 

impact on the groundwater in storage within McCain Valley. 
 

3.5 Significance of Impacts Prior to Mitigation 
 

Based on the results of the aquifer pumping test at the Rough Acres Ranch well No. 6a, 

the criteria for well interference and 50% depletion of groundwater in storage associated 
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with the proposed project will not be met.  No significant impacts to groundwater are 

anticipated associated with the project. 

 

3.6 Mitigation Measures and Design Considerations 

 

Based on the lack of significant impacts to groundwater associated with the proposed 

project, no groundwater mitigation measures are proposed for the project. 

 

3.7 Conclusions 

 

Based upon the analyses performed, well interference is not anticipated to be a significant 

impact for the Tule Wind Farm construction project.  During the pumping test, a 

maximum of 3.7 feet of drawdown was observed in the nearest observation well 36 feet 

away from the pumping well.  No observed drawdown was identified in wells located 

within one third and one half mile of the pumping well.   

 

The potential for depletion of groundwater in storage within the McCain Valley is not 

anticipated.  Results of the groundwater demand during a drought period indicate that 

eight times the anticipated groundwater pumping would be required to drawn 

groundwater to the 50% depletion level.   

 

4.0 SUMMARY OF PROJECT IMPACTS AND MITIGATION 

 

Based on the results of pumping tests and analysis of the data, there is sufficient 

groundwater to meet the project demands.  Review of cumulative analyses performed 

within a ½ mile radial area of McCain Valley about the aquifer pumping test well 

indicates based on the available groundwater storage within McCain Valley, it is possible 

to increase pumping at the Rough Acres Ranch aquifer test well significantly without 

well interference or significant groundwater depletion.   

 

Although there are no requirements for analysis of groundwater use on tribal lands, the 

aquifer pumping test and analyses indicate that there is sufficient storage for use of 

groundwater within Thing Valley and no significant impacts to groundwater storage are 

anticipated.  However, the pumping test data and the noted boundary condition identified 

during the test after 1700 minutes suggests that to support the project water needs, it may 

be necessary to pump at a lesser rate or lesser frequency at the aquifer pumping test well, 

and supplement the water from this well with water from another well within Thing 

Valley such as the observation well.  In addition, because the well has been inoperable 

for some time, it is recommended that this well and pump be inspected and rehabilitated 

as necessary to ensure that the well operates optimally for the duration of the construction 

project. 
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5.0 CLOSURE 

 

This report was prepared in general accordance with acceptable professional geotechnical 

and hydrogeologic principles and practices.  This report makes no other warranties, either 

expressed or implied as to the professional advice or information included herein.  

Although the groundwater investigation performed included constant rate pumping over a 

72-hour period, it is not possible to fully anticipate an aquifer’s behavior over the 

proposed 9-month construction period.  It is understood that the project intends to obtain 

will serve letters to purchase water from off-site vendors if it is needed.  The use of off-

site water suppliers is recommended in the event that groundwater supplies are not fully 

supportive of the project.  Our firm should be notified of any pertinent change in the 

project, or if conditions are found to differ from those described herein, because this may 

require a reevaluation of the conclusions.  This report has not been prepared for use by 

parties or projects other than those named or described herein.  It may not contain 

sufficient information for other parties or purposes.   
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Project No.:  2010-0005 

 

To: John Hower, CEG 

 Sarah Battelle, CHG 

 

From: Mark Vincent, CHG 

 

Regarding: Observations and Analyses of Aquifer Characteristics 

 Thing Valley, San Diego County, California 

 

 

INTRODUCTION 

 

This memo presents a summary of observations and analyses made following a stepped 

and a constant rate aquifer pumping and recovery test in wells located in Thing Valley 

located approximately 10 miles north of I-8 off La Posta Truck Trail/Thing Valley Road 

in the Ewiiaapaayp Reservation, in eastern San Diego County, California.  The tests were 

performed to determine whether sufficient volumes of water are available for the Tule 

Wind Farm construction projects.  Analyses performed included calculation of 

transmissivity, hydraulic conductivity, and storativity for a pumping well and observation 

wells. 

 

WELL AND AQUIFER CONDITIONS 

 

A well labeled as South Well was used as the pumping well for this test.  Another well 

labeled as North Well is located 61.5 feet to the west of the pumping well and was 

monitored and analyzed as an observation well.  A third well identified as Thing Valley 

Well is located approximately 5,517 feet south-southeast of the pumping well and was 

also used as an observation well (Figure 1). 

 

Records for drilling and construction of the wells used for these pumping tests are 

incomplete or nonexistent.  A well identified on Department of Water Resources (DWR) 

records as the "Cuyapaipe Community Well" (identified as Form No. 058539) is believed 

to be the log for South Well.  No records are available for North Well or Thing Valley 

Well. 

 

Although DWR records indicate that slotted well casing was installed to a depth of 122 

feet, they do not indicate whether or not casing exists below that depth or if the casing 

was installed prior to drilling the well to a total depth of 400 feet.  The North and South 

Wells used in this pumping test have existing electric submersible pumps installed in 

them.  Based on the production rates achieved during the tests performed, the wells are 

likely to be outfitted with four-inch diameter electric submersible pumps.  Based on the 

depth and pressure head on the transducers installed in the wells for the test, it was 

assumed that all of the boreholes are 400 feet deep and are 10-inches in diameter.  It was 
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further assumed that the wells were constructed with 6-inch diameter well casing and that 

they are perforated or screened over the entire saturated thickness.  Details of well 

construction could not be verified in the field because of the presence of pumps, 

discharge pipes, electrical wires, and surface sanitary seals.   

 

The area immediately around North Well and South Well is underlain by alluvium 

comprised of poorly sorted sand, gravel, and silt derived from the crystalline basement 

rock exposed on the adjacent canyon sidewalls.  The crystalline basement rocks are 

classified as tonalite and yield groundwater from fractures.  The well log reportedly 

recorded for South Well indicates that there are about 12 to 15 feet of alluvium overlying 

the tonalite.  An alternative interpretation of the log is that some of the materials 

described in the log to a depth of 50 feet could also be coarse-grained alluvium locally 

derived from the surrounding tonalite.  Groundwater was measured at a depth of 54.81 

feet below the top of sanitary seal on North Well (approximately 8-inches above ground 

surface) and was measured at a depth of 49.34 feet below the sanitary seal in South Well 

(also about 8-inches above ground surface).  Groundwater was measure at a depth of 

77.62 feet below the top of the conductor casing on Thing Valley Well (the conductor 

casing extends approximately 6-inches above ground surface).   

 

TEST METHODS 

 

Observations of groundwater elevation were recorded in a pumping well and two 

observation wells in Thing Valley.  Data was collected using pressure transducers 

connected to data loggers.  Barometric pressure changes were recorded during the test 

and corrections were made to the pressure head data collected during the tests. 

 

A stepped aquifer pumping test was performed using North Well to determine the 

optimum pumping rate for a longer duration test.  The pressure transducers were 

deployed and began recording data on August 12, 2010 to perform the stepped pumping 

test.  The stepped pumping test was performed at pumping rates of 72 gallons per minute 

(gpm), 88 gpm, and 90 gpm.  The pump could not be throttled down below 72 gpm 

without water exiting a by-pass / check valve and had a maximum yield of 90 gpm.  A 

semi-logarithmic plot of elapsed time versus drawdown for the stepped pumping test is 

shown on Figure 2. 

 

The constant rate pumping and recovery test was performed from August 16 through 19, 

2010.  The pump was powered-down on August 19, 2010 and allowed to recover until 

August 23, 2010 when the pressure transducers were removed from the wells.  South 

Well was initially pumped at an average rate of 88 gpm and was corrected to 80 gpm 

during a period from about 1 to 2 hours into the test.  Recovery tests were performed by 

turning off the pumps and recording the increasing head levels over time.   

 

DATA ANALYSIS 

 

Changes in groundwater level data recorded during this test were corrected for barometric 

pressure changes and used to generate a file containing tabulated time and changes in 

pressure head.  The data was used to generate time-drawdown graphs for the pumping 
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and observation wells and imported into computer software used to calculate the 

transmissivity and storativity of the fractured tonalite. 

 

The stepped pump test analysis consists of plotting the drawdown versus time for each 

pumping rate on a time versus drawdown plot with time plotted on a logarithmic scale.  

Forward projections of each segment representing a different pumping rate can be used to 

predict the likely drawdown for the pumping well during for the selected duration of the 

test.  A pumping rate of 80 gpm was selected as the target pumping rate because it would 

allow for ample drawdown without the well running dry during the test. 

 

The method of Schafer (1978) was employed to determine how much of the data set for 

North Well was impacted by casing storage effects.  The method is a simplification of the 

method first developed by Papadopulos and Cooper (1967) but does not require prior 

knowledge of the transmissivity or well efficiency.  The point at which casing storage 

effects are overcome was calculated to occur approximately 12 to 14 minutes into the test 

based on the assumptions about well construction practices, pumping rates, and 

drawdown.  Very early pumping data was ignored in the analyses described below due to 

casing storage effects and the non-uniform drawdown curve caused by the change in the 

pumping rate from 88 to 80 gpm.   

 

Time versus drawdown plots were prepared for the pumping and observation wells for 

the pumping and recovery portions of the test.  The plots are shown with the time axis 

plotted on a logarithmic scale and drawdown on a linear scale.   

 

Figure 3 shows the time-drawdown plot for North Well during pumping.  The first 12 to 

14 minutes of the test show the effects of attempting to establish a constant pumping rate 

and casing storage effects.  A slight recovery in the drawdown is noted from around 14 

minutes to approximately 33 minutes due to a reduction in the pumping rate from 88 to 

80 gpm.  The North Well drawdown plots as a straight line on the time-drawdown chart 

representing constant aquifer properties during that portion of the drawdown cone 

development.  A sudden change in the drawdown curve starts at approximately 1,700 

minutes and changes again at approximately 3,000 minutes.  The steepening of the time 

drawdown curve noted at approximately 1,700 and 3,000 minutes likely indicates a 

negative boundary effect.   

 

A residual drawdown plot for the North Well is shown on Figure 4.  The plot shows the 

change in drawdown versus the ratio of the time since the pump test started divided by 

the time since the recovery portion of the test started (t/t`).  An inflection point is noted at 

approximately t/t`=100 possibly due to some type of boundary effect.  The residual 

drawdown at a t/t` ratio of 1 extends through the origin and there is no discernable change 

in storage noted in the pumping well over the course of the pumping and recovery 

portions of the aquifer stress test. 

 

A time-drawdown plot of South Well located 61.5 feet away from the pumping well 

shows a sharp decrease in drawdown from approximately 51 minutes to approximately 65 

minutes which is considered to be the result of the decrease in pumping rate from 88 to 

80 gpm (Figure 5).  The South Well plot shows a slight increasing slope to the semi-

logarithmic plot but shows a very strong inflection point at approximately 1,700 minutes 
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into the test.  This is interpreted to be the result of a negative boundary effect similar to 

that observed on the time-drawdown plot from North Well (compare Figures 3 and 5).   

 

The South Well recovery portion of the test is plotted as the residual drawdown versus 

t/t` shows a concave upwards curvature to the semi-logarithmic plot (Figure 6) indicative 

of changing aquifer conditions from a t/t` ratio of about 10 to 200 into the recovery test 

period.  The line segment from a t/t` ratio of 200 the end of the test is a straight line plot 

indicative of constant aquifer conditions.  The residual drawdown value measured for a 

t/t’ ratio of 1 is about -3.5 feet.  Though this value is not within about one half of a foot as 

would be expected from a successful test, it may not be especially significant for an 

observation well when the pumping well shows no changes in storage effect.   

 

The Thing Valley Well located approximately 5,517 feet south of the pumping well was 

monitored for changes in head.  A possible cumulative drawdown of approximately 0.25 

feet was observed from approximately 400 minutes until the end of the test (Figure 7).  

The recovery portion of the well is shown on Figure 8 and is shows a large sudden 

change in measured head near the end of the monitoring period.  This is interpreted as a 

slippage of the transducer cable and is probably not a valid recovery curve. 

 

Water level drawdown data were evaluated using the computer software program 

AquiferTest version 3.5 (Waterloo Hydrogeologic, 2002).  The program performs curve 

matching of the time drawdown data to calculate transmissivity, hydraulic conductivity, 

and storativity using different methods.  The methods employed included Cooper-Jacob 

(1946), Moench (1993), Neuman (1975), and Theis (1935). 

 

DISCUSSION 

 

As shown on Table 1, the calculated hydraulic conductivity values for all of the analytical 

methods employed ranged from a low of 0.285 feet/day for data collected from North 

Well using Neuman's method for the data collected from the end of the data set to a high 

of 2.39 feet/day for the early time recovery phase of South Well using the Theis 

Recovery method.  An average conductivity of 1.122 feet/day was calculated from all 

methods from both South Well and North Well.  The Storativity values range from a low 

of 3.33E-09 for North Well middle to late time data and a high of 4.19E+01 for a match 

to the very late time data recorded in South Well.  

 

All of the analytical results show a higher transmissivity and hydraulic conductivity value 

for matches to the early time drawdown data and show lower values for matches to late 

time drawdown data.  This is most likely the result of a higher degree of fracturing in the 

rock around the wells.  North Well and South Well are located in a portion of Thing 

Valley which is entirely covered in up to 50 feet of alluvium (Figure 9).  Inspection of 

aerial photographs from Google Earth show the local canyons and drainages are 

controlled by large scale joint sets.  Areas of maximum fracturing will have higher 

transmissivity and hydraulic conductivity associated with them and also will be more 

prone to erosion.   

 

During the pumping test, a cone of depression developed radially around the well until 

the cone intercepted lower transmissivity/less fractured rock at the canyon side walls (the 
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negative boundary effect observed approximately 1,700 minutes into the test).  After that 

time, the majority of the water entering the wells is coming from directly up and down 

canyon.  A later stage negative boundary effect near the 3,000 minute mark observed in 

North Well may be a secondary negative boundary effect associated with translation of 

the cone of depression outside the portions of the canyon overlain by alluvium.  Although 

the alluvium was not thought to be saturated during the test it is likely to act like a sponge 

slowing the downgradient flow of groundwater.   

 

Because the fractures in the bedrock appear to be of aerially limited extent, the actual 

volume of groundwater available may be limited with larger volumes of groundwater 

available within the canyon areas where fracturing may be most prevalent.   

 

CLOSURE 

 

This summary of observations and analyses has been prepared in general accordance with 

accepted professional geotechnical and hydrogeologic principles and practices.  This 

report makes no other warranties, either expressed or implied as to the professional 

advice or information included in it.  Our firm should be notified of any pertinent change 

in the project, or if conditions are found to differ from those described herein, because 

this may require a reevaluation of the conclusions.  This report has not been prepared for 

use by parties or projects other than those named or described herein.  It may not contain 

sufficient information for other parties or purposes. 

 

Geo-Logic Associates 

 
Mark W. Vincent, PG 5767, CEG 1873, CHg 865 

Senior Geologist 

 

 

Attachments: Table 1 - Aquifer Stress Test Results 

 Figure 1 - Well Location Plan 

 Figure 2 - Step Test Time Drawdown Plot 

 Figure 3 - North Well Time Drawdown Plot Pumping 

 Figure 4 - North Well Time Drawdown Plot Recovery 

 Figure 5 - South Well Time Drawdown Plot Pumping 

 Figure 6 - South Well Time Drawdown Plot Recovery 

 Figure 7 - Thing Valley Well Time Drawdown Pumping 

 Figure 8 - Thing Valley Well Time Drawdown Recovery 

 Figure 9 - Geologic Map 

 Appendix A - Analytical Results from Aquifer Test Program 
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Distance 

From 

Pumping 

Well

Groundwater 

Depth from 

TOC

Groundwater 

Depth from 

Ground 

Surface

Assumed 

Aquifer 

Thickness

Average 

Pumping 

Rate Transmissivity Conductivity

(feet) (feet) (feet) (feet) (gpm) (feet^2/day) (feet/day)

North Well Pumping 1 54.81 54.14 350 81 Cooper-Jacob 488 1.390 3.33E-09 Match to mid-late data.

North Well Pumping 1 54.81 54.14 350 81 Cooper-Jacob 176 0.502 3.05E-02 Match to late data.

North Well Pumping 1 54.81 54.14 350 81 Moench 261 0.741 4.45E-04 Match to late data.

North Well Pumping 1 54.81 54.14 350 81 Neuman 99.8 Minimum 0.285 Minimum 3.82E-04 Match to late data.

North Well Pumping 1 54.81 54.14 350 81 Theis 256 0.733 3.57E-04 Match to late data.

North Well Pumping 1 54.81 54.14 350 81 Walton 115 0.327 2.41E-02 Match to late data.

North Well Recovery 1 54.81 54.14 350 81 Theis Recovery 669 1.910 NA Match to early data.

North Well Recovery 1 54.81 54.14 350 81 Theis Recovery 473 1.350 NA Match to middle data.

North Well Recovery 1 54.81 54.14 350 81 Theis Recovery 337 0.963 NA Match to late data.

South Well Pumping 61.5 49.34 48.67 350 81 Cooper-Jacob 513 1.470 8.29E+00 Match to late data.

South Well Pumping 61.5 49.34 48.67 350 81 Cooper-Jacob 294 0.841 4.19E+01 Match to very late data.

South Well Pumping 61.5 49.34 48.67 350 81 Moench 467 1.330 1.35E-05 Match to late data.

South Well Pumping 61.5 49.34 48.67 350 81 Neuman 469 1.340 9.12E-04 Match to late data.

South Well Pumping 61.5 49.34 48.67 350 81 Theis 477 1.360 2.10E-03 Match to late data.

South Well Pumping 61.5 49.34 48.67 350 81 Walton 477 1.360 8.76E+00 Match to late data.

South Well Recovery 61.5 49.34 48.67 350 81 Theis Recovery 835 Maximum 2.39 Maximum NA Match to early data.

South Well Recovery 61.5 49.34 48.67 350 81 Theis Recovery 508 1.450 NA Match to middle data.

South Well Recovery 61.5 49.34 48.67 350 81 Theis Recovery 311 0.888 NA Match to late data.

Average Values 393 1.122 3.88E-03

Aquifer Stress Test Results

Thing Valley

Table 1

Well 

Designation Condition Analytical Method Storativity Comments





Figure 2

North Well
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Time Drawdown Plot for Stepped Pump Test
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Figure 3

North Well

(Pumping Well)

Time-Drawdown Plot
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Figure 4

North Well

Recovery
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Figure 5

South Well

(Observation Well)

Time-Drawdown Plot
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Figure 6

South Well

(Observation Well)

Recovery Time-Drawdown Plot
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Figure 7

Thing Valley Well

(Observation Well)

Time-Drawdown Plot
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Figure 8

Thing Valley Well
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Waterloo Hydrogeologic, Inc.

460 Philip Street - Suite 101

Waterloo, Ontario, Canada

Phone: +1 519 746 1798

Project:

Number:

Client:

Thing Valley

2010-0005

Pumping Test Analysis Report

North Well

South Well

Thing Valley Well

Thing Valley Wells [Cooper-Jacob Time-Draw dow n]
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w
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]

68.81

55.048

41.286

27.524

13.762

0

Transmissivity: 4.88E+2 [ft²/d]

North Well Match to mid-late data.

Conductivity: 1.39E+0 [ft/d]

Storativity: 3.33E-9

Comments:

Pumping WellPumping Well:

Discharge Rate: 80.111574 [U.S. gal/min]

Casing radius:

0.42 [ft]

Screen length: 350 [ft]

Boring radius:

0.25 [ft]

Test parameters:

Thing Valley Wells

Analysis Method: Cooper-Jacob Time-Drawdown

Aquifer Thickness: 350 [ft]

Analysis Results:

Evaluated by:

Evaluation Date:

MWV

Confined Aquifer

10/29/2010

Pumping Test:



Waterloo Hydrogeologic, Inc.

460 Philip Street - Suite 101

Waterloo, Ontario, Canada

Phone: +1 519 746 1798

Project:

Number:

Client:

Thing Valley

2010-0005

Pumping Test Analysis Report

North Well

South Well

Thing Valley Well

Thing Valley Wells [Cooper-Jacob Time-Draw dow n]

Time [min]
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D
ra

w
d
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n
 [
ft
]

68.81

55.048

41.286

27.524

13.762

0

Transmissivity: 1.76E+2 [ft²/d]

North Well match to late data.

Conductivity: 5.02E-1 [ft/d]

Storativity: 3.05E-2

Comments:

Pumping WellPumping Well:

Discharge Rate: 80.111574 [U.S. gal/min]

Casing radius:

0.42 [ft]

Screen length: 350 [ft]

Boring radius:

0.25 [ft]

Test parameters:

Thing Valley Wells

Analysis Method: Cooper-Jacob Time-Drawdown

Aquifer Thickness: 350 [ft]

Analysis Results:

Evaluated by:

Evaluation Date:

MWV

Confined Aquifer

10/29/2010

Pumping Test:



Waterloo Hydrogeologic, Inc.

460 Philip Street - Suite 101

Waterloo, Ontario, Canada

Phone: +1 519 746 1798

Project:

Number:

Client:

Thing Valley

2010-0005

Pumping Test Analysis Report

North Well

South Well

Thing Valley Well

Thing Valley Wells [Cooper-Jacob Time-Draw dow n]

Time [min]
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D
ra

w
d
o
w

n
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]

68.81

55.048

41.286

27.524

13.762

0

Transmissivity: 5.13E+2 [ft²/d]

South Well match to late data.

Conductivity: 1.47E+0 [ft/d]

Storativity: 8.29E+0

Comments:

Pumping WellPumping Well:

Discharge Rate: 80.111574 [U.S. gal/min]

Casing radius:

0.42 [ft]

Screen length: 350 [ft]

Boring radius:

0.25 [ft]

Test parameters:

Thing Valley Wells

Analysis Method: Cooper-Jacob Time-Drawdown

Aquifer Thickness: 350 [ft]

Analysis Results:

Evaluated by:

Evaluation Date:

MWV

Confined Aquifer

10/29/2010

Pumping Test:



Waterloo Hydrogeologic, Inc.

460 Philip Street - Suite 101

Waterloo, Ontario, Canada

Phone: +1 519 746 1798

Project:

Number:

Client:

Thing Valley

2010-0005

Pumping Test Analysis Report

North Well

South Well

Thing Valley Well

Thing Valley Wells [Cooper-Jacob Time-Draw dow n]
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]

68.81

55.048
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13.762

0

Transmissivity: 2.94E+2 [ft²/d]

South Well match to very late data.

Conductivity: 8.41E-1 [ft/d]

Storativity: 4.19E+1

Comments:

Pumping WellPumping Well:

Discharge Rate: 80.111574 [U.S. gal/min]

Casing radius:

0.42 [ft]

Screen length: 350 [ft]

Boring radius:

0.25 [ft]

Test parameters:

Thing Valley Wells

Analysis Method: Cooper-Jacob Time-Drawdown

Aquifer Thickness: 350 [ft]

Analysis Results:

Evaluated by:

Evaluation Date:

MWV

Confined Aquifer

10/29/2010

Pumping Test:



Waterloo Hydrogeologic, Inc.

460 Philip Street - Suite 101

Waterloo, Ontario, Canada

Phone: +1 519 746 1798

Project:
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2010-0005

Pumping Test Analysis Report
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Thing Valley Wells [Cooper-Jacob Time-Draw dow n]
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Transmissivity: 2.41E+4 [ft²/d]

Thing Valley program best fit match.

Conductivity: 6.88E+1 [ft/d]

Storativity: 7.34E-4

Comments:

Pumping WellPumping Well:

Discharge Rate: 80.111574 [U.S. gal/min]

Casing radius:

0.42 [ft]

Screen length: 350 [ft]

Boring radius:

0.25 [ft]

Test parameters:

Thing Valley Wells

Analysis Method: Cooper-Jacob Time-Drawdown

Aquifer Thickness: 350 [ft]

Analysis Results:

Evaluated by:

Evaluation Date:

MWV

Confined Aquifer

11/4/2010

Pumping Test:
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460 Philip Street - Suite 101

Waterloo, Ontario, Canada

Phone: +1 519 746 1798

Project:

Number:

Client:
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2010-0005

Pumping Test Analysis Report

Thing Valley Well
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Thing Valley Wells [Moench Fracture Flow ]
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South WellThing Valley Well

Transmissivity: 2.61E+2 [ft²/d]

North Well match to late data.

Conductivity: 7.47E-1 [ft/d]

Storativity: 4.45E-4

Comments:

Pumping WellPumping Well:

Discharge Rate: 80.111574 [U.S. gal/min]

Casing radius:

0.42 [ft]

Screen length: 350 [ft]

Boring radius:

0.25 [ft]

Ss(blk)/Ss(fract): 200
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C:

K(block)/K(Skin):

K(block)/K(fracture):

0.554

0.1

Test parameters:

Thing Valley Wells

Analysis Method: Moench Fracture Flow

Aquifer Thickness: 350 [ft]

Analysis Results:

Evaluated by:

Evaluation Date:

MWV

Kv/Kh:

0.1

b: 350 [ft]

10/29/2010

Pumping Test:



Waterloo Hydrogeologic, Inc.

460 Philip Street - Suite 101

Waterloo, Ontario, Canada

Phone: +1 519 746 1798

Project:

Number:

Client:

Thing Valley

2010-0005

Pumping Test Analysis Report

Thing Valley Well
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South Well

Thing Valley Wells [Moench Fracture Flow ]

t/r² [min/ft²]

1E-6 1E-5 1E-4 1E-3 1E-2 1E-1 1E+0 1E+1

1/u

1E-2 1E-1 1E+0 1E+1 1E+2 1E+3 1E+4 1E+5 1E+6

W
(u

)

1E-3

1E-2

1E-1

1E+0

1E+1

1E+2

s
 [ft]

1E-2

1E-1

1E+0

1E+1

1E+2

THEIS (Ss) THEIS (Ss')

North Well

South WellThing Valley Well

Transmissivity: 4.67E+2 [ft²/d]

South Well match to late data.

Conductivity: 1.33E+0 [ft/d]

Storativity: 1.35E-5

Comments:

Pumping WellPumping Well:

Discharge Rate: 80.111574 [U.S. gal/min]

Casing radius:

0.42 [ft]

Screen length: 350 [ft]

Boring radius:

0.25 [ft]

Ss(blk)/Ss(fract): 200

0.1

C:

K(block)/K(Skin):

K(block)/K(fracture):

0.554

0.1

Test parameters:

Thing Valley Wells

Analysis Method: Moench Fracture Flow

Aquifer Thickness: 350 [ft]

Analysis Results:

Evaluated by:

Evaluation Date:

MWV

Kv/Kh:

0.1

b: 350 [ft]

11/1/2010

Pumping Test:
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460 Philip Street - Suite 101

Waterloo, Ontario, Canada

Phone: +1 519 746 1798

Project:

Number:

Client:

Thing Valley

2010-0005

Pumping Test Analysis Report

Thing Valley Well

Thing Valley Wells [Moench Fracture Flow ]

t/r² [min/ft²]
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Thing Valley Well

Transmissivity: 3.61E+3 [ft²/d]

Moench match to Thing Valley Well data.

Conductivity: 1.03E+1 [ft/d]

Storativity: 6.28E-4

Comments:

Pumping WellPumping Well:

Discharge Rate: 80.111574 [U.S. gal/min]

Casing radius:

0.42 [ft]

Screen length: 350 [ft]

Boring radius:

0.25 [ft]

Ss(blk)/Ss(fract): 200

0.1

C:

K(block)/K(Skin):

K(block)/K(fracture):

0.554

0.1

Test parameters:

Thing Valley Wells

Analysis Method: Moench Fracture Flow

Aquifer Thickness: 350 [ft]

Analysis Results:

Evaluated by:

Evaluation Date:

MWV

Kv/Kh:

0.1

b: 350 [ft]

11/4/2010

Pumping Test:



Waterloo Hydrogeologic, Inc.

460 Philip Street - Suite 101

Waterloo, Ontario, Canada

Phone: +1 519 746 1798

Project:

Number:

Client:
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2010-0005

Pumping Test Analysis Report

Thing Valley Well
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Thing Valley Wells [Neuman]
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Transmissivity: 2.13E+1 [ft²/d]

North Well match to all data.

Conductivity: 6.09E-2 [ft/d]

Storativity: 1.96E-2 Specific Yield: 1.96E+2

Comments:

Pumping WellPumping Well:

Discharge Rate: 80.111574 [U.S. gal/min]

Casing radius:

0.42 [ft]

Screen length: 350 [ft]

Boring radius:

0.25 [ft]

LOG(Sy/S): 4

Test parameters:

Thing Valley Wells

Analysis Method: Neuman

Aquifer Thickness: 350 [ft]

Analysis Results:

Evaluated by:

Evaluation Date:

MWV

Beta: 0.005

10/29/2010

Pumping Test:



Waterloo Hydrogeologic, Inc.

460 Philip Street - Suite 101

Waterloo, Ontario, Canada

Phone: +1 519 746 1798

Project:
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Client:
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2010-0005

Pumping Test Analysis Report

Thing Valley Well

North Well

South Well

Thing Valley Wells [Neuman]
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Transmissivity: 9.98E+1 [ft²/d]

North Well match to late data.

Conductivity: 2.85E-1 [ft/d]

Storativity: 3.82E-4 Specific Yield: 3.82E+0

Comments:

Pumping WellPumping Well:

Discharge Rate: 80.111574 [U.S. gal/min]

Casing radius:

0.42 [ft]

Screen length: 350 [ft]

Boring radius:

0.25 [ft]

LOG(Sy/S): 4

Test parameters:

Thing Valley Wells

Analysis Method: Neuman

Aquifer Thickness: 350 [ft]

Analysis Results:

Evaluated by:

Evaluation Date:

MWV

Beta: 0.005

10/29/2010

Pumping Test:



Waterloo Hydrogeologic, Inc.

460 Philip Street - Suite 101

Waterloo, Ontario, Canada

Phone: +1 519 746 1798

Project:

Number:

Client:

Thing Valley

2010-0005

Pumping Test Analysis Report

Thing Valley Well

North Well

South Well

Thing Valley Wells [Neuman]
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Transmissivity: 4.69E+2 [ft²/d]

South Well match to late data.

Conductivity: 1.34E+0 [ft/d]

Storativity: 9.12E-4 Specific Yield: 9.12E+0

Comments:

Pumping WellPumping Well:

Discharge Rate: 80.111574 [U.S. gal/min]

Casing radius:

0.42 [ft]

Screen length: 350 [ft]

Boring radius:

0.25 [ft]

LOG(Sy/S): 4

Test parameters:

Thing Valley Wells

Analysis Method: Neuman

Aquifer Thickness: 350 [ft]

Analysis Results:

Evaluated by:

Evaluation Date:

MWV

Beta: 0.005

10/29/2010

Pumping Test:



Waterloo Hydrogeologic, Inc.

460 Philip Street - Suite 101

Waterloo, Ontario, Canada

Phone: +1 519 746 1798

Project:

Number:

Client:

Thing Valley

2010-0005

Pumping Test Analysis Report

Thing Valley Well

Thing Valley Wells [Neuman]
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Transmissivity: 4.06E+3 [ft²/d]

Thing Valley data

Conductivity: 1.16E+1 [ft/d]

Comments:

Pumping WellPumping Well:

Discharge Rate: 80.111574 [U.S. gal/min]

Casing radius:

0.42 [ft]

Screen length: 350 [ft]

Boring radius:

0.25 [ft]

LOG(Sy/S): 4

Test parameters:

Thing Valley Wells

Analysis Method: Neuman

Aquifer Thickness: 350 [ft]

Analysis Results:

Evaluated by:

Evaluation Date:

MWV

Beta: 0.005

11/4/2010

Pumping Test:



Waterloo Hydrogeologic, Inc.

460 Philip Street - Suite 101

Waterloo, Ontario, Canada

Phone: +1 519 746 1798

Project:

Number:

Client:

Thing Valley

2010-0005

Pumping Test Analysis Report

Thing Valley Well

Thing Valley Wells [Neuman]
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Transmissivity: 4.35E+3 [ft²/d]

Thing Valley data

Conductivity: 1.24E+1 [ft/d]

Comments:

Pumping WellPumping Well:

Discharge Rate: 80.111574 [U.S. gal/min]

Casing radius:

0.42 [ft]

Screen length: 350 [ft]

Boring radius:

0.25 [ft]

LOG(Sy/S): 4

Test parameters:

Thing Valley Wells

Analysis Method: Neuman

Aquifer Thickness: 350 [ft]

Analysis Results:

Evaluated by:

Evaluation Date:

MWV

Beta: 0.005

11/4/2010

Pumping Test:



Waterloo Hydrogeologic, Inc.

460 Philip Street - Suite 101

Waterloo, Ontario, Canada

Phone: +1 519 746 1798

Project:

Number:

Client:

Thing Valley

2010-0005

Pumping Test Analysis Report

North Well
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Thing Valley Well

Thing Valley Wells [Theis]
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Transmissivity: 2.56E+2 [ft²/d]

North Well match to late data.
South Well match to early data.

Conductivity: 7.33E-1 [ft/d]

Storativity: 3.57E-4

Comments:

Pumping WellPumping Well:

Discharge Rate: 80.111574 [U.S. gal/min]

Casing radius:

0.42 [ft]

Screen length: 350 [ft]

Boring radius:

0.25 [ft]

Test parameters:

Thing Valley Wells

Analysis Method: Theis

Aquifer Thickness: 350 [ft]

Analysis Results:

Evaluated by:

Evaluation Date:

MWV

Confined Aquifer

10/29/2010

Pumping Test:



Waterloo Hydrogeologic, Inc.

460 Philip Street - Suite 101

Waterloo, Ontario, Canada

Phone: +1 519 746 1798

Project:
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Client:

Thing Valley

2010-0005

Pumping Test Analysis Report

North Well
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Thing Valley Wells [Theis]
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Transmissivity: 4.77E+2 [ft²/d]

Match to South Well late data.

Conductivity: 1.36E+0 [ft/d]

Storativity: 2.10E-3

Comments:

Pumping WellPumping Well:

Discharge Rate: 80.111574 [U.S. gal/min]

Casing radius:

0.42 [ft]

Screen length: 350 [ft]

Boring radius:

0.25 [ft]

Test parameters:

Thing Valley Wells

Analysis Method: Theis

Aquifer Thickness: 350 [ft]

Analysis Results:

Evaluated by:

Evaluation Date:

MWV

Confined Aquifer

10/29/2010

Pumping Test:



Waterloo Hydrogeologic, Inc.

460 Philip Street - Suite 101

Waterloo, Ontario, Canada

Phone: +1 519 746 1798

Project:
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Thing Valley

2010-0005

Pumping Test Analysis Report

North Well

Recovery Test [Theis Recovery]
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Transmissivity: 3.37E+2 [ft²/d]

North Well recovery match to late data.

Conductivity: 9.63E-1 [ft/d]

Comments:

Pumping WellPumping Well:

Discharge Rate: 81 [U.S. gal/min]

Casing radius:

0.42 [ft]

Screen length: 350 [ft]

Boring radius:

0.25 [ft]

Pumping Time 4320 [min]

Test parameters:

Recovery Test

Analysis Method: Theis Recovery

Aquifer Thickness: 350 [ft]

Analysis Results:

Evaluated by:

Evaluation Date:

MWV

Confined Aquifer

11/2/2010

Pumping Test:



Waterloo Hydrogeologic, Inc.

460 Philip Street - Suite 101

Waterloo, Ontario, Canada

Phone: +1 519 746 1798

Project:
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Geologists, Hydrogeologists and Engineers 
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Date: December 1, 2010 
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To: John Hower, CEG 

 Sarah Battelle, CHG 

 

From: Mark Vincent, CHG 

 

Regarding: Observations and Analyses of Aquifer Characteristics 

 Rough Acres Ranch, San Diego County, California 

 

 

INTRODUCTION 

 

This memo presents a summary of observations and analyses made following a stepped 

and a constant rate aquifer pumping and recovery test in wells located at Rough Acres 

Ranch located approximately in McCain Valley in eastern San Diego County, California.  

The tests were performed to determine whether sufficient volumes of water are available 

for the Tule Wind Farm construction projects.  Analyses performed included calculation 

of transmissivity, hydraulic conductivity, and storativity for a pumping well and 

observation wells. 

 

WELL AND AQUIFER CONDITIONS 

 

A well labeled as Well #6a was used as the pumping well for this test.  Another well 

labeled as Well #6 (also referred to as South Well) is located 36 feet away from the 

pumping well and was monitored and analyzed as an observation well.  More distant 

observation wells were monitored including Well #9 (Horse Corral Well), Walker 

Residence Well, Well #4 (RV Well), Well #2, and Well #8 (Far Field Well) (Figure 1). 

 

Records for drilling and construction of the wells used for these pumping tests are 

incomplete or nonexistent.  A well identified on Department of Water Resources (DWR) 

records as being owned by Harmony Grove Partners (identified as Form No. 1089956) is 

believed to be the log for Well #6a.  Logs for Well #4 (RV Well) and Well #8 (Far Field 

Well) were also obtained.  No records are available for Well #6 (South Well), The 

Walker Residence Well, Well #9 (Horse Corral Well), or Well #2. 

 

Although DWR records indicate the borehole for Well #6a was drilled to a total depth of 

420 feet, the bottom of the well is recorded to be at a depth of 385 feet below ground 

surface.  Records are incomplete but it was assumed that the well screen extends from a 

depth of 75 to 385 feet below ground surface.  A cement sanitary seal is reported to 

extend from ground surface to a depth of 56 feet.  Wells #6 and #6a used in this pumping 

test have existing electric submersible pumps installed in them.  Based on the production 

rates achieved during the tests performed, the wells are likely to be outfitted with four-

inch diameter electric submersible pumps.  Based on the depth and pressure head on the 
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transducers installed in the wells for the test, it was assumed that both of the boreholes 

are 385 feet deep and are 6.5-inches in diameter.  It was further assumed that the wells 

were constructed with 4-inch diameter well casing and that they are perforated or 

screened from a depth of 75 feet below ground surface.  Details of well construction 

could not be verified in the field because of the presence of pumps, discharge pipes, 

electrical wires, and surface sanitary seals.  Available well logs are included at the back 

of this document. 

 

The area immediately around Well #6 and #6a is underlain by alluvium comprised of 

poorly sorted sand, gravel, and silt derived from the crystalline basement rock exposed on 

the adjacent canyon sidewalls.  The crystalline basement rocks are classified as tonalite 

and yield groundwater from fractures.  The well log reportedly recorded for Well #6a 

indicates that there is about 70 to 85 feet of alluvium overlying the tonalite.  Groundwater 

was measured at a depth of 27.81 feet below the top of sanitary seal on Well #6a. 

 

TEST METHODS 

 

Observations of groundwater elevation were recorded in a pumping well and six 

observation wells in McCain Valley.  Data was collected using pressure transducers 

connected to data loggers.  Barometric pressure changes were recorded during the test 

and corrections were made to the pressure head data collected during the tests. 

 

A stepped aquifer pumping test was performed using Well #6a to determine the optimum 

pumping rate for a longer duration test.  The pressure transducers were deployed and 

began recording data on August 20, 2010 to perform the stepped pumping test.  The 

stepped pumping test was performed at pumping rates of 28 gallons per minute (gpm), 38 

gpm, 55 gpm and 60 gpm.  A semi-logarithmic plot of elapsed time versus drawdown for 

the stepped pumping test is shown on Figure 2. 

 

The constant rate pumping and recovery test was performed from August 24 through 27, 

2010.  The pump was powered-down on August 27, 2010 and allowed to recover for 10 

hours when the pressure transducers were removed from the wells.  A recovery test was 

performed by turning off the pumps and recording the increasing head levels over time.   

 

DATA ANALYSIS 

 

Changes in groundwater level data recorded during this test were corrected for barometric 

pressure changes and used to generate a file containing tabulated time and changes in 

pressure head.  The data was used to generate time-drawdown graphs for the pumping 

and observation wells and imported into computer software used to calculate the 

transmissivity and storativity of the fractured tonalite. 

 

The stepped pump test analysis consists of plotting the drawdown versus time for each 

pumping rate on a time versus drawdown plot with time plotted on a logarithmic scale.  

Forward projections of each segment representing a different pumping rate can be used to 

predict the likely drawdown for the pumping well during for the selected duration of the 

test.  A pumping rate of 50 gpm was selected as the target pumping rate because it would 

allow for ample drawdown without the well running dry during the test. 
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The method of Schafer (1978) was employed to determine how much of the data set for 

Well #6a was impacted by casing storage effects.  The method is a simplification of the 

method first developed by Papadopulos and Cooper (1967) but does not require prior 

knowledge of the transmissivity or well efficiency.  The point at which casing storage 

effects are overcome was calculated to occur approximately 23 to 25 minutes into the test 

based on the assumptions about well construction practices, pumping rates, and 

drawdown.  Very early pumping data was ignored in the analyses described below due to 

casing storage effects.   

 

Time versus drawdown plots were prepared for the pumping and observation wells for 

the pumping and recovery portions of the test.  The plots are shown with the time axis 

plotted on a logarithmic scale and drawdown on a linear scale.   

 

Figure 3 shows the time-drawdown plot for Well #6a during pumping.  The first 23 to 25 

minutes of the test show the casing storage effects.  Well #6a drawdown plots as a 

straight line on the time-drawdown chart representing constant aquifer properties during 

that portion of the drawdown cone development.  A sudden change in the drawdown 

curve starts at approximately 11 or 12 minutes; which may reflect leakage from the 

alluvium above the fractured bedrock.   

 

A residual drawdown plot for Well #6a is shown on Figure 4.  The plot shows the change 

in drawdown versus the ratio of the time since the pump test started divided by the time 

since the recovery portion of the test started (t/t`).  The residual drawdown at a t/t` ratio 

of 1 is shown to be about 0.33 feet (a less than significant change in storage noted in the 

pumping well over the course of the pumping and recovery portions of the aquifer stress 

test). 

 

A time-drawdown plot of Well #6 (the observation well also referred to as South Well) 

located 36 feet away from the pumping well shows a decrease in drawdown from 

approximately 30 minutes to approximately 400 minutes which may result from leakage 

from the alluvium above the fractured bedrock (Figure 5).  The Well #6 plot shows even 

less drawdown versus time after 400 minutes possibly reflecting the fractured bedrock 

aquifer.   

 

The Well #6 recovery portion of the test is plotted as the residual drawdown versus t/t` 

shows a flat line on the semi-logarithmic plot (Figure 6) indicative of uniform aquifer 

conditions from a t/t` ratio of about 8 to 110 into the recovery test period.  The residual 

drawdown value measured for a t/t’ ratio of 1 is about -0.22 feet.  It is not regarded to be 

significant compared to the County standard maximum change of 0.5 feet.   

 

The Well #9 (Horse Corral Well) was monitored and the time-drawdown plot reflects that 

the well pump cycled on and off five times during the test (Figure 7).  No analyses were 

performed for this well because the changes in drawdown versus time due to the pump 

activating are far greater than any drawdown likely to be induced by the pumping test at 

Well #6a. 
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Well #2 (Pond Well) and Well #9 (Far Field Well) were monitored for changes in head 

during the pumping test.  Figure 8 and 9 show the time-drawdown plots for Wells #2 and 

#9.  Both plots show similar small, cyclic, barometric changes in head but are not likely 

to have resulted from the pumping test.  No analyses were performed using the data from 

these wells. 

 

Water level drawdown data were evaluated using the computer software program 

AquiferTest version 3.5 (Waterloo Hydrogeologic, 2002).  The program performs curve 

matching of the time drawdown data to calculate transmissivity, hydraulic conductivity, 

and storativity using different methods.  The methods employed included Cooper-Jacob 

(1946), Moench (1993), Neuman (1975), and Theis (1935). 

 

DISCUSSION 

 

As shown on Table 1, the calculated hydraulic conductivity values for all of the analytical 

methods employed ranged from a low of 7.50E-04 feet/day for data collected from Well 

#6 (South Well) using the Theis method for the data collected from the end of the 

recovery test to a high of 7.50E+00 feet/day using the Cooper Jacob method with late 

time data for Well #6 (South Well).  An average conductivity of 1.85 feet/day was 

calculated from all methods from both Well #6 and #6a.  The Storativity values range 

from a low of 4.48E-06 for Well #6 late time data calculated using the Moench Fracture 

Flow method and a high of 7.87E-01 for a match to the late time data recorded in Well #6 

using the Moench method with the vertical hydraulic conductivity set at one-tenth the 

horizontal hydraulic conductivity.  

 

All of the analytical results show a higher transmissivity and hydraulic conductivity value 

for matches to the observation Well #6.  The pumping well and observation well used for 

these analyses are located in a portion of McCain Valley which is entirely covered in up 

to 75 to 80 feet of alluvium (Figure 10).  Based on the measured depth to groundwater in 

Well #6 and #6a, approximately 47 to 52 of saturated alluvium overlies the fractured 

bedrock at the test site (Figure 11).  The saturated alluvium is likely to act like a reservoir 

recharging the fractures in the bedrock.  The aerial extent of the fractured bedrock aquifer 

and the amount of storage in the fractures is likely controlled in part by the presence of 

the alluvial aquifer.  Because the fractures in the bedrock appear to be of aerially limited 

extent, the actual volume of groundwater available may be limited with larger volumes of 

groundwater available within the canyon areas where fracturing may be most prevalent 

and alluvium is saturated.   
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CLOSURE 

 

This summary of observations and analyses has been prepared in general accordance with 

accepted professional geotechnical and hydrogeologic principles and practices.  This 

report makes no other warranties, either expressed or implied as to the professional 

advice or information included in it.  Our firm should be notified of any pertinent change 

in the project, or if conditions are found to differ from those described herein, because 

this may require a reevaluation of the conclusions.  This report has not been prepared for 

use by parties or projects other than those named or described herein.  It may not contain 

sufficient information for other parties or purposes. 

 

Geo-Logic Associates 

 
Mark W. Vincent, PG 5767, CEG 1873, CHg 865 

Senior Geologist 

 

 

Attachments: Table 1 - Aquifer Stress Test Results 

 Figure 1 - Well Location Plan 

 Figure 2 - Step Test Time Drawdown Plot 

 Figure 3 - North Well Time Drawdown Plot Pumping 

 Figure 4 - North Well Time Drawdown Plot Recovery 

 Figure 5 - South Well Time Drawdown Plot Pumping 

 Figure 6 - South Well Time Drawdown Plot Recovery 

 Figure 7 - Thing Valley Well Time Drawdown Pumping 

 Figure 8 - Thing Valley Well Time Drawdown Recovery 

 Figure 9 - Geologic Map 

 Appendix A - Analytical Results from Aquifer Test Program 

 Appendix B - Department of Water Resources Well Completion Reports 
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Surface

Assumed 

Aquifer 

Thickness

Average 

Pumping 

Rate Transmissivity Conductivity

(feet) (feet) (feet) (gpm) (feet^2/day) (feet/day)

Well #6a Pumping 1 28 500 50 Cooper-Jacob 6.30E+02 1.26E+00 NA Match to late data.

Well #6a Pumping 1 28 500 50 Moench Fracture Flow 1.12E+02 2.25E-01 2.70E-04 Match to late data.

Well #6a Pumping 1 28 500 50 Moench 1.21E+02 2.43E-01 1.72E-01 Match to late data.

Well #6a Pumping 1 28 500 50 Neuman 5.69E+01 1.14E-01 1.62E-02 Spec Yld. = 1.62E+02

Well #6a Pumping 1 28 500 50 Theis 2.69E+01 5.39E-02 1.64E-01 Match to early data.

Well #6a Pumping 1 28 500 50 Theis 1.51E+02 3.03E-01 3.19E-05 Match to late data.

Well #6a Pumping 1 28 500 50 Walton 1.11E+02 2.21E-01 7.08E-04 Match to late data.

Well #6a Recovery 1 28 500 0 Theis Recovery 2.17E-02 4.35E-05 NA Match to early data.

Well #6a Recovery 1 28 500 0 Theis Recovery 7.27E+00 1.45E-02 NA Match to late data.

South Well #6 Pumping 36 27.81 500 50 Cooper-Jacob 2.14E+03 4.28E+00 NA Match to middle data.

South Well #6 Pumping 36 27.81 500 50 Cooper-Jacob 3.75E+03 7.50E+00 NA Match to late data.

South Well #7 Pumping 36 27.81 500 50 Moench Fracture Flow 2.95E+03 5.91E+00 4.48E-06 Match to late data.

South Well #6 Pumping 36 27.81 500 50 Moench 1.30E+03 2.60E+00 7.87E-01 Kv=1/10 Kh

South Well #6 Pumping 36 27.81 500 50 Neuman 9.67E+02 1.93E+00 NA Match to all data.

South Well #6 Pumping 36 27.81 500 50 Theis 3.18E+03 6.36E+00 3.29E-06 Match to late data.

South Well #6 Pumping 36 27.81 500 50 Walton 1.13E+03 2.26E+00 1.47E-03 Match to early data.

South Well #6 Recovery 36 27.81 500 0 Theis Recovery 3.75E-01 7.50E-04 NA Match to early data.

South Well #6 Recovery 36 27.81 500 0 Theis Recovery 2.23E+00 4.47E-03 NA Match to late data.

Average Values 9.24E+02 1.85E+00 1.14E-01

Aquifer Stress Test Results

Rough Acres Ranch - McCain Valley

Table 1

Well 

Designation Condition Analytical Method Storativity Comments





Figure 2

Step Drawdown Test

Well #6a - Pumping Well

Rough Acres Ranch, McCain Valley
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Figure 3 

Drawdown in Pumping Well during 72-hour Pumping Test at 50 gpm

North Well at Rough Acres Ranch
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Figure 4

Residual Drawdown Plot

Pumping Well #6a
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Figure 5

Well #6 - Observation Well

Time-Drawdown Plot

Rough Acres Ranch
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Figure 6

South Well - Observation Well

Residual Drawdown Plot

Rough Acres Ranch
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Figure 7

Horse Corral Well

(Observation Well)

Time-Drawdown Plot
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Figure 8

Well #2 - Observation Well

Distance-Drawdown Plot

Rough Acres Ranch
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Figure 9

Well #8 Far Field - Observation Well

Time-Drawdown Plot

Rough Acres Ranch
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Appendix A 

Analytical Results from Aquifer Test Program 
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Well #6 - South Well
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Well #6 - South Well

Transmissivity: 2.95E+3 [ft²/d]

Match to late time data.

Conductivity: 5.91E+0 [ft/d]

Storativity: 4.48E-6

Comments:

Well #6aPumping Well:

Discharge Rate: 50 [U.S. gal/min]

Casing radius:

0.271 [ft]

Screen length: 310 [ft]

Boring radius:

0.167 [ft]

Ss(blk)/Ss(fract): 200

0.1

C:

K(block)/K(Skin):

K(block)/K(fracture):

0.231

0.1

Test parameters:

Pumping Test Name

Analysis Method: Moench Fracture Flow

Aquifer Thickness: 500 [ft]

Analysis Results:

Evaluated by:

Evaluation Date:

MWV

Kv/Kh:

0.1

b: 357 [ft]

11/18/2010

Pumping Test:



Waterloo Hydrogeologic, Inc.

460 Philip Street - Suite 101

Waterloo, Ontario, Canada

Phone: +1 519 746 1798

Project:

Number:

Client:

Rough Acres

Pumping Test Analysis Report

Well #6 - South Well

Pumping Test Name [Moench]

t/r² [min/f t²]
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Well #6 - South Well

Transmissivity: 1.30E+3 [ft²/d]

Match to late time data.

Conductivity: 2.60E+0 [ft/d]

Storativity: 7.87E-1 Conductivity (vertical): 2.60E-1 [ft/d]

Comments:

Well #6aPumping Well:

Discharge Rate: 50 [U.S. gal/min]

Casing radius:

0.271 [ft]

Screen length: 310 [ft]

Boring radius:

0.167 [ft]

b: 357 [ft]

0.001

Kv/Kh:

Gamma:

0.1

Test parameters:

Pumping Test Name

Analysis Method: Moench

Aquifer Thickness: 500 [ft]

Analysis Results:

Evaluated by:

Evaluation Date:

MWV

S/Sy:

1E9

Unconfined Aquifer

11/18/2010

Pumping Test:



Waterloo Hydrogeologic, Inc.

460 Philip Street - Suite 101

Waterloo, Ontario, Canada

Phone: +1 519 746 1798

Project:

Number:

Client:

Rough Acres

Pumping Test Analysis Report

Well #6 - South Well

Pumping Test Name [Neuman]

t [min]

1E-1 1E+0 1E+1 1E+2 1E+3 1E+4 1E+5 1E+6

1/u

1E-1 1E+0 1E+1 1E+2 1E+3 1E+4 1E+5 1E+6 1E+7

W
(u

A
,u

B
,b

e
ta

)

1E-3

1E-2

1E-1

1E+0

1E+1

1E+2

s
 [ft]

1E-3

1E-2

1E-1

1E+0

1E+1

0.001
0.01

0.06

0.2

0.6

1

2

4

THEIS THEIS0.005

Transmissivity: 9.67E+2 [ft²/d]

Match to entire data set.

Conductivity: 1.93E+0 [ft/d]

Comments:

Well #6aPumping Well:

Discharge Rate: 50 [U.S. gal/min]

Casing radius:

0.271 [ft]

Screen length: 310 [ft]

Boring radius:

0.167 [ft]

LOG(Sy/S): 4

Test parameters:

Pumping Test Name

Analysis Method: Neuman

Aquifer Thickness: 500 [ft]

Analysis Results:

Evaluated by:

Evaluation Date:

MWV

Beta: 0.005

11/18/2010

Pumping Test:



Waterloo Hydrogeologic, Inc.

460 Philip Street - Suite 101

Waterloo, Ontario, Canada

Phone: +1 519 746 1798

Project:

Number:

Client:

Rough Acres

Pumping Test Analysis Report

Well #6 - South Well

Pumping Test Name [Theis]

t/r² [min/f t²]

1E-4 1E-3 1E-2 1E-1 1E+0 1E+1 1E+2 1E+3

1/u

1E-1 1E+0 1E+1 1E+2 1E+3 1E+4 1E+5 1E+6 1E+7

W
(u

)

1E-3

1E-2

1E-1

1E+0

1E+1

1E+2

s
 [ft]

1E-3

1E-2

1E-1

1E+0

1E+1
THEIS

Transmissivity: 1.13E+3 [ft²/d]

Match to early time data. Observation Well.

Conductivity: 2.26E+0 [ft/d]

Storativity: 1.47E-3

Comments:

Well #6aPumping Well:

Discharge Rate: 50 [U.S. gal/min]

Casing radius:

0.271 [ft]

Screen length: 310 [ft]

Boring radius:

0.167 [ft]

Test parameters:

Pumping Test Name

Analysis Method: Theis

Aquifer Thickness: 500 [ft]

Analysis Results:

Evaluated by:

Evaluation Date:

MWV

Confined Aquifer

11/18/2010

Pumping Test:



Waterloo Hydrogeologic, Inc.

460 Philip Street - Suite 101

Waterloo, Ontario, Canada

Phone: +1 519 746 1798

Project:

Number:

Client:

Rough Acres

Pumping Test Analysis Report

Well #6 - South Well

Pumping Test Name [Theis]

t/r² [min/f t²]
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Transmissivity: 3.18E+3 [ft²/d]

Match to late time data.

Conductivity: 6.36E+0 [ft/d]

Storativity: 3.29E-6

Comments:

Well #6aPumping Well:

Discharge Rate: 50 [U.S. gal/min]

Casing radius:

0.271 [ft]

Screen length: 310 [ft]

Boring radius:

0.167 [ft]

Test parameters:

Pumping Test Name

Analysis Method: Theis

Aquifer Thickness: 500 [ft]

Analysis Results:

Evaluated by:

Evaluation Date:

MWV

Confined Aquifer

11/18/2010

Pumping Test:



Waterloo Hydrogeologic, Inc.

460 Philip Street - Suite 101

Waterloo, Ontario, Canada

Phone: +1 519 746 1798

Project:

Number:

Client:

Rough Acres

Pumping Test Analysis Report

Well #6a - Pumping Well

Pumping Test Name [Cooper-Jacob Time-Draw dow n]

Time [min]
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Transmissivity: 6.30E+2 [ft²/d]

Match to late time data.

Conductivity: 1.26E+0 [ft/d]

Comments:

Well #6aPumping Well:

Discharge Rate: 50 [U.S. gal/min]

Casing radius:

0.271 [ft]

Screen length: 310 [ft]

Boring radius:

0.167 [ft]

Test parameters:

Pumping Test Name

Analysis Method: Cooper-Jacob Time-Drawdown

Aquifer Thickness: 500 [ft]

Analysis Results:

Evaluated by:

Evaluation Date:

MWV

Unconfined Aquifer

11/17/2010

Pumping Test:



Waterloo Hydrogeologic, Inc.

460 Philip Street - Suite 101

Waterloo, Ontario, Canada

Phone: +1 519 746 1798

Project:

Number:

Client:

Rough Acres

Pumping Test Analysis Report

Well #6a - Pumping Well

Pumping Test Name [Moench Fracture Flow ]

t/r² [min/ft²]
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Conductivity: 2.25E-1 [ft/d]

Storativity: 2.70E-4

Comments:

Well #6aPumping Well:

Discharge Rate: 50 [U.S. gal/min]

Casing radius:
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Screen length: 310 [ft]

Boring radius:
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Ss(blk)/Ss(fract): 20

1

C:

K(block)/K(Skin):

K(block)/K(fracture):

0.231

0.1

Test parameters:

Pumping Test Name

Analysis Method: Moench Fracture Flow

Aquifer Thickness: 500 [ft]

Analysis Results:

Evaluated by:

Evaluation Date:

MWV

Kv/Kh:

0.1

b: 357 [ft]

11/17/2010

Pumping Test:



Waterloo Hydrogeologic, Inc.

460 Philip Street - Suite 101

Waterloo, Ontario, Canada

Phone: +1 519 746 1798

Project:

Number:

Client:

Rough Acres

Pumping Test Analysis Report

Well #6a - Pumping Well

Pumping Test Name [Moench]

t/r² [min/ft²]
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Well #6a - Pumping Well

Transmissivity: 1.21E+2 [ft²/d] Conductivity: 2.43E-1 [ft/d]

Storativity: 1.72E-1 Conductivity (vertical): 2.43E-1 [ft/d]

Comments:

Well #6aPumping Well:

Discharge Rate: 50 [U.S. gal/min]

Casing radius:

0.271 [ft]

Screen length: 310 [ft]

Boring radius:

0.167 [ft]

b: 357 [ft]

0.001

Kv/Kh:

Gamma:

1

Test parameters:

Pumping Test Name

Analysis Method: Moench

Aquifer Thickness: 500 [ft]

Analysis Results:

Evaluated by:

Evaluation Date:

S/Sy:

1E9

Unconfined Aquifer

11/17/2010

Pumping Test:



Waterloo Hydrogeologic, Inc.

460 Philip Street - Suite 101

Waterloo, Ontario, Canada

Phone: +1 519 746 1798

Project:

Number:

Client:

Rough Acres

Pumping Test Analysis Report

Well #6a - Pumping Well

Pumping Test Name [Neuman]

t [min]
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Transmissivity: 5.69E+1 [ft²/d]

Match to late time drawdown data.

Conductivity: 1.14E-1 [ft/d]

Storativity: 1.62E-2 Specific Yield: 1.62E+2

Comments:

Well #6aPumping Well:

Discharge Rate: 50 [U.S. gal/min]

Casing radius:

0.271 [ft]

Screen length: 310 [ft]

Boring radius:

0.167 [ft]

LOG(Sy/S): 4

Test parameters:

Pumping Test Name

Analysis Method: Neuman

Aquifer Thickness: 500 [ft]

Analysis Results:

Evaluated by:

Evaluation Date:

MWV

Beta: 0.005

11/17/2010

Pumping Test:



Waterloo Hydrogeologic, Inc.

460 Philip Street - Suite 101

Waterloo, Ontario, Canada

Phone: +1 519 746 1798

Project:

Number:

Client:

Rough Acres

Pumping Test Analysis Report

Well #6a - Pumping Well

Pumping Test Name [Theis]
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Match to early time data.

Conductivity: 5.39E-2 [ft/d]

Storativity: 1.64E-1

Comments:

Well #6aPumping Well:

Discharge Rate: 50 [U.S. gal/min]

Casing radius:

0.271 [ft]

Screen length: 310 [ft]

Boring radius:

0.167 [ft]

Test parameters:

Pumping Test Name

Analysis Method: Theis

Aquifer Thickness: 500 [ft]

Analysis Results:

Evaluated by:

Evaluation Date:

MWV

Confined Aquifer

11/18/2010

Pumping Test:



Waterloo Hydrogeologic, Inc.

460 Philip Street - Suite 101

Waterloo, Ontario, Canada

Phone: +1 519 746 1798

Project:

Number:

Client:

Rough Acres

Pumping Test Analysis Report

Well #6a - Pumping Well

Pumping Test Name [Walton]
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Transmissivity: 1.11E+2 [ft²/d] Conductivity: 2.21E-1 [ft/d]

Storativity: 7.08E-4 c: 1.30E+5 [min]

Comments:

Well #6aPumping Well:

Discharge Rate: 50 [U.S. gal/min]

Casing radius:

0.271 [ft]

Screen length: 310 [ft]

Boring radius:

0.167 [ft]

Test parameters:

Pumping Test Name

Analysis Method: Walton

Aquifer Thickness: 500 [ft]

Analysis Results:

Evaluated by:

Evaluation Date:

MWV

r/L: 0.005

11/17/2010

Pumping Test:



 
 
 
 
 
 
 
 
 
 

Appendix B 

Department of Water Resources Well Completion Reports 



 

































 



Groundwater Investigation Report 

Tule Wind Farm 

 

  

 

 

 

 

 

 

 

 

 
APPENDIX C 

 
CUMULATIVE WATER QUANTITY IMPACTS ANALYSIS  

 

ROUGH ACRES RANCH WATER PRODUCTION AREA 

 
MCCAIN VALLEY, EAST SAN DIEGO COUNTY, CALIFORNIA 



 



Land Use

Scenario Land Use Quantity Water Demand per Unit (afy) Total Demand (afy)

Single Family Residential 7 0.5 3.5

Cattle/Livestock Free-Range Grazing

(100 head) 1 2.13 2.13

Poultry 

(500 hens) 1 0.11 0.11

Total Water Demand (Existing Conditions) 5.74

Single Family Residential 7 0.5 3.5

Cattle/Livestock Free-Range Grazing

(100 head) 1 2.13 2.13

Poultry 

(500 hens) 1 0.11 0.11

Project 9-month Construction (50 gpm) 1 60 60

Total Water Demand (Existing Conditions Plus 9-Month Construction at 50 gpm) 65.74

Single Family Residential 7 0.5 3.5

Cattle/Livestock Free-Range Grazing

(100 head) 1 2.13 2.13

Poultry 

(500 hens) 1 0.11 0.11

Project 9-month Construction (50 gpm) 1 120 120

Total Water Demand (Existing Conditions Plus 9-Month Construction at 100 gpm) 125.74

Note: afy - acre feet per year; gpm - gallons per minute

Existing Conditions

Plus 9-Month Construction

at 100 gpm

Estimated Groundwater Demand - Rough Acres Ranch Water Production Area

Table 1 

Existing Conditions

Existing Conditions

Plus 9-Month Construction

at 50 gpm



Hydrogeologic Unit Area (acres) Specific Yield (%)

Saturated 

Thickness 

(ft)

GW in 

Storage 

(af)

Fractured Rock 502 0.10% 500 251

Residuum 502 5% 10 251

Alluvium 250 10% 20 500

Total 1002

Table 2

Change in Groundwater in Storage (50 gpm)

Groundwater in Storage Calculation - Effects of Pumping at 50 GPM

  Rough Acres Ranch Water Production Area

Cumulative Groundwater Impacts Analysis
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Hydrogeologic Unit Area (acres) Specific Yield (%)

Saturated 

Thickness (ft) GW in Storage (af)

Fractured Rock 502 0.10% 500 251

Residuum 502 5% 10 251

Alluvium 250 10% 20 500

Total 1002

Table 3

  Rough Acres Ranch Water Production Area

Change in Groundwater in Storage (100 gpm)

Groundwater in Storage Calculation - Effects of Pumping at 100 GPM

Cumulative Groundwater Impacts Analysis
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Hydrogeologic Unit Area (acres) Specific Yield (%)

Saturated 

Thickness (ft) GW in Storage (af)

Fractured Rock 502 0.10% 500 251

Residuum 502 5% 10 251

Alluvium 250 10% 20 500

Total 1002

Table 4

Groundwater in Storage Calculation - Effects of Pumping at 400 GPM

  Rough Acres Ranch Water Production Area

Change in Groundwater in Storage (400 gpm)

Cumulative Groundwater Impacts Analysis
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Executive Summary 

Storm Water Management Plan ES-1 Iberdrola Renewables, Inc. 
Tule Wind Project  November 2010 

EXECUTIVE SUMMARY 
 
The purpose of this Storm Water Management Plan (SWMP) is to investigate Best Management 
Practices (BMPs) for the Tule Wind Project (Project).  This report is intended to accompany and 
support the Major SWMP form from Appendix C of the San Diego County Standard Urban Storm 
Water Mitigation Plan (SUSMP) in support of a Major Use Permit (MUP) submittal.  The following 
documents and guidelines apply to the water quality for the Project: 
 

 Clean Water Act of 1977 Section 311 and 402, United States Code Title 33 Section 1342, 
Code of Federal Regulations Title 40 Parts 123-136; 

 California Porter-Cologne Water Quality Control Act 1998, California Water Code Section 
13000-14957, Division 7; 

 California State Water Resources Control Board National Pollutant Discharge Elimination 
System (NPDES) General Permit for Storm Water Discharges Associated With Construction 
and Land Disturbance Activities, Order No. 2009-0009-DWQ (General Construction Permit); 

 San Diego County Standard Urban Storm Water Mitigation Plan (SUSMP), March 25, 2010, 

 County of San Diego Watershed Protection, Storm Water Management and Discharge 
Control Ordinance (County Ordinance 9589), 

 County of San Diego Stormwater Standards Manual,  

 California Regional Water Quality Control Board San Diego Region Order No. R9-2007-
0001, NPDES No. CAS0108758. 

 
Project development is outside of the Phase I NPDES permit for the County of San Diego, so 
General Construction Permit criteria will control analysis and implementation of BMPs.  However, 
since the Project is within the County of San Diego (County) and is required to be reviewed by the 
County this SWMP will address the County SUSMP requirements.  Based on these governing 
documents the following items are included in the SWMP: 
 

 Project description and vicinity map, 

 Site map defining drainage patterns, existing storm drain systems, proposed drainage 
crossings, soil types, existing land types, and existing and proposed slopes, 

 Identification of Pollutants of Concern, 

 Identification of Conditions of Concern, 

 Identification of Site Design BMP recommendations, 

 Preliminary Hydromodification analysis and discussion, 

 Identification of Source Control BMPs,  

 BMPs for Individual Priority Project Categories, 

 Identification of Treatment Control BMP recommendations, and 

 Storm Water BMP maintenance discussion. 



Executive Summary 

Storm Water Management Plan ES-2 Iberdrola Renewables, Inc. 
Tule Wind Project  November 2010 

Water quality investigations completed for the currently applicable regulations identified limited 
potential impacts to water quality resulting from Project development.  Minimal impervious areas are 
included with Project development and a number of site design and source control BMPs will be 
implemented to mitigate any potential impacts.  Additionally, post construction BMPs will be 
implemented per the new General Construction Permit to address treatment BMP and 
hydromodification concerns.  A full operation and maintenance plan will be developed during final 
engineering to identify procedures to maintain performance of the Project BMPs.  Mitigation 
measures will be implemented to the maximum extent practicable and operated and maintained by 
the developer.
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1.0 PROJECT DESCRIPTION 
 
The Tule Wind Project proposes to develop a wind turbine “farm” for power generation, in the 
County of San Diego in the State of California.  Portions of the Project discussed in this report are 
limited to areas on private property within the County of San Diego.  A majority of the overall 
Project will be developed on Bureau of Land Management (BLM) Federal land, outside the County 
of San Diego Planning Department jurisdiction.  Total Project site area proposed on County of San 
Diego regulated lands is approximately 1,982 acres, which will permanently impact approximately 
77 acres.  Total disturbed areas, including temporary construction impacts (widened access roads, 
trenching, etc), are approximately 127 acres.  From a water quality standpoint, all analysis and design 
addresses permanent impacts only, as additional temporary impacts will be returned to a naturally 
vegetated state upon completion of the Project.  The Project is located just north of Interstate 8 east 
of Ribbonwood Road, approximately two and half miles northeast of the community of Boulevard, 
California.  Given the rural nature of the Project area, only the western side of the site is bounded by 
a physical feature, Ribbonwood Road.   
 

Figure 1. Vicinity Map 
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Under existing conditions the Project site is mainly undeveloped naturally vegetated rocky hills.  A 
number of existing access roads traverse the area, providing service routes to existing utility 
facilities, commercial facilities, rural houses, agricultural facilities, and a landing strip.  Existing 
topography is fairly steep with some flatter drainage courses at the base of some of the hills and 
gullies.  Naturally occurring native vegetation is predominant throughout the site, with periodic 
scattered unvegetated rock outcroppings.   
 
Development to be completed on private County of San Diego property will consist of 13 wind 
turbines, turbine pads, access roads, 5-acre collector substation site, 5-acre operation and 
maintenance building site, collector power lines, and the associated revegetation and transformer 
pads.  Turbines are approximately 320-feet to 500-feet tall with a 48-foot diameter concrete 
foundation.  Concrete foundations slope away from the centrally located turbine and will be buried 
greater than half a foot, so that exposed concrete foundations are approximately 6-inches to 8-inches 
thick and 18-feet to 20-feet in diameter.  Turbines also include five-foot by nine-foot concrete pads 
for transformer foundations.  Graded dirt pads around the turbines will be approximately 400-feet in 
diameter.   
 
Access roads between turbines will be 36-feet wide to accommodate self propelled cranes and supply 
trucks, while access roads to the turbine strings will only need to be 24-feet wide, as the crane and 
other assembly equipment can be brought onsite in pieces.  Thirty-six foot access roads between 
turbines are intended to be temporary for construction activities and will be allowed to revegetate to a 
24-foot width, pending construction completion.  Proposed access road alignments will follow 
existing access roads to the maximum extent practicable to limit the amount of additional disturbed 
areas.  New access roads will follow existing contours to maximum extent practicable to limit the 
amount of disturbed areas resulting from grading cuts.  Appendix A contains preliminary details for 
Project features. 
 
Operation and maintenance facility pads and substation pads will be graded to allow for construction 
of the required facilities and the accompanying access and operation spaces.  Impervious areas 
associated with these facilities will be minimal, limited to the structures themselves.  All access and 
parking areas will be constructed of permeable materials.  Additionally, there is the potential for 
detention basins attached to these graded pads, in order to adequately address water quality concerns.  
A number of operation and maintenance facility alternative locations were considered in Project 
development (See Exhibit B for operation and maintenance facility locations).  All alternatives are 
included in analysis to conservatively account for multiple configurations. 
 
Electrical collector lines for the Project will be a combination of overhead and buried, with a 
majority being buried.  Overhead collector lines will supported by single steel or wood poles; 
typically 60-feet to 80-feet in height.  Foundation footprints for collector line poles will be similar to 
the diameter of the pole itself.  Collector line disturbed widths are assumed to be 24-feet to allow 
construction vehicle access and trenching or pole erection.  Natural vegetation surrounding the 
turbine pads, access roads, and any power poles will be established after construction.  Buried 
collector lines will be completely revegetated after construction.   
 
Analysis of the Project water quality is limited to the permanent impact areas, as temporary impacts 
will be returned to naturally vegetated conditions after construction.  Project development will 
increase impervious areas by a very small amount.  Each turbine pad represents approximately 360 
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square feet of impermeable area in addition to the footprints of the operation and maintenance pad 
and substation pads.  Overall Project development proposes to increase impervious area by 
approximately 23,669 square feet (0.7% of the 77 acres of permanently disturbed area) or .003% of 
the total basin area. 
 
1.1 PROJECT REQUIREMENTS 
 
A Stormwater Intake Form for Development Projects was completed for the Project and is included 
in Appendix B.  Based on the checklist Tule Wind Project is considered a priority project and is 
required to adhere to Major SWMP requirements.  A completed Major SWMP form is included in 
Appendix C.  Priority project criteria are outlined in the SUSMP Priority Development Project 
matrix as shown in Table 1.  Since the Project will develop more than 5,000 square feet of hillside 
and will create light industrial facilities, development will require site design, source control, priority 
project BMPs, and treatment control BMPs, to be discussed in Sections 4, 5, 6, and 7, respectively. 
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Table 1. Priority Development Project Matrix 

Yes No 
A 

Housing subdivisions of 10 or more dwelling units. Examples: single-family homes, multi-family homes, condominiums, and 
apartments.   

Yes No 
B 

Commercial—greater than one acre. Any development other than heavy industry or residential. Examples: hospitals; laboratories 
and other medical facilities; educational institutions; recreational facilities; municipal facilities; commercial nurseries; multi-
apartment buildings; car wash facilities; mini-malls and other business complexes; shopping malls; hotels; office buildings; public 
warehouses; automotive dealerships; airfields; and other light industrial facilities. 

  

Yes No 
C 

Heavy industry—greater than one acre. Examples: manufacturing plants, food processing plants, metal working facilities, printing 
plants, and fleet storage areas (bus, truck, etc.).   

Yes No 
D 

Automotive repair shops. A facility categorized in any one of Standard Industrial Classification (SIC) codes 5013, 5014, 5541, 
7532-7534, or 7536-7539.   

Yes No 
E 

Restaurants. Any facility that sells prepared foods and drinks for consumption, including stationary lunch counters and refreshment 
stands selling prepared foods and drinks for immediate consumption (SIC code 5812), where the land area for development is 
greater than 5,000 square feet. Restaurants where land development is less than 5,000 square feet shall meet all SUSMP 
requirements except for structural treatment BMP and numeric sizing criteria requirements and hydromodification requirements. 

  

Yes No 
F 

Hillside development greater than 5,000 square feet. Any development that creates 5,000 square feet of impervious surface and is 
located in an area with known erosive soil conditions, where the development will grade on any natural slope that is twenty-five 
percent or greater.   

Yes No 

G 

Environmentally Sensitive Areas (ESAs). All development located within or  directly adjacent to or discharging directly to an ESA 
(where discharges from the development or redevelopment will enter receiving waters within the ESA), which either creates 2,500 
square feet of impervious surface on a proposed project site or increases the area of imperviousness of a proposed project site to 
10% or more of its naturally occurring condition. “Directly adjacent” means situated within 200 feet of the ESA. “Discharging 
directly to” means outflow from a drainage conveyance system that is composed entirely of flows from the subject development or 
redevelopment site, and not commingled with flows from adjacent lands. 

  

Yes No 
H 

Parking lots 5,000 square feet or more or with 15 or more parking spaces and potentially exposed to urban runoff. 
  

Yes No 
I 

Street, roads, highways, and freeways. Any paved surface that is 5,000 square feet or greater used for the transportation of 
automobiles, trucks, motorcycles, and other vehicles.   

Yes No 
J 

Retail Gasoline Outlets (RGOs) that are: (a) 5,000 square feet or more or (b) a projected Average Daily Traffic (ADT) of 100 or 
more vehicles per day.   
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2.0 POLLUTANTS OF CONCERN 
 
Under existing conditions pollutants generated by the Project site include sediments, oil and grease.  
Based on the County of San Diego SUSMP anticipated pollutants for hillside developments and 
commercial developments are sediment, nutrients, organic compounds, oil & grease, trash and debris, 
oxygen demanding substances, bacteria and viruses, and pesticides.  Table 2 outlines the pollutants 
of concern as shown in the County of San Diego SUSMP.  However, based on the minimal amount 
of development that is proposed anticipated pollutants are more likely sediment from dirt roads and 
pads, and oil and grease from the roads and turbines. 
 

Table 2. Anticipated and Potential Pollutants Generated by Land Use Type. 

  
Priority Project 

Categories 

General Pollutant Categories 

Sediments Nutrients 
Heavy 
Metals 

Organic 
Compounds 

Trash 
& 

Debris 

Oxygen 
Demanding 
Substances 

Oil & 
Grease 

Bacteria 
& Viruses Pesticides 

Detached 
Residential 
Development 

X X     X X X X X 

Attached 
Residential 
Development 

X X     X P(1) P(2) P(1) X 

Commercial 
Development  
>1 Acre 

P(1) P(1)   P(2) X P(5) X P(3) P(5) 

Heavy 
industry/industrial 
development 

X   X X X X X     

Automotive 
Repair Shop     X X(4)(5) X   X     

Restaurants         X X X X   
Hillside 
Development 
>5,000 ft2 

X X     X X X   X 

Parking Lots P(1) P(1) X   X P(1) X   P(1) 
Retail Gasoline 
Outlets     X X X X X     

Streets, 
Highways & 
Freeways 

X P(1) X X(4) X P(5) X     

X = anticipated 
P = potential 
(1) A potential pollutant if landscaping exists on-site. 
(2) A potential pollutant if the project includes uncovered parking areas. 
(3) A potential pollutant if land use involves food or animal waste products. 
(4) Including petroleum hydrocarbons. 
(5) Including solvents. 
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2.1 RECEIVING WATERS 
 
A number of existing streams will convey flows generated by the Project.  A majority of the Project 
drains to Tule Creek via McCain Valley and Lark Canyon.  These flows are conveyed into Tule Lake 
which discharges into Tule Canyon, then Carrizo Wash in Carrizo Gorge.  A northern eastern portion 
of the Project drains into Carrizo Wash through Rodando and Palm Grove.  Carrizo Wash continues 
in a northerly direction to a junction with an unnamed wash that drains the northern most part of the 
Project.  Finally, all flows are conveyed north into Carrizo Creek, into San Felipe Creek, and finally 
into the Salton Sea.  The Salton Sea is a minimum of approximately 45 miles downstream of the 
Project. See Figure 2 below. 
 
Based on the Project location and the existing conditions, there are no dry weather flows for 
drainages associated with this Project.  There are minimal existing rural developments within the 
Project drainage basins that would generate flows during dry weather.  Frequent site visits during the 
dry season confirmed that no flows were present in drainages associated with the Project. 
All Project areas, Tule Creek, McCain Valley, Lark Canyon, Tule Lake, and Carrizo Creek are 
located in the McCain hydrologic sub-area in the Jacumba hydrologic area in the Anza Borrego 
watershed, defined by hydrologic unit number 722.71.  Carrizo Creek drains through the Carrizo 
hydrologic sub-area in the Agua Caliente hydrologic area (722.61) where it confluences with San 
Felipe Creek in the Ocotillo Lower Felipe hydrologic area (722.20).   
 
Based on the 303(d) list approved by the United States Environmental Protection Agency (USEPA) 
in 2006, only the Salton Sea is listed for nutrients, salinity, and selenium.  Pollutant sources are 
identified as agricultural, major industrial, point source, or out of state.    
 
Currently there are no Region 9 State Water Resources Control Board special requirements for any 
water bodies that will be impacted by this Project.  Based on the available information there are no 
High Risk Areas within the Project limits. 
 
Comparison of the anticipated pollutants and the receiving water bodies’ impairments indicates there 
are no primary pollutants of concern.  Secondary pollutants of concern are sediment and oil and 
grease.    
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3.0 CONDITIONS OF CONCERN 
 
A CEQA Drainage Study dated September 2010 was completed by HDR under a separate cover and 
discusses the existing and proposed drainage patterns for the Project.  A review of this drainage 
summary is presented below.   
 
3.1 EXISTING DRAINAGE PATTERNS 
 
Project areas are drained by three major drainage basins: 
 

1. Tule Creek Basin – 18,250 acres 
2. Southern Unnamed Wash Basin – 486 acres 
3. Eastern Unnamed Wash Basin – 734 acres 

 
Tule Creek drains the majority of the Project site to the southeast into Tule Lake.  Tule Lake empties 
into Carrizo Wash, which ultimately discharges into the Salton Sea.  Two small northwestern 
portions of the Project site are drained by two unnamed tributaries to Carrizo Wash.  The southern of 
the two unnamed washes discharges into Carrizo Wash 2.4 miles upstream of the eastern unnamed 
wash and approximately 10 miles downstream of Tule Lake.  Site visits identified existing stream 
locations and access road crossings.  Refer to Exhibit A for an existing conditions drainage map. 
 
All basins have similar drainage patterns.  Runoff sheet flows across the ground surface until it 
encounters rivulets which then discharge into larger streams which ultimately discharge into Tule 
Creek or Carrizo Wash.  Precipitation that falls on typical access roads sheet flows off the side of the 
roads where it is either collected in swales running parallel to the road or continues to sheet flow 
across the natural terrain.  Swales carry runoff to streams crossing the access road, where they are 
then conveyed to major drainage features.   
 
There are no major improvements to the drainage features within the basin.  However, a number of 
culverts have been installed on portions of the Tule Creek Basin to facilitate the construction of 
access roads across the smaller drainage features.  An unnamed tributary to Tule Creek along the 
northeastern edge of the Tule Creek Basin crosses a number of public and private roads via culverts 
just east of the landing strip.  Several access roads utilize a depressed on grade type crossing, where 
flows are conveyed across the top of the road, rather than constructing culverts to carry flows under 
the road. 
 
3.2 PROPOSED DRAINAGE PATTERNS 
 
Proposed Project improvements will mimic existing drainage patterns and will minimize redirection 
of any flows.  Improvements include graded pads, access roads, and utility lines, and constructed 
crossings at each drainage feature.   
 
Tule Creek Basin has an access road running east-west between Ribbonwood Road and McCain 
Valley Road which will cross approximately six drainages, two of which are larger streams.  
Drainage of access roads will be completed by brow ditches/swales parallel to proposed roads, which 
will convey flows to existing surface drainage features. Project development within the southern 
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unnamed wash basin does not propose any crossing of existing surface drainage features.  Access 
roads located within the eastern unnamed wash basin will cross approximately nine drainages, one of 
which is the main drainage channel for the basin.   
 
Precipitation falling on the turbine pads will sheet flow off the proposed features and finished 
surfaces to brow ditches/swales that will collect runoff.  Runoff will then be directed to the existing 
natural surface drainage features, with flow patterns intended to mimic existing conditions. 
 
Proposed electrical collector lines will be located mainly in the northeastern corner of the Project.  
Any impacts on drainage patterns from collector lines will only be prevalent during construction.  
Once the collector lines are either hung or buried the surrounding vegetation and grades will be 
restored to existing conditions to the greatest extent practicable.  Proposed drainage patterns are 
illustrated on Exhibit B. 
 
A complete discussion of the Project drainage is completed in the report CEQA Drainage Study, 
dated September 2010, published under a separate cover by HDR. 
 
3.3 HYDROMODIFICATION 
 
Based on the County of San Diego Major Storm Water Management Plan form this Project is 
required to complete a Hydromodification Plan (HMP).  However, discussions with the County of 
San Diego Department of Public Works concluded the Project is outside of the Phase I NPDES 
permit jurisdiction and as such will not be required to complete a hydromodification analysis for the 
County.  General Construction Permit post-construction BMPs are intended to address 
hydromodification for areas outside of Phase I and Phase II NPDES permits, which will apply to the 
Project.  These post-construction BMP requirements will go into effect September 2012, and are 
expected to evolve over the upcoming implementation period.  As the criteria currently stand, the 
Project will be required to complete a Water Balance Calculator summary to identify increases in 
flows of concern.  Mitigation measures are included in the Water Balance Calculator and will be used 
to address any impacts from Project development on the watersheds.  Given the preliminary level of 
planning and the undetermined direction of the General Construction Permit post-construction 
BMPs, Project design will account for these requirements throughout the planning and permitting 
process.  Revisions to the SWMP during final engineering will clearly identify any needed mitigation 
features for the Project. 
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4.0 SITE DESIGN BMPS 
 
LID and site design strategies outlined in the County of San Diego Storm Water Management Plan 
Form are presented below.  Site design BMPs listed below are all those listed on the County of San 
Diego Storm Water Management Plan Form, however some may not apply given the limited amount 
of development proposed.  Since the Project is in the preliminary stages of planning, site design 
BMPs could change as planning progresses. 
 

1. Conserve natural areas, soils, and vegetation 

 Preserve well draining soils (Type A or B); 
 Preserve significant trees; 
 Preserve critical (or problematic) areas such as floodplains, steep slopes, wetlands, 

and areas with erosive or unstable soils. 

2. Minimize disturbance to natural drainages 

 Set-back development envelope from drainages; 
 Restrict heavy construction equipment access to planned green/open space areas. 

3. Minimize and disconnect impervious surfaces (see 5) 

 Clustered lot design; 
 Items checked in 5. 

4. Minimize soil compaction 

 Restrict heavy construction equipment access to planned green/open space areas; 
 Re-till soils compacted by construction vehicles/equipment; 
 Collect and re-use upper soil layers of development site containing organic materials. 

5. Drain runoff from impervious surfaces to pervious areas 

 LID Street and Road Design 
 Curb-cuts to landscaping; 
 Rural swales; 
 Concave median; 
 Cul-de-sac landscaping design. 

 LID parking lot design 
 Permeable pavements; 
 Curb cuts to landscaping. 

 LID driveway, sidewalk design 
 Permeable pavements; 
 Pitch pavements toward landscaping. 

 LID building design 
 Cisterns and rain barrels; 
 Downspout to swale; 
 Vegetated roofs. 
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 LID landscaping design 
 Soil amendments; 
 Reuse of native soils; 
 Smart irrigation systems; 
 Street trees. 

6. Minimize erosion from slopes 

 Disturb existing slopes only when necessary; 
 Minimize cut and fill areas to reduce slope lengths 
 Incorporate retaining walls to reduce steepness of slopes or to shorten slopes; 
 Provide benches or terraces on high cut and fill slopes to reduce concentration of 

flows; 
 Rounding and shaping slopes to reduce concentrated flow; 
 Collect concentrated flows in stabilized drains and channels. 

 
Project development will implement all of number 1, all soils, trees, and critical areas will be 
conserved during development to the maximum extent practicable.   
 
Disturbance to natural drainages will be limited by restriction of heavy construction equipment 
access to planned green/open space areas.  All heavy equipment will be limited to roads, pads, or 
construction right of way.   
 
Minimized and disconnected impervious surfaces will be facilitated by LID design features.  
Proposed streets will not have gutters and will drain directly to parallel rural swales.  Road surfaces 
will also be constructed of a permeable gravel material.  Parking lots will be constructed similarly to 
streets, draining directly to surrounding landscaping or rural swales.  All parking lot surfaces will be 
constructed of permeable gravel type materials.  All sidewalks and driveways will be constructed in a 
similar manner.   
 
Building design impacts will be mitigated by drainage of all runoff from proposed structures into 
surrounding vegetated swales.  Landscaping will reuse existing native soils to the maximum extent 
practicable.   
 
Soil compaction will be minimized by limiting heavy equipment access to designed roads, pads, and 
construction right of way.  There should be no heavy equipment use outside of the disturbed areas. 
 
Erosion from slopes will be minimized by limiting the amount of disturbance to existing slopes, 
minimized cut and fill areas thereby reducing slope lengths, providing benches on high cut and fill 
slopes to reduce concentration of flows, and collections of flows in stabilized drains and channels.  
Road and pad grading aims to limit elevation differences between proposed and existing grades, 
which will limit cut and fill heights.  Any of the cut or fill slopes that are higher than 30-feet will 
incorporate benches to break up flow concentrations.  Swales and brow ditches will be provided at 
the bottom of slopes to limit erosion at the bottom of slopes. 
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Project development aims to maintain the existing natural flow patterns as much as possible and 
includes limited impervious areas.  Limited impervious areas will drain immediately to permeable or 
vegetated pads or drainage features, eliminating any directly connected impervious areas. 
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5.0 SOURCE CONTROL BMPS 
 
Source control BMPs outlined in the County of San Diego SWMP form is discussed below.  Given 
the preliminary stage of Project development the following source control BMPs are recommended 
and will be updated during planning to better reflect utilized source control BMPs.  Based on the 
limited amount of structural development a number of the source control BMPs do not apply to the 
Project.  Site features with source control BMPs identified by the County of San Diego are: 
 

A. On-site storm drain inlets 
B. Interior floor drains and elevator shaft sump pumps 
C. Interior parking garages 
D1. Need for future indoor and structural pest control 
D2. Landscape/outdoor pesticide use 
E. Pools, spas, ponds, decorative fountains, and other water features 
F. Food service 
G. Refuse areas 
H. Industrial processes 
I. Outdoor storage of equipment or materials 
J. Vehicle and equipment cleaning 
K. Vehicle/Equipment repair and maintenance 
L. Fuel dispensing areas 
M. Loading docks 
N. Fire sprinkler test water 
O. Miscellaneous drain or wash water 

 Boiler drain lines; 
 Condensate drain lines; 
 Rooftop equipment; 
 Drainage sumps; 
 Roofing, gutters, and trim 

P. Plazas, sidewalks, and parking lots 
 
Current project planning will require source control BMPs for interior floor drains, need for future 
indoor and structural pest control, landscape/outdoor pesticide use, refuse areas, roofing, gutters, and 
trim, and sidewalks, and parking lots. 
 
Interior floor drains will be constructed to connect directly to the sanitary sewer for the structure.  
There will be inspection of the interior drains performed frequently to ensure there is no clogging and 
no potential for runoff from drain overflow. 
 
Pest control BMPs will include building design features which discourage entry of pests.  Integrated 
pest management information will also be provided to the owners and operators of the facility to 
ensure proper pest management.  Outdoor pesticide use BMPs will consist of preservation of existing 
native trees, shrubs, and ground cover to the maximum extent practicable.  Landscaping will likely 
not require irrigation, but any minimal irrigation will aim to minimize runoff, promote surface 
infiltration, and limit the amount of fertilizer and pesticide treated areas serviced which could 
contribute to runoff.  Plants selected for landscaping will be appropriate for the desired land use; 
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such as, saturated conditions for any low lying sump areas and dry for any high areas.  All 
landscaping will consider pest resistant plants that are appropriate for the site soils, slopes, climate, 
sun, wind, rain, land use, air movement, ecological consistency, and plant interactions. 
 
Refuse areas will be located inside of the operation and maintenance facilities and will be located 
such that no precipitation comes in contact with refuse.  All trash disposed of onsite will be located at 
the operation and maintenance facility, with trash generated at any remote turbine locations 
immediately removed by the active work crew.  In addition, all trash receptacles at the operation and 
maintenance facility will include signage prohibiting disposal of hazardous materials. 
 
Roofing, gutters, and trip will not be constructed of materials that will leach pollutants into 
stormwater runoff, typically copper. 
 
Sidewalks and parking lots will mainly be constructed of permeable gravel materials.  There 
potentially could be short distances of concrete sidewalk; however, these will drain immediately to 
surrounding permeable areas.  Due to the gravel construction of the majority of parking lots and 
sidewalks, sweeping will not be feasible. 
 
 
 



 6.0 Treatment Control BMPs 

Storm Water Management Plan 6-1 Iberdrola Renewables, Inc. 
Tule Wind Project  November 2010 

6.0 TREATMENT CONTROL BMPS 
 
Discussions with the County of San Diego identified that Project development would not require 
treatment BMPs, based on the County guidelines, since the Project was located outside of Phase I 
and Phase II NPDES permits and the Project did not contribute flows to a Municipal Separate Storm 
Sewer System (MS4).  However, based on the Project location, General Construction Permit post-
construction BMPs will be required.  General Construction Permit post-construction BMPs are 
intended to reduce the impacts from project development on existing natural drainages. These 
impacts are typically increased channel erosion or deposition resulting from changes in runoff 
patterns from the Project site, also known as hydromodification.  It has been found that the flows that 
actually cause the most impact to existing drainages are associated with the high frequency lower 
volume storms, which is the focus of the General Construction Permit.  Project impacts are quantified 
in the General Construction Permit by a Water Balance Calculator, which identifies the changes in 
Project runoff and allows for mitigation of these impacts through numerous LID and local detention 
features.  Water Balance Calculator analysis gives mitigation credit to the following Project features: 
 

 Porous pavement, 
 Tree planting, 
 Downspout disconnection, 
 Impervious area disconnection, 
 Green roof  
 Vegetated swales,  
 Rain barrels/cisterns, and 
 Soil quality. 

 
Project development proposes to use vegetated swales, downspout disconnection, and potentially 
several detention basins for the operation and maintenance area and/or substation areas.  
Additionally, all impervious areas will be disconnected and will be drained via natural features.  A 
comparison of these features with the County of San Diego SUSMP requirements was completed in 
order to better identify mitigation benefits.  Table 3 contains Table 2-3: Treatment Control Selection 
Matrix, from the County of San Diego SUSMP. 
 
There are no primary pollutants of concern for the Project, and the Project will not contribute 
pollutants to a 303 (d) listed water body. With no primary pollutants of concern, the County of San 
Diego SUSMP requires the Project to focus on the secondary pollutants of concern.  Secondary 
pollutants of concern are trash and oil and grease; which represent course sediment and trash as well 
as pollutants that tend to associate with fine particles during treatment.  Table 5 identifies settling 
basins and LID bioretention facilities as having high removal efficiencies for all pollutants of 
concern.  Based on this, the selection of swales/brow ditches and detention basins for General 
Construction Permit post-construction BMP requirements, also meets the intent of the County of San 
Diego SUSMP. 
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Table 3. Groups of Pollutants and Relative Effectiveness of Treatment Facilities 

Pollutant of 
Concern 

Bioretention 
Facilities 

(LID) 

Settling 
Basins 

(Dry 
Ponds) 

Wet 
Ponds 

and 
Wetlands 

Infiltration 
Facilities or 
Practices 

(LID) 
Media 
Filters 

High-rate 
Biofilters 

High-rate 
Media 
Filters 

Trash Rack & 
Hydro-

dynamic 
Devices 

Course Sediment and 
Trash 

High High High High High High High High 

Pollutants that tend to 
associate with fine 
particles during 
treatment 

High High High High High Medium Medium Low 

Pollutants that tend to 
be dissolved following 
treatment 

Medium Low Medium High Low Low Low Low 

 
 
Further design of these post-construction BMPs will be required during final Project engineering.  As 
the planning process progresses more detail will be available as to the opportunities and locations for 
these features. Exhibit C includes a BMP Map which defines potential locations for treatment BMPs 
as well as typical site design and source control BMPs.  The BMP Map is only intended to be 
representative of potential or typical BMP locations and is not intended to exclude additional 
locations of features.  Additional CASQA BMP information is located in Appendix E. 
 
Responsible parties for the capital costs associated with construction of the treatment control BMPs 
are presented in Table 4.   
 

Table 4.  Treatment Control BMP Capital Cost Responsible Party 

Treatment Control BMP Responsible Party 
Detention Basins Iberdrola Renewables 
Swales/Brow Ditches Iberdrola Renewables 
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7.0 STORM WATER BMP MAINTENANCE 
 
In accordance with Section 5 of the County of San Diego SUSMP the Project BMPs will be 
classified as First Category.  BMPs will largely “maintain themselves” via the natural process of 
vegetation growth cycles.  Vegetated swales/natural drainages and open spaces for impervious area 
disconnection will be seeded with local naturally occurring plant types, which will be allowed to 
grow naturally in these facilities.  Permeable paving surfaces will be maintained by Iberdrola to 
provide uniform access roads.  Any erosion issues associated with the unvegetated drive surface will 
be immediately addressed to limit any sediment discharge from the site.  Table 5 defines the 
anticipated BMP responsible parties.   
 

Table 5. BMP Maintenance Responsibility 

Treatment Control BMP Responsible Party 
Detention Basins Iberdrola Renewables 
Swales/Brow Ditches Iberdrola Renewables 

 
 
All operation and maintenance required by these BMPs will be the responsibility of Iberdrola.  More 
specific operation and maintenance of the BMPs will be established during final Project design and 
discussed in a Maintenance Plan report.
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8.0 CONCLUSION 
 
Based on the currently applicable water quality requirements, an analysis of the potential impacts 
was completed for the Tule Wind Project in support of a MUP submittal to the County of San Diego.  
This analysis determined that the Project would have low potential for water quality impacts to the 
surrounding water bodies.  Minimal impervious area increases are proposed with Project disturbance 
placement intended to limit the impacts to surrounding water bodies.  Based on the minimal level of 
impervious surfaces proposed as part of the project and implementation of applicable site design 
BMPs, source control BMPs, LID features, and storm water BMP maintenance, the project will not 
substantially degrade water quality.  Mitigation measures are implemented to the maximum extent 
practicable to address the limited numbers of potential impacts.  Operation and maintenance of the 
BMPs should be minimal, due to their natural operation conditions, with responsibility for these 
features performance over the life of the Project being the developers.
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APPENDIX A 
Preliminary Project Details 

Typical Turbine Schematic 
Typical Turbine Site 

Typical Access Road Sections 
Typical Substation Facility 

Typical Operation and Maintenance Facility Site 
Typical Operation and Maintenance Facility Elevations 

Typical Collector Line Power Pole 
Typical Buried Collector Line 
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Iberdrola| Tule Wind Project | Applicant’s Environmental Document

Typical Operations and Maintenance Facility Site
FIGURE 2.0-9a

Source: Iberdrola, 2009 | G:/Projects\IberdrolaRenew_424914\TuleWindEnergy_115965\14_00_GIS_MODELS\14_02_Graphics\14_02_01_docs\Ltr_Landscp_master.ai| Last Updated : 12-24-2009



 

Iberdrola| Tule Wind Project | Applicant’s Environmental Document

Typical Operations and Maintenance Facility Elevations
FIGURE 2.0-9b

Source: Iberdrola, 2009 | G:/Projects\IberdrolaRenew_424914\TuleWindEnergy_115965\14_00_GIS_MODELS\14_02_Graphics\14_02_01_docs\Ltr_Landscp_master.ai| Last Updated : 12-24-2009
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APPENDIX B 
County of San Diego Stormwater 

Intake Form for Development Projects 
 

County of San Diego Stormwater Intake Form for Development Projects 
 



 
 
 
 
 

This form must be completed in its entirety and accompany applications for any of the discretionary or ministerial permits and approvals 
referenced in Sections 67.803(c)(1) and 67.803(c)(2) of the County of San Diego Watershed Protection, Stormwater Management and 
Discharge Control Ordinance (WPO). 

STEP 1:  IDENTIFY RELEVANT PROJECT INFORMATION 
Applicant Name: Contact Information: 

Project Address: APN(s):  Permit Application #: 

STEP 2:  DETERMINE PRIORITY DEVELOPMENT PROJECT STATUS 

WPO Section 67.802(w) defines the criteria for determining whether your project is considered a Priority Development Project (PDP). If 
you answer “Yes” to any of the questions below, your project is a PDP subject to review and approval of a Major Stormwater 
Management Plan (SWMP). If you answer “No” to all of the questions below, your project is subject to review and approval of a Minor 
SWMP. 
1. Residential subdivision of 10 or more dwelling units (Single-family, Multi-family, Condo, or Apartment Complex) ...... Yes    No 
2.  Commercial development that includes development of land area greater than one (1) acre ..................................... Yes    No 
3. Industrial development greater than one (1) acre ......................................................................................................... Yes    No 
4. Automotive repair shop ................................................................................................................................................. Yes    No 
5. Restaurant or restaurant facilities with an area of development of 5,000 square feet or greater .................................. Yes    No 
6. On a steep hillside (>25% natural slope) AND proposes 5,000 square feet of impervious surface or more, or includes  
grading of any natural slope >25% (1) ................................................................................................................................ Yes    No 
7. Located within 200 feet of an Environmentally Sensitive Area AND creates 2,500 square feet or more of impervious  
surface or increases the area of imperviousness of a site to more than 10% of its naturally occurring condition (1) (2) ...... Yes    No 
8. A parking lot that is 5,000 square feet or greater OR proposes at least 15 new parking stalls ..................................... Yes    No 
9. Streets or roads that create a new paved surface that is 5,000 square feet or greater................................................. Yes    No 
10. Retail gasoline outlet................................................................................................................................................... Yes    No 
(1)  In lieu of a Major SWMP, Ministerial Permit Applications for residential dwellings/additions on an existing legal lot answering “Yes” may be able to utilize the Minor 
Stormwater Management Plan upon approval of a county official.  Please note that upon further analysis, staff may determine that a Major SWMP will be required.   
(2) A County technician will assist you in determining whether your project is located within 200 feet of an Environmentally Sensitive Area. 

If you answered “Yes” to any of the questions, please complete a Major SWMP for your project.  
Instructions and an example of the form can be downloaded from http://www.co.san-diego.ca.us/dpw/watersheds/land_dev/susmp.html 

If you answered “NO” to all of the questions above, please complete a Minor SWMP for your project.  
Instructions and an example of the form can be downloaded from http://www.sdcounty.ca.gov/dplu/docs/LUEG-SW.pdf 
 

STEP 3:  SIGN AND DATE THE CERTIFICATION 

APPLICANT CERTIFICATION:  I have read and understand that the County of San Diego has adopted minimum requirements 
for managing urban runoff, including stormwater, from construction and land development activities.  I certify that this intake form 
has been completed to the best of my ability and accurately reflects the project being proposed.  I also understand that non-
compliance with the County's WPO and Grading Ordinance may result in enforcement by the County, including fines, cease and 
desist orders, or other actions.  
Applicant : Date: 

 

County of San Diego 
S T O R M W A T E R  I N T A K E  F O R M  F O R  
D E V E L O P M E N T  P R O J E C T S  

bswift
Oval

bswift
Oval

bswift
Oval

bswift
Oval

bswift
Oval

bswift
Oval

bswift
Oval

bswift
Oval

bswift
Oval

bswift
Oval
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APPENDIX C  
County of San Diego Storm Water Management Plan for Priority 

Projects (Major SWMP) Form 
 

County of San Diego Major SWMP Form 
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Major Stormwater Management Plan 
(Major SWMP) 

For 
Tule Wind Project 
MUP 3300-09-019 

 
Preparation/Revision Date: September 2010 

 
 
 
 
 
 

 
Prepared for: 

 
Iberdrola Renewables, Inc. 

1125 Northwest Couch, Suite 700 
Portland, OR 97209 

 
 

 
 
 

Prepared by: 
 

Brinton Swift, P.E. 
HDR Engineering 

8690 Balboa Avenue, Suite 200 
San Diego, CA 92123 

Telephone: 858-712-8335 

 
 
The selection, sizing, and preliminary design of stormwater treatment and other control measures in 
this plan have been prepared under the direction of the following Registered Civil Engineer and meet 
the requirements of Regional Water Quality Control Board Order R9-2007-0001 and subsequent 
amendments. 
 
 
 
 
_______________________________    _____________ 
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Name, RCE #                                                                        Date 
The Major Stormwater Management Plan (Major SWMP) must be completed in its entirety 
and accompany applications to the County for a permit or approval associated with certain 
types of development projects.  To determine whether your project is required to submit a 
Major or Minor SWMP, please reference the County’s Stormwater Intake Form for 
Development Projects. 
 
Project Name: Tule Wind Project 
Project Location:  
Permit Number (Land Development Projects): MUP 3300-09-019 
Work Authorization Number (CIP only):  
Applicant: Iberdrola Renewables, Inc. 
Applicant’s Address: Portland,OR 
Plan Prepared By (Leave blank if same as 
applicant): 

HDR Engineering 
 

Preparer’s Address: San Diego, CA 
Date: May, 2010 
 
The County of San Diego Watershed Protection, Storm Water Management, and Discharge 
Control Ordinance (WPO) (Ordinance No. 9926) requires all applications for a permit or 
approval associated with a Land Disturbance Activity to be accompanied by a Storm Water 
Management Plan (SWMP) (section 67.806.b). The purpose of the SWMP is to describe how 
the project will minimize the short and long-term impacts on receiving water quality. 
Projects that meet the criteria for a priority development project are required to prepare a 
Major SWMP.  
 
Since the SWMP is a living document, revisions may be necessary during various stages of 
approval by the County. Please provide the approval information requested below. 
 

Project Stages 
Does the SWMP 
need revisions? If YES, Provide 

Revision Date 
YES NO 

    
    
    

 
 
Instructions for a Major SWMP can be downloaded at 
http://www.sdcounty.ca.gov/dpw/watersheds/susmp/susmp.html 
 
 
Completion of the following checklists and attachments will fulfill the requirements of a 
Major SWMP for the project listed above. 
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STEP 1 
PRIORITY DEVELOPMENT PROJECT DETERMINATION  
 
TABLE 1: IS THE PROJECT IN ANY OF THESE CATEGORIES? 

 
Yes  
  

No 
 A Housing subdivisions of 10 or more dwelling units. Examples: single-family 

homes, multi-family homes, condominiums, and apartments.

Yes  
  

No 
 B 

Commercial—greater than one acre. Any development other than heavy industry or 
residential. Examples: hospitals; laboratories and other medical facilities; educational 
institutions; recreational facilities; municipal facilities; commercial nurseries; multi-
apartment buildings; car wash facilities; mini-malls and other business complexes; 
shopping malls; hotels; office buildings; public warehouses; automotive dealerships; 
airfields; and other light industrial facilities. 

Yes  
  

No 
 C 

Heavy industry—greater than one acre. Examples: manufacturing plants, food 
processing plants, metal working facilities, printing plants, and fleet storage areas (bus, 
truck, etc.). 

Yes  
  

No 
 D Automotive repair shops. A facility categorized in any one of Standard Industrial 

Classification (SIC) codes 5013, 5014, 5541, 7532-7534, or 7536-7539. 

Yes  
  

No 
 E 

Restaurants. Any facility that sells prepared foods and drinks for consumption, 
including stationary lunch counters and refreshment stands selling prepared foods and 
drinks for immediate consumption (SIC code 5812), where the land area for development is 
greater than 5,000 square feet. Restaurants where land development is less than 5,000 
square feet shall meet all SUSMP requirements except for structural treatment BMP and 
numeric sizing criteria requirements and hydromodification requirements. 

Yes  
 

No 
 F 

Hillside development greater than 5,000 square feet. Any development that 
creates 5,000 square feet of impervious surface and is located in an area with known 
erosive soil conditions, where the development will grade on any natural slope that is 
twenty-five percent or greater. 

Yes  
  

No 
 G 

Environmentally Sensitive Areas (ESAs). All development located within or  
directly adjacent to or discharging directly to an ESA (where discharges from the 
development or redevelopment will enter receiving waters within the ESA), which either 
creates 2,500 square feet of impervious surface on a proposed project site or increases the 
area of imperviousness of a proposed project site to 10% or more of its naturally occurring 
condition. “Directly adjacent” means situated within 200 feet of the ESA. “Discharging 
directly to” means outflow from a drainage conveyance system that is composed entirely of 
flows from the subject development or redevelopment site, and not commingled with flows 
from adjacent lands. 

Yes  
  

No 
 H Parking lots 5,000 square feet or more or with 15 or more parking spaces and 

potentially exposed to urban runoff. 

Yes  
  

No 
 I 

Street, roads, highways, and freeways. Any paved surface that is 5,000 square feet 
or greater used for the transportation of automobiles, trucks, motorcycles, and other 
vehicles. 

Yes  
  

No 
 J Retail Gasoline Outlets (RGOs) that are: (a) 5,000 square feet or more or (b) a 

projected Average Daily Traffic (ADT) of 100 or more vehicles per day. 
 
To use the table, review each definition A through K. If any of the definitions match, the 
project is a Priority Development Project. Note some thresholds are defined by square 
footage of impervious area created; others by the total area of the development.  Please see special 
requirements for previously developed sites and project exemptions on page 6 of the County 
SUSMP.
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STEP 2 

PROJECT STORMWATER QUALITY DETERMINATION 
 
Total Project Site Area ___1,982_______ (Acres)  

Estimated amount of disturbed acreage: ____127____ (Acres) 
(If >1 acre, you must also provide a WDID number from the SWRCB)  WDID:  ________ 

 
Complete A through C and the calculations below to determine the amount of impervious 
surface on your project before and after construction. 

A. Total size of project site: ___77_______ (Acres) 

B. Total impervious area (including roof tops) before construction ___0__ (Acres or 
ft2) 

C. Total impervious area (including roof tops) after construction ___0.54____(Acres) 

Calculate percent impervious before construction: B/A = ___0_____% 
Calculate percent impervious after construction: C/A = ____0.7____% 
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Please provide detailed descriptions regarding the following questions: 
 
TABLE 2: PROJECT SPECIFIC STORMWATER ANALYSIS 
 
1. Please provide a brief description of the project. 
The Tule Wind Project is a large project that proposes to develop a wind turbine “farm," for 
power generation, in the County of San Diego in the State of California.  Portions of the 
project discussed in this report are limited to areas within private properties within the 
County of San Diego.  A majority of the overall project will be developed on Bureau of Land 
Management (BLM) Federal land, outside the County of San Diego Planning Department 
jurisdiction.  Project development proposed on County of San Diego regulated lands is 
located just north of Interstate 8 off Ribbonwood Road, approximately two and half miles 
northeast of the community of Boulevard, California.  Given the rural nature of the Project 
area, only the western side of the site is bounded by a physical feature, Ribbonwood Road.  
Proposed development will include the construction of electrical generating wind turbines, 
access roads, power transmission lines, maintenance facilities, and all the associated 
additional appurtenances.  See Tule Wind Project Storm Water Management Plan for further 
discussion of Project. 
2. Describe the current and proposed zoning and land use designation. 
Project areas and surrounding areas are zoned general agricultural and general rural.  Existing 
land use and surrounding land use is in line with the zoning, consisting of agricultural uses, 
scattered residential, scattered commercial, and open space.  Future land use is envisioned to 
remain consistent with the existing zoning.  
 
3. Describe the pre-project and post-project topography of the project. (Show on Plan) 
Pre-project topography consists of steep mountainous areas with deep gullies and valleys, 
which convey stormwater runoff to flatter offsite areas.  Existing slopes are primarily less 
than 15%, however, Project areas to include some slopes over 50%.  Post-project 
topography will closely match pre-project topography. Access roads will be graded to match 
existing contours and transmission lines will not impact existing contours.  Wind turbine 
pads, maintenance facility pads, and transformer sub-station pads will be the only areas 
graded flatter than existing slopes.  These facilities have small localized footprints. 
 
4. Describe the soil classification, permeability, erodibility, and depth to groundwater for 

LID and Treatment BMP consideration. (Show on Plan)  If infiltration BMPs are 
proposed, a Geotechnical Engineer must certify infiltration BMPs in Attachment E. 

All soil types A, B, C, and D are present on the Project.  A majority of the site is vegetated 
with low level ground cover and low level bushes which stabilize the soil.  Higher elevation 
portions of the Project consist of large rock formations.  Existing wells in the vicinity of 
Rough Acres Ranch have the minimum observed depth to groundwater of 11-30 feet.  In 
the event infiltrations BMPs are selected, further review of either existing or planned 
geotechnical studies will be completed to determine performance characteristics. 
 
5. Describe if contaminated or hazardous soils are within the project area. (Show on Plan)
Based on the California Environmental Protection Agency identification program the 
McCain Valley Adult Conservation Camp located at 2550 McCain Valley Road is identified 
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as containing a Leaking Underground Storage Tank (LUST).  Storage tank contents were 
historically diesel.  Contamination is listed as potential aquifer and generates hazardous 
waste.  Contaminated soil is likely very small and is below the ground surface, isolated from 
contact with surface water runoff. 
 
6. Describe the existing site drainage and natural hydrologic features. (Show on Plan). 
Project areas are drained by three major drainage basins: 

 Tule Creek Basin – 18,250 acres 
 Southern Unnamed Wash Basin  – 485 acres 
 Eastern Unnamed Wash Basin – 734 acres 

Tule Creek drains the majority of the Project site to the southeast into Tule Lake.  Tule Lake 
empties into Carrizo Wash, which ultimately discharges into the Salton Sea.  Two small 
northwestern portions of the Project site are drained by two unnamed tributaries to Carrizo 
Wash.  The southern of the two unnamed washes discharges into Carrizo Wash 2.4 miles 
upstream of the eastern unnamed wash and approximately 10 miles downstream of Tule 
Lake.  All basins have similar drainage patterns.  Runoff sheet flows across the ground 
surface until it encounters rivulets which then discharge into larger streams which ultimately 
discharge into Tule Creek or Carrizo Wash.  Precipitation that falls on existing access roads 
sheet flows off the side of the roads where it is either collected in swales running parallel to 
the road or continues to sheet flow across the natural terrain.  Swales carry runoff to streams 
crossing the access road, where they are then conveyed to major drainage features.   
There are no major improvements to the drainage features within the basin.  However, a 
number of culverts have been installed on portions of the Tule Creek Basin to facilitate the 
construction of access roads across the smaller drainage features.  An unnamed tributary to 
Tule Creek along the northeastern edge of the Tule Creek Basin crosses a number of public 
and private roads via culverts just east of the landing strip.  Several access roads utilize a 
depressed on grade type crossing, where flows are conveyed across the top of the road, 
rather than constructing culverts to carry flows under the road. 
 
7. Describe site features and conditions that constrain, or provide opportunities for 

stormwater control, such as LID features. 
Project development proposed little paved surfaces or impermeable site features.  Any 
impervious area will drain to a surrounding impervious area prior to discharging into existing 
natural facilities.  This provides an excellent opportunity for vegetated swales or buffers 
around all impervious features.  There is also the opportunity to construct extended 
detention basins for the larger graded pads to address runoff rates and water quality.  Some 
areas of the Project are located over soil type C and soil type D which makes natural 
infiltration options more difficult.  Extensive rock outcropping throughout the Project could 
make extensive grading required for numerous detention facilities undesirable.  Overall there 
will be excellent opportunities for use of vegetated swales and buffers to create impervious 
area disconnection and runoff treatment. 
 
8. Is this project within the environmentally sensitive areas as defined on the maps in 

Appendix A of the County of San Diego Standard Urban Storm Water Mitigation Plan for 
Land Development and Public Improvement Projects? 

Yes No 
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9. Is this an emergency project? 
Yes No 

 
 
 
 
 
CHANNELS & DRAINAGES 
Complete the following checklist to determine if the project includes work in channels.   
 
TABLE 3: PROJECT SPECIFIC STORMWATER ANALYSIS 
 
No. CRITERIA YES NO N/A COMMENTS 
1. Will the project include work in channels? X   If YES go to 2 

If NO go to 13. 
2. Will the project increase velocity or 

volume of downstream flow?  X  If YES go to  6. 

3. Will the project discharge to unlined 
channels? X   If YES go to. 6. 

4. Will the project increase potential 
sediment load of downstream flow?   X If YES go to  6. 

5. Will the project encroach, cross, realign, 
or cause other hydraulic changes to a 
stream that may affect downstream 
channel stability? 

  X 

If YES go to  8. 

6. Review channel lining materials and 
design for stream bank erosion.   X Continue to  7. 

7. Consider channel erosion control measures 
within the project limits as well as 
downstream. Consider scour velocity. 

X   
Continue to  8. 

8. Include, where appropriate, energy 
dissipation devices at culverts. X   Continue to  9. 

9. Ensure all transitions between culvert 
outlets/headwalls/wingwalls and channels 
are smooth to reduce turbulence and scour. 

X   
Continue to  10. 

10. Include, if appropriate, detention facilities 
to reduce peak discharges. X   Continue to  11. 

 
11. 

“Hardening“ natural downstream areas to 
prevent erosion is not an acceptable 
technique for protecting channel slopes, 
unless pre-development conditions are 
determined to be so erosive that hardening 
would be required even in the absence of 
the proposed development. 

  X 

Continue to  12. 

12. Provide other design principles that are 
comparable and equally effective.   X Continue to  13. 
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No. CRITERIA YES NO N/A COMMENTS 
13. End     
 
TEMPORARY CONSTRUCTION BMPS 
Please check the construction BMPs that may be implemented during construction of the 
project. The applicant will be responsible for the placement and maintenance of the BMPs 
incorporated into the final project design.   
 
 Silt Fence  Desilting Basin  

 Fiber Rolls  Gravel Bag Berm 

 Street Sweeping and Vacuuming  Sandbag Barrier  

 Storm Drain Inlet Protection  Material Delivery and Storage  

 Stockpile Management  Spill Prevention and Control  

     Solid Waste Management  Concrete Waste Management  

     Stabilized Construction Entrance/Exit  Water Conservation Practices 

 Dewatering Operations  Paving and Grinding Operations 

     Vehicle and Equipment Maintenance  

      Any minor slopes created incidental to construction and not subject to a major or 
minor grading permit shall be protected by covering with plastic or tarp prior to a rain 
event, and shall have vegetative cover reestablished within 180 days of completion of the 
slope and prior to final building approval. 
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EXCEPTIONAL THREAT TO WATER QUALITY DETERMINATION 

Complete the checklist below to determine if a proposed project will pose an “exceptional 
threat to water quality,” and therefore require Advanced Treatment Best Management 
Practices during the construction phase. 
 
TABLE 4: EXCEPTIONAL THREAT TO WATER QUALITY DETERMINATION 
 

No. CRITERIA YES NO INFORMATION
1. Is all or part of the proposed project site within 200 feet of waters 

named on the Clean Water Act (CWA) Section 303(d) list of Water 
Quality Limited Segments as impaired for sedimentation and/or 
turbidity? Current 303d list may be obtained from the following site: 
http://www.swrcb.ca.gov/tmdl/docs/303dlists2006/approved/r9_06_303d_reqtmdls.
pdf 
  
 

 

X 

If YES, continue to 
2. 
If NO, go to 5. 

2. Will the project disturb more than 5 acres, including all phases of the 
development? 

  If YES, continue to 
3. 
If NO, go to 5. 

3. Will the project disturb slopes that are steeper than 4:1 (horizontal: 
vertical) with at least 10 feet of relief, and that drain toward the 303(d) 
listed receiving water for sedimentation and/or turbidity? 

  If YES, continue to 
4. 
If NO, go to 5. 

4. Will the project disturb soils with a predominance of USDA-NRCS 
Erosion factors kf greater than or equal to 0.4? 

  If YES, continue to 
6. 
If NO, go to 5. 

5. Project is not required to use Advanced Treatment BMPs.   Document for 
Project Files by 
referencing this 
checklist. 

6. Project poses an “exceptional threat to water quality” and is required to 
use Advanced Treatment BMPs. 

  Advanced 
Treatment BMPs 
must be consistent 
with WPO section 
67.811(b)(20)(D) 
performance criteria 

 
Exemption potentially available for projects that require advanced treatment: Project 
proponent may perform a Revised Universal Soil Loss Equation, Version 2 (RUSLE 2), 
Modified Universal Soil Loss Equation (MUSLE), or similar analysis that shows to the 
County official’s satisfaction that advanced treatment is not required 
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STEP 3 
HYDROMODIFICATION DETERMINATION 
The following questions provide a guide to collecting information relevant to 
hydromodification management issues. 
 
TABLE 5:  HYDROMODIFICATION DETERMINATION 
 
 QUESTIONS YES NO Information 
1. Will the proposed project disturb 50 or 

more acres of land? (Including all phases of 
development) 

X  
If YES, continue to 2. 
If NO, go to 6. 

2.  Would the project site discharge directly 
into channels that are concrete-lined or 
significantly hardened such as with rip-rap, 
sackcrete, etc, downstream to their outfall 
into bays or the ocean? 

 X 

If NO, continue to 3. 
If YES, go to 6. 

3. Would the project site discharge directly 
into underground storm drains discharging 
directly to bays or the ocean? 

 X 
If NO, continue to 4. 
If YES, go to 6. 

4. Would the project site discharge directly to 
a channel (lined or un-lined) and the 
combined impervious surfaces downstream 
from the project site to discharge at the 
ocean or bay are 70% or greater? 

 X 

If NO, continue to 5. 
If YES, go to 6. 

5. Project is required to manage 
hydromodification impacts. 

 X 

Hydromodification 
Management Required 
as described in Section 
67.812 b(4) of the 
WPO. 

6. Project is not required to manage 
hydromodification impacts. 

X  Hydromodification 
Exempt.  Keep on file.  

 
An exemption is potentially available for projects that are required (No. 5. in Table 5 
above) to manage hydromodification impacts: The project proponent may conduct an 
independent geomorphic study to determine the project’s full hydromodification impact.  
The study must incorporate sediment transport modeling across the range of 
geomorphically-significant flows and demonstrate to the County’s satisfaction that the 
project flows and sediment reductions will not detrimentally affect the receiving water to 
qualify for the exemption. 
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STEP 4 
POLLUTANTS OF CONCERN DETERMINATION 
 
WATERSHED 

Please check the watershed(s) for the project. 
 San Juan 901  Santa Margarita 902  San Luis Rey 903  Carlsbad 904 
 San Dieguito 905  Penasquitos 906  San Diego 907  Sweetwater 909 
 Otay 910  Tijuana 911  Whitewater 719  Clark 720 
 West Salton 721   Anza Borrego 722  Imperial 723  

 http://www.waterboards.ca.gov/sandiego/water_issues/programs/basin_plan/index.shtml 
 
 
HYDROLOGIC SUB-AREA NAME AND NUMBER(S) 

Number Name 
722.71 Jacumba hydrologic sub area 

  

http://www.waterboards.ca.gov/sandiego/water_issues/programs/basin_plan/index.shtml 
 
SURFACE WATERS that each project discharge point proposes to discharge to.  List the 
impairments identified in Table 7.  

SURFACE WATERS 
(river, creek, stream, etc.) 

 
Hydrologic 
Unit Basin 
Number 

Impairment(s) listed  [303(d) listed 
waters or waters with established 

TMDLs ] 

Distance to 
Project 

Tule Creek 722.71 None 0 mi 

Carrizo Creek 722.71 None 4.2 mi 

   
http://www.waterboards.ca.gov/water_issues/programs/tmdl/docs/303dlists2006/epa/r9_06_303d_reqtmdl
s.pdf 
 
GROUND WATERS 

Ground Waters 

 
Hydrologic 
Unit Basin 
Number M

U
N

 

A
G

R
 

IN
D

 

P
R

O
C

 

G
W

R
 

F
R

E
SH

 

P
O

W
 

R
E

C
1 

R
E

C
2 

B
IO

L
 

W
A

R
M

 

C
O

L
D

 

W
IL

D
 

R
A

R
E

 

SP
W

N
 

Anza-Borrego 722.00 X X X             

     
     
http://www.waterboards.ca.gov/sandiego/water_issues/programs/basin_plan/index.shtml 
+ Excepted from Municipal ● Existing Beneficial Use   ○ Potential Beneficial Use 

PROJECT ANTICIPATED AND POTENTIAL POLLUTANTS 
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Using Table 6, identify pollutants that are anticipated to be generated from the proposed 
priority project categories.  Pollutants associated with any hazardous material sites that have 
been remediated or are not threatened by the proposed project are not considered a 
pollutant of concern.  
 
 
TABLE 6:  ANTICIPATED AND POTENTIAL POLLUTANTS GENERATED BY LAND 

USE TYPE 
 

 
 
 

 General Pollutant Categories 
PDP 

Categories Sediments Nutrients Heavy 
Metals 

Organic 
Compounds 

Trash & 
Debris 

Oxygen 
Demanding 
Substances 

Oil & 
Grease 

Bacteria 
& 

Viruses 
Pesticides 

Detached 
Residential 

Development 
X X   X X X X X 

Attached 
Residential 

Development 
X X   X P(1) P(2) P X 

Commercial 
Development 1 
acre or greater 

P(1) P(1)  P(2) X P(5) X P(3) P(5) 

Heavy industry 
/industrial 

development 

X  X X X X X   

Automotive 
Repair Shops   X X(4)(5) X  X   

Restaurants     X X X X  
Hillside 

Development  
>5,000 ft2 

X X   X X X  X 

Parking Lots P(1) P(1) X  X P(1) X  P(1) 
Retail Gasoline 

Outlets 
  X X X X X   

Streets, Highways 
& Freeways X P(1) X X(4) X P(5) X   

X = anticipated  
P = potential 
(1) A potential pollutant if landscaping exists on-site. 
(2) A potential pollutant if the project includes uncovered parking areas. 
(3) A potential pollutant if land use involves food or animal waste products. 
(4) Including petroleum hydrocarbons. 
(5) Including solvents. 
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PROJECT POLLUTANTS OF CONCERN SUMMARY TABLE 
 
Please summarize the identified project pollutant of concern by checking the appropriate 
boxes in the table below and list any surface water impairments identified.  Pollutants 
anticipated to be generated by the project, which are also causing impairment of receiving 
waters, shall be considered the primary pollutants of concern.  For projects where no 
primary pollutants of concern exist, those pollutants identified as anticipated shall be 
considered secondary pollutants of concern. 
 
 
TABLE 7: PROJECT POLLUTANTS OF CONCERN  
 

Pollutant Category 
Anticipated 

(X) 
Potential 

(P) 
Surface Water Impairments 

Sediments X X None 

Nutrients X X None 
Heavy Metals X X None 
Organic Compounds  X None 
Trash & Debris X  None 
Oxygen Demanding 
Substances X X None 

Oil & Grease X  None 
Bacteria & Viruses  X None 
Pesticides X X None 
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STEP 5  
LID AND SITE DESIGN STRATEGIES 

Each numbered item below is a Low Impact Development (LID) requirement of the WPO.  
Please check the box(s) under each number that best describes the LID BMP(s) and Site 
Design Strategies selected for this project. 
 
TABLE 8: LID AND SITE DESIGN 
 
1.     Conserve natural Areas, Soils, and Vegetation 

  Preserve well draining soils (Type A or B) 
    Preserve Significant Trees 
    Preserve critical (or problematic) areas such as floodplains, steep slopes, wetlands,     

and areas with erosive or unstable soil conditions 
  Other.  Description: 

2.      Minimize Disturbance to Natural Drainages 
  Set-back development envelope from drainages 
  Restrict heavy construction equipment access to planned green/open  
space areas 

  Other.  Description: 
3.      Minimize and Disconnect Impervious Surfaces (see 5) 

  Clustered Lot Design 
  Items checked in 5? 

  Other.  Description: 
4.      Minimize Soil Compaction 

  Restrict heavy construction equipment access to planned green/open  
space areas 

  Re-till soils compacted by construction vehicles/equipment   

�  Collect & re-use upper soil layers of development site containing organic  
Materials 

  Other.  Description: 
5.      Drain Runoff from Impervious Surfaces to Pervious Areas 

LID Street & Road Design 
      Curb-cuts to landscaping 
       Rural Swales 

       Concave Median 
       Cul-de-sac Landscaping Design 
        Other.  Description: Nearly all roads will be gravel 
LID Parking Lot Design 
       Permeable Pavements 
       Curb-cuts to landscaping 
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       Other.  Description: 

LID Driveway, Sidewalk, Bike-path Design 
      Permeable Pavements 
      Pitch pavements toward landscaping 

       Other.  Description: 
LID Building Design 

       Cisterns & Rain Barrels 
       Downspout to swale 

       Vegetated Roofs 
       Other.  Description: 

LID Landscaping Design 
       Soil Amendments 
       Reuse of Native Soils 

       Smart Irrigation Systems 
       Street Trees 
       Other.  Description: 

6.      Minimize erosion from slopes 

       Disturb existing slopes only when necessary 

       Minimize cut and fill areas to reduce slope lengths 

       Incorporate retaining walls to reduce steepness of slopes or to shorten slopes 

       Provide benches or terraces on high cut and fill slopes to reduce concentration  
of flows 

       Rounding and shaping slopes to reduce concentrated flow 

       Collect concentrated flows in stabilized drains and channels 

       Other.  Description: 
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STEP 6  
SOURCE CONTROL 
Please complete the checklist on the following pages to determine Source Control BMPs. 
Below is instruction on how to use the checklist. (Also see instructions on page 40 of the 
SUSMP) 
 
1. Review Column 1 and identify which of these potential sources of stormwater pollutants 

apply to your site. Check each box that applies.  

2. Review Column 2 and incorporate all of the corresponding applicable BMPs in your 
Source Control Exhibit in Attachment B.  

3. Review Columns 3 and 4 and incorporate all of the corresponding applicable permanent 
controls and operational BMPs in a table in your Project-Specific SUSMP.  

Describe your specific BMPs in an accompanying narrative, and explain any special 
conditions or situations that required omitting BMPs or substituting alternatives.  

Project development will incorporate the source control BMPs for indoor and structural pest 
control, outdoor pesticide use, refuse areas, and roofing, gutter, and trim material selection.  
Parking areas will be constructed of permeable gravel materials and as such will not be swept 
as listed in the County of San Diego SUSMP.  All materials will be stored inside operation 
and maintenance facilities.  No external storage areas are proposed.  All other source control 
features identified in the County of San Diego SUSMP are considered for Project 
development.  Refer to accompanying SWMP for more details on source control BMPs. 

 

Use the format in Table 9 below to summarize the project Source Control BMPs.  
Incorporate all identified Source Control BMPs in your Source Control Exhibit in 
Attachment B. 

TABLE 9: PROJECT SOURCE CONTROL BMPS 

Potential source of  
runoff pollutants 

Permanent  
source control BMPs 

Operational 
source control BMPs 

B. Interior floor drains Interior floor drains will be 
plumbed to the sanitary sewer 

Interior floor drains will be 
inspected and maintained to 
prevent blockage and overflow 

D1. Need for future 
indoor and structural 
pest control 

Building design features that 
discourage entrance of pests 

Provide integrated pest 
management practice 
information to building owners 
and operators 

D2. Landscape/Outdoor 
Pesticide Use 

Native trees, shrubs, and 
ground cover will be 
preserved to the maximum 
extent practicable.  Any 
landscaping will be designed 

Landscaping will be maintained 
with minimum or no pestecides.  
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to minimize runoff, promote 
surface infiltration, and 
minimize the use of fertilizers.  
Where landscaping is used to 
retain or detain stormwater, 
plants that are tolerant of 
saturated conditions will be 
used.  Pest resistant plants will 
be used to the maximum 
extent practicable.  Plants will 
be selected that are 
appropriate for site soils, 
slopes, climate, sun, wind, 
rain, land use, air movement, 
ecological consistency, and 
plant interactions 

G. Refuse areas Refuse containers will either 
be contained indoors or will 
include a covered facility or 
trash receptacle lids to prevent 
runon or runoff.  Signs will be 
posted on the receptacles 
stating “Do Not Dump 
Hazardous Materials Here” or 
similar. 

The following practices will be 
implemented : Inspect 
receptacles regularly; repair or 
replace leaky receptacles. Keep 
receptacles covered. 
Prohibit/prevent dumping of 
liquid or hazardous wastes. Post 
“no hazardous materials” signs. 
Inspect and pick up litter daily 
and clean up spills 
immediately. Keep spill control 
materials available on-site.  

O. Roofing, gutters, and 
trim 

Roofing, gutter, and trim will 
avoid use of copper or other 
unprotected metals. 

 

P. Parking lots  Parking lots will be constructed 
of permeable gravel materials 
and as such will not be swept. 
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IF THESE SOURCES 
WILL BE ON THE 
PROJECT SITE … 

… THEN YOUR STORMWATER CONTROL PLAN SHOULD INCLUDE THESE SOURCE CONTROL BMPs 

1 
Potential Sources of  

Runoff Pollutants 

2 
Permanent Controls—Show on 

Source Control Exhibit, Attachment 
B  

3 
Permanent Controls—List in SUSMP 

Table and Narrative 

4 
Operational BMPs—Include in 
SUSMP Table and Narrative 

 A. On-site storm drain 
inlets 

 Locations of inlets.  Mark all inlets with the words “No 
Dumping! Flows to Bay” or similar. 


 
 


 
 

 

 
 
 
 
 



Maintain and periodically repaint or 
replace inlet markings. 

Provide stormwater pollution 
prevention information to new site 
owners, lessees, or operators. 

See applicable operational BMPs in 
Fact Sheet SC-44, “Drainage System 
Maintenance,” in the CASQA 
Stormwater Quality Handbooks at 
www.cabmphandbooks.com 

Include the following in lease 
agreements: “Tenant shall not allow 
anyone to discharge anything to 
storm drains or to store or deposit 
materials so as to create a potential 
discharge to storm drains.” 

 B. Interior floor drains 
and elevator shaft sump 
pumps 

   State that interior floor drains and 
elevator shaft sump pumps will be 
plumbed to sanitary sewer. 

 Inspect and maintain drains to 
prevent blockages and overflow. 

 C. Interior parking 
garages 

   State that parking garage floor drains 
will be plumbed to the sanitary sewer. 

 Inspect and maintain drains to 
prevent blockages and overflow. 
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IF THESE SOURCES 
WILL BE ON THE 
PROJECT SITE … 

… THEN YOUR STORMWATER CONTROL PLAN SHOULD INCLUDE THESE SOURCE CONTROL BMPs 

1 
Potential Sources of  

Runoff Pollutants 

2 
Permanent Controls—Show on 

Source Control Exhibit, Attachment 
B  

3 
Permanent Controls—List in SUSMP 

Table and Narrative 

4 
Operational BMPs—Include in 
SUSMP Table and Narrative 

 D1. Need for future 
indoor & structural pest 
control 

   Note building design features that  
discourage entry of pests. 

 Provide Integrated Pest Management 
information to owners, lessees, and 
operators. 
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IF THESE SOURCES 
WILL BE ON THE 
PROJECT SITE … 

… THEN YOUR STORMWATER CONTROL PLAN SHOULD INCLUDE THESE SOURCE CONTROL BMPs 

1 
Potential Sources of  

Runoff Pollutants 

2 
Permanent Controls—Show on 

Source Control Exhibit, Attachment 
B  

3 
Permanent Controls—List in SUSMP 

Table and Narrative 

4 
Operational BMPs—Include in 
SUSMP Table and Narrative 

 D2. Landscape/ 
Outdoor Pesticide Use 

Note: Should be 
consistent with project 
landscape plan (if 
applicable). 

 
 
 

 
 

 

Show locations of native trees or 
areas of shrubs and ground cover to 
be undisturbed and retained. 

Show self-retaining landscape 
areas, if any.  

Show stormwater treatment 
facilities. 

 

 
 


 
 


 
 
 
 
 


 
 
 


 



State that final landscape plans will 
accomplish all of the following: 

Preserve existing native trees, shrubs, 
and ground cover to the maximum 
extent possible. 

Design landscaping to minimize 
irrigation and runoff, to promote 
surface infiltration where appropriate, 
and to minimize the use of fertilizers 
and pesticides that can contribute to 
stormwater pollution.  

Where landscaped areas are used to 
retain or detain stormwater, specify 
plants that are tolerant of saturated 
soil conditions. 

Consider using pest-resistant plants, 
especially adjacent to hardscape.  

To insure successful establishment, 
select plants appropriate to site soils, 
slopes, climate, sun, wind, rain, land 
use, air movement, ecological 
consistency, and plant interactions. 



 

 
 
 
 
 
 



Maintain landscaping using 
minimum or no pesticides. 

See applicable operational BMPs in 
Fact Sheet SC-41, “Building and 
Grounds Maintenance,” in the 
CASQA Stormwater Quality 
Handbooks at 
www.cabmphandbooks.com 

Provide IPM information to new 
owners, lessees and operators. 
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IF THESE SOURCES 
WILL BE ON THE 
PROJECT SITE … 

… THEN YOUR STORMWATER CONTROL PLAN SHOULD INCLUDE THESE SOURCE CONTROL BMPs 

1 
Potential Sources of  

Runoff Pollutants 

2 
Permanent Controls—Show on 

Source Control Exhibit, Attachment 
B  

3 
Permanent Controls—List in SUSMP 

Table and Narrative 

4 
Operational BMPs—Include in 
SUSMP Table and Narrative 

 E. Pools, spas, ponds, 
decorative fountains, 
and other water 
features. 

 Show location of water feature and 
a sanitary sewer cleanout in an 
accessible area within 10 feet.  

 

 

If the local municipality requires pools 
to be plumbed to the sanitary sewer, 
place a note on the plans and state in 
the narrative that this connection will 
be made according to local 
requirements.  

 See applicable operational BMPs in 
Fact Sheet SC-72, “Fountain and Pool 
Maintenance,” in the CASQA 
Stormwater Quality Handbooks at 
www.cabmphandbooks.com 

 F. Food service   
 
 
 
 
 

 

For restaurants, grocery stores, and 
other food service operations, show 
location (indoors or in a covered 
area outdoors) of a floor sink or 
other area for cleaning floor mats, 
containers, and equipment.  

On the drawing, show a note that 
this drain will be connected to a 
grease interceptor before 
discharging to the sanitary sewer.  

 

 
 

Describe the location and features of 
the designated cleaning area.  

Describe the items to be cleaned in 
this facility and how it has been sized 
to insure that the largest items can be 
accommodated. 

 

  



 22 

IF THESE SOURCES 
WILL BE ON THE 
PROJECT SITE … 

… THEN YOUR STORMWATER CONTROL PLAN SHOULD INCLUDE THESE SOURCE CONTROL BMPs 

1 
Potential Sources of  

Runoff Pollutants 

2 
Permanent Controls—Show on 

Source Control Exhibit, Attachment 
B  

3 
Permanent Controls—List in SUSMP 

Table and Narrative 

4 
Operational BMPs—Include in 
SUSMP Table and Narrative 

 G. Refuse areas  
 
 
 
 

 
 
 
 
 
 

 

Show where site refuse and 
recycled materials will be handled 
and stored for pickup. See local 
municipal requirements for sizes 
and other details of refuse areas. 

If dumpsters or other receptacles 
are outdoors, show how the 
designated area will be covered, 
graded, and paved to prevent run-
on and show locations of berms to 
prevent runoff from the area. 

Any drains from dumpsters, 
compactors, and tallow bin areas 
shall be connected to a grease 
removal device before discharge to 
sanitary sewer. 


 
 



State how site refuse will be handled 
and provide supporting detail to what 
is shown on plans. 

State that signs will be posted on or 
near dumpsters with the words “Do 
not dump hazardous materials here” 
or similar. 

 State how the following will be 
implemented: 

Provide adequate number of 
receptacles. Inspect receptacles 
regularly; repair or replace leaky 
receptacles. Keep receptacles 
covered. Prohibit/prevent dumping 
of liquid or hazardous wastes. Post 
“no hazardous materials” signs. 
Inspect and pick up litter daily and 
clean up spills immediately. Keep 
spill control materials available on-
site. See Fact Sheet SC-34, “Waste 
Handling and Disposal” in the 
CASQA Stormwater Quality 
Handbooks at 
www.cabmphandbooks.com 

 H. Industrial processes.  Show process area.  If industrial processes are to be 
located on site, state: “All process 
activities to be performed indoors. No 
processes to drain to exterior or to 
storm drain system.” 

 See Fact Sheet SC-10, “Non-
Stormwater Discharges” in the 
CASQA Stormwater Quality 
Handbooks at 
www.cabmphandbooks.com 
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IF THESE SOURCES 
WILL BE ON THE 
PROJECT SITE … 

… THEN YOUR STORMWATER CONTROL PLAN SHOULD INCLUDE THESE SOURCE CONTROL BMPs 

1 
Potential Sources of  

Runoff Pollutants 

2 
Permanent Controls—Show on 

Source Control Exhibit, Attachment 
B  

3 
Permanent Controls—List in SUSMP 

Table and Narrative 

4 
Operational BMPs—Include in 
SUSMP Table and Narrative 

 I. Outdoor storage of 
equipment or materials. 
(See rows J and K for 
source control 
measures for vehicle 
cleaning, repair, and 
maintenance.) 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 

Show any outdoor storage areas, 
including how materials will be 
covered. Show how areas will be 
graded and bermed to prevent run-
on or run-off from area.  

Storage of non-hazardous liquids 
shall be covered by a roof and/or 
drain to the sanitary sewer system, 
and be contained by berms, dikes, 
liners, or vaults.  

Storage of hazardous materials and 
wastes must be in compliance with 
the local hazardous materials 
ordinance and a Hazardous 
Materials Management Plan for the 
site.  

 Include a detailed description of 
materials to be stored, storage areas, 
and structural features to prevent 
pollutants from entering storm drains. 

Where appropriate, reference 
documentation of compliance with the 
requirements of local Hazardous 
Materials Programs for: 

 Hazardous Waste Generation  

 Hazardous Materials Release 
Response and Inventory  

 California Accidental Release 
(CalARP)  

 Aboveground Storage Tank  

 Uniform Fire Code Article 80 
Section 103(b) & (c) 1991  

 Underground Storage Tank  

 

 See the Fact Sheets SC-31, “Outdoor 
Liquid Container Storage” and SC-33, 
“Outdoor Storage of Raw Materials ” 
in the CASQA Stormwater Quality 
Handbooks at 
www.cabmphandbooks.com 
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 J. Vehicle and 

Equipment Cleaning 
 Show on drawings as appropriate: 

(1) Commercial/industrial facilities 
having vehicle /equipment 
cleaning needs shall either provide 
a covered, bermed area for washing 
activities or discourage 
vehicle/equipment washing by 
removing hose bibs and installing 
signs prohibiting such uses.  

(2) Multi-dwelling complexes shall 
have a paved, bermed, and covered 
car wash area (unless car washing 
is prohibited on-site and hoses are 
provided with an automatic shut-
off to discourage such use). 

(3) Washing areas for cars, vehicles, 
and equipment shall be paved, 
designed to prevent run-on to or 
runoff from the area, and plumbed 
to drain to the sanitary sewer.  

(4) Commercial car wash facilities 
shall be designed such that no 
runoff from the facility is 
discharged to the storm drain 
system. Wastewater from the 
facility shall discharge to the 
sanitary sewer, or a wastewater 
reclamation system shall be 
installed.  

 If a car wash area is not provided, 
describe measures taken to discourage 
on-site car washing and explain how 
these will be enforced. 

 
 

 

 
 
 


 



Describe operational measures to 
implement the following (if 
applicable): 

Washwater from vehicle and 
equipment washing operations shall 
not be discharged to the storm drain 
system.  

Car dealerships and similar may 
rinse cars with water only. 

See Fact Sheet SC-21, “Vehicle and 
Equipment Cleaning,” in the CASQA 
Stormwater Quality Handbooks at 
www.cabmphandbooks.com 
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 K. Vehicle/Equipment 
Repair and 
Maintenance 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Accommodate all vehicle 
equipment repair and maintenance 
indoors. Or designate an outdoor 
work area and design the area to 
prevent run-on and runoff of 
stormwater.  

Show secondary containment for 
exterior work areas where motor 
oil, brake fluid, gasoline, diesel 
fuel, radiator fluid, acid-containing 
batteries or other hazardous 
materials or hazardous wastes are 
used or stored. Drains shall not be 
installed within the secondary 
containment areas. 

Add a note on the plans that states 
either (1) there are no floor drains, 
or (2) floor drains are connected to 
wastewater pretreatment systems 
prior to discharge to the sanitary 
sewer and an industrial waste 
discharge permit will be obtained.  


 
 
 


 
 
 
 
 



State that no vehicle repair or 
maintenance will be done outdoors, or 
else describe the required features of 
the outdoor work area. 

State that there are no floor drains or if 
there are floor drains, note the agency 
from which an industrial waste 
discharge permit will be obtained and 
that the design meets that agency’s 
requirements. 

State that there are no tanks, 
containers or sinks to be used for parts 
cleaning or rinsing or, if there are, note 
the agency from which an industrial 
waste discharge permit will be 
obtained and that the design meets 
that agency’s requirements. 

 
 
 


 
 
 
 

 


 
 
 
 
 
 
 
 
 



In the SUSMP report, note that all of 
the following restrictions apply to use 
the site: 

No person shall dispose of, nor 
permit the disposal, directly or 
indirectly of vehicle fluids, hazardous 
materials, or rinsewater from parts 
cleaning into storm drains. 

No vehicle fluid removal shall be 
performed outside a building, nor on 
asphalt or ground surfaces, whether 
inside or outside a building, except 
in such a manner as to ensure that 
any spilled fluid will be in an area of 
secondary containment. Leaking 
vehicle fluids shall be contained or 
drained from the vehicle 
immediately. 

No person shall leave unattended 
drip parts or other open containers 
containing vehicle fluid, unless such 
containers are in use or in an area of 
secondary containment.  



 26 

 L. Fuel Dispensing 
Areas 

 
 
 
 
 
 
 
 

 
 
 

 

Fueling areas1 shall have 
impermeable floors (i.e., portland 
cement concrete or equivalent 
smooth impervious surface) that 
are: a) graded at the minimum 
slope necessary to prevent ponding; 
and b) separated from the rest of 
the site by a grade break that 
prevents run-on of stormwater to 
the maximum extent practicable.  

Fueling areas shall be covered by a 
canopy that extends a minimum of 
ten feet in each direction from each 
pump.  [Alternative: The fueling 
area must be covered and the 
cover’s minimum dimensions must 
be equal to or greater than the area 
within the grade break or fuel 
dispensing area1.]  The canopy [or 
cover] shall not drain onto the 
fueling area. 

  
 



The property owner shall dry sweep 
the fueling area routinely. 

See the Business Guide Sheet, 
“Automotive Service—Service 
Stations” in the CASQA Stormwater 
Quality Handbooks at 
www.cabmphandbooks.com 

                                                 
1 The fueling area shall be defined as the area extending a minimum of 6.5 feet from the corner of each fuel dispenser or the length at which the hose and nozzle assembly may be operated 
plus a minimum of one foot, whichever is greater. 
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 M. Loading Docks  
 

 

 

 

 

 

 
 

 

 

 
 

 

 
 

 

Show a preliminary design for the 
loading dock area, including 
roofing and drainage. Loading 
docks shall be covered and/or 
graded to minimize run-on to and 
runoff from the loading area. Roof 
downspouts shall be positioned to 
direct stormwater away from the 
loading area. Water from loading 
dock areas should be drained to the 
sanitary sewer where feasible. 
Direct connections to storm drains 
from depressed loading docks are 
prohibited. 

Loading dock areas draining 
directly to the sanitary sewer shall 
be equipped with a spill control 
valve or equivalent device, which 
shall be kept closed during periods 
of operation. 

Provide a roof overhang over the 
loading area or install door skirts 
(cowling) at each bay that enclose 
the end of the trailer. 

  
 



Move loaded and unloaded items 
indoors as soon as possible. 

See Fact Sheet SC-30, “Outdoor 
Loading and Unloading,” in the 
CASQA Stormwater Quality 
Handbooks at 
www.cabmphandbooks.com 

 N. Fire Sprinkler Test 
Water 

   Provide a means to drain fire sprinkler 
test water to the sanitary sewer. 

 See the note in Fact Sheet SC-41, 
“Building and Grounds 
Maintenance,” in the CASQA 
Stormwater Quality Handbooks at 
www.cabmphandbooks.com 
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O. Miscellaneous Drain 
or Wash Water 

Boiler drain lines 

Condensate drain lines 

Rooftop equipment 

Drainage sumps 

Roofing, gutters, and 
trim. 

  
 
 
 


 
 
 

 
 


 
 
 


 


Boiler drain lines shall be directly or 
indirectly connected to the sanitary 
sewer system and may not discharge 
to the storm drain system. 

Condensate drain lines may discharge 
to landscaped areas if the flow is small 
enough that runoff will not occur. 
Condensate drain lines may not 
discharge to the storm drain system. 

Rooftop mounted equipment with 
potential to produce pollutants shall 
be roofed and/or have secondary 
containment. 

Any drainage sumps on-site shall 
feature a sediment sump to reduce the 
quantity of sediment in pumped water. 

Avoid roofing, gutters, and trim made 
of copper or other unprotected metals 
that may leach into runoff. 

  

 P. Plazas, sidewalks, 
and parking lots. 

     Plazas, sidewalks, and parking lots 
shall be swept regularly to prevent 
the accumulation of litter and debris. 
Debris from pressure washing shall 
be collected to prevent entry into the 
storm drain system. Washwater 
containing any cleaning agent or 
degreaser shall be collected and 
discharged to the sanitary sewer and 
not discharged to a storm drain.  
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STEP 7  
LID AND TREATMENT CONTROL SELECTION 
A treatment control BMP and/or LID facility must be selected to treat the project pollutants 
of concern identified in Table 7 “Project Pollutants of Concern”.  A treatment control 
facility with a high or medium pollutant removal efficiency for the project’s most significant 
pollutant of concern shall be selected.  It is recommended to use the design procedure in 
Chapter 4 of the SUSMP to meet NPDES permit LID requirements, treatment 
requirements, and flow control requirements.  If your project does not utilize this approach, 
the project will need to demonstrate compliance with LID, treatment and flow control 
requirements. Review Chapter 2 “Selection of Stormwater Treatment Facilities” in the 
SUSMP to assist in determining the appropriate treatment facility for your project. 

 

Will this project be utilizing the unified LID design procedure as described in Chapter 4 of 
the Local SUSMP? (If yes, please document in Attachment D  following the steps in Chapter 4 of the County SUSMP) 

Yes No 
If this project is not utilizing the unified LID design procedure, please describe how the 
alternative treatment facilities will comply with applicable LID criteria, stormwater treatment 
criteria, and hydromodification management criteria.   
Based on discussions with County of San Diego Department of Public Works staff, the 
Project is not required to address SUSMP stormwater treatment criteria or 
hydromodification management criteria. 
 
However, Project development does not propose to increase impervious areas by significant 
amounts, with the majority of improvements being constructed of permeable materials.  
Every impervious area of the Project will drain to permeable surrounding surfaces prior to 
discharging to surrounding natural drainage features.  There are no connected impervious 
conveyance facilities proposed for the Project.  Stormwater treatement will be achieved 
through site design and source control as well as post-construction BMPs required by the 
Water Resources Control Board Order No. 2009-0009-DWQ General Permit for Storm 
Water Discharges Associated with Construction and Land Disturbance Activities.  
Hydromodification will also be addressed at a later time by the State General Construction 
Permit.   
 
 
 
 

 Indicate the project pollutants of concern (POCs) from Table 7 in Column 2 below. 
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TABLE 10: GROUPING OF POTENTIAL POLLUTANTS of Concern (POCs) by fate 
during stormwater treatment 
Pollutant Check 

Project 
Specific 
POCs 

Coarse Sediment and Trash Pollutants that tend 
to associate with 

fine particles during 
treatment 

Pollutants that tend 
to be dissolved 

following treatment 

Sediment X X X  
Nutrients   X X 
Heavy Metals   X  
Organic Compounds   X  
Trash & Debris X X   
Oxygen Demanding   X  
Bacteria   X  
Oil & Grease X  X  
Pesticides   X  

 
 

 

 Indicate the treatment facility(s) chosen for this project in the following table. 

 
TABLE 11: GROUPS OF POLLUTANTS and relative effectiveness of treatment 
facilities 
Pollutants of 
Concern 

Bioretention 
Facilities 

(LID) 

Settling 
Basins  
(Dry 

Ponds)  

Wet Ponds 
and 

Constructed 
Wetlands 

Infiltration 
Facilities 

or 
Practices 

(LID) 

Media 
Filters 

Higher-
rate 

biofilters* 

Higher-
rate 

media 
filters* 

Trash Racks 
& Hydro 
-dynamic 
Devices 

Vegetate
d Swales 

Coarse 
Sediment 
and Trash 

High High High High High High High High High 

Pollutants 
that tend to 
associate 
with fine 
particles 
during 
treatment 

High High High High High Medium Medium Low Medium 

Pollutants 
that tend to 
be dissolved 
following 
treatment 

Medium Low Medium High Low Low Low Low Low 

 
 
 Please check the box(s) that best describes the Treatment BMP(s) and/or LID BMP 

selected for this project. 
 
TABLE 12: PROJECT LID AND TC-BMPS  
 
Bioretention Facilites (LID) 

 Bioretention area 
 Flow-through Planter  
 Cistern with Bioretention Facility 
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Settling Basins (Dry Ponds) 
 Extended/dry detention basin with grass/vegetated 

lining  
 Extended/dry detention basin with impervious lining 

Infiltration Facilities or Practices (LID) 
 Infiltration basin  
 Dry well 
 Infiltration trench 

Wet Ponds and Constructed Wetlands 
 Wet pond/basin (permanent pool) 
 Constructed wetland 

Vegetated Swales (LID(1)) 
 Vegetated Swale  

Media Filters 
 Austin Sand Filter 
 Delaware Sand Filter 
 Multi-Chambered Treatment Train (MCTT) 

Higher-rate Biofilters 
 Tree-pit-style unit 
 Other_________________________________ 

Higher-rate Media Filters 
 Vault-based filtration unit with replaceable cartridges 
 Other_________________________________ 

Hydrodynamic Separator Systems 
 Swirl Concentrator 
 Cyclone Separator 

Trash Racks 
 Catch Basin Insert 
 Catch Basin Insert w/ Hydrocarbon boom  
 Other_________________________________ 

Self-Treating or Self-Retaining Areas (LID) 
 Pervious Pavements  
 Vegetated Roofs 
 Other_________________________________ 

(1) Must be designed per SUSMP “Vegetated Swales” design criteria for LID credit (p. 65). 
 
For design guidelines and calculations refer to Chapter 4 “Low Impact Development Design 
Guide” in the SUSMP.  Please show all calculations and design sheets for all treatment 
facilities proposed in Attachment D.  
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 Create a Construction Plan SWMP Checklist for your project. 
 
Instructions on how to fill out table  
 
1. Number and list each measure or BMP you have specified in your SWMP in 

Columns 1 and Maintenance Category in Column 3 of the table. Leave Column 2 
blank. 

 
2. When you submit construction plans, duplicate the table (by photocopy or 

electronically). Now fill in Column 2, identifying the plan sheets where the BMPs are 
shown. List all plan sheets on which the BMP appears. This table must be shown on 
the front sheet of the grading and improvement plans. 

 
                                                 Stormwater Treatment Control and LID BMP's 
Description / Type  Sheet Maintenance Category Revisions 
     
        
        
        
        
    
* BMP's approved as part of Stormwater Management Plan (SWMP) dated xx/xx/xx on file with 
DPW.  Any changes to the above BMP's will require SWMP revision and Plan Change approvals. 
 
 

 
 
 Please describe why the chosen treatment BMP(s) was selected for this project.  For 

projects utilizing a low performing BMP, please provide a feasibility analysis that 
demonstrates utilization of a treatment facility with a high or medium removal efficiency 
ranking is infeasible.  

Based on the locations of the project site, drainage patterns, site constraints, treatment 
efficiencies, maintenance concerns, the recommended treatment control devices are: 
 
Runoff from the Project does not enter a Municipal Separate Storm Sewer System (MS4) 
and is outside of Phase I and Phase II NPDES permits for the Regional Water Quality 
Control Board.  This Project is therefore not subject to the regulations of Order No. R9-
2007-0001, which requires the use of Treatment Control BMPs to reduce pollutants to 
runoff from priority projects.  As such Treatment Control BMPs are not required.   
 
However, the State Water Resources Control Board Order No. 2009-0009-DWQ General 
Permit for Storm Water Discharges Associated with Construction and Land Disturbance 
Activities applies to the Project and requires post-construction BMPs.  These BMPs are 
intended to mitigate hydromodification impacts through a number of different alternatives 
quantified by a Water Balance Calculator.  Project development will meet these 
requirements through the use of any number of vegetated swales, extended detention 
basins, or impervious area disconnection designed and discussed in the documentation 
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required for the State General Construction Permit.  Site runoff will still be treated with 
LID site design and source control BMPs per the County of San Diego SUSMP. 
 

A Treatment BMP must address runoff from developed areas. Please provide the post-
construction water quality treatment volume or flow values for the selected project 
Treatment BMP(s).  Guidelines for design calculations are located in Chapter 4 of the 
County SUSMP. Label outfalls on the BMP map. The Water Quality peak rate of 
discharge flow (QWQ) and the Water Quality storage volume (VWQ) is dependent on the 
type of treatment BMP selected for the project. 
 
 

Outfall Tributary Area 
(acres) 

QWQ 
(cfs) 

VWQ 
(ft3) 
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STEP 8  
OPERATION AND MAINTENANCE 
 Please check the box that best describes the maintenance mechanism(s) for this 

project. 
 
TABLE 13: PROJECT BMP CATEGORY 
 

CATEGORY 
SELECTED BMP Description 
YES NO 

First  X  
Second1  X 
Third2  X 
Fourth  X 
Note: 

1. A recorded maintenance agreement will be required.  
2. Project will be required to establish or be included in a Stormwater Maintenance 

Assessment District for the long-term maintenance of treatment BMPs. 
 
 Please list all individual LID and Treatment Control BMPs (TC-BMPs) incorporated 

into project.  Please ensure the “BMP Identifier” is consistent with the legend in 
Attachment C “LID and/or TC-BMP Exhibit”.  Please attach the record plan sheets 
upon completion of project and amend the Major SWMP where appropriate.  For 
each type of LID or TC-BMP provide an inspection sheet in Attachment F 
“Maintenance Plan”. 

 
TABLE 14: PROJECT SPECIFIC LID AND TC-BMPS 
 

BMP 
Identifier* 

LID or TC-BMP 
Type 

BMP Pollutant 
of Concern 
Efficiency 
(H,M,L) – 
Table 11 

Final 
Construction Date 

(to be completed by 
County inspector) 

Final Construction 
Inspector Name 

(to be completed by County 
inspector) 

     
     
     
     
     
     
     
* For location of BMP’s, see approved Record Plan dated _XX/XX/XX_, plan (TYPE) 
sheet _ (#) _. 
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 Responsible Party for Long-term Maintenance:  
 
Identify the parties responsible for long-term maintenance of the BMPs identified above and 
Source Controls specified in Attachment B. Include the appropriate written agreement with 
the entities responsible for O&M in Attachment F.  Please see Chapter 5 “Private 
Ownership and Maintenance” on page 94 of the County SUSMP for appropriate 
maintenance mechanisms. 
 
Name:  
Company Name: Iberdrola Renewables  
Phone Number: 503-796-7781 
Street Address: 1125 Northwest Couch Street, Suite 700  
City/State/Zip:  Portland, OR 97209 
Email Address: Jeffrey.durocher@iberdrolausa.com 
 

 Funding Source: 

Provide the funding source or sources for long-term operation and maintenance of each 
BMP identified above.  By certifying the Major SWMP the applicant is certifying that the 
funding responsibilities have been addressed and will be transferred to future owners.  
 
Site design and source control BMPs are mainly self maintaining through normal vegetation 
cycles or require little to no maintenance.  However, Iberdrola will be responsible for 
operation and maintenance of all BMPs on the Project site. 
 
 
 
 

 

ATTACHMENTS 
Please include the following attachments. 

ATTACHMENT COMPLETED N/A 
A Project Location Map X  
B Source Control Exhibit X  
C LID and/or TC-BMP Exhibit X  
D Drainage Management Area (DMA) Maps, 

Sizing Design Calculations and BMP/IMP 
Design Details 

 X 

E Geotechnical Certification Sheet  X 
F Maintenance Plan  X 
G Tracking Report  X 
H Addendum  X 

Note: Attachments B and C may be combined. 
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APPENDIX D 
Project Exhibits 

 
Exhibit A – Existing Conditions Drainage Map 

Exhibit B – Proposed Conditions Drainage Map 
Exhibit C – BMP Map 
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APPENDIX E 
Additional BMP Information 

CASQA Site Design and Facility Design 
CASQA Site Design and Landscape Planning 

CASQA Vegetated Swale 
CASQA Extended Detention Basin 

 





































































Extended Detention Basin TC-22
Design Considerations 

� Tributary Area 

� Area Required 

� Hydraulic Head 

Targeted Constituents 

� Sediment �
� Nutrients �

� Trash �

� Metals �
� Bacteria �
� Oil and Grease �
� Organics �
Legend (Removal Effectiveness)

Description
Dry extended detention ponds (a.k.a. dry ponds, extended 
detention basins, detention ponds, extended detention p
are basins w

onds) 
hose outlets have been designed to detain the 

stormwater runoff from a water quality design storm for some 
e.g., 48 hours) to allow particles and associated 

a la d
control by including additional flood detention storage. 

Ca
Caltrans constructed and monitored 5 extended detention basins 

of t tially 
bet red, than 
the
and this conventional technology.  The small 
headloss and few siting constraints suggest that these devices are 

 applicable technologies for stormwater 
a

Ad
� , extended detention basins are 

relatively easy and inexpensive to construct and operate. 

� 
es. 

� Widespread application with sufficient capture volume can 

minimum time (
pollutants to settle. Unlike wet ponds, these facilities do not have 

rge permanent pool. They can also be used to provide floo

lifornia Experience 

� Low � High in southern California with design drain times of 72 hours. Four
he basins were earthen, less costly and had substan
ter load reduction because of infiltration that occur
 concrete basin.  The Caltrans study reaffirmed the flexibility 
 performance of 

� Medium 

one of the most
tre tment. 

vantages 
Due to the simplicity of design

Extended detention basins can provide substantial capture of 
sediment and the toxics fraction associated with particulat

provide significant control of channel erosion and 
enlargement caused by changes to flow frequency 

January 2003 California Stormwater BMP Handbook 1 of 10 
Errata 5-06 New Development and Redevelopment 
 www.cabmphandbook.com 



TC-22 Extended Detention Basin 

relationships resulting from the increase of impervious cover in a watershed.

ds of less than 5 acres (would require an orifice with a diameter of less than 0.5 
inches that would be prone to clogging). 

� Dry extended detention ponds have only moderate pollutant removal when compared to 
 are relatively ineffective at removing 

soluble pollutants. 

� Although wet ponds can increase property values, dry ponds can actually detract from the 

� runoff

� 

� 

ntrol.

wn time of 48 hours in most areas of California.  Draw down times in excess of 

o
ing

am fisheries. 

has

ction should 
verify that flow through additional openings such as bolt holes does not occur. 

sins can easily be designed for flood control, and this is actually the primary 
purpose of most detention ponds. 

Limitations
� Limitation of the diameter of the orifice may not allow use of extended detention in 

watershe

some other structural stormwater practices, and they

value of a home due to the adverse aesthetics of dry, bare areas and inlet and outlet 
structures. 

Design and Sizing Guidelines 
Capture volume determined by local requirements or sized to treat 85% of the annual 
volume.

Outlet designed to discharge the capture volume over a period of hours. 

Length to width ratio of at least 1.5:1 where feasible. 

� Basin depths optimally range from 2 to 5 feet. 

� Include energy dissipation in the inlet design to reduce resuspension of accumulated 
sediment. 

� A maintenance ramp and perimeter access should be included in the design to facilitate 
access to the basin for maintenance activities and for vector surveillance and co

� Use a draw do
48 hours may result in vector breeding, and should be used only after coordination with 
local vector control authorities.  Draw down times of less than 48 hours should be limited t
BMP drainage areas with coarse soils that readily settle and to watersheds where warm
may be determined to downstre

Construction/Inspection Considerations 
� Inspect facility after first large to storm to determine whether the desired residence time 

been achieved. 

� When constructed with small tributary area, orifice sizing is critical and inspe

Performance
One objective of stormwater management practices can be to reduce the flood hazard associated 
with large storm events by reducing the peak flow associated with these storms. Dry extended 
detention ba
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Dry extended detention basins provide moderate pollutant removal, provided that the 
recommended design features are incorporated. Although they can be effective at removing 
some pollutants through settling, they are less effective at removing soluble pollutants because 
of the absence of a permanent pool. Several studies are available on the effectiveness of dry 
extended detention ponds including one recently concluded by Caltrans (2002). 

The load reduction is greater than the concentration reduction because of the substantial 
infiltration that occurs.  Although the infiltration of stormwater is clearly beneficial to surface 
receiving waters, there is the potential for groundwater contamination. Previous research on the 
effects of incidental infiltration on groundwater quality indicated that the risk of contamination 

age, approximately 40 percent of the runoff 
entering the unlined basins infiltrated and was not discharged.  The percentage ranged from a 

rcent to a low of only about 8 percent for the different facilities.  Climatic 

asin 

.

en basins, where the vegetation 

constraints of the existing storm drain system. In 
addition, many communities have detention basins designed for flood control. It is possible to 

s
basic guidelines for siting dry extended detention ponds. 

 storms becomes very small and 
thus prone to clogging. In addition, it is generally more cost-effective to control larger drainage 

n 

eed an impermeable liner to prevent ground water contamination. 

is minimal. 

There were substantial differences in the amount of infiltration that were observed in the 
earthen basins during the Caltrans study.  On aver

high of about 60 pe
conditions and local water table elevation are likely the principal causes of this difference.  The 
least infiltration occurred at a site located on the coast where humidity is higher and the b
invert is within a few meters of sea level.  Conversely, the most infiltration occurred at a facility 
located well inland in Los Angeles County where the climate is much warmer and the humidity 
is less, resulting in lower soil moisture content in the basin floor at the beginning of storms

Vegetated detention basins appear to have greater pollutant removal than concrete basins. In
the Caltrans study, the concrete basin exported sediment and associated pollutants during a
number of storms. Export was not as common in the earth
appeared to help stabilize the retained sediment. 

Siting Criteria 
Dry extended detention ponds are among the most widely applicable stormwater management 
practices and are especially useful in retrofit situations where their low hydraulic head 
requirements allow them to be sited within the 

modify these facilities to incorporate features that provide water quality treatment and/or 
channel protection. Although dry extended detention ponds can be applied rather broadly,
designers need to ensure that they are feasible at the site in question.  This section provide

In general, dry extended detention ponds should be used on sites with a minimum area of 5 
acres. With this size catchment area, the orifice size can be on the order of 0.5 inches. On 
smaller sites, it can be challenging to provide channel or water quality control because the 
orifice diameter at the outlet needed to control relatively small

areas due to the economies of scale. 

Extended detention basins can be used with almost all soils and geology, with minor desig
adjustments for regions of rapidly percolating soils such as sand. In these areas, extended 
detention ponds may n
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The base of the extended detention facility should not intersect the water table. A permanently 

n

sed 
ds should be designed to detain 

reas of 
o promote settling and to attain an appealing environment, the design of the basin 

should consider the length to width ratio, cross-sectional areas, basin slopes and pond 

ld be included for the basin inlet to prevent resuspension of 
e of stilling basins for this purpose should be avoided because the 
ding area for 

Extended detention facilities should 
inclusion in the design and one is shown in the schematic 

 pools greatly increase the potential for mosquito breeding and 
es; consequently, they are not recommended for use in 

ove the performance of detention basins; consequently, the outlets 
he flowpath through the facility.  The ratio of flowpath length to 

)

used an outlet riser with orifices 

wet bottom may become a mosquito breeding ground. Research in Southwest Florida (Santana 
et al., 1994) demonstrated that intermittently flooded systems, such as dry extended detentio
ponds, produce more mosquitoes than other pond systems, particularly when the facilities 
remained wet for more than 3 days following heavy rainfall. 

A study in Prince George's County, Maryland, found that stormwater management practices can 
increase stream temperatures (Galli, 1990). Overall, dry extended detention ponds increa
temperature by about 5°F. In cold water streams, dry pon
stormwater for a relatively short time (i.e., 24 hours) to minimize the amount of warming that 
occurs in the basin. 

Additional Design Guidelines 
In order to enhance the effectiveness of extended detention basins, the dimensions of the basin 
must be sized appropriately.  Merely providing the required storage volume will not ensure 
maximum constituent removal.  By effectively configuring the basin, the designer will create a 
long flow path, promote the establishment of low velocities, and avoid having stagnant a
the basin.  T

configuration, and aesthetics (Young et al., 1996). 

Energy dissipation structures shou
accumulated sediment. The us
standing water provides a bree mosquitoes. 

be sized to completely capture the water quality volume. A 
micropool is often recommended for 
diagram.  These small permanent
complicate maintenance activiti
California.

A large aspect ratio may impr
should be placed to maximize t
width from the inlet to the outlet
should be at least 1.5:1 (L:W
where feasible.  Basin depths 
optimally range from 2 to 5 feet. 

The facility’s drawdown time 
should be regulated by an orifice 
or weir. In general, the outflow 
structure should have a trash 
rack or other acceptable means 
of preventing clogging at the 
entrance to the outflow pipes. 
The outlet design implemented 
by Caltrans in the facilities 
constructed in San Diego County 

Figure 1
Example of Extended Detention Outlet Structure 
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sized to discharge the water quality volume, and the riser overflow height was set to the design 
sto
orifices wo d
weir for ov let is 
presented in Figure 1.

The outflow
volume in 
facility wit
discharge f

Summary
(1) Facility Sizing - The required water quality volume is determined by local regulations 

onfiguration – A high aspect ratio may improve the performance of detention 
basins; consequently, the outlets should be placed to maximize the flowpath through 

d

e width is defined as the mean width of 
the basin.  Basin depths optimally range from 2 to 5 feet.  The basin may include a 

A micropool should not be incorporated in the design because of vector concerns. For 

 100-year 
storm.

(2)

appropriate slope stabilization practice. 

(3)

(4) n 
educe the tendency for short-circuiting. 

(5)  regulated by a gate valve 
or orifice plate. In general, the outflow structure should have a trash rack or other 
accepta ing clogging at the entrance to the outflow pipes. 

The ou uct allow for complete drawdown of the water 
quality volume in n 50% of the water quality volume should 
drain from the fac s.  The outflow structure should be 
fitted with a valve an be halted in case of an 
accidental spill in lso can be used to regulate the 
rate of discharge fr

rm elevation.  A stainless steel screen was placed around the outlet riser to ensure that the 
uld not become clogged with debris. Sites either used a separate riser or broad creste
erflow of runoff for the 25 and greater year storms.  A picture of a typical out

 structure should be sized to allow for complete drawdown of the water quality 
72 hours.  No more than 50% of the water quality volume should drain from the 
hin the first 24 hours.  The outflow structure can be fitted with a valve so that 
rom the basin can be halted in case of an accidental spill in the watershed. 

 of Design Recommendations 

or the basin should be sized to capture and treat 85% of the annual runoff volume.  
See Section 5.5.1 of the handbook for a discussion of volume-based design. 

Basin C

the facility.  The ratio of flowpath length to width from the inlet to the outlet shoul
be at least 1.5:1 (L:W).  The flowpath length is defined as the distance from the inlet 
to the outlet as measured at the surface. Th

sediment forebay to provide the opportunity for larger particles to settle out. 

online facilities, the principal and emergency spillways must be sized to provide 1.0 
foot of freeboard during the 25-year event and to safely pass the flow from

Pond Side Slopes - Side slopes of the pond should be 3:1 (H:V) or flatter for grass 
stabilized slopes. Slopes steeper than 3:1 (H:V)  must be stabilized with an 

Basin Lining – Basins must be constructed to prevent possible contamination of 
groundwater below the facility. 

Basin Inlet – Energy dissipation is required at the basin inlet to reduce resuspensio
of accumulated sediment and to r

Outflow Structure - The facility’s drawdown time should be

ble means of prevent

tflow str ure should be sized to
72 hours.  No more tha
ility within the first 24 hour
so that discharge from the basin c
the watershed.  This same valve a
om the basin. 
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The discharge through a control orifice is calculated from: 

Q = CA(2g(H-H0))0.5

where: Q = discharge (ft3/s)
C = orifice coefficient 
A = area of the orifice (ft2)
g = gravitational constant (32.2) 
H = water surface elevation (ft) 
H0= orifice elevation (ft) 

s

quality volume. Calculate 

s

(6) er structure is 
g

(7)

erred.  The channel immediately below the pond 
 should be modified to conform to natural dimensions, and lined with large 

ce 

ed 

ation management, routine mowing.  The largest absolute number of 
hours was associated with vector control because of mosquito breeding that occurred in the 
stilling basins (example of standing water to be avoided) installed as energy dissipaters.  In most 
cases, basic housekeeping practices such as removal of debris accumulations and vegetation 

Recommended values for C are 0.66 for thin materials and 0.80 when the material i
thicker than the orifice diameter.  This equation can be implemented in spreadsheet 
form with the pond stage/volume relationship to calculate drain time.  To do this, use 
the initial height of the water above the orifice for the water 
the discharge and assume that it remains constant for approximately 10 minutes. 
Based on that discharge, estimate the total discharge during that interval and the 
new elevation based on the stage volume relationship.  Continue to iterate until H is 
approximately equal to H0.  When using multiple orifices the discharge from each i
summed.

Splitter Box - When the pond is designed as an offline facility, a splitt
used to isolate the water quality volume.  The splitter box, or other flow divertin
approach, should be designed to convey the 25-year storm event while providing at 
least 1.0 foot of freeboard along pond side slopes. 

Erosion Protection at the Outfall - For online facilities, special consideration should 
be given to the facility’s outfall location.  Flared pipe end sections that discharge at or 
near the stream invert are pref
outfall
stone riprap placed over filter cloth.  Energy dissipation may be required to redu
flow velocities from the primary spillway to non-erosive velocities. 

(8) Safety Considerations - Safety is provided either by fencing of the facility or by 
managing the contours of the pond to eliminate dropoffs and other hazards. Earthen 
side slopes should not exceed 3:1 (H:V) and should terminate on a flat safety bench 
area.  Landscaping can be used to impede access to the facility.  The primary spillway 
opening must not permit access by small children.  Outfall pipes above 48 inches in 
diameter should be fenced. 

Maintenance 
Routine maintenance activity is often thought to consist mostly of sediment and trash and 
debris removal; however, these activities often constitute only a small fraction of the 
maintenance hours.  During a recent study by Caltrans, 72 hours of maintenance was perform
annually, but only a little over 7 hours was spent on sediment and trash removal.  The largest 
recurring activity was veget
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management to ensure that the basin dewaters completely in 48-72 hours is sufficient to prevent 
creating mosquito and other vector habitats. 

Con cy 
and the time required.  Mowing should be done at least annually to avoid establishment of 

imp

Typical activities and frequencies include: 

� son for standing 
water, slope stability, sediment accumulation, trash and debris, and presence of burrows. 

� 
quency of this activity may be altered to meet specific site 

conditions.

 the beginning and end of the wet season and inspect monthly to prevent 

ulated 
or 

accumulated s e.

Cost
Construction Cost 
The construction costs associated with extended detention basins vary considerably. One recent 

 and Schueler, 1997).  Adjusting for 
inflation, the cost of dry extended detention ponds can be estimated with the equation: 

C = 12.4V0.760

where: C = Construction, design, and permitting cost, and 
me (ft3).

$ 239,000 for a 10 acre-foot pond  

ese costs are generally slightly higher than the predicted cost of wet ponds 
(according to Brown and Schueler, 1997) on a cost per total volume basis, which highlights the 

 reasonably accurate construction estimates. In addition, a typical facility 

sequently, maintenance costs should be estimated based primarily on the mowing frequen

woody vegetation, but may need to be performed much more frequently if aesthetics are an 
ortant consideration. 

Schedule semiannual inspection for the beginning and end of the wet sea

Remove accumulated trash and debris in the basin and around the riser pipe during the 
semiannual inspections.  The fre

� Trim vegetation at
establishment of woody vegetation and for aesthetic and vector reasons. 

� Remove accumulated sediment and re-grade about every 10 years or when the accum
sediment volume exceeds 10 percent of the basin volume.  Inspect the basin each year f

ediment volum

study evaluated the cost of all pond systems (Brown

V = Volu

Using this equation, typical construction costs are: 

$ 41,600 for a 1 acre-foot pond  

$ 1,380,000 for a 100 acre-foot pond  

Interestingly, th

difficulty of developing
constructed by Caltrans cost about $160,000 with a capture volume of only 0.3 ac-ft. 

An economic concern associated with dry ponds is that they might detract slightly from the 
value of adjacent properties. One study found that dry ponds can actually detract from the 
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perceived value of homes adjacent to a dry pond by between 3 and 10 percent (Emmerlin
Dinovo, 1995). 

g-

Maint ost 
For pon nnual cost of ro nce is t ated at abo  5 percent 
of the construction cost (EPA website). Alternatively, a can estimate the cost of the 
mainte ities outlined in th aintenance section. ble 1 presents the intenance 
costs estimated by Caltrans based on their experience with five basins located in southern 
California. Again, it should be emphasized that the vast ma are re  to 
vegetati nt (mowing). 

Estimated Average Annual Main ance Effort 

enance C
ds, the a utine maintena ypically estim

 community 
ut 3 to

nance activ e m  Ta  ma

jority of hours lated
on manageme

Table 1 ten

Activity Labor ours 
Equipment & 
Mat  ($) 

H
erial

Cost

Inspections 4 7 183

Maintenance 49 126 2282 

0

- 535 535 

Vector Control 0 0

Administration 3 0 132 

Materials

Total 56 $668 $3,132 

References and Sources of Additional Information 
Brown, W., and T. Schueler. 1997.  The Economics of Stormwater BMPs in the Mid-Atlantic 

rban Storm Drainage Criteria 

rmwater Detention Basins and Residential Locational 

r

MacRae, C. 1996. Experience from Morphological Research on Canadian Streams: Is Control of 

 of 
y L. Roesner. Snowbird, UT. pp. 144–162. 

Region. Prepared for Chesapeake Research Consortium. Edgewater, MD. Center for Watershed 
Protection. Ellicott City, MD. 

Denver Urban Drainage and Flood Control District. 1992.  U
Manual—Volume 3: Best Management Practices.  Denver, CO. 

Emmerling-Dinovo, C. 1995. Sto
Decisions. Water Resources Bulletin 31(3): 515–521

Galli, J. 1990. Thermal Impacts Associated with Urbanization and Stormwater Management 
Best Management Practices. Metropolitan Washington Council of Governments. Prepared fo
Maryland Department of the Environment, Baltimore, MD. 

GKY, 1989, Outlet Hydraulics of Extended Detention Facilities for the Northern Virginia 
Planning District Commission. 

the Two-Year Frequency Runoff Event the Best Basis for Stream Channel Protection?  In Effects
of Watershed Development and Management on Aquatic Ecosystems.  American Society
Civil Engineers.  Edited b

8 of 10 California Stormwater BMP Handbook January 2003 
New Development and Redevelopment Errata 5-06 

 www.cabmphandbooks.com 



Extended Detention Basin TC-22

Maryland Dept of the Environment, 2000, Maryland Stormwater Design Manual:  Volumes 1 &
2, prepared by MDE and Center for Watershed Protection.  

.state.md.us/environment/wma/stormwatermanual/index.htmlhttp://www.mde

Metzger, M. E., D. F. Messer, C. L. Beitia, C. M. Myers, and V. L. Kramer. 2002. The Dark Side 
Of Stormwater Runoff Management: Disease Vectors Associated With Structural BMPs. 
Stormwater 3(2): 24-39. 

ms.  Prepared for Southwest Florida Water Management District, 
Brooksville, FL. 

ida.

titute (WMI). 1997.  Operation, Maintenance, and Management of 
ce

of Highway Runoff Water Quality,

Center for Watershed Protection (CWP). 1997. Stormwater BMP Design Supplement for Cold 
Climates. Prepared for U.S. Environmental Protection Agency, Office of Wetlands, Oceans and 
Watersheds. Washington, DC. 

U.S. Environmental Protection Agency (USEPA). 1993. Guidance Specifying Management 
Measures for Sources of Nonpoint Pollution in Coastal Waters. EPA-840-B-92-002. U.S. 
Environmental Protection Agency, Office of Water, Washington, DC. 

Santana, F., J. Wood, R. Parsons, and S. Chamberlain. 1994.  Control of Mosquito Breeding in 
Permitted Stormwater Syste

Schueler, T. 1997. Influence of Ground Water on Performance of Stormwater Ponds in Flor
Watershed Protection Techniques 2(4):525–528. 

Watershed Management Ins
Stormwater Management Systems. Prepared for U.S. Environmental Protection Agency, Offi
of Water. Washington, DC. 

Young, G.K., et al., 1996, Evaluation and Management 
Publication No. FHWA-PD-96-032, U.S. Department of Transportation, Federal Highway 
Administration, Office of Environment and Planning. 

Information Resources 
Center for Watershed Protection (CWP), Environmental Quality Resources, and Loiederman
Associates. 1997. Maryland Stormwater Design Manual. Draft. Prepared for Maryland 
Department of the Environment, Baltimore, MD.  

January 2003 California Stormwater BMP Handbook 9 of 10 
Errata 5-06 New Development and Redevelopment 
 www.cabmphandbook.com 



TC-22 Extended Detention Basin 

Schematic of an Extended Detention Basin (MDE, 2000)
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Executive Summary 

Drainage Study 1 Iberdrola Renewables 
Tule Wind Project  November 2010 

EXECUTIVE SUMMARY 

The purpose of this drainage study is to investigate the hydrologic and hydraulic impacts of 
developing approximately 77 acres in eastern San Diego County. Results from hydrologic analysis 
will be included in the Tule Wind Major Use Permit (MUP) application to the County of San Diego.  
Analysis detail is appropriate for an MUP level hydrology study. 

This report discusses the methodology and assumptions for the hydrologic and hydraulic analysis 
performed for the Project.  Discussion and comparison of existing and proposed hydrologic 
conditions identifies qualitative and quantitative Project impacts on local hydrologic conditions. 

The hydrologic analysis was completed per the June 2003 San Diego County Hydrology Manual.  
Existing conditions hydrologic modeling was completed.  Proposed conditions were determined to be 
identical within the accuracy of hydrology calculations; therefore, no impacts were identified. 

Hydrologic analysis and hydraulic computations were conducted on proposed road crossing locations 
in order to appropriately size at-grade crossings and to identify upstream limits of inundation.  
Hydraulic calculations were complete in accordance with the July 2005 San Diego County Drainage 
Design Manual. 

Report analyses conclude that there are no impacts from local development on watershed runoff.  
Hydraulic analyses demonstrate drainage crossings will be constructed to meet the County of San 
Diego standards.  Overall site development should have less than significant impact on the drainage 
patterns of the overall system and will be designed to meet all County of San Diego criteria. 

 



1.0 Project Description 

Drainage Study 2 Iberdrola Renewables 
Tule Wind Project  October 2010 

1.0 PROJECT DESCRIPTION 

The Tule Wind Project (Project) proposes to develop a wind turbine “farm” for power generation, in 
the County of San Diego, in the State of California.  The Project area is located in the eastern portion 
of San Diego County, approximately 50 miles east of City of San Diego, 90 miles west of Arizona, 
and north of the community of Boulevard (see Figure 1). The area is accessible via Interstate 8 (I-8), 
State Route 94 (SR-94) and Ribbonwood Road junction, and McCain Valley Road off of Old 
Highway 80. The majority of the Project area lies in the In-Ko-Pah Mountains adjacent to the Tecate 
Divide, south of the Cleveland National Forest. The topography of the area is gently-to-steep sloping 
with an elevation ranging between about 3,500 and 5,800 feet above mean sea level.  The Project 
area contains lands administered by the BLM, the Ewiiaapaayp Reservation, the Campo and 
Manzanita Reservations (access only), the California State Lands Commission (CSLC), and 
privately-owned parcels under the jurisdiction of the County of San Diego.   This report will focus 
exclusively on the lands under the jurisdiction of the County of San Diego. 

The Project area is not located within any FEMA designated floodplains.  Firm panels 06073C1800F, 
06073C1825F, 06073C2075F, and 06073C2100F collectively cover the Project site and indicate the 
Project site is Zone D, area of undetermined but possible flood hazards. 

Total Project site area proposed on County of San Diego regulated lands is approximately 
1,982 acres, which will permanently impact approximately 77 acres.  Total disturbed areas, including 
temporary construction impacts (widened access roads, trenching, etc), are approximately 127 acres.  
From a drainage standpoint, all analysis and design addresses permanent impacts only, as additional 
temporary impacts will be returned to a naturally vegetated state upon completion of the Project.   

Under existing conditions the Project site is mainly undeveloped naturally vegetated rocky hills.  A 
number of existing access roads traverse the area, providing service routes to existing utility 
facilities, rural houses, agricultural facilities, and a landing strip.  Naturally occurring native 
vegetation is predominant throughout the site, with periodic scattered unvegetated rock outcroppings.   

Development within the jurisdiction of the County of San Diego will consist of up to 13 wind 
turbines, 34.5 kilovolt (kV) overhead and underground collector lines, a collector substation site, 
multiple operation and maintenance building sites, access roads between turbines, and improvements 
to existing roads to provide site access.  A number of operation and maintenance building locations 
have been developed to provide Project flexibility, all of which were included in evaluations in order 
to conservatively account for all potential improvements. 

Project development proposes up to 13 wind turbines, ranging in size between 328 feet in height to 
492 feet in height.  Turbines are constructed with a 48-foot diameter concrete foundation.  Concrete 
foundations slope away from the centrally located turbine and will be buried greater than half a foot, 
so that exposed concrete foundations are approximately 6 inches to 8 inches thick and 18 feet to 
20 feet in diameter.  Turbines also include five-foot by nine-foot concrete pads for transformer 
foundations.  Graded dirt pads around the turbines will be an approximately 200-foot radius. 
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1.0 Project Description 
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Tule Wind Project  October 2010 

Access roads between turbines will be 36 feet wide to accommodate self propelled cranes and supply 
trucks, while access roads to the turbine strings will only need to be 24 feet wide, as the crane and 
other assembly equipment can be brought onsite in pieces.  Thirty-six-foot access roads between 
turbines are intended to be temporary for construction activities and will be allowed to revegetate 
to a 24-foot width, pending construction completion.   Proposed access road alignments will follow 
existing access roads to the maximum extent practicable to limit the amount of additional disturbed 
areas.  New access roads will follow existing contours to maximum extent practicable to limit the 
amount of disturbed areas resulting from grading cuts. 

Operation and maintenance facility pads and substation pads will be graded to allow for construction 
of the required facilities and the accompanying access and operation spaces.  Impervious areas 
associated with these facilities will be minimal, limited to the structures themselves.  All access and 
parking areas will be constructed of permeable materials.  Additionally, there is the potential for 
detention basins attached to these graded pads, in order to adequately address water quality concerns.   

Electrical collector lines for the Project will be a combination of overhead and buried, with a 
majority being buried.  Overhead collector lines will be supported by single steel or wood poles; 
typically 60 feet to 80 feet in height.  Foundation footprints for collector line poles will be similar to 
the diameter of the pole itself.  Collector line temporary disturbed widths are assumed to be 24 feet to 
allow construction vehicle access and trenching or pole erection.  After construction, native 
vegetation will be established over collector line access roads.  All buried collector lines will be 
completely re-vegetated. 

Project development will increase impervious areas by a very small amount.  Each turbine pad 
represents approximately 360 square feet of impermeable area.  Permanent Project impacts 
investigated for drainage are approximately 77 acres, which conservatively assumes development of 
all operation and maintenance siting alternatives.  Overall Project development proposes to increase 
impervious area by approximately 23,669 square feet (0.7% of the 77 acres of permanently disturbed 
area) or .003% of the total basin area. 
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2.0 DRAINAGE PATTERNS 

Existing and proposed drainage patterns for the Project site are defined below. 

2.1 EXISTING DRAINAGE PATTERNS 

A number of existing streams will convey flows generated by the Project.  The Project drains to the 
east, ultimately discharging into the Salton Sea.   

A northeastern ridgeline crosses the Project, dividing flows southwest into Tule Creek and northeast 
into Carrizo Wash, Bow Willow Creek, and Canebrake Wash.  Approximately one third of the 
Project drains to Tule Creek via McCain Valley and Lark Canyon.  Tule Creek flows are conveyed 
southeast into Tule Lake, which discharges into Tule Canyon, then converges with Carrizo Wash in 
Carrizo Gorge. All flows in Carrizo Wash are then conveyed into San Felipe Creek and the Salton 
Sea.  The Salton Sea is a minimum of approximately 45 miles downstream of the Project.  See Figure 
2 below. 

2.1.1 Tule Creek Basin 

Tule Creek Basin containing the Project site includes an expansive upstream area draining 
approximately 18,250 acres and has an approximately 12.1 mile long flow path.  The highest 
upstream point in the basin is at approximately 5,800 feet and the downstream most point is at 
approximately 3,475feet.  Upper reaches of Tule Creek and its tributaries are generally fairly steep 
and confined to mountainous gullies.  Tule Creek in the vicinity of the Project flattens out and takes 
on the form of a meandering stream in a wider valley with floodplains and flatter fields.  See 
Exhibit A. 

Runoff sheet flows across the ground surface until it encounters rivulets which then discharge into 
larger streams which ultimately discharge into Tule Creek.  Precipitation that falls on typical access 
roads sheet flows off the side of the road where it is collected either in swales running parallel to the 
road or sheet flows across the surrounding terrain.  Swales carry runoff to streams crossing the access 
road, where it is then conveyed to Tule Creek.  There are no major improvements to the drainage 
features within the basin.  However, a number of culverts have been installed on the northeast portion 
of the drainage basin to facilitate the construction of access roads across the smaller drainage 
features.  An unnamed tributary to Tule Creek along the northeastern edge of the basin crosses a 
number of public and private roads via culverts just east of the landing strip.  Crossings relevant to 
this Project include two 36-inch culverts for a private road and one 36-inch culvert for McCain 
Valley Road.  Several access roads utilize a depressed on grade type crossing, where flows are 
conveyed across the top of the road, rather than constructing culverts to carry flows under the road.  
An existing access road crossing Tule Creek within the Project limits near the downstream half of the 
basin has this type of crossing. 
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Drainage patterns are similar to the previously discussed basins; precipitation will sheet flow into 
small rivulets that will join with surrounding streams and eventually discharge into Carrizo Wash. 
Roads in the Unnamed Eastern Wash basin are primarily double track trails and do not have any 
associated drainage improvements. 

2.1.3 Unnamed Southern Wash / System 1200 
A portion of the Project site is located in an approximately 486 acre basin that drains to Carrizo 
Gorge.  The drainage basin has a maximum flow path of 1.5 miles with a maximum elevation of 
4,065 feet and a minimum elevation of 3,200 feet. A ridge divides the basin into a northern and 
southern portion, each draining into two respective streams.  Both streams then join at a confluence 
at the bottom of the drainage basin, as shown on Exhibit A.  Topography for System 1200 is 
mountainous with streams confined in steep gullies. 

Generally, drainage is similar to the Unnamed Eastern Wash; rainfall sheet flows into rivulets and 
then into larger streams.  Terrain is predominantly rocky and steep and will not provide substantial 
opportunity for infiltration.  There are an extremely limited number of roads in the basin; most are 
single track trails.  There are no existing improvements to the drainage features in the basin, given 
the limited amount of development in the basin.   

2.2 PROPOSED DRAINAGE PATTERNS 
Proposed Project improvements will aim to mimic existing drainage patterns and will minimize 
redirection of any flows.  Improvements include graded pads, access roads, utility lines, and 
engineered crossings at each drainage feature.  Project improvements propose minimal additional 
impervious areas.  Any increase in runoff resulting from these impacts is determined to be negligible, 
from a flood impact standpoint, with water quality impacts addressed in the Storm Water 
Management Plan published under a separate cover by HDR. 

2.2.1 Tule Creek Basin 
Tule Creek Basin drainage patterns will not be altered significantly in proposed conditions.  Almost 
all flow generated by the basin is from existing areas with proposed improvements taking up less 
than 0.3% of the area.  Existing drainage patterns within the basin will be maintained.   

Access roads will be improved or created throughout the basin connecting turbine pads.  McCain 
Valley Road serves as a central corridor for this access, as well as improved roads aboard Rough 
Acres Ranch.   Drainage of access roads will be facilitated by brow ditches/swales parallel to 
proposed roads, which will convey flows to existing surface drainage features.  Construction of 
access roads will not create diversion of existing flows.  

Precipitation falling on the exposed portions of the turbine pads will sheet flow off the proposed 
features and finished surfaces (a total of roughly 21,155 square feet impervious areas or 0.003% of 
basin total area).  Impervious areas include the area of six turbine pads, three operational and 
maintenance (O&M) facilities, and one substation.   Runoff from exposed turbine pads will drain 
through a layer of gravel surrounding each pad.  Runoff will then be directed into the surrounding 
existing natural drainage features, with overall flow patterns intended to mimic existing drainage 
features. 
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2.1.2 Unnamed Eastern Wash  

Eastern portions of the Project site lie within an approximately 734 acre basin that drains to an 
unnamed wash.  Basin drainage has a maximum flow path of approximately 1.9 miles, with a 
maximum elevation of 4,125 feet and a minimum elevation of 3,620 feet.  The Unnamed Eastern 
Wash basin drains to confined mountainous gullies that are steep and rocky.  See Exhibit A. 

Drainage patterns are similar to the previously discussed basins; precipitation will sheet flow into 
small rivulets that will join with surrounding streams and eventually discharge into Carrizo Wash. 
Roads in the Unnamed Eastern Wash basin are primarily double track trails and do not have any 
associated drainage improvements. 

2.1.3 Unnamed Southern Wash / System 1200 

A portion of the Project site is located in an approximately 486 acre basin that drains to Carrizo 
Gorge.  The drainage basin has a maximum flow path of 1.5 miles with a maximum elevation of 
4,065 feet and a minimum elevation of 3,200 feet. A ridge divides the basin into a northern and 
southern portion, each draining into two respective streams.  Both streams then join at a confluence 
at the bottom of the drainage basin, as shown on Exhibit A.  Topography for System 1200 is 
mountainous with streams confined in steep gullies. 

Generally, drainage is similar to the Unnamed Eastern Wash; rainfall sheet flows into rivulets and 
then into larger streams.  Terrain is predominantly rocky and steep and will not provide substantial 
opportunity for infiltration.  There are an extremely limited number of roads in the basin; most are 
single track trails.  There are no existing improvements to the drainage features in the basin, given 
the limited amount of development in the basin.   

2.2 PROPOSED DRAINAGE PATTERNS 

Proposed Project improvements will aim to mimic existing drainage patterns and will minimize 
redirection of any flows.  Improvements include graded pads, access roads, utility lines, and 
engineered crossings at each drainage feature.  Project improvements propose minimal additional 
impervious areas.  Any increase in runoff resulting from these impacts is determined to be negligible, 
from a flood impact standpoint, with water quality impacts addressed in the Storm Water 
Management Plan published under a separate cover by HDR. 

2.2.1 Tule Creek Basin 

Tule Creek Basin drainage patterns will not be altered significantly in proposed conditions.  Almost 
all flow generated by the basin is from existing areas with proposed improvements taking up less 
than 0.3% of the area.  Existing drainage patterns within the basin will be maintained.   

Access roads will be improved or created throughout the basin connecting turbine pads.  McCain 
Valley Road serves as a central corridor for this access, as well as improved roads aboard Rough 
Acres Ranch.   Drainage of access roads will be facilitated by brow ditches/swales parallel to 
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proposed roads, which will convey flows to existing surface drainage features.  Construction of 
access roads will not create diversion of existing flows.  

Precipitation falling on the exposed portions of the turbine pads will sheet flow off the proposed 
features and finished surfaces (a total of roughly 21,155 square feet impervious areas or 0.003% of 
basin total area).  Impervious areas include the area of six turbine pads, three operational and 
maintenance (O&M) facilities, and one substation.   Runoff from exposed turbine pads will drain 
through a layer of gravel surrounding each pad.  Runoff will then be directed into the surrounding 
existing natural drainage features, with overall flow patterns intended to mimic existing drainage 
features. 

Proposed collector lines will be located mainly in the northeastern corner of the basin.  Minor effects 
on drainage patterns will only be prevalent during construction.  Once the collector lines are either 
hung or buried the surrounding vegetation and grades will be restored to existing conditions.  In the 
long term, existing drainage patterns within the basin will be maintained. 

2.2.2 Unnamed Eastern Wash Basin 

Unnamed Eastern Wash Drainage Basin drainage patterns will not be altered significantly in 
proposed conditions.  Almost all flow generated by the basin is from existing areas with proposed 
improvements taking up less than 2.8% of the basin area.  Existing drainage patterns within the basin 
will be substantially maintained.     

Access roads connect two strings of turbines, located roughly in the center of the basin.  These 
connect to McCain Valley Road.  Drainage of access roads will be facilitated by brow ditches/swales 
parallel to proposed roads, which will convey flows to existing surface drainage features. 

Precipitation falling on the exposed portions of the turbine pads will sheet flow off the proposed 
features and finished surfaces (a total of roughly 1,796 square feet impervious areas or 0.006% of 
basin total area) to surrounding brow ditches/swales.  Impervious areas include the area of basin 
turbine pads. Runoff from exposed turbine pads will drain through a layer of gravel surrounding each 
pad.  Runoff will then be directed into the surrounding existing natural drainage features, with 
overall flow patterns intended to mimic existing drainage features. 

Proposed collector lines will be located in conjunction with the turbines.  Transmission lines traverse 
the basin.  Minor effects on drainage patterns will only be prevalent during construction.  Once the 
collector lines are either hung or buried the surrounding vegetation and grades will be restored to 
existing conditions.  In the long term, existing drainage patterns within the basin will be maintained. 

2.2.3 Unnamed Southern Wash / System 1200 

Unnamed Southern Wash drainage patterns will not be altered significantly in proposed conditions. 
Almost all flow generated by the basin is from existing areas with proposed improvements taking up 
less than 1.3% of the basin area.  Existing drainage patterns within the basin will be substantially 
maintained.  
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A single access road connects one string of turbines located on the basin’s northern boundary.  
Drainage of this access road will be facilitated by brow ditches/swales parallel to the proposed road, 
which will convey flows to existing surface drainage features. 

Precipitation falling on the exposed portions of the turbine pads will sheet flow off the proposed 
features and finished surfaces (a total of roughly 718 square feet impervious areas or 0.003% of basin 
total area) to surrounding brow ditches/swales.  Impervious areas include the area of two turbine 
pads. Runoff from exposed turbine pads will drain through a layer of gravel surrounding each pad.  
Runoff will then be directed into the surrounding existing natural drainage features, with overall flow 
patterns intended to mimic existing drainage features. 

Proposed collector lines will be located in conjunction with the turbines.  Minor effects on drainage 
patterns will only be prevalent during construction.  Once the collector lines are either hung or buried 
the surrounding vegetation and grades will be restored to existing conditions.  In the long term, 
existing drainage patterns within the basin will be maintained. 
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3.0 HYDROLOGY 

Hydrologic analysis was completed for the entire project area in order to determine a baseline 
existing condition and to account for changes due to proposed development.  The three distinct 
watersheds dividing the Project area were studied for existing and proposed conditions.  Sub-basins 
formed by grading and requiring a hydraulically designed road crossing structure were analyzed 
under proposed conditions. 

3.1 HYDROLOGY METHODOLOGY 

Existing and proposed hydrology calculations were both completed per the San Diego County 
Hydrology Manual, June 2003 Rational Method criteria.  A summary of the hydrology criteria is 
presented in Table 1.  Appendix A contains County of San Diego Hydrology Manual runoff 
coefficient, rainfall intensity, and overland flow time of concentration figures used in calculations. 

Table 1.  Hydrology Methodology 

Land Use: SANDAG provided land use overlay dated 2009 and associated cover descriptions in 
Table 4-2 of 2003 County of San Diego Hydrology Manual 

Precipitation Zone Number Per PZN Map (Appendix C) of 2003 County of San Diego Hydrology Manual 
Design Storm: 100 year 
Rainfall Intensity: Per Isopluvial Maps (Appendix B) of 2003 County of San Diego Hydrology Manual 
Soil Data: NRCS, SSURGO Database 
Topographic Data: 2’ Project Flown Contours 

20’ IFSAR Topo provided by SANDAG 
 

Land use was defined based on data provided by SANDAG, which was then used to select the runoff 
coefficient from Table 4-2 of the County of San Diego Hydrology Manual.  Soil type data was 
derived from the Natural Resources Conservation Service (NRCS) Soil Survey Geographic 
(SSURGO) Database for California.  Rainfall intensities and Precipitation Zone Numbers (PZN) 
were taken from Appendices B and C of the County of San Diego Hydrology Manual, respectively. 

ArcMap 9.3.1 was utilized to process all geographic data and to determine appropriate inputs for 
hydrologic modeling.  Existing and proposed drainage basins, flow paths and basin area centroids 
were all developed within ArcMap.  The hydrologic modeling was completed through the use of 
Civil Design Hydrology software (CivilD) and the San Diego County specific module. 

3.2 EXISTING CONDITIONS 

3.2.1 Universal Unit Hydrograph 

The Universal Unit Hydrograph Method was used to analyze all nodes with basins larger than 640 
acres.  Basin areas, flow path lengths and length to centroid values were all determined using 
ArcMap.   
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Area averaged rainfall intensities were determined for each individual basin for the 100-year 24-hour 
and 100-year 6-hour events.  Precipitation zone numbers (PZN), important in San Diego County’s 
method for curve number adjustment, were interpolated for each basin using the basin area centroid.   

An area averaged composite runoff curve number (CN) was determined for each basin through 
tabulating data for combinations of land use and soil type.  Land use information was matched to the 
cover descriptions assigned in the County of San Diego Hydrology Manual, Table 4-2 and were 
verified through site visits. Curve numbers were manually adjusted per Tables 4-6 and Table 4-10 of 
the County of San Diego Hydrology Manual, using the interpolated PZN values.  

Basin lag time was entered into CivilD directly and calculated independently using the United States 
Army Corps of Engineers (Corps lag) empirical equation, as referenced in County of San Diego 
Hydrology Manual.    

Separate hydrologic models were created for the 100-year 24-hour and 100-year 6-hour events, with 
the intent of determining the maximum peak discharge of the two. 

3.2.2 Rational Method 

The San Diego County 2003 Rational Method program within CivilD was utilized in calculating 
runoff for all basins smaller than 640 acres in size. Initial areas and basin subareas were developed 
within ArcMap per the County of San Diego Hydrology Manual.   

The 6-hour and 24-hour rainfall intensities were determined through the interpolation of isopluvial 
information using the basin area centroid. 

Land use development type was assumed to be low density residential, specifically, one density unit 
per acre or less, with an impervious fraction of 10%.  Per the County of San Diego Hydrology 
Manual this is the land use type to be used for open undeveloped areas with a possibility for future 
development.  Soil type data was again derived from the NRCS SSURGO Database and analyzed for 
each basin subarea for model input.   

3.3 PROPOSED CONDITIONS 

3.3.1 Universal Unit Hydrograph 

Identical methods and assumptions were made for proposed conditions Unit Hydrograph analysis.  
Disturbed areas resulting from proposed conditions were assumed to be bare earth for the cover 
description.  Composite curve numbers were recalculated to account for proposed conditions.  It was 
determined that the PZN adjusted curve numbers for input into CivilD were within rounding error of 
the existing condition curve numbers and therefore proposed conditions results did not vary from 
existing conditions results (see Appendix D).   As stated in the Section 1.0 Project Description, 
drainage analysis conservatively included the cumulative proposed impacts from multiple operation 
and maintenance building alternatives.  This is a further indication that actual differences between 
existing and proposed conditions are even closer than the rounding errors determined in this study, 
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and again indicating that drainage patterns within the Project area will be maintained.  See 
Appendices B and D to review existing and proposed summaries. 

3.3.2 Rational Method 

Identical methods and assumptions were made for proposed conditions Rational Method analysis.  
Existing conditions assumed a land use development type of low density residential, specifically, one 
density unit per acre or less, with an impervious fraction of 10%.  Proposed conditions would not 
increase developed density or impervious fraction past the 10% threshold, and therefore proposed 
condition results would not vary from existing conditions results.  Existing drainage patterns within 
the Project area will be maintained. 

3.4 HYDROLOGY RESULTS 

Existing condition hydrology results are summarized for each major drainage basin/system in 
Tables 2 and 3.  Per County of San Diego Hydrology Manual methodology, inputs for modeling 
proposed conditions did not vary from existing conditions.  As such, existing and proposed runoff 
was identical.  See Appendix C for CivilD output.  

Table 2. Existing Conditions Hydrology Results, Unit Hydrograph 

Basin 
Area 

(acres) 
Adjusted PZN 

(>35yr) 
Adjusted CN 

(>35yr) 
Peak Flow 

(cfs) 
Tule Creek 18250 2.58 82 12730 
Unnamed Eastern Wash 734 2.45 85 808 

 
 

Table 3. Existing Conditions Hydrology Results, Rational Method 

Basin/System 
Area 

(acres) Effective C Value 
Discharge 

(cfs) 
1200 485.64 0.384 530.45 

 

3.5 HYDROMODIFICATION 

The County of San Diego requires a discussion on the proposed Hydromodification Plan (HMP) to 
be included in all drainage studies.  Discussions with the County of San Diego Department of Public 
Works concluded the Project is outside of the Phase I NPDES permit jurisdiction and as such will not 
be required to complete a hydromodification analysis for the County.  General Construction Permit 
post-construction BMPs are intended to address hydromodification for areas outside of Phase I and 
Phase II NPDES permits, which will apply to the Project.  These post-construction BMP 
requirements will go into effect September 2012, and are expected to evolve over the upcoming 
implementation period.  As the criteria currently stand, the Project will be required to complete a 
Water Balance Calculator summary to identify increases in flows of concern.  Mitigation measures 
are included in the Water Balance Calculator and will be used to address any impacts from Project 
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development on the watersheds.  Revisions to the Storm Water Management Plan (SWMP) during 
final engineering will clearly identify any needed mitigation features for the Project. 
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4.0 CROSSING HYDRAULICS 

Hydraulic analysis was completed on all identified stream crossing locations in order to adequately 
size the facility.  Hydrologic analysis was conducted at each location under proposed conditions in 
order to obtain a design flow.  This is in addition to what is described in Section 3.0, but based on the 
same methodology.  

4.1 CROSSING HYDROLOGY 

Crossing hydrology calculations were per the San Diego County Hydrology Manual, June 2003 
Rational Method criteria.  A summary of the hydrology criteria is presented in Table 1.  Appendix E 
contains County of San Diego Hydrology Manual runoff coefficient, rainfall intensity, and overland 
flow time of concentration figures used in calculations.   

4.1.1 Unit Hydrograph Basins 

The Universal Unit Hydrograph Method was used to analyze all crossings with associated basins 
larger than 640 acres.  Three crossings were identified requiring a Unit Hydrograph analysis.    

These basins were analyzed in a similar fashion to that of the existing and proposed Unit Hydrograph 
basins above in Section 3.0. 

Separate hydrologic models were created for the 100-year 24-hour and 100-year 6-hour events, with 
the intent of determining the maximum peak discharge of the two.  Table 4 provides a summary of 
the inputs and results.  

Table 4. Unit Hydrograph Basin Summary 

Basin/Crossing 
Area 

(acres) 

Rainfall 
Intensity 
100Yr 6Hr 

Rainfall 
Intensity 

100Yr 24Hr 
Adjusted CN 

(>35yr) 

100 Year Peak 
Discharge 

(cfs) 
Tule Creek 13851 3.47 6.69 81 10607 
McCain 1 2186 3.00 5.07 83 1487 
McCain 2 2256 3.00 5.07 83 1562 

 
 

4.1.2 Rational Method Systems 

There were 16 identified crossing in 15 systems of less than 640 acres in the Project site. The San 
Diego County 2003 Rational Method program within CivilD was utilized in calculations. Initial areas 
and basin subareas were developed within ArcMap per the County of San Diego Hydrology Manual.   

The Project site is mainly located between two isopluvials for the 100-year 6-hour and 24-hour 
intensities.  To be conservative, the highest intensities adjacent to the Project site were used, 
specifically 3.5 inches and 6 inches.   
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These systems were analyzed in a similar fashion to that of the Rational Method existing and 
proposed conditions analysis above in Section 3.0, with the exception of rainfall intensity.  Table 5 
provides a summary of the inputs and results. 

Table 5. Rational Method System Summary 

System/ 
Crossing 

Area 
(acres) 

Rainfall Intensity  
100Yr 6Hr 

Rainfall Intensity 
100Yr 24Hr 

Effective C 
Value 

Discharge 
(cfs) 

1.3 10.37 3.5 6 0.41 24.6 
2.3 13.87 3.5 6 0.41 38.7 
3.3 6.12 3.5 6 0.32 9.4 
3.4 16.58 3.5 6 0.32 23.3 
4.3 0.83 3.5 6 0.32 1.6 
5.3 21.66 3.5 6 0.288 25.4 
6.3 56.57 3.5 6 0.321 77.4 
7.3 21.93 3.5 6 0.32 30.3 
8.3 20.38 3.5 6 0.321 29.8 
9.3 2.55 3.5 6 0.32 4.3 
10.3 20.75 3.5 6 0.326 31.5 
11.3 3.74 3.5 6 0.32 5.8 
12.3 34.70 3.5 6 0.327 54.4 
13.3 57.83 3.5 6 0.336 84.7 
14.5 422.76 3.5 6 0.342 432.0 
15.3 5.97 3.5 6 0.32 10.9 

 
 
4.2 CROSSING HYDRAULICS 

Hydraulic calculations were completed for each identified crossing for the peak 100-year design 
discharge.  All proposed crossings are at-grade crossings with no low flow culverts and were sized to 
meet County of San Diego standards. 

4.2.1 Crossing Geometry 

Three parameters guided the geometry of crossing design.  First, per County of San Diego Design 
Standard 14, low flow culverts are not required for at-grade crossings if the 10 year flow could be 
conveyed at 10 inches of depth or less over the crest of the crossing. All crossings were designed to 
ensure this standard was met. Second, specific grade requirements had to be met to facilitate the 
expected vehicular traffic.  A maximum of 6 inches of elevation change could occur for every 50 feet 
of road.  This resulted in gradual approaches into the crossing geometry. Finally, 1-foot of freeboard 
between the 100-year water surface elevation and the crest of the approach is required.   

A standard crossing geometry was developed for use on the majority of the crossings.  This crossing 
is 200 feet wide from approach to approach and is 3 feet deep at the invert.  Again, no low flow 
culverts were used.  The standard crossing will be constructed with articulated concrete blocks to 
provided stability during the design event.  See Appendix F for crossing plates.    
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For larger design flows, specifically the Unit Hydrograph basins of Table 4 and Crossing 14.5 of 
Table 5, this standard geometry was widened at the invert to accommodate their respective design 
flows.  Both approaches remain the same, but horizontal invert bottom width was added as needed.  
These crossing will be constructed out of reinforced concrete due to their large size. 

Scour protection will be incorporated into the design of each crossing in order to guard against road 
embankment scour, flow contraction scour, and scour occurring immediately downstream of the 
crossing.  Further development of the scour protection and design will be addressed during final 
engineering. 

4.2.2 Hydraulic Calculations and Results 

Hydraulic calculations were completed through the use of Bentley’s Culvert Master v.3.1. The 
standard broad crested weir equation was used with weir coefficient based upon the County of San 
Diego Drainage Design Manual.  Solving for the headwater depth, rating curves were developed for 
the standard crossing geometry utilized by most of the crossings and for each crossing requiring an 
expanded version of the typical geometry.  These rating curves ultimately provided information to 
determine the upstream limits of inundation during the design 100-year event as well as ensured the 
County’s hydraulic requirements were met. 

All crossings in Table 6 allow for less than 10” of depth for the design 100-year flow, and therefore 
surpass County requirements.  All crossings in Table 7 meet the 10 inches of depth for the 10-year 
flow.  All crossings in the project area maintain 1-foot of freeboard for the design 100- year flows 
and meet the Project specific road grade restrictions. 

Table 6. Standard Crossing Geometry Results 

System  Node/Crossing 
100 Year Design Flow 

(cfs) 
Head Water Depth 

(ft) 
Crossing Width 

(ft) 
1 1.3 24.6 0.45 200 
2 2.3 38.7 0.58 200 
3 3.3 9.42 0.27 200 
3 3.4 23.3 0.42 200 
4 4.3 1.6 0.05 200 
5 5.3 25.4 0.45 200 
6 6.3 77.4 0.78 200 
7 7.3 30.3 0.51 200 
8 8.3 29.8 0.46 200 
9 9.3 4.3 0.12 200 
10 10.3 31.5 0.50 200 
11 11.3 5.8 0.17 200 
12 12.3 54.4 0.65 200 
13 13.3 84.7 0.81 200 
15 15.3 10.9 0.30 200 
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Table 7. Expanded Crossing Geometry Results 

Basin/System Crossing Event 
Design Flow 

(cfs) 
Head Water Depth 

(ft) 
Crossing 

Width 

Tule Tule 
100 Yr 10607.4 1.80 1600 
10 Yr 3249.8 0.830 1600 

McCain Valley 1 McCain Valley 1 
100 Yr 1487 1.58 375 
10 Yr 487 0.80 375 

McCain Valley 2 McCain Valley 2 
100 Yr 1562 1.62 375 
10 Yr 498 0.81 375 

System 14 14.5 
100 Yr 432 0.98 300 
10 Yr 221 0.66 300 
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5.0 CONCLUSION 

Based on a preliminary investigation of the proposed Project plan and the existing drainage patterns, 
impacts from proposed development are less than significant.  Project development will not 
significantly affect existing drainage patterns and will result in no major flow diversions.  Increases 
in runoff resulting from low frequency storm events associated with flooding will be less than 
significant, due to the limited amount of proposed impervious area.   

Hydraulic analysis was completed for the Project to determine flow rates at specific locations within 
the studied basins in order to size proposed drainage facilities at road crossings.  At-grade crossings 
were sized to meet County of San Diego requirements.  Further hydraulic analysis and design 
modifications will be complete during final engineering. 
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APPENDIX A 
Hydrology Exhibits 

 
Exhibits A-1: Soils 

Exhibits A-2: Land Use 
Exhibits A-3: Precipitation
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APPENDIX B 
Existing Conditions Hydrology Summary Tables 



Project: Tule Wind

Subject: Drainage Report

Task: 21

Job#: 115965

Existing  Conditions, Unit Hydrograph

Watershed Loss

Watershed A (mi
2
) A (ac) CN (AMC II) PZN PZN (>35yr) CN (>35yr) Soil Type

Tule Creek 28.52 18250 74 3.42 2.58 82 2.1

Eastern Unnamed Wash 1.15 734 80 3.55 2.45 85 2.7

Watershed Lag Time

Watershed Elev US (ft) Elev DS (ft) L (mi) Lca (mi) Slope (ft/mi) Basin n m lag (hr)

Tule Creek 5802.5 3473 12.13 5.14 192 0.040 0.38 1.70

Eastern Unnamed Wash 4125 3620 1.91 0.74 265 0.040 0.38 0.38

Precipitation Data

Watershed 100Yr 6Hr 100Yr 24Hr

Tule Creek 3.36 6.31

Eastern Unnamed Wash 3.00 5.01

Hydrology Results (Civil D), cfs

Watershed 100Yr 6Hr 100Yr 24Hr

Tule Creek 8790.33 12729.94

Eastern Unnamed Wash 808.32 597.93

m

ca

S

LL
nlag 







 •
=

5.0
24



Project: Tule Wind

Subject: Drainage Report

Task: 21

Job#: 115965

Existing Conditions, Rational Method

System

Leg (HDR Node 

to HDR Node) Acres

Reach 

Length

US 

Elevation

DS 

Elevation Soil Group

Soil Group 

Fraction

Precip 

100Yr-6Hr

Precip 

100Yr-24Hr

100 Year 

Runoff

Initial Area 0.625771 307.19 4047.50 4025.00 B 1.00 1.25

1200.2 to 1200.3 15.446776 1873.92 4025.00 3840.0 B 0.59 21.43

D 0.41

1200.3 to 1200.4 77.940309 2095.45 3840.0 3606 B 0.19 110.44

D 0.81

1200.4 to 1200.8 116.929537 3996.967 3606 3200 A 0.13 218.15

B 0.03

D 0.84

Initial Area 0.604217 203.19 3965.00 3935.00 B 1.00 1.45

1200.6 to 1200.7 51.378199 2829.61708 3935.00 3730.0 B 0.29 83.07

D 0.71

1200.7 to 1200.8 223.611859 3560.76 3730.0 3200 A 0.052 374.84

B 0.084

D 0.863
Total at 

Confluence
486.56

530.45

1200 3.00 5.05



Project: Tule Wind
Subject:

Task:

Job#:

Unit Hydrograph Rainfall

100 Yr 6 Hour

FID Watershed Rainfall Acres Acres*Rainfall Area Averaged Rainfall (in)

Tule Creek 4 1518.463274 6074

3 6758.893749 20277

3.5 9972.741476 34905

Totals 18250.0985 61255 3.356427337

Unnamed Eastern Wash 3 734.4312233 2203

Totals 734.4312233 2203 3

100 Yr 24 Hour

FID Watershed Rainfall Acres Acres*Rainfall Area Averaged Rainfall (in)

Tule Creek 10 309.1901693 3092

5 3912.209291 19561

8 4163.427072 33307

6 9865.271967 59192

Totals 18250.0985 115152 6.309664385

Unnamed Eastern Wash 6 6.787032388 41

5 727.6441909 3638

Totals 734.4312233 3679 5.009241209



Project: Tule Wind

Subject: Drainage Report

Task: 21

Job#: 115965

Unnamed Eastern Wash Existing Curve Number

Name Acres

Land Use 

Code Land Use Description Description

Percent 

Impervious MUSYM HydSoilGrp CN CN*A Soil Group

18250 74 1346448 2.1

Tule Creek 0.043088 1000 Spaced Rural Residential A 50 2.15 1

Tule Creek 0.104102 1000 Spaced Rural Residential A 50 5.21 1

Tule Creek 0.146983 1000 Spaced Rural Residential A 50 7.35 1

Tule Creek 0.18566 1000 Spaced Rural Residential A 50 9.28 1

Tule Creek 0.307448 1000 Spaced Rural Residential A 50 15.37 1

Tule Creek 2.45739 1000 Spaced Rural Residential A 50 122.87 1

Tule Creek 2.572043 1000 Spaced Rural Residential A 50 128.60 1

Tule Creek 6.713096 1000 Spaced Rural Residential A 50 335.65 1

Tule Creek 7.452114 1000 Spaced Rural Residential A 50 372.61 1

Tule Creek 9.67432 1000 Spaced Rural Residential A 50 483.72 1

Tule Creek 9.816206 1000 Spaced Rural Residential A 50 490.81 1

Tule Creek 9.917752 1000 Spaced Rural Residential A 50 495.89 1

Tule Creek 10.17541 1000 Spaced Rural Residential A 50 508.77 1

Tule Creek 12.2153 1000 Spaced Rural Residential A 50 610.77 1

Tule Creek 12.68086 1000 Spaced Rural Residential A 50 634.04 1

Tule Creek 13.63845 1000 Spaced Rural Residential A 50 681.92 1

Tule Creek 14.4015 1000 Spaced Rural Residential A 50 720.08 1

Tule Creek 18.1944 1000 Spaced Rural Residential A 50 909.72 1

Tule Creek 21.37183 1000 Spaced Rural Residential A 50 1068.59 1

Tule Creek 25.76366 1000 Spaced Rural Residential A 50 1288.18 1

Tule Creek 25.91156 1000 Spaced Rural Residential A 50 1295.58 1

Tule Creek 27.33742 1000 Spaced Rural Residential A 50 1366.87 1

Tule Creek 27.62886 1000 Spaced Rural Residential A 50 1381.44 1

Tule Creek 29.43853 1000 Spaced Rural Residential A 50 1471.93 1

Land Use Soils CN

Tule Creek 29.43853 1000 Spaced Rural Residential A 50 1471.93 1

Tule Creek 32.77032 1000 Spaced Rural Residential A 50 1638.52 1

Tule Creek 42.71826 1000 Spaced Rural Residential A 50 2135.91 1

Tule Creek 74.33333 1000 Spaced Rural Residential A 50 3716.67 1

Tule Creek 78.14983 1000 Spaced Rural Residential A 50 3907.49 1

Tule Creek 82.03509 1000 Spaced Rural Residential A 50 4101.75 1

Tule Creek 173.7482 1000 Spaced Rural Residential A 50 8687.41 1

Tule Creek 0.04751 1000 Spaced Rural Residential B 69 3.28 2

Tule Creek 0.339073 1000 Spaced Rural Residential B 69 23.40 2

Tule Creek 0.611627 1000 Spaced Rural Residential B 69 42.20 2

Tule Creek 0.835743 1000 Spaced Rural Residential B 69 57.67 2

Tule Creek 1.027563 1000 Spaced Rural Residential B 69 70.90 2

Tule Creek 1.227552 1000 Spaced Rural Residential B 69 84.70 2

Tule Creek 1.281048 1000 Spaced Rural Residential B 69 88.39 2

Tule Creek 1.401359 1000 Spaced Rural Residential B 69 96.69 2

Tule Creek 1.597418 1000 Spaced Rural Residential B 69 110.22 2

Tule Creek 2.849452 1000 Spaced Rural Residential B 69 196.61 2

Tule Creek 3.069729 1000 Spaced Rural Residential B 69 211.81 2

Tule Creek 3.533041 1000 Spaced Rural Residential B 69 243.78 2

Tule Creek 6.474168 1000 Spaced Rural Residential B 69 446.72 2

Tule Creek 6.623204 1000 Spaced Rural Residential B 69 457.00 2

Tule Creek 7.091565 1000 Spaced Rural Residential B 69 489.32 2

Tule Creek 7.221005 1000 Spaced Rural Residential B 69 498.25 2

Tule Creek 7.371222 1000 Spaced Rural Residential B 69 508.61 2

Tule Creek 7.378903 1000 Spaced Rural Residential B 69 509.14 2

Tule Creek 7.827621 1000 Spaced Rural Residential B 69 540.11 2

Tule Creek 11.46181 1000 Spaced Rural Residential B 69 790.87 2



Name Acres

Land Use 

Code Land Use Description Description

Percent 

Impervious MUSYM HydSoilGrp CN CN*A Soil Group

Land Use Soils CN

Tule Creek 13.53061 1000 Spaced Rural Residential B 69 933.61 2

Tule Creek 15.1175 1000 Spaced Rural Residential B 69 1043.11 2

Tule Creek 15.13929 1000 Spaced Rural Residential B 69 1044.61 2

Tule Creek 15.82326 1000 Spaced Rural Residential B 69 1091.81 2

Tule Creek 16.62028 1000 Spaced Rural Residential B 69 1146.80 2

Tule Creek 18.05196 1000 Spaced Rural Residential B 69 1245.58 2

Tule Creek 18.08603 1000 Spaced Rural Residential B 69 1247.94 2

Tule Creek 19.03283 1000 Spaced Rural Residential B 69 1313.27 2

Tule Creek 19.54646 1000 Spaced Rural Residential B 69 1348.71 2

Tule Creek 20.07371 1000 Spaced Rural Residential B 69 1385.09 2

Tule Creek 21.90675 1000 Spaced Rural Residential B 69 1511.57 2

Tule Creek 22.15042 1000 Spaced Rural Residential B 69 1528.38 2

Tule Creek 23.22073 1000 Spaced Rural Residential B 69 1602.23 2

Tule Creek 26.59746 1000 Spaced Rural Residential B 69 1835.22 2

Tule Creek 28.42616 1000 Spaced Rural Residential B 69 1961.41 2

Tule Creek 31.39782 1000 Spaced Rural Residential B 69 2166.45 2

Tule Creek 35.05085 1000 Spaced Rural Residential B 69 2418.51 2

Tule Creek 37.09912 1000 Spaced Rural Residential B 69 2559.84 2

Tule Creek 42.55808 1000 Spaced Rural Residential B 69 2936.51 2

Tule Creek 42.91708 1000 Spaced Rural Residential B 69 2961.28 2

Tule Creek 45.2962 1000 Spaced Rural Residential B 69 3125.44 2

Tule Creek 46.92178 1000 Spaced Rural Residential B 69 3237.60 2

Tule Creek 55.14837 1000 Spaced Rural Residential B 69 3805.24 2

Tule Creek 56.61684 1000 Spaced Rural Residential B 69 3906.56 2

Tule Creek 58.19453 1000 Spaced Rural Residential B 69 4015.42 2

Tule Creek 58.66377 1000 Spaced Rural Residential B 69 4047.80 2

Tule Creek 60.20803 1000 Spaced Rural Residential B 69 4154.35 2

Tule Creek 76.90194 1000 Spaced Rural Residential B 69 5306.23 2

Tule Creek 122.2435 1000 Spaced Rural Residential B 69 8434.80 2

Tule Creek 266.9316 1000 Spaced Rural Residential B 69 18418.28 2Tule Creek 266.9316 1000 Spaced Rural Residential B 69 18418.28 2

Tule Creek 270.7531 1000 Spaced Rural Residential B 69 18681.96 2

Tule Creek 277.8597 1000 Spaced Rural Residential B 69 19172.32 2

Tule Creek 398.6731 1000 Spaced Rural Residential B 69 27508.44 2

Tule Creek 428.184 1000 Spaced Rural Residential B 69 29544.70 2

Tule Creek 474.9666 1000 Spaced Rural Residential B 69 32772.69 2

Tule Creek 0.001115 1000 Spaced Rural Residential C 79 0.09 3

Tule Creek 0.171429 1000 Spaced Rural Residential C 79 13.54 3

Tule Creek 0.349768 1000 Spaced Rural Residential C 79 27.63 3

Tule Creek 3.91536 1000 Spaced Rural Residential C 79 309.31 3

Tule Creek 13.95372 1000 Spaced Rural Residential C 79 1102.34 3

Tule Creek 15.43697 1000 Spaced Rural Residential C 79 1219.52 3

Tule Creek 23.15 1000 Spaced Rural Residential C 79 1828.85 3

Tule Creek 27.3161 1000 Spaced Rural Residential C 79 2157.97 3

Tule Creek 41.93775 1000 Spaced Rural Residential C 79 3313.08 3

Tule Creek 0.026043 1000 Spaced Rural Residential D 84 2.19 4

Tule Creek 0.365483 1000 Spaced Rural Residential D 84 30.70 4

Tule Creek 0.648487 1000 Spaced Rural Residential D 84 54.47 4

Tule Creek 1.019984 1000 Spaced Rural Residential D 84 85.68 4

Tule Creek 1.485547 1000 Spaced Rural Residential D 84 124.79 4

Tule Creek 4.928847 1000 Spaced Rural Residential D 84 414.02 4

Tule Creek 8.173902 1000 Spaced Rural Residential D 84 686.61 4

Tule Creek 9.08764 1000 Spaced Rural Residential D 84 763.36 4

Tule Creek 10.91547 1000 Spaced Rural Residential D 84 916.90 4

Tule Creek 15.42996 1000 Spaced Rural Residential D 84 1296.12 4

Tule Creek 15.71257 1000 Spaced Rural Residential D 84 1319.86 4

Tule Creek 15.79647 1000 Spaced Rural Residential D 84 1326.90 4

Tule Creek 16.80266 1000 Spaced Rural Residential D 84 1411.42 4



Name Acres

Land Use 

Code Land Use Description Description

Percent 

Impervious MUSYM HydSoilGrp CN CN*A Soil Group

Land Use Soils CN

Tule Creek 25.60615 1000 Spaced Rural Residential D 84 2150.92 4

Tule Creek 51.21879 1000 Spaced Rural Residential D 84 4302.38 4

Tule Creek 83.55671 1000 Spaced Rural Residential D 84 7018.76 4

Tule Creek 0.967946 1190 Single Family Residential Without Units A 54 52.27 1

Tule Creek 0.364026 1190 Single Family Residential Without Units B 70 25.48 2

Tule Creek 0.567625 1190 Single Family Residential Without Units B 70 39.73 2

Tule Creek 6.729983 1409 Other Group Quarters Facility A 81 545.13 1

Tule Creek 74.69883 1409 Other Group Quarters Facility B 88 6573.50 2

Tule Creek 7.775003 1409 Other Group Quarters Facility C 91 707.53 3

Tule Creek 8.552329 4104 Airstrip B 86 735.50 2

Tule Creek 0.068954 4112 Freeway B 98 6.76 2

Tule Creek 5.864552 4112 Freeway B 98 574.73 2

Tule Creek 31.025 4112 Freeway B 98 3040.45 2

Tule Creek 31.09615 4112 Freeway B 98 3047.42 2

Tule Creek 0.006861 4112 Freeway D 98 0.67 4

Tule Creek 0.433045 4118 Road Right of Way A 74 32.05 1

Tule Creek 1.011059 4118 Road Right of Way A 74 74.82 1

Tule Creek 1.282634 4118 Road Right of Way A 74 94.91 1

Tule Creek 1.346657 4118 Road Right of Way A 74 99.65 1

Tule Creek 1.538811 4118 Road Right of Way A 74 113.87 1

Tule Creek 3.343863 4118 Road Right of Way A 74 247.45 1

Tule Creek 0.133175 4118 Road Right of Way B 84 11.19 2

Tule Creek 0.455323 4118 Road Right of Way B 84 38.25 2

Tule Creek 1.085576 4118 Road Right of Way B 84 91.19 2

Tule Creek 2.195245 4118 Road Right of Way B 84 184.40 2

Tule Creek 3.307092 4118 Road Right of Way B 84 277.80 2

Tule Creek 3.378014 4118 Road Right of Way B 84 283.75 2

Tule Creek 4.184623 4118 Road Right of Way B 84 351.51 2

Tule Creek 10.91398 4118 Road Right of Way B 84 916.77 2

Tule Creek 0.559069 4118 Road Right of Way C 90 50.32 3Tule Creek 0.559069 4118 Road Right of Way C 90 50.32 3

Tule Creek 1.49493 4118 Road Right of Way C 90 134.54 3

Tule Creek 1.214105 4118 Road Right of Way D 92 111.70 4

Tule Creek 0.145578 7603 Open Space Park or Preserve A 62 9.03 1

Tule Creek 0.666159 7603 Open Space Park or Preserve A 62 41.30 1

Tule Creek 0.670833 7603 Open Space Park or Preserve A 62 41.59 1

Tule Creek 1.291557 7603 Open Space Park or Preserve A 62 80.08 1

Tule Creek 2.450693 7603 Open Space Park or Preserve A 62 151.94 1

Tule Creek 6.445348 7603 Open Space Park or Preserve A 62 399.61 1

Tule Creek 6.492338 7603 Open Space Park or Preserve A 62 402.52 1

Tule Creek 6.690075 7603 Open Space Park or Preserve A 62 414.78 1

Tule Creek 7.609108 7603 Open Space Park or Preserve A 62 471.76 1

Tule Creek 10.63861 7603 Open Space Park or Preserve A 62 659.59 1

Tule Creek 12.56999 7603 Open Space Park or Preserve A 62 779.34 1

Tule Creek 15.49857 7603 Open Space Park or Preserve A 62 960.91 1

Tule Creek 20.82638 7603 Open Space Park or Preserve A 62 1291.24 1

Tule Creek 24.10463 7603 Open Space Park or Preserve A 62 1494.49 1

Tule Creek 27.80123 7603 Open Space Park or Preserve A 62 1723.68 1

Tule Creek 29.00798 7603 Open Space Park or Preserve A 62 1798.49 1

Tule Creek 35.67334 7603 Open Space Park or Preserve A 62 2211.75 1

Tule Creek 137.5071 7603 Open Space Park or Preserve A 62 8525.44 1

Tule Creek 5.79E-06 7603 Open Space Park or Preserve B 76 0.00 2

Tule Creek 0.001881 7603 Open Space Park or Preserve B 76 0.14 2

Tule Creek 0.147796 7603 Open Space Park or Preserve B 76 11.23 2

Tule Creek 0.161165 7603 Open Space Park or Preserve B 76 12.25 2

Tule Creek 0.272252 7603 Open Space Park or Preserve B 76 20.69 2

Tule Creek 1.063073 7603 Open Space Park or Preserve B 76 80.79 2

Tule Creek 1.239796 7603 Open Space Park or Preserve B 76 94.22 2



Name Acres

Land Use 

Code Land Use Description Description

Percent 

Impervious MUSYM HydSoilGrp CN CN*A Soil Group

Land Use Soils CN

Tule Creek 2.221254 7603 Open Space Park or Preserve B 76 168.82 2

Tule Creek 2.550184 7603 Open Space Park or Preserve B 76 193.81 2

Tule Creek 2.719127 7603 Open Space Park or Preserve B 76 206.65 2

Tule Creek 3.076995 7603 Open Space Park or Preserve B 76 233.85 2

Tule Creek 6.068157 7603 Open Space Park or Preserve B 76 461.18 2

Tule Creek 8.725289 7603 Open Space Park or Preserve B 76 663.12 2

Tule Creek 8.949577 7603 Open Space Park or Preserve B 76 680.17 2

Tule Creek 9.60439 7603 Open Space Park or Preserve B 76 729.93 2

Tule Creek 10.74992 7603 Open Space Park or Preserve B 76 816.99 2

Tule Creek 13.69377 7603 Open Space Park or Preserve B 76 1040.73 2

Tule Creek 17.32135 7603 Open Space Park or Preserve B 76 1316.42 2

Tule Creek 18.56011 7603 Open Space Park or Preserve B 76 1410.57 2

Tule Creek 19.18966 7603 Open Space Park or Preserve B 76 1458.41 2

Tule Creek 20.83353 7603 Open Space Park or Preserve B 76 1583.35 2

Tule Creek 26.21576 7603 Open Space Park or Preserve B 76 1992.40 2

Tule Creek 29.76741 7603 Open Space Park or Preserve B 76 2262.32 2

Tule Creek 31.46706 7603 Open Space Park or Preserve B 76 2391.50 2

Tule Creek 55.98659 7603 Open Space Park or Preserve B 76 4254.98 2

Tule Creek 63.39889 7603 Open Space Park or Preserve B 76 4818.32 2

Tule Creek 116.9792 7603 Open Space Park or Preserve B 76 8890.42 2

Tule Creek 131.7281 7603 Open Space Park or Preserve B 76 10011.34 2

Tule Creek 206.513 7603 Open Space Park or Preserve B 76 15694.98 2

Tule Creek 213.6675 7603 Open Space Park or Preserve B 76 16238.73 2

Tule Creek 216.7183 7603 Open Space Park or Preserve B 76 16470.59 2

Tule Creek 461.4077 7603 Open Space Park or Preserve B 76 35066.98 2

Tule Creek 522.7041 7603 Open Space Park or Preserve B 76 39725.51 2

Tule Creek 583.0646 7603 Open Space Park or Preserve B 76 44312.91 2

Tule Creek 1841.024 7603 Open Space Park or Preserve B 76 139917.83 2

Tule Creek 0.323417 7603 Open Space Park or Preserve C 84 27.17 3

Tule Creek 1.426928 7603 Open Space Park or Preserve C 84 119.86 3Tule Creek 1.426928 7603 Open Space Park or Preserve C 84 119.86 3

Tule Creek 27.97772 7603 Open Space Park or Preserve C 84 2350.13 3

Tule Creek 56.1561 7603 Open Space Park or Preserve C 84 4717.11 3

Tule Creek 0.018809 7603 Open Space Park or Preserve D 88 1.66 4

Tule Creek 1.990162 7603 Open Space Park or Preserve D 88 175.13 4

Tule Creek 3.055979 7603 Open Space Park or Preserve D 88 268.93 4

Tule Creek 4.786524 7603 Open Space Park or Preserve D 88 421.21 4

Tule Creek 7.507363 7603 Open Space Park or Preserve D 88 660.65 4

Tule Creek 9.004921 7603 Open Space Park or Preserve D 88 792.43 4

Tule Creek 21.66482 7603 Open Space Park or Preserve D 88 1906.50 4

Tule Creek 227.1604 7603 Open Space Park or Preserve D 88 19990.11 4

Tule Creek 445.3321 7603 Open Space Park or Preserve D 88 39189.23 4

Tule Creek 4.448867 8003 Field Crops A 62 275.83 1

Tule Creek 21.15463 8003 Field Crops A 62 1311.59 1

Tule Creek 27.18965 8003 Field Crops A 62 1685.76 1

Tule Creek 66.0865 8003 Field Crops A 62 4097.36 1

Tule Creek 0.341477 8003 Field Crops B 76 25.95 2

Tule Creek 1.937761 8003 Field Crops B 76 147.27 2

Tule Creek 3.40635 8003 Field Crops B 76 258.88 2

Tule Creek 5.150237 8003 Field Crops B 76 391.42 2

Tule Creek 10.60162 8003 Field Crops B 76 805.72 2

Tule Creek 5.471035 8003 Field Crops C 84 459.57 3

Tule Creek 0.039367 8003 Field Crops D 88 3.46 4

Tule Creek 12.98185 8003 Field Crops D 88 1142.40 4

Tule Creek 32.0698 8003 Field Crops D 88 2822.14 4

Tule Creek 0.370491 9101 Vacant and Undeveloped Land A 62 22.97 1

Tule Creek 0.562932 9101 Vacant and Undeveloped Land A 62 34.90 1

Tule Creek 0.716577 9101 Vacant and Undeveloped Land A 62 44.43 1



Name Acres

Land Use 

Code Land Use Description Description

Percent 

Impervious MUSYM HydSoilGrp CN CN*A Soil Group

Land Use Soils CN

Tule Creek 1.423269 9101 Vacant and Undeveloped Land A 62 88.24 1

Tule Creek 1.479646 9101 Vacant and Undeveloped Land A 62 91.74 1

Tule Creek 1.77126 9101 Vacant and Undeveloped Land A 62 109.82 1

Tule Creek 1.795696 9101 Vacant and Undeveloped Land A 62 111.33 1

Tule Creek 2.104207 9101 Vacant and Undeveloped Land A 62 130.46 1

Tule Creek 2.38003 9101 Vacant and Undeveloped Land A 62 147.56 1

Tule Creek 2.44524 9101 Vacant and Undeveloped Land A 62 151.60 1

Tule Creek 2.78078 9101 Vacant and Undeveloped Land A 62 172.41 1

Tule Creek 2.988145 9101 Vacant and Undeveloped Land A 62 185.26 1

Tule Creek 3.702611 9101 Vacant and Undeveloped Land A 62 229.56 1

Tule Creek 3.813949 9101 Vacant and Undeveloped Land A 62 236.46 1

Tule Creek 4.302466 9101 Vacant and Undeveloped Land A 62 266.75 1

Tule Creek 4.632554 9101 Vacant and Undeveloped Land A 62 287.22 1

Tule Creek 4.742464 9101 Vacant and Undeveloped Land A 62 294.03 1

Tule Creek 4.95382 9101 Vacant and Undeveloped Land A 62 307.14 1

Tule Creek 5.398374 9101 Vacant and Undeveloped Land A 62 334.70 1

Tule Creek 5.950607 9101 Vacant and Undeveloped Land A 62 368.94 1

Tule Creek 6.035894 9101 Vacant and Undeveloped Land A 62 374.23 1

Tule Creek 7.552085 9101 Vacant and Undeveloped Land A 62 468.23 1

Tule Creek 7.770147 9101 Vacant and Undeveloped Land A 62 481.75 1

Tule Creek 8.015163 9101 Vacant and Undeveloped Land A 62 496.94 1

Tule Creek 8.178444 9101 Vacant and Undeveloped Land A 62 507.06 1

Tule Creek 9.503046 9101 Vacant and Undeveloped Land A 62 589.19 1

Tule Creek 10.1615 9101 Vacant and Undeveloped Land A 62 630.01 1

Tule Creek 11.43993 9101 Vacant and Undeveloped Land A 62 709.28 1

Tule Creek 13.19961 9101 Vacant and Undeveloped Land A 62 818.38 1

Tule Creek 17.14286 9101 Vacant and Undeveloped Land A 62 1062.86 1

Tule Creek 18.15904 9101 Vacant and Undeveloped Land A 62 1125.86 1

Tule Creek 22.94393 9101 Vacant and Undeveloped Land A 62 1422.52 1

Tule Creek 26.10498 9101 Vacant and Undeveloped Land A 62 1618.51 1Tule Creek 26.10498 9101 Vacant and Undeveloped Land A 62 1618.51 1

Tule Creek 26.53566 9101 Vacant and Undeveloped Land A 62 1645.21 1

Tule Creek 28.71079 9101 Vacant and Undeveloped Land A 62 1780.07 1

Tule Creek 31.26606 9101 Vacant and Undeveloped Land A 62 1938.50 1

Tule Creek 33.11955 9101 Vacant and Undeveloped Land A 62 2053.41 1

Tule Creek 33.25553 9101 Vacant and Undeveloped Land A 62 2061.84 1

Tule Creek 45.79989 9101 Vacant and Undeveloped Land A 62 2839.59 1

Tule Creek 59.79589 9101 Vacant and Undeveloped Land A 62 3707.34 1

Tule Creek 77.01624 9101 Vacant and Undeveloped Land A 62 4775.01 1

Tule Creek 144.7928 9101 Vacant and Undeveloped Land A 62 8977.16 1

Tule Creek 175.1536 9101 Vacant and Undeveloped Land A 62 10859.52 1

Tule Creek 193.7297 9101 Vacant and Undeveloped Land A 62 12011.24 1

Tule Creek 0.123272 9101 Vacant and Undeveloped Land B 76 9.37 2

Tule Creek 0.126067 9101 Vacant and Undeveloped Land B 76 9.58 2

Tule Creek 0.259348 9101 Vacant and Undeveloped Land B 76 19.71 2

Tule Creek 0.439751 9101 Vacant and Undeveloped Land B 76 33.42 2

Tule Creek 0.488141 9101 Vacant and Undeveloped Land B 76 37.10 2

Tule Creek 0.555569 9101 Vacant and Undeveloped Land B 76 42.22 2

Tule Creek 1.046957 9101 Vacant and Undeveloped Land B 76 79.57 2

Tule Creek 1.506574 9101 Vacant and Undeveloped Land B 76 114.50 2

Tule Creek 1.800695 9101 Vacant and Undeveloped Land B 76 136.85 2

Tule Creek 1.872557 9101 Vacant and Undeveloped Land B 76 142.31 2

Tule Creek 2.28992 9101 Vacant and Undeveloped Land B 76 174.03 2

Tule Creek 2.524843 9101 Vacant and Undeveloped Land B 76 191.89 2

Tule Creek 2.675733 9101 Vacant and Undeveloped Land B 76 203.36 2

Tule Creek 2.678534 9101 Vacant and Undeveloped Land B 76 203.57 2

Tule Creek 2.955549 9101 Vacant and Undeveloped Land B 76 224.62 2

Tule Creek 3.082261 9101 Vacant and Undeveloped Land B 76 234.25 2
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Land Use 

Code Land Use Description Description
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Impervious MUSYM HydSoilGrp CN CN*A Soil Group

Land Use Soils CN

Tule Creek 3.08555 9101 Vacant and Undeveloped Land B 76 234.50 2

Tule Creek 3.132324 9101 Vacant and Undeveloped Land B 76 238.06 2

Tule Creek 4.209174 9101 Vacant and Undeveloped Land B 76 319.90 2

Tule Creek 4.540735 9101 Vacant and Undeveloped Land B 76 345.10 2

Tule Creek 5.008135 9101 Vacant and Undeveloped Land B 76 380.62 2

Tule Creek 5.032916 9101 Vacant and Undeveloped Land B 76 382.50 2

Tule Creek 5.716538 9101 Vacant and Undeveloped Land B 76 434.46 2

Tule Creek 6.641984 9101 Vacant and Undeveloped Land B 76 504.79 2

Tule Creek 6.663339 9101 Vacant and Undeveloped Land B 76 506.41 2

Tule Creek 6.765094 9101 Vacant and Undeveloped Land B 76 514.15 2

Tule Creek 7.185992 9101 Vacant and Undeveloped Land B 76 546.14 2

Tule Creek 7.274901 9101 Vacant and Undeveloped Land B 76 552.89 2

Tule Creek 8.068191 9101 Vacant and Undeveloped Land B 76 613.18 2

Tule Creek 8.186121 9101 Vacant and Undeveloped Land B 76 622.15 2

Tule Creek 8.987016 9101 Vacant and Undeveloped Land B 76 683.01 2

Tule Creek 9.612152 9101 Vacant and Undeveloped Land B 76 730.52 2

Tule Creek 11.87059 9101 Vacant and Undeveloped Land B 76 902.17 2

Tule Creek 12.81692 9101 Vacant and Undeveloped Land B 76 974.09 2

Tule Creek 13.56025 9101 Vacant and Undeveloped Land B 76 1030.58 2

Tule Creek 14.1667 9101 Vacant and Undeveloped Land B 76 1076.67 2

Tule Creek 14.51726 9101 Vacant and Undeveloped Land B 76 1103.31 2

Tule Creek 15.05544 9101 Vacant and Undeveloped Land B 76 1144.21 2

Tule Creek 19.61081 9101 Vacant and Undeveloped Land B 76 1490.42 2

Tule Creek 21.16084 9101 Vacant and Undeveloped Land B 76 1608.22 2

Tule Creek 21.31978 9101 Vacant and Undeveloped Land B 76 1620.30 2

Tule Creek 21.32974 9101 Vacant and Undeveloped Land B 76 1621.06 2

Tule Creek 22.34473 9101 Vacant and Undeveloped Land B 76 1698.20 2

Tule Creek 23.62745 9101 Vacant and Undeveloped Land B 76 1795.69 2

Tule Creek 23.78879 9101 Vacant and Undeveloped Land B 76 1807.95 2

Tule Creek 23.8163 9101 Vacant and Undeveloped Land B 76 1810.04 2Tule Creek 23.8163 9101 Vacant and Undeveloped Land B 76 1810.04 2

Tule Creek 28.61306 9101 Vacant and Undeveloped Land B 76 2174.59 2

Tule Creek 32.99727 9101 Vacant and Undeveloped Land B 76 2507.79 2

Tule Creek 35.74483 9101 Vacant and Undeveloped Land B 76 2716.61 2

Tule Creek 38.10636 9101 Vacant and Undeveloped Land B 76 2896.08 2

Tule Creek 44.96019 9101 Vacant and Undeveloped Land B 76 3416.97 2

Tule Creek 52.76313 9101 Vacant and Undeveloped Land B 76 4010.00 2

Tule Creek 53.25099 9101 Vacant and Undeveloped Land B 76 4047.08 2

Tule Creek 55.98927 9101 Vacant and Undeveloped Land B 76 4255.18 2

Tule Creek 57.37018 9101 Vacant and Undeveloped Land B 76 4360.13 2

Tule Creek 58.2552 9101 Vacant and Undeveloped Land B 76 4427.40 2

Tule Creek 59.81501 9101 Vacant and Undeveloped Land B 76 4545.94 2

Tule Creek 60.3311 9101 Vacant and Undeveloped Land B 76 4585.16 2

Tule Creek 60.9375 9101 Vacant and Undeveloped Land B 76 4631.25 2

Tule Creek 79.18654 9101 Vacant and Undeveloped Land B 76 6018.18 2

Tule Creek 80.80081 9101 Vacant and Undeveloped Land B 76 6140.86 2

Tule Creek 94.08736 9101 Vacant and Undeveloped Land B 76 7150.64 2

Tule Creek 95.02456 9101 Vacant and Undeveloped Land B 76 7221.87 2

Tule Creek 108.8181 9101 Vacant and Undeveloped Land B 76 8270.18 2

Tule Creek 138.4778 9101 Vacant and Undeveloped Land B 76 10524.31 2

Tule Creek 173.0043 9101 Vacant and Undeveloped Land B 76 13148.33 2

Tule Creek 174.746 9101 Vacant and Undeveloped Land B 76 13280.70 2

Tule Creek 193.3544 9101 Vacant and Undeveloped Land B 76 14694.94 2

Tule Creek 195.5124 9101 Vacant and Undeveloped Land B 76 14858.94 2

Tule Creek 200.1965 9101 Vacant and Undeveloped Land B 76 15214.93 2

Tule Creek 336.0086 9101 Vacant and Undeveloped Land B 76 25536.66 2

Tule Creek 340.4604 9101 Vacant and Undeveloped Land B 76 25874.99 2

Tule Creek 362.0771 9101 Vacant and Undeveloped Land B 76 27517.86 2
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Tule Creek 414.3862 9101 Vacant and Undeveloped Land B 76 31493.35 2

Tule Creek 845.9782 9101 Vacant and Undeveloped Land B 76 64294.34 2

Tule Creek 873.8039 9101 Vacant and Undeveloped Land B 76 66409.10 2

Tule Creek 0.823878 9101 Vacant and Undeveloped Land C 84 69.21 3

Tule Creek 1.108125 9101 Vacant and Undeveloped Land C 84 93.08 3

Tule Creek 1.819944 9101 Vacant and Undeveloped Land C 84 152.88 3

Tule Creek 2.382064 9101 Vacant and Undeveloped Land C 84 200.09 3

Tule Creek 10.95875 9101 Vacant and Undeveloped Land C 84 920.53 3

Tule Creek 12.70656 9101 Vacant and Undeveloped Land C 84 1067.35 3

Tule Creek 24.71978 9101 Vacant and Undeveloped Land C 84 2076.46 3

Tule Creek 35.63375 9101 Vacant and Undeveloped Land C 84 2993.24 3

Tule Creek 46.83882 9101 Vacant and Undeveloped Land C 84 3934.46 3

Tule Creek 59.2223 9101 Vacant and Undeveloped Land C 84 4974.67 3

Tule Creek 141.554 9101 Vacant and Undeveloped Land C 84 11890.54 3

Tule Creek 1.754196 9101 Vacant and Undeveloped Land D 88 154.37 4

Tule Creek 2.768979 9101 Vacant and Undeveloped Land D 88 243.67 4

Tule Creek 3.07489 9101 Vacant and Undeveloped Land D 88 270.59 4

Tule Creek 4.559222 9101 Vacant and Undeveloped Land D 88 401.21 4

Tule Creek 5.128395 9101 Vacant and Undeveloped Land D 88 451.30 4

Tule Creek 5.392338 9101 Vacant and Undeveloped Land D 88 474.53 4

Tule Creek 6.6423 9101 Vacant and Undeveloped Land D 88 584.52 4

Tule Creek 8.121478 9101 Vacant and Undeveloped Land D 88 714.69 4

Tule Creek 8.617818 9101 Vacant and Undeveloped Land D 88 758.37 4

Tule Creek 12.56787 9101 Vacant and Undeveloped Land D 88 1105.97 4

Tule Creek 12.98788 9101 Vacant and Undeveloped Land D 88 1142.93 4

Tule Creek 13.49973 9101 Vacant and Undeveloped Land D 88 1187.98 4

Tule Creek 18.14519 9101 Vacant and Undeveloped Land D 88 1596.78 4

Tule Creek 18.82047 9101 Vacant and Undeveloped Land D 88 1656.20 4

Tule Creek 36.71697 9101 Vacant and Undeveloped Land D 88 3231.09 4

Tule Creek 37.72841 9101 Vacant and Undeveloped Land D 88 3320.10 4Tule Creek 37.72841 9101 Vacant and Undeveloped Land D 88 3320.10 4

Tule Creek 46.89635 9101 Vacant and Undeveloped Land D 88 4126.88 4

Tule Creek 64.35243 9101 Vacant and Undeveloped Land D 88 5663.01 4

Tule Creek 79.68585 9101 Vacant and Undeveloped Land D 88 7012.35 4

Tule Creek 107.7435 9101 Vacant and Undeveloped Land D 88 9481.42 4
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Subject: Drainage Report
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Unnamed Eastern Wash Existing Curve Number

Name Acres

Land Use 

Code Land Use Description Description

Percent 

Impervious MUSYM HydSoilGrp CN CN*A Soil Group

734 80 58551 2.7

24.41651 7603 Open Space Park or Preserve A 62 1513.82 1

0.004429 7603 Open Space Park or Preserve B 76 0.34 2

353.202 7603 Open Space Park or Preserve B 76 26843.35 2

0.020961 7603 Open Space Park or Preserve D 88 1.84 4

0.354483 7603 Open Space Park or Preserve D 88 31.19 4

14.22936 7603 Open Space Park or Preserve D 88 1252.18 4

120.2331 7603 Open Space Park or Preserve D 88 10580.52 4

100.4407 9101 Vacant and Undeveloped Land B 76 7633.49 2

0.003492 9101 Vacant and Undeveloped Land D 88 0.31 4

25.58334 9101 Vacant and Undeveloped Land D 88 2251.33 4

95.94275 9101 Vacant and Undeveloped Land D 88 8442.96 4

Land Use Soils CN

Unnamed 

Eastern Wash
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Tule100yr6hr.out

U N I T  H Y D R O G R A P H  A N A L Y S I S 

Copyright (c) CIVILCADD/CIVILDESIGN, 1990 - 2004, Version 7.0

Study date  08/30/10  File: tule100yr6hr.out

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

Program License Serial Number 4055

---------------------------------------------------------------------
Tule Wind Project
Tule Creek
Existing 100 Year 6 Hour
Aug 25, 2010
---------------------------------------------------------------------
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

Storm Event Year = 100

Antecedent Moisture Condition = 2

 English (in-lb) Input Units Used

 English Rainfall Data (Inches) Input Values Used

Area averaged rainfall isohyetal data:
Sub-Area(Ac.)       Rainfall (In)
 18250.00             3.36

Rainfall Distribution pattern used in study:
Type B for SCS (small dam) or San Diego 6 hour storms 
--------------------------------------------------------------------
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

********* Area-Averaged SCS Curve Number and Fm *********

Area       Area          SCS CN    SCS CN    Fm      Soil
(Ac.)      fract         (AMC2)    (AMC2)   (In/Hr)  Group
 18250.00   1.000         82.0      82.0     0.050    B

Area-averaged catchment SCS Curve Number AMC(2) = 81.960
Area-averaged Fm value using values listed =  0.050(In/Hr)
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Direct entry of lag time by user
Watershed area =   18250.00(Ac.)
Catchment Lag time =   1.700 hours
Unit interval =  15.000 minutes
Unit interval percentage of lag time = 14.7059
Hydrograph baseflow =     0.00(CFS)
Minimum watershed loss rate(Fm) =  0.000(In/Hr)
Average adjusted SCS Curve Number = 81.960

Rainfall depth area reduction factors:
Using a total area of   18250.00(Ac.) (Ref: SCS Sup A, Sec.4)

Pacific Coastal Climate ratio used
Areal factor ratio (rainfall reduction) = 0.974
Rainfall entered for study =    3.360(In)
Adjusted rainfall =    3.272(In)
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+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

   The following unit hydrograph was developed using an S-Graph
   interpolated by time percentage of lag time vs. percentage of peak flow.
   The S-Graphs for Valley, Foothill, and Mountain were developed by the
   U.S. Army Corps of Engineers for use in the respective type of
   basins located in Southern California. (Hydrology San Gabrial River ...
   U.S. Engineer Office, Dec 1944, revised Jul 1946) The Desert S-Graph is
   from Report ... on ... Tahquitz Creek, California, same U.S. offfice,
   Corps of Engineers, June 1963.  The Valley Developed S-Graph is used
   by Orange and San Bernardino counties in California to represent the
   characteristics of valley areas with a large amount of development.
   Because of the wide variety in topography in Southern California, these
   synthetic unit hydrographs were included for use as options in any
   geographic location.

   The SCS(Soil Conservation Service Dimensionless S-Graph, SCS handbook,
   of 1972, applies to a broad cross section of geographic locations and
   hydrologic regions.

   The User Defined hydrograph converts the user Q/Qp
   vs. T/Tp values into an S-Graph based on lag = Tp/0.9.  Then, for the
   lag time used, the S-Graph in interpolated in time % of lag.

   The following S-Graph or S-Graph combination is used in this study:

SAN DIEGO CO. HYDROGRAPH

San Deigo Co. Unit Hydrograph Data (III-A-2):
using a constant T/Tp step interval =   0.200

     t/tp          q/qp            Sum q/qp

      0.000          0.000          0.000
      0.200          0.030          0.000
      0.400          0.090          0.030
      0.600          0.230          0.120
      0.800          0.700          0.350
      1.000          1.000          1.050
      1.200          0.850          2.050
      1.400          0.530          2.900
      1.600          0.410          3.430
      1.800          0.300          3.840
      2.000          0.230          4.140
      2.200          0.180          4.370
      2.400          0.140          4.550
      2.600          0.110          4.690
      2.800          0.080          4.800
      3.000          0.060          4.880
      3.200          0.040          4.940
      3.400          0.030          4.980
      3.600          0.010          5.010
      3.800          0.000          5.020

U N I T  H Y D R O G R A P H 
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Time Ratio   Time     Discharge          Q     Mass Curve
  (t/Lag)     (hrs)     Ratios         (CFS)     Ratios
                        (Q/Qp)                  (Qa/Q)
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Tule100yr6hr.out
(K =     73608.33 (CFS))

---------------------------------------------------------------------
  0.15         0.250       0.016       179.694     0.002
  0.29         0.500       0.051       575.802     0.010
  0.44         0.750       0.117      1315.646     0.028
  0.59         1.000       0.256      2889.871     0.067
  0.74         1.250       0.632      7133.846     0.164
  0.88         1.500       0.934     10536.976     0.307
  1.03         1.750       1.000     11283.813     0.461
  1.18         2.000       0.830      9370.747     0.588
  1.32         2.250       0.571      6441.859     0.676
  1.47         2.500       0.453      5115.019     0.745
  1.62         2.750       0.355      4007.166     0.800
  1.76         3.000       0.283      3187.900     0.843
  1.91         3.250       0.229      2582.427     0.878
  2.06         3.500       0.187      2104.743     0.906
  2.21         3.750       0.152      1711.233     0.930
  2.35         4.000       0.124      1401.420     0.949
  2.50         4.250       0.098      1107.826     0.964
  2.65         4.500       0.077       868.940     0.976
  2.79         4.750       0.060       671.923     0.985
  2.94         5.000       0.043       484.343     0.991
  3.09         5.250       0.033       375.400     0.996
  3.24         5.500       0.018       198.006     0.999
  3.38         5.750       0.006        63.670     1.000
  3.53         6.000       0.000         0.061     1.000
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

   For each time interval of the 6 or 24 hour storm, the total rainfall
   up to that storm time is calculated.  Then the Soil Conservation Service
   SCS (report 1972, 1975) area averaged Curve Number (CN) is used to
   determine the amount of direct runoff in (In) using the following
   equations:

                 (P - Ia)^2
    Q   =     ---------------
                 P - Ia + S

       Where:
   Q = direct runoff, P = depth of precipitation, Ia = Initial Abstraction
   and S is the watershed storage in inches.  S and Ia are given by the
   following equations:

               1000
     S   =   ------------  - 10     and     Ia = 0.2 S
                CN

   Note:  If Metric (SI) Units are used, rainfall data is converted by
          the program internally into inches for these calculations.

   Note:  In the following printout, the revised runoff column is only
          used when the minimum soil loss rate, fm, exceeds the normal
          loss rate of delta P(dP) - delta Q(dQ) then the dP-dQ column
          equals fm =   0.000(In) (for time interval =   0.000(In)) and the
          revised runoff is shown in the last column.

---------------------------------------------------------------------
Time     Total     Total SCS  Rainfall  Runoff   Infiltr-  Revised
Period   Rainfall  Runoff     Amount    Amount    ation    Runoff Min
(hours)   (In)      (In)       (In)      (In)      (In)    Loss Rate
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           P        Q          dP        dQ       dP-dQ
-----------------------------------------------------------------------
  0.25   0.0573    0.0000    0.0573    0.0000    0.0573 --------
  0.50   0.1145    0.0000    0.0573    0.0000    0.0573 --------
  0.75   0.1914    0.0000    0.0769    0.0000    0.0769 --------
  1.00   0.2683    0.0000    0.0769    0.0000    0.0769 --------
  1.25   0.3632    0.0000    0.0949    0.0000    0.0949 --------
  1.50   0.4581    0.0001    0.0949    0.0001    0.0948 --------
  1.75   0.6054    0.0115    0.1473    0.0114    0.1359 --------
  2.00   0.7527    0.0388    0.1473    0.0273    0.1200 --------
  2.25   1.3580    0.2701    0.6054    0.2313    0.3741 --------
  2.50   1.9634    0.6230    0.6054    0.3529    0.2525 --------
  2.75   2.1271    0.7319    0.1636    0.1089    0.0547 --------
  3.00   2.2907    0.8452    0.1636    0.1133    0.0503 --------
  3.25   2.4232    0.9398    0.1325    0.0947    0.0379 --------
  3.50   2.5557    1.0368    0.1325    0.0970    0.0356 --------
  3.75   2.6441    1.1026    0.0884    0.0658    0.0225 --------
  4.00   2.7325    1.1694    0.0884    0.0667    0.0216 --------
  4.25   2.8061    1.2256    0.0736    0.0562    0.0174 --------
  4.50   2.8797    1.2824    0.0736    0.0568    0.0168 --------
  4.75   2.9501    1.3372    0.0704    0.0548    0.0156 --------
  5.00   3.0204    1.3924    0.0704    0.0552    0.0151 --------
  5.25   3.0810    1.4403    0.0605    0.0479    0.0127 --------
  5.50   3.1415    1.4885    0.0605    0.0482    0.0124 --------
  5.75   3.2070    1.5409    0.0654    0.0524    0.0130 --------
  6.00   3.2724    1.5937    0.0654    0.0528    0.0127 --------
--------------------------------------------------------------------
--------------------------------------------------------------------
Total soil rain loss =      1.68(In)
Total effective runoff =      1.59(In)
---------------------------------------------------------------------
Peak flow rate this hydrograph =        8790.33(CFS)
Total runoff volume this hydrograph =      105575794.9(Ft3)
---------------------------------------------------------------------
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
                    6 - H O U R    S T O R M
               R u n o f f      H y d r o g r a p h
--------------------------------------------------------------------
            Hydrograph in  15   Minute intervals ((CFS))

--------------------------------------------------------------------
  Time(h+m) Volume Ac.Ft   Q(CFS)  0     2200.0    4400.0    6600.0    8800.0
  -----------------------------------------------------------------------
    0+15       0.0000      0.00  Q         |         |         |         | 
    0+30       0.0000      0.00  Q         |         |         |         | 
    0+45       0.0000      0.00  Q         |         |         |         | 
    1+ 0       0.0000      0.00  Q         |         |         |         | 
    1+15       0.0000      0.00  Q         |         |         |         | 
    1+30       0.0005      0.03  Q         |         |         |         | 
    1+45       0.0445      2.13  Q         |         |         |         | 
    2+ 0       0.2853     11.65  Q         |         |         |         | 
    2+15       1.7869     72.68  Q         |         |         |         | 
    2+30       7.2918    266.44  VQ        |         |         |         | 
    2+45      21.5208    688.68  V  Q      |         |         |         | 
    3+ 0      53.1750   1532.06  V     Q   |         |         |         | 
    3+15     121.6185   3312.66  | V       |    Q    |         |         | 
    3+30     243.6367   5905.68  |   V     |         |     Q   |         | 
    3+45     407.9811   7954.27  |     V   |         |         |     Q   | 
    4+ 0     589.5995   8790.33  |        V|         |         |        Q| 
    4+15     765.1249   8495.43  |           V       |         |       Q | 
    4+30     928.5726   7910.87  |         |    V    |         |    Q    | 
    4+45    1083.1311   7480.63  |         |      V  |         |   Q     | 
    5+ 0    1226.9882   6962.68  |         |         V         |Q        | 
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    5+15    1360.4103   6457.63  |         |           V      Q|         | 
    5+30    1484.4980   6005.84  |         |         |   V  Q  |         | 
    5+45    1601.0315   5640.22  |         |         |    QV   |         | 
    6+ 0    1711.1007   5327.35  |         |         |   Q   V |         | 
    6+15    1815.2382   5040.26  |         |         | Q      V|         | 
    6+30    1913.3419   4748.22  |         |         |Q         V        | 
    6+45    2005.6635   4468.36  |         |         Q         |  V      | 
    7+ 0    2091.5144   4155.19  |         |       Q |         |   V     | 
    7+15    2167.2394   3665.09  |         |     Q   |         |    V    | 
    7+30    2229.3862   3007.91  |         |  Q      |         |     V   | 
    7+45    2276.8745   2298.43  |         Q         |         |      V  | 
    8+ 0    2312.3371   1716.39  |      Q  |         |         |       V | 
    8+15    2339.6758   1323.19  |     Q   |         |         |       V | 
    8+30    2360.8722   1025.91  |   Q     |         |         |       V | 
    8+45    2377.2859    794.42  |  Q      |         |         |        V| 
    9+ 0    2389.9841    614.59  | Q       |         |         |        V| 
    9+15    2399.7394    472.15  | Q       |         |         |        V| 
    9+30    2407.1586    359.09  |Q        |         |         |        V| 
    9+45    2412.6999    268.20  |Q        |         |         |        V| 
   10+ 0    2416.7241    194.77  Q         |         |         |        V| 
   10+15    2419.5508    136.81  Q         |         |         |        V| 
   10+30    2421.4502     91.93  Q         |         |         |        V| 
   10+45    2422.6451     57.83  Q         |         |         |        V| 
   11+ 0    2423.3323     33.26  Q         |         |         |        V| 
   11+15    2423.6172     13.79  Q         |         |         |        V| 
   11+30    2423.6867      3.36  Q         |         |         |        V| 
   11+45    2423.6868      0.00  Q         |         |         |         V 
-----------------------------------------------------------------------
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U N I T  H Y D R O G R A P H  A N A L Y S I S 

Copyright (c) CIVILCADD/CIVILDESIGN, 1990 - 2004, Version 7.0

Study date  08/30/10  File: tule100yr24hr.out

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

Program License Serial Number 4055

---------------------------------------------------------------------
Tule Wind Project
Tule Creek
Existing 100 Year 24 Hour
Aug 25, 2010
---------------------------------------------------------------------
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

Storm Event Year = 100

Antecedent Moisture Condition = 2

 English (in-lb) Input Units Used

 English Rainfall Data (Inches) Input Values Used

Area averaged rainfall isohyetal data:
Sub-Area(Ac.)       Rainfall (In)
 18250.00             6.41

Rainfall Distribution pattern used in study:
Type B for San Diego area of California
--------------------------------------------------------------------
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

********* Area-Averaged SCS Curve Number and Fm *********

Area       Area          SCS CN    SCS CN    Fm      Soil
(Ac.)      fract         (AMC2)    (AMC2)   (In/Hr)  Group
 18250.00   1.000         82.0      82.0     0.050    B

Area-averaged catchment SCS Curve Number AMC(2) = 81.960
Area-averaged Fm value using values listed =  0.050(In/Hr)
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Direct entry of lag time by user
Watershed area =   18250.00(Ac.)
Catchment Lag time =   1.700 hours
Unit interval =  15.000 minutes
Unit interval percentage of lag time = 14.7059
Hydrograph baseflow =     0.00(CFS)
Minimum watershed loss rate(Fm) =  0.000(In/Hr)
Average adjusted SCS Curve Number = 81.960

Rainfall depth area reduction factors:
Using a total area of   18250.00(Ac.) (Ref: SCS Sup A, Sec.4)

Pacific Coastal Climate ratio used
Areal factor ratio (rainfall reduction) = 0.974
Rainfall entered for study =    6.410(In)
Adjusted rainfall =    6.243(In)
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+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

   The following unit hydrograph was developed using an S-Graph
   interpolated by time percentage of lag time vs. percentage of peak flow.
   The S-Graphs for Valley, Foothill, and Mountain were developed by the
   U.S. Army Corps of Engineers for use in the respective type of
   basins located in Southern California. (Hydrology San Gabrial River ...
   U.S. Engineer Office, Dec 1944, revised Jul 1946) The Desert S-Graph is
   from Report ... on ... Tahquitz Creek, California, same U.S. offfice,
   Corps of Engineers, June 1963.  The Valley Developed S-Graph is used
   by Orange and San Bernardino counties in California to represent the
   characteristics of valley areas with a large amount of development.
   Because of the wide variety in topography in Southern California, these
   synthetic unit hydrographs were included for use as options in any
   geographic location.

   The SCS(Soil Conservation Service Dimensionless S-Graph, SCS handbook,
   of 1972, applies to a broad cross section of geographic locations and
   hydrologic regions.

   The User Defined hydrograph converts the user Q/Qp
   vs. T/Tp values into an S-Graph based on lag = Tp/0.9.  Then, for the
   lag time used, the S-Graph in interpolated in time % of lag.

   The following S-Graph or S-Graph combination is used in this study:

SAN DIEGO CO. HYDROGRAPH

San Deigo Co. Unit Hydrograph Data (III-A-2):
using a constant T/Tp step interval =   0.200

     t/tp          q/qp            Sum q/qp

      0.000          0.000          0.000
      0.200          0.030          0.000
      0.400          0.090          0.030
      0.600          0.230          0.120
      0.800          0.700          0.350
      1.000          1.000          1.050
      1.200          0.850          2.050
      1.400          0.530          2.900
      1.600          0.410          3.430
      1.800          0.300          3.840
      2.000          0.230          4.140
      2.200          0.180          4.370
      2.400          0.140          4.550
      2.600          0.110          4.690
      2.800          0.080          4.800
      3.000          0.060          4.880
      3.200          0.040          4.940
      3.400          0.030          4.980
      3.600          0.010          5.010
      3.800          0.000          5.020

U N I T  H Y D R O G R A P H 
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Time Ratio   Time     Discharge          Q     Mass Curve
  (t/Lag)     (hrs)     Ratios         (CFS)     Ratios
                        (Q/Qp)                  (Qa/Q)
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(K =     73608.33 (CFS))

---------------------------------------------------------------------
  0.15         0.250       0.016       179.694     0.002
  0.29         0.500       0.051       575.802     0.010
  0.44         0.750       0.117      1315.646     0.028
  0.59         1.000       0.256      2889.871     0.067
  0.74         1.250       0.632      7133.846     0.164
  0.88         1.500       0.934     10536.976     0.307
  1.03         1.750       1.000     11283.813     0.461
  1.18         2.000       0.830      9370.747     0.588
  1.32         2.250       0.571      6441.859     0.676
  1.47         2.500       0.453      5115.019     0.745
  1.62         2.750       0.355      4007.166     0.800
  1.76         3.000       0.283      3187.900     0.843
  1.91         3.250       0.229      2582.427     0.878
  2.06         3.500       0.187      2104.743     0.906
  2.21         3.750       0.152      1711.233     0.930
  2.35         4.000       0.124      1401.420     0.949
  2.50         4.250       0.098      1107.826     0.964
  2.65         4.500       0.077       868.940     0.976
  2.79         4.750       0.060       671.923     0.985
  2.94         5.000       0.043       484.343     0.991
  3.09         5.250       0.033       375.400     0.996
  3.24         5.500       0.018       198.006     0.999
  3.38         5.750       0.006        63.670     1.000
  3.53         6.000       0.000         0.061     1.000
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

   For each time interval of the 6 or 24 hour storm, the total rainfall
   up to that storm time is calculated.  Then the Soil Conservation Service
   SCS (report 1972, 1975) area averaged Curve Number (CN) is used to
   determine the amount of direct runoff in (In) using the following
   equations:

                 (P - Ia)^2
    Q   =     ---------------
                 P - Ia + S

       Where:
   Q = direct runoff, P = depth of precipitation, Ia = Initial Abstraction
   and S is the watershed storage in inches.  S and Ia are given by the
   following equations:

               1000
     S   =   ------------  - 10     and     Ia = 0.2 S
                CN

   Note:  If Metric (SI) Units are used, rainfall data is converted by
          the program internally into inches for these calculations.

   Note:  In the following printout, the revised runoff column is only
          used when the minimum soil loss rate, fm, exceeds the normal
          loss rate of delta P(dP) - delta Q(dQ) then the dP-dQ column
          equals fm =   0.000(In) (for time interval =   0.000(In)) and the
          revised runoff is shown in the last column.

---------------------------------------------------------------------
Time     Total     Total SCS  Rainfall  Runoff   Infiltr-  Revised
Period   Rainfall  Runoff     Amount    Amount    ation    Runoff Min
(hours)   (In)      (In)       (In)      (In)      (In)    Loss Rate
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           P        Q          dP        dQ       dP-dQ
-----------------------------------------------------------------------
  0.25   0.0281    0.0000    0.0281    0.0000    0.0281 --------
  0.50   0.0562    0.0000    0.0281    0.0000    0.0281 --------
  0.75   0.0780    0.0000    0.0219    0.0000    0.0219 --------
  1.00   0.0999    0.0000    0.0219    0.0000    0.0219 --------
  1.25   0.1280    0.0000    0.0281    0.0000    0.0281 --------
  1.50   0.1561    0.0000    0.0281    0.0000    0.0281 --------
  1.75   0.1842    0.0000    0.0281    0.0000    0.0281 --------
  2.00   0.2123    0.0000    0.0281    0.0000    0.0281 --------
  2.25   0.2466    0.0000    0.0343    0.0000    0.0343 --------
  2.50   0.2809    0.0000    0.0343    0.0000    0.0343 --------
  2.75   0.3090    0.0000    0.0281    0.0000    0.0281 --------
  3.00   0.3371    0.0000    0.0281    0.0000    0.0281 --------
  3.25   0.3715    0.0000    0.0343    0.0000    0.0343 --------
  3.50   0.4058    0.0000    0.0343    0.0000    0.0343 --------
  3.75   0.4432    0.0000    0.0375    0.0000    0.0375 --------
  4.00   0.4807    0.0007    0.0375    0.0007    0.0367 --------
  4.25   0.5213    0.0029    0.0406    0.0021    0.0384 --------
  4.50   0.5619    0.0064    0.0406    0.0035    0.0371 --------
  4.75   0.6056    0.0116    0.0437    0.0052    0.0385 --------
  5.00   0.6493    0.0181    0.0437    0.0066    0.0371 --------
  5.25   0.6992    0.0273    0.0499    0.0091    0.0408 --------
  5.50   0.7491    0.0380    0.0499    0.0108    0.0392 --------
  5.75   0.8022    0.0511    0.0531    0.0131    0.0400 --------
  6.00   0.8553    0.0659    0.0531    0.0147    0.0383 --------
  6.25   0.9177    0.0851    0.0624    0.0193    0.0432 --------
  6.50   0.9801    0.1064    0.0624    0.0212    0.0412 --------
  6.75   1.0519    0.1330    0.0718    0.0267    0.0451 --------
  7.00   1.1237    0.1620    0.0718    0.0289    0.0429 --------
  7.25   1.2174    0.2028    0.0936    0.0408    0.0528 --------
  7.50   1.3110    0.2468    0.0936    0.0441    0.0496 --------
  7.75   1.4515    0.3183    0.1405    0.0715    0.0690 --------
  8.00   1.5919    0.3956    0.1405    0.0773    0.0632 --------
  8.25   1.8011    0.5199    0.2091    0.1243    0.0848 --------
  8.50   2.0102    0.6536    0.2091    0.1337    0.0754 --------
  8.75   2.2849    0.8411    0.2747    0.1875    0.0872 --------
  9.00   2.5596    1.0396    0.2747    0.1986    0.0761 --------
  9.25   2.8592    1.2666    0.2997    0.2269    0.0727 --------
  9.50   3.1589    1.5024    0.2997    0.2358    0.0639 --------
  9.75   3.4149    1.7096    0.2560    0.2073    0.0487 --------
 10.00   3.6708    1.9215    0.2560    0.2118    0.0441 --------
 10.25   3.7988    2.0289    0.1280    0.1074    0.0205 --------
 10.50   3.9268    2.1373    0.1280    0.1084    0.0196 --------
 10.75   4.0111    2.2091    0.0843    0.0718    0.0124 --------
 11.00   4.0953    2.2813    0.0843    0.0722    0.0121 --------
 11.25   4.1671    2.3431    0.0718    0.0618    0.0100 --------
 11.50   4.2389    2.4051    0.0718    0.0620    0.0098 --------
 11.75   4.3045    2.4619    0.0656    0.0568    0.0087 --------
 12.00   4.3700    2.5190    0.0656    0.0570    0.0085 --------
 12.25   4.4325    2.5734    0.0624    0.0545    0.0080 --------
 12.50   4.4949    2.6280    0.0624    0.0546    0.0078 --------
 12.75   4.5542    2.6801    0.0593    0.0520    0.0073 --------
 13.00   4.6135    2.7322    0.0593    0.0522    0.0071 --------
 13.25   4.6666    2.7790    0.0531    0.0468    0.0063 --------
 13.50   4.7196    2.8259    0.0531    0.0469    0.0062 --------
 13.75   4.7696    2.8701    0.0499    0.0442    0.0057 --------
 14.00   4.8195    2.9145    0.0499    0.0443    0.0056 --------
 14.25   4.8757    2.9644    0.0562    0.0500    0.0062 --------
 14.50   4.9319    3.0145    0.0562    0.0501    0.0061 --------
 14.75   4.9631    3.0423    0.0312    0.0279    0.0034 --------
 15.00   4.9943    3.0702    0.0312    0.0279    0.0033 --------
 15.25   5.0443    3.1149    0.0499    0.0447    0.0053 --------
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 15.50   5.0942    3.1596    0.0499    0.0448    0.0052 --------
 15.75   5.1410    3.2017    0.0468    0.0420    0.0048 --------
 16.00   5.1878    3.2438    0.0468    0.0421    0.0047 --------
 16.25   5.2315    3.2831    0.0437    0.0393    0.0044 --------
 16.50   5.2752    3.3225    0.0437    0.0394    0.0043 --------
 16.75   5.3221    3.3648    0.0468    0.0423    0.0046 --------
 17.00   5.3689    3.4071    0.0468    0.0423    0.0045 --------
 17.25   5.4063    3.4410    0.0375    0.0339    0.0036 --------
 17.50   5.4438    3.4750    0.0375    0.0339    0.0035 --------
 17.75   5.4844    3.5118    0.0406    0.0368    0.0038 --------
 18.00   5.5250    3.5486    0.0406    0.0369    0.0037 --------
 18.25   5.5562    3.5770    0.0312    0.0284    0.0028 --------
 18.50   5.5874    3.6054    0.0312    0.0284    0.0028 --------
 18.75   5.6186    3.6338    0.0312    0.0284    0.0028 --------
 19.00   5.6498    3.6623    0.0312    0.0284    0.0028 --------
 19.25   5.6779    3.6879    0.0281    0.0256    0.0025 --------
 19.50   5.7060    3.7135    0.0281    0.0256    0.0025 --------
 19.75   5.7372    3.7421    0.0312    0.0285    0.0027 --------
 20.00   5.7684    3.7706    0.0312    0.0285    0.0027 --------
 20.25   5.8028    3.8020    0.0343    0.0314    0.0029 --------
 20.50   5.8371    3.8334    0.0343    0.0314    0.0029 --------
 20.75   5.8683    3.8621    0.0312    0.0286    0.0026 --------
 21.00   5.8995    3.8907    0.0312    0.0286    0.0026 --------
 21.25   5.9276    3.9165    0.0281    0.0258    0.0023 --------
 21.50   5.9557    3.9423    0.0281    0.0258    0.0023 --------
 21.75   5.9838    3.9681    0.0281    0.0258    0.0023 --------
 22.00   6.0119    3.9939    0.0281    0.0258    0.0023 --------
 22.25   6.0400    4.0198    0.0281    0.0258    0.0022 --------
 22.50   6.0681    4.0456    0.0281    0.0259    0.0022 --------
 22.75   6.0962    4.0715    0.0281    0.0259    0.0022 --------
 23.00   6.1243    4.0974    0.0281    0.0259    0.0022 --------
 23.25   6.1555    4.1262    0.0312    0.0288    0.0024 --------
 23.50   6.1867    4.1550    0.0312    0.0288    0.0024 --------
 23.75   6.2148    4.1809    0.0281    0.0259    0.0021 --------
 24.00   6.2429    4.2069    0.0281    0.0260    0.0021 --------
--------------------------------------------------------------------
--------------------------------------------------------------------
Total soil rain loss =      2.04(In)
Total effective runoff =      4.21(In)
---------------------------------------------------------------------
Peak flow rate this hydrograph =       12729.94(CFS)
Total runoff volume this hydrograph =      278697131.9(Ft3)
---------------------------------------------------------------------
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
                    24 - H O U R    S T O R M
               R u n o f f      H y d r o g r a p h
--------------------------------------------------------------------
            Hydrograph in  15   Minute intervals ((CFS))

--------------------------------------------------------------------
  Time(h+m) Volume Ac.Ft   Q(CFS)  0     3200.0    6400.0    9600.0   12800.0
  -----------------------------------------------------------------------
    0+15       0.0000      0.00  Q         |         |         |         | 
    0+30       0.0000      0.00  Q         |         |         |         | 
    0+45       0.0000      0.00  Q         |         |         |         | 
    1+ 0       0.0000      0.00  Q         |         |         |         | 
    1+15       0.0000      0.00  Q         |         |         |         | 
    1+30       0.0000      0.00  Q         |         |         |         | 
    1+45       0.0000      0.00  Q         |         |         |         | 
    2+ 0       0.0000      0.00  Q         |         |         |         | 
    2+15       0.0000      0.00  Q         |         |         |         | 
    2+30       0.0000      0.00  Q         |         |         |         | 
    2+45       0.0000      0.00  Q         |         |         |         | 

Page 5



Tule100yr24hr.out
    3+ 0       0.0000      0.00  Q         |         |         |         | 
    3+15       0.0000      0.00  Q         |         |         |         | 
    3+30       0.0000      0.00  Q         |         |         |         | 
    3+45       0.0000      0.00  Q         |         |         |         | 
    4+ 0       0.0028      0.13  Q         |         |         |         | 
    4+15       0.0195      0.81  Q         |         |         |         | 
    4+30       0.0780      2.83  Q         |         |         |         | 
    4+45       0.2412      7.90  Q         |         |         |         | 
    5+ 0       0.6586     20.20  Q         |         |         |         | 
    5+15       1.5960     45.37  Q         |         |         |         | 
    5+30       3.3855     86.61  Q         |         |         |         | 
    5+45       6.3692    144.42  Q         |         |         |         | 
    6+ 0      10.8425    216.51  Q         |         |         |         | 
    6+15      17.1135    303.51  Q         |         |         |         | 
    6+30      25.4676    404.34  VQ        |         |         |         | 
    6+45      36.1834    518.64  VQ        |         |         |         | 
    7+ 0      49.5280    645.88  V Q       |         |         |         | 
    7+15      65.9163    793.20  V Q       |         |         |         | 
    7+30      85.8278    963.71  V  Q      |         |         |         | 
    7+45     109.9483   1167.43  V  Q      |         |         |         | 
    8+ 0     139.0896   1410.44  V   Q     |         |         |         | 
    8+15     174.7255   1724.78   V   Q    |         |         |         | 
    8+30     218.7898   2132.71  |V    Q   |         |         |         | 
    8+45     274.5783   2700.17  |V      Q |         |         |         | 
    9+ 0     345.7514   3444.78  | V       Q         |         |         | 
    9+15     437.3751   4434.59  | V       |  Q      |         |         | 
    9+30     553.9603   5642.72  |  V      |      Q  |         |         | 
    9+45     699.8940   7063.19  |   V     |         | Q       |         | 
   10+ 0     877.4999   8596.13  |    V    |         |     Q   |         | 
   10+15    1086.0227  10092.50  |     V   |         |         |Q        | 
   10+30    1321.8367  11413.40  |       V |         |         |    Q    | 
   10+45    1576.2290  12312.59  |        V|         |         |       Q | 
   11+ 0    1839.2444  12729.94  |          V        |         |        Q| 
   11+15    2096.2586  12439.49  |         |  V      |         |       Q | 
   11+30    2336.5239  11628.84  |         |   V     |         |     Q   | 
   11+45    2554.1326  10532.26  |         |    V    |         | Q       | 
   12+ 0    2748.8195   9422.85  |         |      V  |        Q|         | 
   12+15    2924.2585   8491.25  |         |       V |     Q   |         | 
   12+30    3082.8764   7677.11  |         |        V|  Q      |         | 
   12+45    3227.7878   7013.71  |         |         VQ        |         | 
   13+ 0    3360.9639   6445.72  |         |         QV        |         | 
   13+15    3484.2396   5966.54  |         |       Q |V        |         | 
   13+30    3598.8847   5548.82  |         |      Q  | V       |         | 
   13+45    3706.0344   5186.05  |         |     Q   |  V      |         | 
   14+ 0    3806.4028   4857.83  |         |    Q    |  V      |         | 
   14+15    3900.5737   4557.87  |         |   Q     |   V     |         | 
   14+30    3989.0939   4284.38  |         |  Q      |   V     |         | 
   14+45    4072.5711   4040.30  |         | Q       |    V    |         | 
   15+ 0    4151.8703   3838.08  |         |Q        |    V    |         | 
   15+15    4228.1148   3690.23  |         |Q        |     V   |         | 
   15+30    4302.0655   3579.21  |         |Q        |     V   |         | 
   15+45    4372.8783   3427.34  |         Q         |      V  |         | 
   16+ 0    4439.8259   3240.26  |         Q         |      V  |         | 
   16+15    4503.9461   3103.42  |        Q|         |       V |         | 
   16+30    4567.2598   3064.38  |        Q|         |       V |         | 
   16+45    4631.1113   3090.42  |        Q|         |       V |         | 
   17+ 0    4695.2077   3102.26  |        Q|         |        V|         | 
   17+15    4758.7820   3077.00  |        Q|         |        V|         | 
   17+30    4821.7003   3045.25  |        Q|         |         V         | 
   17+45    4884.1151   3020.87  |        Q|         |         V         | 
   18+ 0    4946.1050   3000.31  |        Q|         |         V         | 
   18+15    5007.1815   2956.10  |        Q|         |         |V        | 
   18+30    5066.7635   2883.77  |        Q|         |         |V        | 
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   18+45    5124.7593   2807.00  |       Q |         |         | V       | 
   19+ 0    5181.4172   2742.24  |       Q |         |         | V       | 
   19+15    5236.5097   2666.48  |       Q |         |         | V       | 
   19+30    5289.5151   2565.46  |       Q |         |         |  V      | 
   19+45    5340.2574   2455.93  |      Q  |         |         |  V      | 
   20+ 0    5389.0775   2362.89  |      Q  |         |         |  V      | 
   20+15    5436.3614   2288.54  |      Q  |         |         |  V      | 
   20+30    5482.2650   2221.74  |     Q   |         |         |   V     | 
   20+45    5527.2068   2175.19  |     Q   |         |         |   V     | 
   21+ 0    5571.7227   2154.57  |     Q   |         |         |   V     | 
   21+15    5616.3609   2160.49  |     Q   |         |         |    V    | 
   21+30    5661.2815   2174.16  |     Q   |         |         |    V    | 
   21+45    5706.2140   2174.73  |     Q   |         |         |    V    | 
   22+ 0    5750.7873   2157.35  |     Q   |         |         |    V    | 
   22+15    5794.5535   2118.29  |     Q   |         |         |     V   | 
   22+30    5837.3825   2072.92  |     Q   |         |         |     V   | 
   22+45    5879.3752   2032.45  |     Q   |         |         |     V   | 
   23+ 0    5920.6972   1999.99  |     Q   |         |         |      V  | 
   23+15    5961.5664   1978.07  |     Q   |         |         |      V  | 
   23+30    6002.1275   1963.15  |     Q   |         |         |      V  | 
   23+45    6042.5090   1954.46  |     Q   |         |         |      V  | 
   24+ 0    6082.8470   1952.36  |     Q   |         |         |       V | 
   24+15    6123.2897   1957.43  |     Q   |         |         |       V | 
   24+30    6163.7649   1959.00  |     Q   |         |         |       V | 
   24+45    6203.6977   1932.75  |     Q   |         |         |       V | 
   25+ 0    6241.9407   1850.96  |    Q    |         |         |        V| 
   25+15    6276.0107   1648.99  |    Q    |         |         |        V| 
   25+30    6304.1245   1360.71  |   Q     |         |         |        V| 
   25+45    6325.9961   1058.59  |  Q      |         |         |        V| 
   26+ 0    6342.6965    808.30  | Q       |         |         |        V| 
   26+15    6355.8389    636.09  |Q        |         |         |        V| 
   26+30    6366.1678    499.92  |Q        |         |         |        V| 
   26+45    6374.2965    393.43  |Q        |         |         |        V| 
   27+ 0    6380.6774    308.83  Q         |         |         |        V| 
   27+15    6385.6401    240.20  Q         |         |         |        V| 
   27+30    6389.4444    184.13  Q         |         |         |        V| 
   27+45    6392.3067    138.53  Q         |         |         |        V| 
   28+ 0    6394.3956    101.10  Q         |         |         |        V| 
   28+15    6395.8735     71.53  Q         |         |         |        V| 
   28+30    6396.8689     48.18  Q         |         |         |        V| 
   28+45    6397.4858     29.85  Q         |         |         |        V| 
   29+ 0    6397.8312     16.72  Q         |         |         |        V| 
   29+15    6397.9716      6.79  Q         |         |         |        V| 
   29+30    6398.0058      1.65  Q         |         |         |        V| 
   29+45    6398.0058      0.00  Q         |         |         |        V| 
-----------------------------------------------------------------------
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U N I T  H Y D R O G R A P H  A N A L Y S I S 

Copyright (c) CIVILCADD/CIVILDESIGN, 1990 - 2004, Version 7.0

Study date  08/30/10  File: east100yr6hr.out

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

Program License Serial Number 4055

---------------------------------------------------------------------
Tule Wind Project
Unnamed Eastern Wash
Existing 100 Year 6 Hour
Aug 25, 2010
---------------------------------------------------------------------
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

Storm Event Year = 100

Antecedent Moisture Condition = 2

 English (in-lb) Input Units Used

 English Rainfall Data (Inches) Input Values Used

Area averaged rainfall isohyetal data:
Sub-Area(Ac.)       Rainfall (In)
   734.00             3.00

Rainfall Distribution pattern used in study:
Type B for SCS (small dam) or San Diego 6 hour storms 
--------------------------------------------------------------------
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

********* Area-Averaged SCS Curve Number and Fm *********

Area       Area          SCS CN    SCS CN    Fm      Soil
(Ac.)      fract         (AMC2)    (AMC2)   (In/Hr)  Group
   734.00   1.000         85.1      85.1     0.050    C

Area-averaged catchment SCS Curve Number AMC(2) = 85.130
Area-averaged Fm value using values listed =  0.050(In/Hr)
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Direct entry of lag time by user
Watershed area =     734.00(Ac.)
Catchment Lag time =   0.380 hours
Unit interval =   5.000 minutes
Unit interval percentage of lag time = 21.9298
Hydrograph baseflow =     0.00(CFS)
Minimum watershed loss rate(Fm) =  0.000(In/Hr)
Average adjusted SCS Curve Number = 85.130

Rainfall depth area reduction factors:
Using a total area of     734.00(Ac.) (Ref: SCS Sup A, Sec.4)

Pacific Coastal Climate ratio used
Areal factor ratio (rainfall reduction) = 1.000
Rainfall entered for study =    3.000(In)
Adjusted rainfall =    3.000(In)
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+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

   The following unit hydrograph was developed using an S-Graph
   interpolated by time percentage of lag time vs. percentage of peak flow.
   The S-Graphs for Valley, Foothill, and Mountain were developed by the
   U.S. Army Corps of Engineers for use in the respective type of
   basins located in Southern California. (Hydrology San Gabrial River ...
   U.S. Engineer Office, Dec 1944, revised Jul 1946) The Desert S-Graph is
   from Report ... on ... Tahquitz Creek, California, same U.S. offfice,
   Corps of Engineers, June 1963.  The Valley Developed S-Graph is used
   by Orange and San Bernardino counties in California to represent the
   characteristics of valley areas with a large amount of development.
   Because of the wide variety in topography in Southern California, these
   synthetic unit hydrographs were included for use as options in any
   geographic location.

   The SCS(Soil Conservation Service Dimensionless S-Graph, SCS handbook,
   of 1972, applies to a broad cross section of geographic locations and
   hydrologic regions.

   The User Defined hydrograph converts the user Q/Qp
   vs. T/Tp values into an S-Graph based on lag = Tp/0.9.  Then, for the
   lag time used, the S-Graph in interpolated in time % of lag.

   The following S-Graph or S-Graph combination is used in this study:

SAN DIEGO CO. HYDROGRAPH

San Deigo Co. Unit Hydrograph Data (III-A-2):
using a constant T/Tp step interval =   0.200

     t/tp          q/qp            Sum q/qp

      0.000          0.000          0.000
      0.200          0.030          0.000
      0.400          0.090          0.030
      0.600          0.230          0.120
      0.800          0.700          0.350
      1.000          1.000          1.050
      1.200          0.850          2.050
      1.400          0.530          2.900
      1.600          0.410          3.430
      1.800          0.300          3.840
      2.000          0.230          4.140
      2.200          0.180          4.370
      2.400          0.140          4.550
      2.600          0.110          4.690
      2.800          0.080          4.800
      3.000          0.060          4.880
      3.200          0.040          4.940
      3.400          0.030          4.980
      3.600          0.010          5.010
      3.800          0.000          5.020

U N I T  H Y D R O G R A P H 
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Time Ratio   Time     Discharge          Q     Mass Curve
  (t/Lag)     (hrs)     Ratios         (CFS)     Ratios
                        (Q/Qp)                  (Qa/Q)

Page 2



East100Yr6Hr.out
(K =      8881.40 (CFS))

---------------------------------------------------------------------
  0.22         0.083       0.017        34.408     0.004
  0.44         0.167       0.085       169.808     0.023
  0.66         0.250       0.290       580.041     0.088
  0.88         0.333       0.784      1566.642     0.265
  1.10         0.417       1.000      1997.798     0.490
  1.32         0.500       0.716      1430.728     0.651
  1.54         0.583       0.467       933.347     0.756
  1.75         0.667       0.329       656.341     0.830
  1.97         0.750       0.237       473.266     0.883
  2.19         0.833       0.175       348.921     0.922
  2.41         0.917       0.129       256.962     0.951
  2.63         1.000       0.091       181.388     0.972
  2.85         1.083       0.062       124.326     0.986
  3.07         1.167       0.040        80.165     0.995
  3.29         1.250       0.020        40.797     0.999
  3.51         1.333       0.003         6.463     1.000
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

   For each time interval of the 6 or 24 hour storm, the total rainfall
   up to that storm time is calculated.  Then the Soil Conservation Service
   SCS (report 1972, 1975) area averaged Curve Number (CN) is used to
   determine the amount of direct runoff in (In) using the following
   equations:

                 (P - Ia)^2
    Q   =     ---------------
                 P - Ia + S

       Where:
   Q = direct runoff, P = depth of precipitation, Ia = Initial Abstraction
   and S is the watershed storage in inches.  S and Ia are given by the
   following equations:

               1000
     S   =   ------------  - 10     and     Ia = 0.2 S
                CN

   Note:  If Metric (SI) Units are used, rainfall data is converted by
          the program internally into inches for these calculations.

   Note:  In the following printout, the revised runoff column is only
          used when the minimum soil loss rate, fm, exceeds the normal
          loss rate of delta P(dP) - delta Q(dQ) then the dP-dQ column
          equals fm =   0.000(In) (for time interval =   0.000(In)) and the
          revised runoff is shown in the last column.

---------------------------------------------------------------------
Time     Total     Total SCS  Rainfall  Runoff   Infiltr-  Revised
Period   Rainfall  Runoff     Amount    Amount    ation    Runoff Min
(hours)   (In)      (In)       (In)      (In)      (In)    Loss Rate
           P        Q          dP        dQ       dP-dQ
-----------------------------------------------------------------------
  0.08   0.0175    0.0000    0.0175    0.0000    0.0175 --------
  0.17   0.0350    0.0000    0.0175    0.0000    0.0175 --------
  0.25   0.0525    0.0000    0.0175    0.0000    0.0175 --------
  0.33   0.0700    0.0000    0.0175    0.0000    0.0175 --------
  0.42   0.0875    0.0000    0.0175    0.0000    0.0175 --------
  0.50   0.1050    0.0000    0.0175    0.0000    0.0175 --------
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  0.58   0.1285    0.0000    0.0235    0.0000    0.0235 --------
  0.67   0.1520    0.0000    0.0235    0.0000    0.0235 --------
  0.75   0.1755    0.0000    0.0235    0.0000    0.0235 --------
  0.83   0.1990    0.0000    0.0235    0.0000    0.0235 --------
  0.92   0.2225    0.0000    0.0235    0.0000    0.0235 --------
  1.00   0.2460    0.0000    0.0235    0.0000    0.0235 --------
  1.08   0.2750    0.0000    0.0290    0.0000    0.0290 --------
  1.17   0.3040    0.0000    0.0290    0.0000    0.0290 --------
  1.25   0.3330    0.0000    0.0290    0.0000    0.0290 --------
  1.33   0.3620    0.0001    0.0290    0.0001    0.0289 --------
  1.42   0.3910    0.0010    0.0290    0.0009    0.0281 --------
  1.50   0.4200    0.0027    0.0290    0.0018    0.0272 --------
  1.58   0.4650    0.0072    0.0450    0.0044    0.0406 --------
  1.67   0.5100    0.0135    0.0450    0.0063    0.0387 --------
  1.75   0.5550    0.0217    0.0450    0.0081    0.0369 --------
  1.83   0.6000    0.0315    0.0450    0.0098    0.0352 --------
  1.92   0.6450    0.0428    0.0450    0.0113    0.0337 --------
  2.00   0.6900    0.0556    0.0450    0.0128    0.0322 --------
  2.08   0.8750    0.1216    0.1850    0.0660    0.1190 --------
  2.17   1.0600    0.2055    0.1850    0.0839    0.1011 --------
  2.25   1.2450    0.3036    0.1850    0.0981    0.0869 --------
  2.33   1.4300    0.4130    0.1850    0.1094    0.0756 --------
  2.42   1.6150    0.5318    0.1850    0.1187    0.0663 --------
  2.50   1.8000    0.6582    0.1850    0.1264    0.0586 --------
  2.58   1.8500    0.6935    0.0500    0.0353    0.0147 --------
  2.67   1.9000    0.7292    0.0500    0.0358    0.0142 --------
  2.75   1.9500    0.7654    0.0500    0.0362    0.0138 --------
  2.83   2.0000    0.8020    0.0500    0.0366    0.0134 --------
  2.92   2.0500    0.8390    0.0500    0.0370    0.0130 --------
  3.00   2.1000    0.8763    0.0500    0.0373    0.0127 --------
  3.08   2.1405    0.9068    0.0405    0.0305    0.0100 --------
  3.17   2.1810    0.9376    0.0405    0.0307    0.0098 --------
  3.25   2.2215    0.9685    0.0405    0.0310    0.0095 --------
  3.33   2.2620    0.9997    0.0405    0.0312    0.0093 --------
  3.42   2.3025    1.0311    0.0405    0.0314    0.0091 --------
  3.50   2.3430    1.0626    0.0405    0.0316    0.0089 --------
  3.58   2.3700    1.0838    0.0270    0.0212    0.0058 --------
  3.67   2.3970    1.1050    0.0270    0.0212    0.0058 --------
  3.75   2.4240    1.1263    0.0270    0.0213    0.0057 --------
  3.83   2.4510    1.1477    0.0270    0.0214    0.0056 --------
  3.92   2.4780    1.1692    0.0270    0.0215    0.0055 --------
  4.00   2.5050    1.1908    0.0270    0.0216    0.0054 --------
  4.08   2.5275    1.2088    0.0225    0.0180    0.0045 --------
  4.17   2.5500    1.2269    0.0225    0.0181    0.0044 --------
  4.25   2.5725    1.2450    0.0225    0.0181    0.0044 --------
  4.33   2.5950    1.2631    0.0225    0.0182    0.0043 --------
  4.42   2.6175    1.2814    0.0225    0.0182    0.0043 --------
  4.50   2.6400    1.2996    0.0225    0.0183    0.0042 --------
  4.58   2.6615    1.3171    0.0215    0.0175    0.0040 --------
  4.67   2.6830    1.3347    0.0215    0.0175    0.0040 --------
  4.75   2.7045    1.3522    0.0215    0.0176    0.0039 --------
  4.83   2.7260    1.3699    0.0215    0.0176    0.0039 --------
  4.92   2.7475    1.3875    0.0215    0.0177    0.0038 --------
  5.00   2.7690    1.4052    0.0215    0.0177    0.0038 --------
  5.08   2.7875    1.4205    0.0185    0.0153    0.0032 --------
  5.17   2.8060    1.4358    0.0185    0.0153    0.0032 --------
  5.25   2.8245    1.4511    0.0185    0.0153    0.0032 --------
  5.33   2.8430    1.4664    0.0185    0.0153    0.0032 --------
  5.42   2.8615    1.4818    0.0185    0.0154    0.0031 --------
  5.50   2.8800    1.4972    0.0185    0.0154    0.0031 --------
  5.58   2.9000    1.5139    0.0200    0.0167    0.0033 --------
  5.67   2.9200    1.5306    0.0200    0.0167    0.0033 --------
  5.75   2.9400    1.5474    0.0200    0.0167    0.0033 --------
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  5.83   2.9600    1.5641    0.0200    0.0168    0.0032 --------
  5.92   2.9800    1.5809    0.0200    0.0168    0.0032 --------
  6.00   3.0000    1.5978    0.0200    0.0168    0.0032 --------
--------------------------------------------------------------------
--------------------------------------------------------------------
Total soil rain loss =      1.40(In)
Total effective runoff =      1.60(In)
---------------------------------------------------------------------
Peak flow rate this hydrograph =         808.32(CFS)
Total runoff volume this hydrograph =        4257090.5(Ft3)
---------------------------------------------------------------------
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
                    6 - H O U R    S T O R M
               R u n o f f      H y d r o g r a p h
--------------------------------------------------------------------
            Hydrograph in   5   Minute intervals ((CFS))

--------------------------------------------------------------------
  Time(h+m) Volume Ac.Ft   Q(CFS)  0      225.0     450.0     675.0     900.0
  -----------------------------------------------------------------------
    0+ 5       0.0000      0.00  Q         |         |         |         | 
    0+10       0.0000      0.00  Q         |         |         |         | 
    0+15       0.0000      0.00  Q         |         |         |         | 
    0+20       0.0000      0.00  Q         |         |         |         | 
    0+25       0.0000      0.00  Q         |         |         |         | 
    0+30       0.0000      0.00  Q         |         |         |         | 
    0+35       0.0000      0.00  Q         |         |         |         | 
    0+40       0.0000      0.00  Q         |         |         |         | 
    0+45       0.0000      0.00  Q         |         |         |         | 
    0+50       0.0000      0.00  Q         |         |         |         | 
    0+55       0.0000      0.00  Q         |         |         |         | 
    1+ 0       0.0000      0.00  Q         |         |         |         | 
    1+ 5       0.0000      0.00  Q         |         |         |         | 
    1+10       0.0000      0.00  Q         |         |         |         | 
    1+15       0.0000      0.00  Q         |         |         |         | 
    1+20       0.0000      0.00  Q         |         |         |         | 
    1+25       0.0003      0.05  Q         |         |         |         | 
    1+30       0.0021      0.26  Q         |         |         |         | 
    1+35       0.0098      1.11  Q         |         |         |         | 
    1+40       0.0343      3.56  Q         |         |         |         | 
    1+45       0.0935      8.60  Q         |         |         |         | 
    1+50       0.2123     17.24  Q         |         |         |         | 
    1+55       0.4120     29.00  VQ        |         |         |         | 
    2+ 0       0.7019     42.09  VQ        |         |         |         | 
    2+ 5       1.0975     57.45  V Q       |         |         |         | 
    2+10       1.6519     80.49  V  Q      |         |         |         | 
    2+15       2.5289    127.34  |V   Q    |         |         |         | 
    2+20       4.1401    233.94  |V        Q         |         |         | 
    2+25       6.7974    385.85  | V       |      Q  |         |         | 
    2+30      10.4704    533.31  |   V     |         |  Q      |         | 
    2+35      15.0279    661.76  |     V   |         |        Q|         | 
    2+40      20.2786    762.39  |       V |         |         |  Q      | 
    2+45      25.8455    808.32  |         V         |         |    Q    | 
    2+50      30.9599    742.61  |         | V       |         |  Q      | 
    2+55      35.2026    616.05  |         |   V     |      Q  |         | 
    3+ 0      38.8239    525.81  |         |    V    |  Q      |         | 
    3+ 5      42.0612    470.06  |         |      V  Q         |         | 
    3+10      45.0275    430.70  |         |       VQ|         |         | 
    3+15      47.7741    398.81  |         |      Q V|         |         | 
    3+20      50.2944    365.94  |         |     Q   V         |         | 
    3+25      52.6021    335.08  |         |   Q     |V        |         | 
    3+30      54.7581    313.05  |         |  Q      | V       |         | 
    3+35      56.8108    298.06  |         |  Q      |  V      |         | 
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    3+40      58.7860    286.80  |         | Q       |   V     |         | 
    3+45      60.6844    275.64  |         | Q       |   V     |         | 
    3+50      62.4600    257.82  |         |Q        |    V    |         | 
    3+55      64.0881    236.41  |         Q         |     V   |         | 
    4+ 0      65.6120    221.27  |        Q|         |     V   |         | 
    4+ 5      67.0686    211.49  |        Q|         |      V  |         | 
    4+10      68.4758    204.33  |        Q|         |       V |         | 
    4+15      69.8381    197.81  |       Q |         |       V |         | 
    4+20      71.1412    189.20  |       Q |         |        V|         | 
    4+25      72.3806    179.97  |      Q  |         |        V|         | 
    4+30      73.5756    173.51  |      Q  |         |         V         | 
    4+35      74.7419    169.35  |      Q  |         |         V         | 
    4+40      75.8887    166.51  |      Q  |         |         |V        | 
    4+45      77.0207    164.37  |      Q  |         |         |V        | 
    4+50      78.1380    162.22  |      Q  |         |         |V        | 
    4+55      79.2406    160.10  |      Q  |         |         | V       | 
    5+ 0      80.3335    158.69  |      Q  |         |         | V       | 
    5+ 5      81.4203    157.79  |      Q  |         |         |  V      | 
    5+10      82.5010    156.93  |     Q   |         |         |  V      | 
    5+15      83.5708    155.33  |     Q   |         |         |   V     | 
    5+20      84.6142    151.50  |     Q   |         |         |   V     | 
    5+25      85.6243    146.67  |     Q   |         |         |    V    | 
    5+30      86.6111    143.29  |     Q   |         |         |    V    | 
    5+35      87.5836    141.20  |     Q   |         |         |    V    | 
    5+40      88.5478    140.00  |     Q   |         |         |     V   | 
    5+45      89.5105    139.78  |     Q   |         |         |     V   | 
    5+50      90.4825    141.13  |     Q   |         |         |      V  | 
    5+55      91.4691    143.26  |     Q   |         |         |      V  | 
    6+ 0      92.4667    144.86  |     Q   |         |         |      V  | 
    6+ 5      93.4681    145.40  |     Q   |         |         |       V | 
    6+10      94.4559    143.42  |     Q   |         |         |       V | 
    6+15      95.3814    134.39  |    Q    |         |         |        V| 
    6+20      96.1296    108.64  |   Q     |         |         |        V| 
    6+25      96.6494     75.47  |  Q      |         |         |        V| 
    6+30      97.0055     51.71  | Q       |         |         |        V| 
    6+35      97.2549     36.22  |Q        |         |         |        V| 
    6+40      97.4292     25.32  |Q        |         |         |        V| 
    6+45      97.5493     17.43  Q         |         |         |        V| 
    6+50      97.6291     11.59  Q         |         |         |        V| 
    6+55      97.6792      7.28  Q         |         |         |        V| 
    7+ 0      97.7084      4.23  Q         |         |         |        V| 
    7+ 5      97.7231      2.14  Q         |         |         |        V| 
    7+10      97.7286      0.80  Q         |         |         |        V| 
    7+15      97.7294      0.11  Q         |         |         |        V| 
-----------------------------------------------------------------------
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U N I T  H Y D R O G R A P H  A N A L Y S I S 

Copyright (c) CIVILCADD/CIVILDESIGN, 1990 - 2004, Version 7.0

Study date  08/30/10  File: east100yr24hr.out

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

Program License Serial Number 4055

---------------------------------------------------------------------
Tule Wind Project
Unnamed Eastern Wash
Existing 100 Year 24 Hour
Aug 25, 2010
---------------------------------------------------------------------
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

Storm Event Year = 100

Antecedent Moisture Condition = 2

 English (in-lb) Input Units Used

 English Rainfall Data (Inches) Input Values Used

Area averaged rainfall isohyetal data:
Sub-Area(Ac.)       Rainfall (In)
   734.00             5.40

Rainfall Distribution pattern used in study:
Type B for San Diego area of California
--------------------------------------------------------------------
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

********* Area-Averaged SCS Curve Number and Fm *********

Area       Area          SCS CN    SCS CN    Fm      Soil
(Ac.)      fract         (AMC2)    (AMC2)   (In/Hr)  Group
   734.00   1.000         85.1      85.1     0.050    C

Area-averaged catchment SCS Curve Number AMC(2) = 85.130
Area-averaged Fm value using values listed =  0.050(In/Hr)
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Direct entry of lag time by user
Watershed area =     734.00(Ac.)
Catchment Lag time =   0.380 hours
Unit interval =   5.000 minutes
Unit interval percentage of lag time = 21.9298
Hydrograph baseflow =     0.00(CFS)
Minimum watershed loss rate(Fm) =  0.000(In/Hr)
Average adjusted SCS Curve Number = 85.130

Rainfall depth area reduction factors:
Using a total area of     734.00(Ac.) (Ref: SCS Sup A, Sec.4)

Pacific Coastal Climate ratio used
Areal factor ratio (rainfall reduction) = 1.000
Rainfall entered for study =    5.400(In)
Adjusted rainfall =    5.400(In)

Page 1



East100Yr24Hr.out
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

   The following unit hydrograph was developed using an S-Graph
   interpolated by time percentage of lag time vs. percentage of peak flow.
   The S-Graphs for Valley, Foothill, and Mountain were developed by the
   U.S. Army Corps of Engineers for use in the respective type of
   basins located in Southern California. (Hydrology San Gabrial River ...
   U.S. Engineer Office, Dec 1944, revised Jul 1946) The Desert S-Graph is
   from Report ... on ... Tahquitz Creek, California, same U.S. offfice,
   Corps of Engineers, June 1963.  The Valley Developed S-Graph is used
   by Orange and San Bernardino counties in California to represent the
   characteristics of valley areas with a large amount of development.
   Because of the wide variety in topography in Southern California, these
   synthetic unit hydrographs were included for use as options in any
   geographic location.

   The SCS(Soil Conservation Service Dimensionless S-Graph, SCS handbook,
   of 1972, applies to a broad cross section of geographic locations and
   hydrologic regions.

   The User Defined hydrograph converts the user Q/Qp
   vs. T/Tp values into an S-Graph based on lag = Tp/0.9.  Then, for the
   lag time used, the S-Graph in interpolated in time % of lag.

   The following S-Graph or S-Graph combination is used in this study:

SAN DIEGO CO. HYDROGRAPH

San Deigo Co. Unit Hydrograph Data (III-A-2):
using a constant T/Tp step interval =   0.200

     t/tp          q/qp            Sum q/qp

      0.000          0.000          0.000
      0.200          0.030          0.000
      0.400          0.090          0.030
      0.600          0.230          0.120
      0.800          0.700          0.350
      1.000          1.000          1.050
      1.200          0.850          2.050
      1.400          0.530          2.900
      1.600          0.410          3.430
      1.800          0.300          3.840
      2.000          0.230          4.140
      2.200          0.180          4.370
      2.400          0.140          4.550
      2.600          0.110          4.690
      2.800          0.080          4.800
      3.000          0.060          4.880
      3.200          0.040          4.940
      3.400          0.030          4.980
      3.600          0.010          5.010
      3.800          0.000          5.020

U N I T  H Y D R O G R A P H 
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Time Ratio   Time     Discharge          Q     Mass Curve
  (t/Lag)     (hrs)     Ratios         (CFS)     Ratios
                        (Q/Qp)                  (Qa/Q)
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(K =      8881.40 (CFS))

---------------------------------------------------------------------
  0.22         0.083       0.017        34.408     0.004
  0.44         0.167       0.085       169.808     0.023
  0.66         0.250       0.290       580.041     0.088
  0.88         0.333       0.784      1566.642     0.265
  1.10         0.417       1.000      1997.798     0.490
  1.32         0.500       0.716      1430.728     0.651
  1.54         0.583       0.467       933.347     0.756
  1.75         0.667       0.329       656.341     0.830
  1.97         0.750       0.237       473.266     0.883
  2.19         0.833       0.175       348.921     0.922
  2.41         0.917       0.129       256.962     0.951
  2.63         1.000       0.091       181.388     0.972
  2.85         1.083       0.062       124.326     0.986
  3.07         1.167       0.040        80.165     0.995
  3.29         1.250       0.020        40.797     0.999
  3.51         1.333       0.003         6.463     1.000
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

   For each time interval of the 6 or 24 hour storm, the total rainfall
   up to that storm time is calculated.  Then the Soil Conservation Service
   SCS (report 1972, 1975) area averaged Curve Number (CN) is used to
   determine the amount of direct runoff in (In) using the following
   equations:

                 (P - Ia)^2
    Q   =     ---------------
                 P - Ia + S

       Where:
   Q = direct runoff, P = depth of precipitation, Ia = Initial Abstraction
   and S is the watershed storage in inches.  S and Ia are given by the
   following equations:

               1000
     S   =   ------------  - 10     and     Ia = 0.2 S
                CN

   Note:  If Metric (SI) Units are used, rainfall data is converted by
          the program internally into inches for these calculations.

   Note:  In the following printout, the revised runoff column is only
          used when the minimum soil loss rate, fm, exceeds the normal
          loss rate of delta P(dP) - delta Q(dQ) then the dP-dQ column
          equals fm =   0.000(In) (for time interval =   0.000(In)) and the
          revised runoff is shown in the last column.

---------------------------------------------------------------------
Time     Total     Total SCS  Rainfall  Runoff   Infiltr-  Revised
Period   Rainfall  Runoff     Amount    Amount    ation    Runoff Min
(hours)   (In)      (In)       (In)      (In)      (In)    Loss Rate
           P        Q          dP        dQ       dP-dQ
-----------------------------------------------------------------------
  0.08   0.0081    0.0000    0.0081    0.0000    0.0081 --------
  0.17   0.0162    0.0000    0.0081    0.0000    0.0081 --------
  0.25   0.0243    0.0000    0.0081    0.0000    0.0081 --------
  0.33   0.0324    0.0000    0.0081    0.0000    0.0081 --------
  0.42   0.0405    0.0000    0.0081    0.0000    0.0081 --------
  0.50   0.0486    0.0000    0.0081    0.0000    0.0081 --------
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  0.58   0.0549    0.0000    0.0063    0.0000    0.0063 --------
  0.67   0.0612    0.0000    0.0063    0.0000    0.0063 --------
  0.75   0.0675    0.0000    0.0063    0.0000    0.0063 --------
  0.83   0.0738    0.0000    0.0063    0.0000    0.0063 --------
  0.92   0.0801    0.0000    0.0063    0.0000    0.0063 --------
  1.00   0.0864    0.0000    0.0063    0.0000    0.0063 --------
  1.08   0.0945    0.0000    0.0081    0.0000    0.0081 --------
  1.17   0.1026    0.0000    0.0081    0.0000    0.0081 --------
  1.25   0.1107    0.0000    0.0081    0.0000    0.0081 --------
  1.33   0.1188    0.0000    0.0081    0.0000    0.0081 --------
  1.42   0.1269    0.0000    0.0081    0.0000    0.0081 --------
  1.50   0.1350    0.0000    0.0081    0.0000    0.0081 --------
  1.58   0.1431    0.0000    0.0081    0.0000    0.0081 --------
  1.67   0.1512    0.0000    0.0081    0.0000    0.0081 --------
  1.75   0.1593    0.0000    0.0081    0.0000    0.0081 --------
  1.83   0.1674    0.0000    0.0081    0.0000    0.0081 --------
  1.92   0.1755    0.0000    0.0081    0.0000    0.0081 --------
  2.00   0.1836    0.0000    0.0081    0.0000    0.0081 --------
  2.08   0.1935    0.0000    0.0099    0.0000    0.0099 --------
  2.17   0.2034    0.0000    0.0099    0.0000    0.0099 --------
  2.25   0.2133    0.0000    0.0099    0.0000    0.0099 --------
  2.33   0.2232    0.0000    0.0099    0.0000    0.0099 --------
  2.42   0.2331    0.0000    0.0099    0.0000    0.0099 --------
  2.50   0.2430    0.0000    0.0099    0.0000    0.0099 --------
  2.58   0.2511    0.0000    0.0081    0.0000    0.0081 --------
  2.67   0.2592    0.0000    0.0081    0.0000    0.0081 --------
  2.75   0.2673    0.0000    0.0081    0.0000    0.0081 --------
  2.83   0.2754    0.0000    0.0081    0.0000    0.0081 --------
  2.92   0.2835    0.0000    0.0081    0.0000    0.0081 --------
  3.00   0.2916    0.0000    0.0081    0.0000    0.0081 --------
  3.08   0.3015    0.0000    0.0099    0.0000    0.0099 --------
  3.17   0.3114    0.0000    0.0099    0.0000    0.0099 --------
  3.25   0.3213    0.0000    0.0099    0.0000    0.0099 --------
  3.33   0.3312    0.0000    0.0099    0.0000    0.0099 --------
  3.42   0.3411    0.0000    0.0099    0.0000    0.0099 --------
  3.50   0.3510    0.0000    0.0099    0.0000    0.0099 --------
  3.58   0.3618    0.0001    0.0108    0.0001    0.0107 --------
  3.67   0.3726    0.0003    0.0108    0.0002    0.0106 --------
  3.75   0.3834    0.0007    0.0108    0.0003    0.0105 --------
  3.83   0.3942    0.0011    0.0108    0.0005    0.0103 --------
  3.92   0.4050    0.0017    0.0108    0.0006    0.0102 --------
  4.00   0.4158    0.0024    0.0108    0.0007    0.0101 --------
  4.08   0.4275    0.0033    0.0117    0.0009    0.0108 --------
  4.17   0.4392    0.0044    0.0117    0.0010    0.0107 --------
  4.25   0.4509    0.0056    0.0117    0.0012    0.0105 --------
  4.33   0.4626    0.0069    0.0117    0.0013    0.0104 --------
  4.42   0.4743    0.0083    0.0117    0.0014    0.0103 --------
  4.50   0.4860    0.0099    0.0117    0.0016    0.0101 --------
  4.58   0.4986    0.0117    0.0126    0.0018    0.0108 --------
  4.67   0.5112    0.0137    0.0126    0.0020    0.0106 --------
  4.75   0.5238    0.0158    0.0126    0.0021    0.0105 --------
  4.83   0.5364    0.0181    0.0126    0.0023    0.0103 --------
  4.92   0.5490    0.0205    0.0126    0.0024    0.0102 --------
  5.00   0.5616    0.0230    0.0126    0.0025    0.0101 --------
  5.08   0.5760    0.0260    0.0144    0.0030    0.0114 --------
  5.17   0.5904    0.0292    0.0144    0.0032    0.0112 --------
  5.25   0.6048    0.0326    0.0144    0.0034    0.0110 --------
  5.33   0.6192    0.0361    0.0144    0.0035    0.0109 --------
  5.42   0.6336    0.0398    0.0144    0.0037    0.0107 --------
  5.50   0.6480    0.0436    0.0144    0.0038    0.0106 --------
  5.58   0.6633    0.0478    0.0153    0.0042    0.0111 --------
  5.67   0.6786    0.0522    0.0153    0.0044    0.0109 --------
  5.75   0.6939    0.0568    0.0153    0.0045    0.0108 --------

Page 4



East100Yr24Hr.out
  5.83   0.7092    0.0615    0.0153    0.0047    0.0106 --------
  5.92   0.7245    0.0663    0.0153    0.0049    0.0104 --------
  6.00   0.7398    0.0713    0.0153    0.0050    0.0103 --------
  6.08   0.7578    0.0774    0.0180    0.0061    0.0119 --------
  6.17   0.7758    0.0837    0.0180    0.0063    0.0117 --------
  6.25   0.7938    0.0902    0.0180    0.0065    0.0115 --------
  6.33   0.8118    0.0968    0.0180    0.0067    0.0113 --------
  6.42   0.8298    0.1036    0.0180    0.0068    0.0112 --------
  6.50   0.8478    0.1107    0.0180    0.0070    0.0110 --------
  6.58   0.8685    0.1189    0.0207    0.0083    0.0124 --------
  6.67   0.8892    0.1275    0.0207    0.0085    0.0122 --------
  6.75   0.9099    0.1362    0.0207    0.0087    0.0120 --------
  6.83   0.9306    0.1451    0.0207    0.0089    0.0118 --------
  6.92   0.9513    0.1543    0.0207    0.0091    0.0116 --------
  7.00   0.9720    0.1636    0.0207    0.0094    0.0113 --------
  7.08   0.9990    0.1761    0.0270    0.0125    0.0145 --------
  7.17   1.0260    0.1889    0.0270    0.0128    0.0142 --------
  7.25   1.0530    0.2021    0.0270    0.0131    0.0139 --------
  7.33   1.0800    0.2155    0.0270    0.0134    0.0136 --------
  7.42   1.1070    0.2292    0.0270    0.0137    0.0133 --------
  7.50   1.1340    0.2432    0.0270    0.0140    0.0130 --------
  7.58   1.1745    0.2647    0.0405    0.0215    0.0190 --------
  7.67   1.2150    0.2868    0.0405    0.0221    0.0184 --------
  7.75   1.2555    0.3095    0.0405    0.0227    0.0178 --------
  7.83   1.2960    0.3327    0.0405    0.0232    0.0173 --------
  7.92   1.3365    0.3564    0.0405    0.0237    0.0168 --------
  8.00   1.3770    0.3806    0.0405    0.0242    0.0163 --------
  8.08   1.4373    0.4176    0.0603    0.0369    0.0234 --------
  8.17   1.4976    0.4554    0.0603    0.0379    0.0224 --------
  8.25   1.5579    0.4942    0.0603    0.0388    0.0215 --------
  8.33   1.6182    0.5339    0.0603    0.0397    0.0206 --------
  8.42   1.6785    0.5744    0.0603    0.0405    0.0198 --------
  8.50   1.7388    0.6156    0.0603    0.0412    0.0191 --------
  8.58   1.8180    0.6708    0.0792    0.0552    0.0240 --------
  8.67   1.8972    0.7272    0.0792    0.0564    0.0228 --------
  8.75   1.9764    0.7847    0.0792    0.0575    0.0217 --------
  8.83   2.0556    0.8431    0.0792    0.0585    0.0207 --------
  8.92   2.1348    0.9025    0.0792    0.0594    0.0198 --------
  9.00   2.2140    0.9628    0.0792    0.0603    0.0189 --------
  9.08   2.3004    1.0294    0.0864    0.0667    0.0197 --------
  9.17   2.3868    1.0970    0.0864    0.0676    0.0188 --------
  9.25   2.4732    1.1654    0.0864    0.0684    0.0180 --------
  9.33   2.5596    1.2346    0.0864    0.0692    0.0172 --------
  9.42   2.6460    1.3045    0.0864    0.0699    0.0165 --------
  9.50   2.7324    1.3751    0.0864    0.0706    0.0158 --------
  9.58   2.8062    1.4359    0.0738    0.0608    0.0130 --------
  9.67   2.8800    1.4972    0.0738    0.0613    0.0125 --------
  9.75   2.9538    1.5589    0.0738    0.0617    0.0121 --------
  9.83   3.0276    1.6210    0.0738    0.0621    0.0117 --------
  9.92   3.1014    1.6835    0.0738    0.0625    0.0113 --------
 10.00   3.1752    1.7464    0.0738    0.0629    0.0109 --------
 10.08   3.2121    1.7779    0.0369    0.0316    0.0053 --------
 10.17   3.2490    1.8096    0.0369    0.0316    0.0053 --------
 10.25   3.2859    1.8413    0.0369    0.0317    0.0052 --------
 10.33   3.3228    1.8731    0.0369    0.0318    0.0051 --------
 10.42   3.3597    1.9050    0.0369    0.0319    0.0050 --------
 10.50   3.3966    1.9370    0.0369    0.0320    0.0049 --------
 10.58   3.4209    1.9580    0.0243    0.0211    0.0032 --------
 10.67   3.4452    1.9792    0.0243    0.0211    0.0032 --------
 10.75   3.4695    2.0003    0.0243    0.0212    0.0031 --------
 10.83   3.4938    2.0215    0.0243    0.0212    0.0031 --------
 10.92   3.5181    2.0427    0.0243    0.0212    0.0031 --------
 11.00   3.5424    2.0640    0.0243    0.0212    0.0031 --------
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 11.08   3.5631    2.0821    0.0207    0.0181    0.0026 --------
 11.17   3.5838    2.1002    0.0207    0.0181    0.0026 --------
 11.25   3.6045    2.1184    0.0207    0.0182    0.0025 --------
 11.33   3.6252    2.1366    0.0207    0.0182    0.0025 --------
 11.42   3.6459    2.1548    0.0207    0.0182    0.0025 --------
 11.50   3.6666    2.1730    0.0207    0.0182    0.0025 --------
 11.58   3.6855    2.1897    0.0189    0.0167    0.0022 --------
 11.67   3.7044    2.2064    0.0189    0.0167    0.0022 --------
 11.75   3.7233    2.2230    0.0189    0.0167    0.0022 --------
 11.83   3.7422    2.2398    0.0189    0.0167    0.0022 --------
 11.92   3.7611    2.2565    0.0189    0.0167    0.0022 --------
 12.00   3.7800    2.2732    0.0189    0.0167    0.0022 --------
 12.08   3.7980    2.2892    0.0180    0.0160    0.0020 --------
 12.17   3.8160    2.3052    0.0180    0.0160    0.0020 --------
 12.25   3.8340    2.3211    0.0180    0.0160    0.0020 --------
 12.33   3.8520    2.3371    0.0180    0.0160    0.0020 --------
 12.42   3.8700    2.3532    0.0180    0.0160    0.0020 --------
 12.50   3.8880    2.3692    0.0180    0.0160    0.0020 --------
 12.58   3.9051    2.3844    0.0171    0.0152    0.0019 --------
 12.67   3.9222    2.3997    0.0171    0.0153    0.0018 --------
 12.75   3.9393    2.4149    0.0171    0.0153    0.0018 --------
 12.83   3.9564    2.4302    0.0171    0.0153    0.0018 --------
 12.92   3.9735    2.4455    0.0171    0.0153    0.0018 --------
 13.00   3.9906    2.4608    0.0171    0.0153    0.0018 --------
 13.08   4.0059    2.4745    0.0153    0.0137    0.0016 --------
 13.17   4.0212    2.4882    0.0153    0.0137    0.0016 --------
 13.25   4.0365    2.5019    0.0153    0.0137    0.0016 --------
 13.33   4.0518    2.5156    0.0153    0.0137    0.0016 --------
 13.42   4.0671    2.5294    0.0153    0.0137    0.0016 --------
 13.50   4.0824    2.5431    0.0153    0.0137    0.0016 --------
 13.58   4.0968    2.5560    0.0144    0.0129    0.0015 --------
 13.67   4.1112    2.5690    0.0144    0.0129    0.0015 --------
 13.75   4.1256    2.5819    0.0144    0.0130    0.0014 --------
 13.83   4.1400    2.5949    0.0144    0.0130    0.0014 --------
 13.92   4.1544    2.6079    0.0144    0.0130    0.0014 --------
 14.00   4.1688    2.6209    0.0144    0.0130    0.0014 --------
 14.08   4.1850    2.6355    0.0162    0.0146    0.0016 --------
 14.17   4.2012    2.6501    0.0162    0.0146    0.0016 --------
 14.25   4.2174    2.6647    0.0162    0.0146    0.0016 --------
 14.33   4.2336    2.6794    0.0162    0.0146    0.0016 --------
 14.42   4.2498    2.6940    0.0162    0.0146    0.0016 --------
 14.50   4.2660    2.7087    0.0162    0.0147    0.0015 --------
 14.58   4.2750    2.7168    0.0090    0.0081    0.0009 --------
 14.67   4.2840    2.7249    0.0090    0.0081    0.0009 --------
 14.75   4.2930    2.7331    0.0090    0.0082    0.0008 --------
 14.83   4.3020    2.7412    0.0090    0.0082    0.0008 --------
 14.92   4.3110    2.7494    0.0090    0.0082    0.0008 --------
 15.00   4.3200    2.7576    0.0090    0.0082    0.0008 --------
 15.08   4.3344    2.7706    0.0144    0.0131    0.0013 --------
 15.17   4.3488    2.7837    0.0144    0.0131    0.0013 --------
 15.25   4.3632    2.7968    0.0144    0.0131    0.0013 --------
 15.33   4.3776    2.8098    0.0144    0.0131    0.0013 --------
 15.42   4.3920    2.8229    0.0144    0.0131    0.0013 --------
 15.50   4.4064    2.8360    0.0144    0.0131    0.0013 --------
 15.58   4.4199    2.8483    0.0135    0.0123    0.0012 --------
 15.67   4.4334    2.8606    0.0135    0.0123    0.0012 --------
 15.75   4.4469    2.8729    0.0135    0.0123    0.0012 --------
 15.83   4.4604    2.8852    0.0135    0.0123    0.0012 --------
 15.92   4.4739    2.8975    0.0135    0.0123    0.0012 --------
 16.00   4.4874    2.9098    0.0135    0.0123    0.0012 --------
 16.08   4.5000    2.9213    0.0126    0.0115    0.0011 --------
 16.17   4.5126    2.9328    0.0126    0.0115    0.0011 --------
 16.25   4.5252    2.9443    0.0126    0.0115    0.0011 --------
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 16.33   4.5378    2.9558    0.0126    0.0115    0.0011 --------
 16.42   4.5504    2.9673    0.0126    0.0115    0.0011 --------
 16.50   4.5630    2.9788    0.0126    0.0115    0.0011 --------
 16.58   4.5765    2.9912    0.0135    0.0123    0.0012 --------
 16.67   4.5900    3.0035    0.0135    0.0123    0.0012 --------
 16.75   4.6035    3.0159    0.0135    0.0124    0.0011 --------
 16.83   4.6170    3.0282    0.0135    0.0124    0.0011 --------
 16.92   4.6305    3.0406    0.0135    0.0124    0.0011 --------
 17.00   4.6440    3.0529    0.0135    0.0124    0.0011 --------
 17.08   4.6548    3.0628    0.0108    0.0099    0.0009 --------
 17.17   4.6656    3.0727    0.0108    0.0099    0.0009 --------
 17.25   4.6764    3.0827    0.0108    0.0099    0.0009 --------
 17.33   4.6872    3.0926    0.0108    0.0099    0.0009 --------
 17.42   4.6980    3.1025    0.0108    0.0099    0.0009 --------
 17.50   4.7088    3.1124    0.0108    0.0099    0.0009 --------
 17.58   4.7205    3.1231    0.0117    0.0107    0.0010 --------
 17.67   4.7322    3.1339    0.0117    0.0107    0.0010 --------
 17.75   4.7439    3.1446    0.0117    0.0108    0.0009 --------
 17.83   4.7556    3.1554    0.0117    0.0108    0.0009 --------
 17.92   4.7673    3.1661    0.0117    0.0108    0.0009 --------
 18.00   4.7790    3.1769    0.0117    0.0108    0.0009 --------
 18.08   4.7880    3.1852    0.0090    0.0083    0.0007 --------
 18.17   4.7970    3.1935    0.0090    0.0083    0.0007 --------
 18.25   4.8060    3.2018    0.0090    0.0083    0.0007 --------
 18.33   4.8150    3.2100    0.0090    0.0083    0.0007 --------
 18.42   4.8240    3.2183    0.0090    0.0083    0.0007 --------
 18.50   4.8330    3.2266    0.0090    0.0083    0.0007 --------
 18.58   4.8420    3.2349    0.0090    0.0083    0.0007 --------
 18.67   4.8510    3.2432    0.0090    0.0083    0.0007 --------
 18.75   4.8600    3.2515    0.0090    0.0083    0.0007 --------
 18.83   4.8690    3.2598    0.0090    0.0083    0.0007 --------
 18.92   4.8780    3.2681    0.0090    0.0083    0.0007 --------
 19.00   4.8870    3.2764    0.0090    0.0083    0.0007 --------
 19.08   4.8951    3.2839    0.0081    0.0075    0.0006 --------
 19.17   4.9032    3.2914    0.0081    0.0075    0.0006 --------
 19.25   4.9113    3.2988    0.0081    0.0075    0.0006 --------
 19.33   4.9194    3.3063    0.0081    0.0075    0.0006 --------
 19.42   4.9275    3.3138    0.0081    0.0075    0.0006 --------
 19.50   4.9356    3.3213    0.0081    0.0075    0.0006 --------
 19.58   4.9446    3.3296    0.0090    0.0083    0.0007 --------
 19.67   4.9536    3.3379    0.0090    0.0083    0.0007 --------
 19.75   4.9626    3.3462    0.0090    0.0083    0.0007 --------
 19.83   4.9716    3.3546    0.0090    0.0083    0.0007 --------
 19.92   4.9806    3.3629    0.0090    0.0083    0.0007 --------
 20.00   4.9896    3.3712    0.0090    0.0083    0.0007 --------
 20.08   4.9995    3.3804    0.0099    0.0092    0.0007 --------
 20.17   5.0094    3.3895    0.0099    0.0092    0.0007 --------
 20.25   5.0193    3.3987    0.0099    0.0092    0.0007 --------
 20.33   5.0292    3.4079    0.0099    0.0092    0.0007 --------
 20.42   5.0391    3.4170    0.0099    0.0092    0.0007 --------
 20.50   5.0490    3.4262    0.0099    0.0092    0.0007 --------
 20.58   5.0580    3.4346    0.0090    0.0083    0.0007 --------
 20.67   5.0670    3.4429    0.0090    0.0083    0.0007 --------
 20.75   5.0760    3.4512    0.0090    0.0083    0.0007 --------
 20.83   5.0850    3.4596    0.0090    0.0083    0.0007 --------
 20.92   5.0940    3.4679    0.0090    0.0083    0.0007 --------
 21.00   5.1030    3.4763    0.0090    0.0083    0.0007 --------
 21.08   5.1111    3.4838    0.0081    0.0075    0.0006 --------
 21.17   5.1192    3.4913    0.0081    0.0075    0.0006 --------
 21.25   5.1273    3.4988    0.0081    0.0075    0.0006 --------
 21.33   5.1354    3.5064    0.0081    0.0075    0.0006 --------
 21.42   5.1435    3.5139    0.0081    0.0075    0.0006 --------
 21.50   5.1516    3.5214    0.0081    0.0075    0.0006 --------
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 21.58   5.1597    3.5289    0.0081    0.0075    0.0006 --------
 21.67   5.1678    3.5365    0.0081    0.0075    0.0006 --------
 21.75   5.1759    3.5440    0.0081    0.0075    0.0006 --------
 21.83   5.1840    3.5515    0.0081    0.0075    0.0006 --------
 21.92   5.1921    3.5590    0.0081    0.0075    0.0006 --------
 22.00   5.2002    3.5666    0.0081    0.0075    0.0006 --------
 22.08   5.2083    3.5741    0.0081    0.0075    0.0006 --------
 22.17   5.2164    3.5816    0.0081    0.0075    0.0006 --------
 22.25   5.2245    3.5892    0.0081    0.0075    0.0006 --------
 22.33   5.2326    3.5967    0.0081    0.0075    0.0006 --------
 22.42   5.2407    3.6042    0.0081    0.0075    0.0006 --------
 22.50   5.2488    3.6118    0.0081    0.0075    0.0006 --------
 22.58   5.2569    3.6193    0.0081    0.0075    0.0006 --------
 22.67   5.2650    3.6269    0.0081    0.0075    0.0006 --------
 22.75   5.2731    3.6344    0.0081    0.0075    0.0006 --------
 22.83   5.2812    3.6420    0.0081    0.0075    0.0006 --------
 22.92   5.2893    3.6495    0.0081    0.0075    0.0006 --------
 23.00   5.2974    3.6571    0.0081    0.0075    0.0006 --------
 23.08   5.3064    3.6654    0.0090    0.0084    0.0006 --------
 23.17   5.3154    3.6738    0.0090    0.0084    0.0006 --------
 23.25   5.3244    3.6822    0.0090    0.0084    0.0006 --------
 23.33   5.3334    3.6906    0.0090    0.0084    0.0006 --------
 23.42   5.3424    3.6990    0.0090    0.0084    0.0006 --------
 23.50   5.3514    3.7074    0.0090    0.0084    0.0006 --------
 23.58   5.3595    3.7150    0.0081    0.0076    0.0005 --------
 23.67   5.3676    3.7225    0.0081    0.0076    0.0005 --------
 23.75   5.3757    3.7301    0.0081    0.0076    0.0005 --------
 23.83   5.3838    3.7376    0.0081    0.0076    0.0005 --------
 23.92   5.3919    3.7452    0.0081    0.0076    0.0005 --------
 24.00   5.4000    3.7528    0.0081    0.0076    0.0005 --------
--------------------------------------------------------------------
--------------------------------------------------------------------
Total soil rain loss =      1.65(In)
Total effective runoff =      3.75(In)
---------------------------------------------------------------------
Peak flow rate this hydrograph =         597.93(CFS)
Total runoff volume this hydrograph =        9998969.3(Ft3)
---------------------------------------------------------------------
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
                    24 - H O U R    S T O R M
               R u n o f f      H y d r o g r a p h
--------------------------------------------------------------------
            Hydrograph in   5   Minute intervals ((CFS))

--------------------------------------------------------------------
  Time(h+m) Volume Ac.Ft   Q(CFS)  0      150.0     300.0     450.0     600.0
  -----------------------------------------------------------------------
    0+ 5       0.0000      0.00  Q         |         |         |         | 
    0+10       0.0000      0.00  Q         |         |         |         | 
    0+15       0.0000      0.00  Q         |         |         |         | 
    0+20       0.0000      0.00  Q         |         |         |         | 
    0+25       0.0000      0.00  Q         |         |         |         | 
    0+30       0.0000      0.00  Q         |         |         |         | 
    0+35       0.0000      0.00  Q         |         |         |         | 
    0+40       0.0000      0.00  Q         |         |         |         | 
    0+45       0.0000      0.00  Q         |         |         |         | 
    0+50       0.0000      0.00  Q         |         |         |         | 
    0+55       0.0000      0.00  Q         |         |         |         | 
    1+ 0       0.0000      0.00  Q         |         |         |         | 
    1+ 5       0.0000      0.00  Q         |         |         |         | 
    1+10       0.0000      0.00  Q         |         |         |         | 
    1+15       0.0000      0.00  Q         |         |         |         | 
    1+20       0.0000      0.00  Q         |         |         |         | 
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    1+25       0.0000      0.00  Q         |         |         |         | 
    1+30       0.0000      0.00  Q         |         |         |         | 
    1+35       0.0000      0.00  Q         |         |         |         | 
    1+40       0.0000      0.00  Q         |         |         |         | 
    1+45       0.0000      0.00  Q         |         |         |         | 
    1+50       0.0000      0.00  Q         |         |         |         | 
    1+55       0.0000      0.00  Q         |         |         |         | 
    2+ 0       0.0000      0.00  Q         |         |         |         | 
    2+ 5       0.0000      0.00  Q         |         |         |         | 
    2+10       0.0000      0.00  Q         |         |         |         | 
    2+15       0.0000      0.00  Q         |         |         |         | 
    2+20       0.0000      0.00  Q         |         |         |         | 
    2+25       0.0000      0.00  Q         |         |         |         | 
    2+30       0.0000      0.00  Q         |         |         |         | 
    2+35       0.0000      0.00  Q         |         |         |         | 
    2+40       0.0000      0.00  Q         |         |         |         | 
    2+45       0.0000      0.00  Q         |         |         |         | 
    2+50       0.0000      0.00  Q         |         |         |         | 
    2+55       0.0000      0.00  Q         |         |         |         | 
    3+ 0       0.0000      0.00  Q         |         |         |         | 
    3+ 5       0.0000      0.00  Q         |         |         |         | 
    3+10       0.0000      0.00  Q         |         |         |         | 
    3+15       0.0000      0.00  Q         |         |         |         | 
    3+20       0.0000      0.00  Q         |         |         |         | 
    3+25       0.0000      0.00  Q         |         |         |         | 
    3+30       0.0000      0.00  Q         |         |         |         | 
    3+35       0.0000      0.00  Q         |         |         |         | 
    3+40       0.0002      0.02  Q         |         |         |         | 
    3+45       0.0009      0.10  Q         |         |         |         | 
    3+50       0.0032      0.34  Q         |         |         |         | 
    3+55       0.0088      0.82  Q         |         |         |         | 
    4+ 0       0.0192      1.50  Q         |         |         |         | 
    4+ 5       0.0352      2.32  Q         |         |         |         | 
    4+10       0.0575      3.24  Q         |         |         |         | 
    4+15       0.0867      4.24  Q         |         |         |         | 
    4+20       0.1236      5.37  Q         |         |         |         | 
    4+25       0.1689      6.58  Q         |         |         |         | 
    4+30       0.2226      7.79  Q         |         |         |         | 
    4+35       0.2846      9.00  Q         |         |         |         | 
    4+40       0.3550     10.22  Q         |         |         |         | 
    4+45       0.4341     11.49  Q         |         |         |         | 
    4+50       0.5228     12.88  Q         |         |         |         | 
    4+55       0.6215     14.33  Q         |         |         |         | 
    5+ 0       0.7299     15.73  VQ        |         |         |         | 
    5+ 5       0.8475     17.08  VQ        |         |         |         | 
    5+10       0.9745     18.44  VQ        |         |         |         | 
    5+15       1.1117     19.93  VQ        |         |         |         | 
    5+20       1.2617     21.79  VQ        |         |         |         | 
    5+25       1.4260     23.84  VQ        |         |         |         | 
    5+30       1.6031     25.73  VQ        |         |         |         | 
    5+35       1.7922     27.45  VQ        |         |         |         | 
    5+40       1.9927     29.11  VQ        |         |         |         | 
    5+45       2.2048     30.79  V Q       |         |         |         | 
    5+50       2.4298     32.68  V Q       |         |         |         | 
    5+55       2.6684     34.65  V Q       |         |         |         | 
    6+ 0       2.9195     36.46  V Q       |         |         |         | 
    6+ 5       3.1823     38.16  V Q       |         |         |         | 
    6+10       3.4571     39.90  V Q       |         |         |         | 
    6+15       3.7459     41.94  V Q       |         |         |         | 
    6+20       4.0549     44.87  V Q       |         |         |         | 
    6+25       4.3871     48.23  V  Q      |         |         |         | 
    6+30       4.7392     51.12  V  Q      |         |         |         | 
    6+35       5.1085     53.63  V  Q      |         |         |         | 
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    6+40       5.4944     56.04  V  Q      |         |         |         | 
    6+45       5.8988     58.72  |V Q      |         |         |         | 
    6+50       6.3284     62.38  |V  Q     |         |         |         | 
    6+55       6.7863     66.48  |V  Q     |         |         |         | 
    7+ 0       7.2683     69.98  |V  Q     |         |         |         | 
    7+ 5       7.7712     73.03  |V  Q     |         |         |         | 
    7+10       8.2957     76.15  |V   Q    |         |         |         | 
    7+15       8.8483     80.25  |V   Q    |         |         |         | 
    7+20       9.4485     87.14  |V   Q    |         |         |         | 
    7+25      10.1053     95.38  |V    Q   |         |         |         | 
    7+30      10.8083    102.07  |V    Q   |         |         |         | 
    7+35      11.5495    107.62  | V    Q  |         |         |         | 
    7+40      12.3303    113.36  | V    Q  |         |         |         | 
    7+45      13.1674    121.55  | V     Q |         |         |         | 
    7+50      14.1085    136.65  | V      Q|         |         |         | 
    7+55      15.1763    155.05  | V       Q         |         |         | 
    8+ 0      16.3449    169.68  | V       |Q        |         |         | 
    8+ 5      17.5936    181.30  |  V      | Q       |         |         | 
    8+10      18.9201    192.61  |  V      | Q       |         |         | 
    8+15      20.3500    207.62  |  V      |  Q      |         |         | 
    8+20      21.9613    233.97  |  V      |    Q    |         |         | 
    8+25      23.7907    265.62  |   V     |      Q  |         |         | 
    8+30      25.7925    290.67  |   V     |        Q|         |         | 
    8+35      27.9284    310.14  |   V     |         Q         |         | 
    8+40      30.1866    327.88  |    V    |         |Q        |         | 
    8+45      32.5874    348.61  |    V    |         |  Q      |         | 
    8+50      35.2102    380.82  |     V   |         |    Q    |         | 
    8+55      38.0897    418.10  |     V   |         |      Q  |         | 
    9+ 0      41.1719    447.54  |      V  |         |        Q|         | 
    9+ 5      44.4096    470.11  |      V  |         |         |Q        | 
    9+10      47.7786    489.18  |       V |         |         | Q       | 
    9+15      51.2735    507.45  |       V |         |         |  Q      | 
    9+20      54.9164    528.96  |        V|         |         |    Q    | 
    9+25      58.7142    551.43  |         V         |         |     Q   | 
    9+30      62.6372    569.62  |         V         |         |      Q  | 
    9+35      66.6571    583.69  |         |V        |         |       Q | 
    9+40      70.7474    593.90  |         | V       |         |        Q| 
    9+45      74.8653    597.93  |         |  V      |         |        Q| 
    9+50      78.9291    590.06  |         |  V      |         |        Q| 
    9+55      82.8994    576.49  |         |   V     |         |       Q | 
   10+ 0      86.8098    567.78  |         |    V    |         |      Q  | 
   10+ 5      90.6827    562.34  |         |    V    |         |      Q  | 
   10+10      94.5040    554.86  |         |     V   |         |     Q   | 
   10+15      98.1935    535.72  |         |      V  |         |    Q    | 
   10+20     101.5409    486.04  |         |      V  |         | Q       | 
   10+25     104.4543    423.02  |         |       V |       Q |         | 
   10+30     107.0580    378.06  |         |       V |    Q    |         | 
   10+35     109.4587    348.58  |         |        V|  Q      |         | 
   10+40     111.7074    326.51  |         |        V|Q        |         | 
   10+45     113.8144    305.92  |         |        VQ         |         | 
   10+50     115.7333    278.63  |         |       Q V         |         | 
   10+55     117.4511    249.42  |         |     Q   V         |         | 
   11+ 0     119.0257    228.63  |         |    Q    V         |         | 
   11+ 5     120.5055    214.87  |         |   Q     V         |         | 
   11+10     121.9175    205.02  |         |  Q      |V        |         | 
   11+15     123.2748    197.08  |         |  Q      |V        |         | 
   11+20     124.5725    188.43  |         | Q       |V        |         | 
   11+25     125.8094    179.60  |         |Q        |V        |         | 
   11+30     127.0033    173.35  |         |Q        | V       |         | 
   11+35     128.1687    169.22  |         |Q        | V       |         | 
   11+40     129.3134    166.21  |         |Q        | V       |         | 
   11+45     130.4398    163.55  |         Q         | V       |         | 
   11+50     131.5424    160.09  |         Q         | V       |         | 
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   11+55     132.6187    156.28  |         Q         |  V      |         | 
   12+ 0     133.6766    153.61  |         Q         |  V      |         | 
   12+ 5     134.7226    151.87  |         Q         |  V      |         | 
   12+10     135.7597    150.59  |         Q         |  V      |         | 
   12+15     136.7887    149.40  |        Q|         |  V      |         | 
   12+20     137.8060    147.72  |        Q|         |   V     |         | 
   12+25     138.8106    145.86  |        Q|         |   V     |         | 
   12+30     139.8062    144.56  |        Q|         |   V     |         | 
   12+35     140.7960    143.73  |        Q|         |   V     |         | 
   12+40     141.7813    143.07  |        Q|         |   V     |         | 
   12+45     142.7612    142.28  |        Q|         |   V     |         | 
   12+50     143.7313    140.86  |        Q|         |    V    |         | 
   12+55     144.6898    139.17  |        Q|         |    V    |         | 
   13+ 0     145.6402    137.99  |        Q|         |    V    |         | 
   13+ 5     146.5851    137.20  |        Q|         |    V    |         | 
   13+10     147.5247    136.44  |        Q|         |    V    |         | 
   13+15     148.4559    135.20  |        Q|         |    V    |         | 
   13+20     149.3684    132.49  |       Q |         |     V   |         | 
   13+25     150.2580    129.17  |       Q |         |     V   |         | 
   13+30     151.1313    126.81  |       Q |         |     V   |         | 
   13+35     151.9940    125.26  |       Q |         |     V   |         | 
   13+40     152.8486    124.09  |       Q |         |     V   |         | 
   13+45     153.6950    122.91  |       Q |         |     V   |         | 
   13+50     154.5294    121.15  |       Q |         |     V   |         | 
   13+55     155.3503    119.20  |      Q  |         |      V  |         | 
   14+ 0     156.1618    117.82  |      Q  |         |      V  |         | 
   14+ 5     156.9675    116.99  |      Q  |         |      V  |         | 
   14+10     157.7711    116.68  |      Q  |         |      V  |         | 
   14+15     158.5785    117.24  |      Q  |         |      V  |         | 
   14+20     159.4020    119.56  |      Q  |         |      V  |         | 
   14+25     160.2468    122.67  |       Q |         |      V  |         | 
   14+30     161.1071    124.92  |       Q |         |       V |         | 
   14+35     161.9761    126.18  |       Q |         |       V |         | 
   14+40     162.8450    126.16  |       Q |         |       V |         | 
   14+45     163.6934    123.19  |       Q |         |       V |         | 
   14+50     164.4758    113.61  |      Q  |         |       V |         | 
   14+55     165.1719    101.07  |     Q   |         |       V |         | 
   15+ 0     165.8061     92.09  |     Q   |         |       V |         | 
   15+ 5     166.4013     86.42  |    Q    |         |       V |         | 
   15+10     166.9739     83.14  |    Q    |         |        V|         | 
   15+15     167.5455     83.00  |    Q    |         |        V|         | 
   15+20     168.1545     88.44  |    Q    |         |        V|         | 
   15+25     168.8197     96.59  |     Q   |         |        V|         | 
   15+30     169.5254    102.46  |     Q   |         |        V|         | 
   15+35     170.2570    106.24  |      Q  |         |        V|         | 
   15+40     171.0066    108.84  |      Q  |         |        V|         | 
   15+45     171.7674    110.47  |      Q  |         |        V|         | 
   15+50     172.5313    110.91  |      Q  |         |         V         | 
   15+55     173.2929    110.59  |      Q  |         |         V         | 
   16+ 0     174.0529    110.35  |      Q  |         |         V         | 
   16+ 5     174.8120    110.22  |      Q  |         |         V         | 
   16+10     175.5695    109.99  |      Q  |         |         V         | 
   16+15     176.3228    109.38  |      Q  |         |         V         | 
   16+20     177.0658    107.88  |      Q  |         |         V         | 
   16+25     177.7964    106.08  |      Q  |         |         V         | 
   16+30     178.5182    104.80  |     Q   |         |         |V        | 
   16+35     179.2345    104.01  |     Q   |         |         |V        | 
   16+40     179.9479    103.59  |     Q   |         |         |V        | 
   16+45     180.6620    103.69  |     Q   |         |         |V        | 
   16+50     181.3833    104.73  |     Q   |         |         |V        | 
   16+55     182.1147    106.20  |      Q  |         |         |V        | 
   17+ 0     182.8535    107.27  |      Q  |         |         |V        | 
   17+ 5     183.5966    107.90  |      Q  |         |         |V        | 
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   17+10     184.3404    108.00  |      Q  |         |         | V       | 
   17+15     185.0771    106.96  |      Q  |         |         | V       | 
   17+20     185.7893    103.41  |     Q   |         |         | V       | 
   17+25     186.4692     98.72  |     Q   |         |         | V       | 
   17+30     187.1259     95.36  |     Q   |         |         | V       | 
   17+35     187.7679     93.22  |     Q   |         |         | V       | 
   17+40     188.4004     91.83  |     Q   |         |         | V       | 
   17+45     189.0285     91.20  |     Q   |         |         | V       | 
   17+50     189.6598     91.67  |     Q   |         |         |  V      | 
   17+55     190.2984     92.72  |     Q   |         |         |  V      | 
   18+ 0     190.9422     93.48  |     Q   |         |         |  V      | 
   18+ 5     191.5888     93.89  |     Q   |         |         |  V      | 
   18+10     192.2352     93.85  |     Q   |         |         |  V      | 
   18+15     192.8738     92.72  |     Q   |         |         |  V      | 
   18+20     193.4876     89.13  |    Q    |         |         |  V      | 
   18+25     194.0690     84.41  |    Q    |         |         |  V      | 
   18+30     194.6271     81.03  |    Q    |         |         |  V      | 
   18+35     195.1700     78.84  |    Q    |         |         |   V     | 
   18+40     195.7023     77.29  |    Q    |         |         |   V     | 
   18+45     196.2270     76.17  |    Q    |         |         |   V     | 
   18+50     196.7458     75.33  |    Q    |         |         |   V     | 
   18+55     197.2603     74.71  |   Q     |         |         |   V     | 
   19+ 0     197.7719     74.28  |   Q     |         |         |   V     | 
   19+ 5     198.2813     73.96  |   Q     |         |         |   V     | 
   19+10     198.7884     73.64  |   Q     |         |         |   V     | 
   19+15     199.2917     73.07  |   Q     |         |         |   V     | 
   19+20     199.7860     71.77  |   Q     |         |         |   V     | 
   19+25     200.2690     70.13  |   Q     |         |         |   V     | 
   19+30     200.7439     68.96  |   Q     |         |         |   V     | 
   19+35     201.2138     68.23  |   Q     |         |         |    V    | 
   19+40     201.6810     67.84  |   Q     |         |         |    V    | 
   19+45     202.1489     67.94  |   Q     |         |         |    V    | 
   19+50     202.6239     68.97  |   Q     |         |         |    V    | 
   19+55     203.1090     70.43  |   Q     |         |         |    V    | 
   20+ 0     203.6014     71.49  |   Q     |         |         |    V    | 
   20+ 5     204.0987     72.21  |   Q     |         |         |    V    | 
   20+10     204.6004     72.84  |   Q     |         |         |    V    | 
   20+15     205.1080     73.70  |   Q     |         |         |    V    | 
   20+20     205.6266     75.31  |    Q    |         |         |    V    | 
   20+25     206.1583     77.21  |    Q    |         |         |    V    | 
   20+30     206.6994     78.57  |    Q    |         |         |     V   | 
   20+35     207.2465     79.44  |    Q    |         |         |     V   | 
   20+40     207.7970     79.93  |    Q    |         |         |     V   | 
   20+45     208.3472     79.89  |    Q    |         |         |     V   | 
   20+50     208.8906     78.90  |    Q    |         |         |     V   | 
   20+55     209.4241     77.47  |    Q    |         |         |     V   | 
   21+ 0     209.9506     76.44  |    Q    |         |         |     V   | 
   21+ 5     210.4723     75.76  |    Q    |         |         |     V   | 
   21+10     210.9899     75.15  |    Q    |         |         |     V   | 
   21+15     211.5018     74.32  |   Q     |         |         |     V   | 
   21+20     212.0028     72.74  |   Q     |         |         |     V   | 
   21+25     212.4909     70.88  |   Q     |         |         |      V  | 
   21+30     212.9699     69.55  |   Q     |         |         |      V  | 
   21+35     213.4429     68.68  |   Q     |         |         |      V  | 
   21+40     213.9117     68.08  |   Q     |         |         |      V  | 
   21+45     214.3777     67.66  |   Q     |         |         |      V  | 
   21+50     214.8417     67.38  |   Q     |         |         |      V  | 
   21+55     215.3043     67.17  |   Q     |         |         |      V  | 
   22+ 0     215.7660     67.04  |   Q     |         |         |      V  | 
   22+ 5     216.2271     66.94  |   Q     |         |         |      V  | 
   22+10     216.6877     66.89  |   Q     |         |         |      V  | 
   22+15     217.1483     66.87  |   Q     |         |         |      V  | 
   22+20     217.6088     66.88  |   Q     |         |         |      V  | 
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   22+25     218.0695     66.89  |   Q     |         |         |       V | 
   22+30     218.5303     66.90  |   Q     |         |         |       V | 
   22+35     218.9911     66.91  |   Q     |         |         |       V | 
   22+40     219.4520     66.93  |   Q     |         |         |       V | 
   22+45     219.9130     66.94  |   Q     |         |         |       V | 
   22+50     220.3741     66.95  |   Q     |         |         |       V | 
   22+55     220.8353     66.96  |   Q     |         |         |       V | 
   23+ 0     221.2965     66.97  |   Q     |         |         |       V | 
   23+ 5     221.7580     67.01  |   Q     |         |         |       V | 
   23+10     222.2206     67.17  |   Q     |         |         |       V | 
   23+15     222.6867     67.67  |   Q     |         |         |       V | 
   23+20     223.1618     68.99  |   Q     |         |         |       V | 
   23+25     223.6486     70.68  |   Q     |         |         |       V | 
   23+30     224.1438     71.90  |   Q     |         |         |        V| 
   23+35     224.6442     72.66  |   Q     |         |         |        V| 
   23+40     225.1476     73.09  |   Q     |         |         |        V| 
   23+45     225.6504     73.01  |   Q     |         |         |        V| 
   23+50     226.1463     72.00  |   Q     |         |         |        V| 
   23+55     226.6322     70.55  |   Q     |         |         |        V| 
   24+ 0     227.1109     69.51  |   Q     |         |         |        V| 
   24+ 5     227.5833     68.59  |   Q     |         |         |        V| 
   24+10     228.0436     66.83  |   Q     |         |         |        V| 
   24+15     228.4712     62.09  |   Q     |         |         |        V| 
   24+20     228.8153     49.96  |  Q      |         |         |        V| 
   24+25     229.0538     34.64  | Q       |         |         |        V| 
   24+30     229.2168     23.67  |Q        |         |         |        V| 
   24+35     229.3305     16.51  |Q        |         |         |        V| 
   24+40     229.4095     11.48  Q         |         |         |        V| 
   24+45     229.4637      7.86  Q         |         |         |        V| 
   24+50     229.4996      5.22  Q         |         |         |        V| 
   24+55     229.5222      3.28  Q         |         |         |        V| 
   25+ 0     229.5353      1.90  Q         |         |         |        V| 
   25+ 5     229.5420      0.96  Q         |         |         |        V| 
   25+10     229.5444      0.36  Q         |         |         |        V| 
   25+15     229.5447      0.05  Q         |         |         |        V| 
-----------------------------------------------------------------------
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San Diego County Rational Hydrology Program

CIVILCADD/CIVILDESIGN Engineering Software,(c)1991-2004 Version 7.4

Rational method hydrology  program based on
San Diego County Flood Control Division 2003 hydrology manual

Rational Hydrology Study        Date: 09/10/10
------------------------------------------------------------------------
Tule Wind Project
System 1200
Proposed Conditions 100 Year
                                                                            

------------------------------------------------------------------------
 *********   Hydrology Study Control Information **********

------------------------------------------------------------------------

Program License Serial Number 4055

------------------------------------------------------------------------
Rational hydrology study storm event year is   100.0
English (in-lb) input data Units used

Map data precipitation entered:
6 hour,  precipitation(inches) =  3.000
24 hour precipitation(inches) =  5.050
P6/P24 =    59.4%
San Diego hydrology manual 'C' values used

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station     1200.100 to Point/Station     1200.200
**** INITIAL AREA EVALUATION ****
______________________________________________________________________
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 1.000
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 0.000
[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.320
Initial subarea total flow distance  =  307.190(Ft.)
Highest elevation = 4047.500(Ft.)
Lowest elevation = 4025.000(Ft.)
Elevation difference =   22.500(Ft.) Slope =  7.324 %
INITIAL AREA TIME OF CONCENTRATION CALCULATIONS:
The maximum overland flow distance is 100.00 (Ft)
for the top area slope value of   7.32 %, in a development type of
 1.0 DU/A or Less       
In Accordance With Figure 3-3 
Initial Area Time of Concentration =   7.23 minutes
TC = [1.8*(1.1-C)*distance(Ft.)^.5)/(% slope^(1/3)]
TC = [1.8*(1.1-0.3200)*( 100.000^.5)/(   7.324^(1/3)]=   7.23
Rainfall intensity (I) =      6.231(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for area (Q=KCIA) is C = 0.320
Subarea runoff =      1.248(CFS)
Total initial stream area =        0.626(Ac.)
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++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station     1200.200 to Point/Station     1200.300
**** IMPROVED CHANNEL TRAVEL TIME ****
______________________________________________________________________
Upstream point elevation =  4025.000(Ft.)
Downstream point elevation =  3840.000(Ft.)
Channel length thru subarea  =  1873.920(Ft.)
Channel base width =   10.000(Ft.)
Slope or 'Z' of left channel bank =   4.000
Slope or 'Z' of right channel bank =   4.000
Estimated mean flow rate at midpoint of channel =     11.382(CFS)
Manning's 'N'    = 0.040
Maximum depth of channel  =    5.000(Ft.)
Flow(q) thru subarea =     11.382(CFS)
Depth of flow =   0.243(Ft.), Average velocity =   4.277(Ft/s)
Channel flow top width =   11.941(Ft.)
Flow Velocity =    4.28(Ft/s)
Travel time  =    7.30 min.
Time of concentration =   14.53 min.
Critical depth =      0.328(Ft.)
 Adding area flow to channel
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.590
Decimal fraction soil group C = 0.410
Decimal fraction soil group D = 0.000
[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.336
Rainfall intensity =      3.972(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for total area
(Q=KCIA) is C = 0.336  CA =      5.397
Subarea runoff =     20.186(CFS) for     15.447(Ac.)
Total runoff =     21.434(CFS) Total area =      16.073(Ac.)
Depth of flow =   0.351(Ft.), Average velocity =   5.353(Ft/s)
Critical depth =      0.488(Ft.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station     1200.300 to Point/Station     1200.400
**** IMPROVED CHANNEL TRAVEL TIME ****
______________________________________________________________________
Upstream point elevation =  3840.000(Ft.)
Downstream point elevation =  3606.000(Ft.)
Channel length thru subarea  =  2095.450(Ft.)
Channel base width =   10.000(Ft.)
Slope or 'Z' of left channel bank =   4.000
Slope or 'Z' of right channel bank =   4.000
Estimated mean flow rate at midpoint of channel =     65.976(CFS)
Manning's 'N'    = 0.040
Maximum depth of channel  =    5.000(Ft.)
Flow(q) thru subarea =     65.976(CFS)
Depth of flow =   0.645(Ft.), Average velocity =   8.128(Ft/s)
Channel flow top width =   15.161(Ft.)
Flow Velocity =    8.13(Ft/s)
Travel time  =    4.30 min.
Time of concentration =   18.83 min.
Critical depth =      0.969(Ft.)
 Adding area flow to channel
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.190
Decimal fraction soil group C = 0.810
Decimal fraction soil group D = 0.000
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[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.352
Rainfall intensity =      3.361(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for total area
(Q=KCIA) is C = 0.350  CA =     32.863
Subarea runoff =     89.007(CFS) for     77.940(Ac.)
Total runoff =    110.442(CFS) Total area =      94.013(Ac.)
Depth of flow =   0.860(Ft.), Average velocity =   9.562(Ft/s)
Critical depth =      1.297(Ft.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station     1200.400 to Point/Station     1200.800
**** IMPROVED CHANNEL TRAVEL TIME ****
______________________________________________________________________
Upstream point elevation =  3606.000(Ft.)
Downstream point elevation =  3200.000(Ft.)
Channel length thru subarea  =  3996.967(Ft.)
Channel base width =   10.000(Ft.)
Slope or 'Z' of left channel bank =   4.000
Slope or 'Z' of right channel bank =   4.000
Estimated mean flow rate at midpoint of channel =    164.331(CFS)
Manning's 'N'    = 0.040
Maximum depth of channel  =    5.000(Ft.)
Flow(q) thru subarea =    164.331(CFS)
Depth of flow =   1.095(Ft.), Average velocity =  10.436(Ft/s)
Channel flow top width =   18.760(Ft.)
Flow Velocity =   10.44(Ft/s)
Travel time  =    6.38 min.
Time of concentration =   25.21 min.
Critical depth =      1.625(Ft.)
 Adding area flow to channel
Decimal fraction soil group A = 0.130
Decimal fraction soil group B = 0.030
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 0.840
[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.389
Rainfall intensity =      2.784(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for total area
(Q=KCIA) is C = 0.371  CA =     78.360
Subarea runoff =    107.705(CFS) for    116.930(Ac.)
Total runoff =    218.146(CFS) Total area =     210.943(Ac.)
Depth of flow =   1.274(Ft.), Average velocity =  11.344(Ft/s)
Critical depth =      1.906(Ft.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station     1200.400 to Point/Station     1200.800
**** CONFLUENCE OF MINOR STREAMS ****
______________________________________________________________________
Along Main Stream number: 1 in normal stream number 1
Stream flow area =    210.943(Ac.)
Runoff from this stream =    218.146(CFS)
Time of concentration =   25.21 min.
Rainfall intensity =     2.784(In/Hr)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
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Process from Point/Station     1200.500 to Point/Station     1200.600
**** INITIAL AREA EVALUATION ****
______________________________________________________________________
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 1.000
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 0.000
[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.320
Initial subarea total flow distance  =  203.190(Ft.)
Highest elevation = 3965.000(Ft.)
Lowest elevation = 3935.000(Ft.)
Elevation difference =   30.000(Ft.) Slope = 14.765 %
INITIAL AREA TIME OF CONCENTRATION CALCULATIONS:
The maximum overland flow distance is 100.00 (Ft)
for the top area slope value of  14.77 %, in a development type of
 1.0 DU/A or Less       
In Accordance With Figure 3-3 
Initial Area Time of Concentration =   5.72 minutes
TC = [1.8*(1.1-C)*distance(Ft.)^.5)/(% slope^(1/3)]
TC = [1.8*(1.1-0.3200)*( 100.000^.5)/(  14.765^(1/3)]=   5.72
Rainfall intensity (I) =      7.245(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for area (Q=KCIA) is C = 0.320
Subarea runoff =      1.451(CFS)
Total initial stream area =        0.626(Ac.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station     1200.600 to Point/Station     1200.700
**** IMPROVED CHANNEL TRAVEL TIME ****
______________________________________________________________________
Upstream point elevation =  3935.000(Ft.)
Downstream point elevation =  3730.000(Ft.)
Channel length thru subarea  =  2829.617(Ft.)
Channel base width =   10.000(Ft.)
Slope or 'Z' of left channel bank =   4.000
Slope or 'Z' of right channel bank =   4.000
Estimated mean flow rate at midpoint of channel =     42.307(CFS)
Manning's 'N'    = 0.040
Maximum depth of channel  =    5.000(Ft.)
Flow(q) thru subarea =     42.307(CFS)
Depth of flow =   0.567(Ft.), Average velocity =   6.080(Ft/s)
Channel flow top width =   14.537(Ft.)
Flow Velocity =    6.08(Ft/s)
Travel time  =    7.76 min.
Time of concentration =   13.48 min.
Critical depth =      0.742(Ft.)
 Adding area flow to channel
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.290
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 0.710
[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.384
Rainfall intensity =      4.169(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for total area
(Q=KCIA) is C = 0.383  CA =     19.924
Subarea runoff =     81.616(CFS) for     51.378(Ac.)
Total runoff =     83.068(CFS) Total area =      52.004(Ac.)
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Depth of flow =   0.828(Ft.), Average velocity =   7.540(Ft/s)
Critical depth =      1.109(Ft.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station     1200.700 to Point/Station     1200.800
**** IMPROVED CHANNEL TRAVEL TIME ****
______________________________________________________________________
Upstream point elevation =  3730.000(Ft.)
Downstream point elevation =  3200.000(Ft.)
Channel length thru subarea  =  3560.760(Ft.)
Channel base width =   10.000(Ft.)
Slope or 'Z' of left channel bank =   4.000
Slope or 'Z' of right channel bank =   4.000
Estimated mean flow rate at midpoint of channel =    228.996(CFS)
Manning's 'N'    = 0.040
Maximum depth of channel  =    5.000(Ft.)
Flow(q) thru subarea =    228.996(CFS)
Depth of flow =   1.181(Ft.), Average velocity =  13.171(Ft/s)
Channel flow top width =   19.447(Ft.)
Flow Velocity =   13.17(Ft/s)
Travel time  =    4.51 min.
Time of concentration =   17.99 min.
Critical depth =      1.953(Ft.)
 Adding area flow to channel
Decimal fraction soil group A = 0.052
Decimal fraction soil group B = 0.084
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 0.864
[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.395
Rainfall intensity =      3.462(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for total area
(Q=KCIA) is C = 0.393  CA =    108.287
Subarea runoff =    291.768(CFS) for    223.612(Ac.)
Total runoff =    374.835(CFS) Total area =     275.616(Ac.)
Depth of flow =   1.531(Ft.), Average velocity =  15.189(Ft/s)
Critical depth =      2.531(Ft.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station     1200.700 to Point/Station     1200.800
**** CONFLUENCE OF MINOR STREAMS ****
______________________________________________________________________
Along Main Stream number: 1 in normal stream number 2
Stream flow area =    275.616(Ac.)
Runoff from this stream =    374.835(CFS)
Time of concentration =   17.99 min.
Rainfall intensity =     3.462(In/Hr)
Summary of stream data:

Stream   Flow rate      TC            Rainfall Intensity
 No.       (CFS)       (min)                 (In/Hr)

1      218.146     25.21          2.784
2      374.835     17.99          3.462
Qmax(1) =

   1.000 *    1.000 *   218.146) +
   0.804 *    1.000 *   374.835) + =     519.605

Qmax(2) =
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   1.000 *    0.713 *   218.146) +
   1.000 *    1.000 *   374.835) + =     530.454

Total of 2 streams to confluence:
Flow rates before confluence point:
     218.146     374.835
Maximum flow rates at confluence using above data:
      519.605      530.454
Area of streams before confluence:
      210.943      275.616
Results of confluence:
Total flow rate =    530.454(CFS)
Time of concentration =    17.986 min.
Effective stream area after confluence =    486.559(Ac.)
End of computations, total study area =         486.559 (Ac.)
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Project: Tule Wind

Subject: Drainage Report

Task: 21

Job#: 115965

Proposed Conditions, Unit Hydrograph

Watershed Loss

Watershed A (mi
2
) A (ac) CN (AMC II) PZN PZN (>35yr) CN (>35yr) Soil Type

Tule Creek 28.52 18250 74 3.42 2.58 82 2.1

Eastern Unnamed Wash 1.15 734 80 3.55 2.45 85 2.7

Watershed Lag

Watershed Elev US (ft) Elev DS (ft) L (mi) Lca (mi) Slope (ft/mi) Basin n m lag (hr)

Tule Creek 5802.5 3473 12.13 5.14 192 0.040 0.38 1.70

Eastern Unnamed Wash 4125 3620 1.91 0.74 265 0.040 0.38 0.38

Subwatershed Rainfall, Inches (SDC Hydrology Manual)

Watershed 100Yr 6Hr 100Yr 24Hr

Tule Creek 3.36 6.31

Eastern Unnamed Wash 3.00 5.01
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Project: Tule Wind

Subject: Drainage Report

Task: 21

Job#: 115965

Proposed Permanent Impact Summary

Watershed Basin Area (acres)

Perm Impacted 

Area % Impacted Turbines O&M Substation

Total 

Impervious 

Area (sq ft)

Total Impervious 

Area (acres) % Impervious

Tule Creek 18250.10 50.82 0.28% 6 3 1 21155 0.485651042 0.003%

Eastern Unnamed Wash 734.43 20.52 2.79% 5 1796 0.041225884 0.006%

1200 485.64 6.12 1.26% 2 718 0.016490354 0.003%

Totals 19470.17 77.46 13 23669 0.54336728 0.701%

0.0028%



Project: Tule Wind

Subject: Drainage Report

Task: 21

Job#: 115965

Unit Hydrograph Basin Rainfall

100 Yr 6 Hour

FID Watershed Rainfall Acres Acres*Rainfall Area Averaged Rainfall (in)

Tule Creek 4 1518.463274 6074

3 6758.893749 20277

3.5 9972.741476 34905

Totals 18250.0985 61255 3.356427337

Unnamed Eastern Wash 3 734.4312233 2203

Totals 734.4312233 2203 3

100 Yr 24 Hour

FID Watershed Rainfall Acres Acres*Rainfall Area Averaged Rainfall (in)

Tule Creek 10 309.1901693 3092

5 3912.209291 19561

8 4163.427072 33307

6 9865.271967 59192

Totals 18250.0985 115152 6.309664385

Unnamed Eastern Wash 6 6.787032388 41

5 727.6441909 36385 727.6441909 3638

Totals 734.4312233 3679 5.009241209
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Unit Hydrograph Basin Rainfall
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Project: Tule Wind

Subject: Drainage Report

Task: 21

Job#: 115965

Tule Creek Proposed Curve Number

Name Acres

Land Use 

Code Land Use Description Description

Percent 

Impervious MUSYM HydSoilGrp CN CN*A Soil Group

18250 73.86 1347895 2.07

Tule Creek 0.043088 1000 Spaced Rural Residential A 50 2.15 1

Tule Creek 0.104102 1000 Spaced Rural Residential A 50 5.21 1

Tule Creek 0.146983 1000 Spaced Rural Residential A 50 7.35 1

Tule Creek 0.18566 1000 Spaced Rural Residential A 50 9.28 1

Tule Creek 0.307448 1000 Spaced Rural Residential A 50 15.37 1

Tule Creek 2.45739 1000 Spaced Rural Residential A 50 122.87 1

Tule Creek 2.572043 1000 Spaced Rural Residential A 50 128.60 1

Tule Creek 6.713096 1000 Spaced Rural Residential A 50 335.65 1

Tule Creek 7.452114 1000 Spaced Rural Residential A 50 372.61 1

Tule Creek 9.67432 1000 Spaced Rural Residential A 50 483.72 1

Tule Creek 9.816206 1000 Spaced Rural Residential A 50 490.81 1

Tule Creek 9.917752 1000 Spaced Rural Residential A 50 495.89 1

Tule Creek 10.17541 1000 Spaced Rural Residential A 50 508.77 1

Tule Creek 12.2153 1000 Spaced Rural Residential A 50 610.77 1

Tule Creek 12.68086 1000 Spaced Rural Residential A 50 634.04 1

Tule Creek 13.63845 1000 Spaced Rural Residential A 50 681.92 1

Tule Creek 14.4015 1000 Spaced Rural Residential A 50 720.08 1

Tule Creek 18.1944 1000 Spaced Rural Residential A 50 909.72 1

Tule Creek 21.37183 1000 Spaced Rural Residential A 50 1068.59 1

Tule Creek 25.76366 1000 Spaced Rural Residential A 50 1288.18 1

Tule Creek 25.91156 1000 Spaced Rural Residential A 50 1295.58 1

Tule Creek 27.33742 1000 Spaced Rural Residential A 50 1366.87 1

Tule Creek 27.62886 1000 Spaced Rural Residential A 50 1381.44 1

Tule Creek 29.31003 1000 Spaced Rural Residential A 50 1465.50 1

Tule Creek 32.76803 1000 Spaced Rural Residential A 50 1638.40 1

Tule Creek 42.71826 1000 Spaced Rural Residential A 50 2135.91 1

Tule Creek 74.33333 1000 Spaced Rural Residential A 50 3716.67 1

Tule Creek 78.14983 1000 Spaced Rural Residential A 50 3907.49 1

Land Use Soils CN

Tule Creek 78.14983 1000 Spaced Rural Residential A 50 3907.49 1

Tule Creek 80.58518 1000 Spaced Rural Residential A 50 4029.26 1

Tule Creek 173.7482 1000 Spaced Rural Residential A 50 8687.41 1

Tule Creek 0.047511 1000 Spaced Rural Residential B 69 3.28 2

Tule Creek 0.339073 1000 Spaced Rural Residential B 69 23.40 2

Tule Creek 0.610479 1000 Spaced Rural Residential B 69 42.12 2

Tule Creek 0.835743 1000 Spaced Rural Residential B 69 57.67 2

Tule Creek 1.027563 1000 Spaced Rural Residential B 69 70.90 2

Tule Creek 1.227552 1000 Spaced Rural Residential B 69 84.70 2

Tule Creek 1.281048 1000 Spaced Rural Residential B 69 88.39 2

Tule Creek 1.401359 1000 Spaced Rural Residential B 69 96.69 2

Tule Creek 1.597418 1000 Spaced Rural Residential B 69 110.22 2

Tule Creek 2.849452 1000 Spaced Rural Residential B 69 196.61 2

Tule Creek 3.069729 1000 Spaced Rural Residential B 69 211.81 2

Tule Creek 3.533041 1000 Spaced Rural Residential B 69 243.78 2

Tule Creek 6.474168 1000 Spaced Rural Residential B 69 446.72 2

Tule Creek 6.623204 1000 Spaced Rural Residential B 69 457.00 2

Tule Creek 7.091565 1000 Spaced Rural Residential B 69 489.32 2

Tule Creek 7.221005 1000 Spaced Rural Residential B 69 498.25 2

Tule Creek 7.371222 1000 Spaced Rural Residential B 69 508.61 2

Tule Creek 7.378903 1000 Spaced Rural Residential B 69 509.14 2

Tule Creek 7.827621 1000 Spaced Rural Residential B 69 540.11 2

Tule Creek 11.46181 1000 Spaced Rural Residential B 69 790.87 2

Tule Creek 13.53061 1000 Spaced Rural Residential B 69 933.61 2

Tule Creek 15.11635 1000 Spaced Rural Residential B 69 1043.03 2

Tule Creek 15.13929 1000 Spaced Rural Residential B 69 1044.61 2

Tule Creek 15.82326 1000 Spaced Rural Residential B 69 1091.81 2

Tule Creek 16.62028 1000 Spaced Rural Residential B 69 1146.80 2

Tule Creek 18.05196 1000 Spaced Rural Residential B 69 1245.58 2

Tule Creek 18.08603 1000 Spaced Rural Residential B 69 1247.94 2

Tule Creek 19.03283 1000 Spaced Rural Residential B 69 1313.27 2



Name Acres

Land Use 

Code Land Use Description Description

Percent 

Impervious MUSYM HydSoilGrp CN CN*A Soil Group

Land Use Soils CN

Tule Creek 19.54646 1000 Spaced Rural Residential B 69 1348.71 2

Tule Creek 20.07256 1000 Spaced Rural Residential B 69 1385.01 2

Tule Creek 21.90675 1000 Spaced Rural Residential B 69 1511.57 2

Tule Creek 22.15042 1000 Spaced Rural Residential B 69 1528.38 2

Tule Creek 23.22073 1000 Spaced Rural Residential B 69 1602.23 2

Tule Creek 26.59746 1000 Spaced Rural Residential B 69 1835.22 2

Tule Creek 28.42616 1000 Spaced Rural Residential B 69 1961.41 2

Tule Creek 31.39665 1000 Spaced Rural Residential B 69 2166.37 2

Tule Creek 35.05085 1000 Spaced Rural Residential B 69 2418.51 2

Tule Creek 36.19485 1000 Spaced Rural Residential B 69 2497.44 2

Tule Creek 37.09682 1000 Spaced Rural Residential B 69 2559.68 2

Tule Creek 42.55808 1000 Spaced Rural Residential B 69 2936.51 2

Tule Creek 42.91708 1000 Spaced Rural Residential B 69 2961.28 2

Tule Creek 45.79757 1000 Spaced Rural Residential B 69 3160.03 2

Tule Creek 55.14837 1000 Spaced Rural Residential B 69 3805.24 2

Tule Creek 56.61085 1000 Spaced Rural Residential B 69 3906.15 2

Tule Creek 58.19453 1000 Spaced Rural Residential B 69 4015.42 2

Tule Creek 58.66377 1000 Spaced Rural Residential B 69 4047.80 2

Tule Creek 60.20803 1000 Spaced Rural Residential B 69 4154.35 2

Tule Creek 75.67494 1000 Spaced Rural Residential B 69 5221.57 2

Tule Creek 122.2435 1000 Spaced Rural Residential B 69 8434.80 2

Tule Creek 266.9316 1000 Spaced Rural Residential B 69 18418.28 2

Tule Creek 270.7531 1000 Spaced Rural Residential B 69 18681.96 2

Tule Creek 277.8597 1000 Spaced Rural Residential B 69 19172.32 2

Tule Creek 398.6731 1000 Spaced Rural Residential B 69 27508.44 2

Tule Creek 428.184 1000 Spaced Rural Residential B 69 29544.70 2

Tule Creek 474.5826 1000 Spaced Rural Residential B 69 32746.20 2

Tule Creek 0.001115 1000 Spaced Rural Residential C 79 0.09 3

Tule Creek 0.171429 1000 Spaced Rural Residential C 79 13.54 3

Tule Creek 0.349768 1000 Spaced Rural Residential C 79 27.63 3

Tule Creek 3.91536 1000 Spaced Rural Residential C 79 309.31 3

Tule Creek 13.95372 1000 Spaced Rural Residential C 79 1102.34 3

Tule Creek 15.43697 1000 Spaced Rural Residential C 79 1219.52 3

Tule Creek 23.14885 1000 Spaced Rural Residential C 79 1828.76 3Tule Creek 23.14885 1000 Spaced Rural Residential C 79 1828.76 3

Tule Creek 27.3161 1000 Spaced Rural Residential C 79 2157.97 3

Tule Creek 41.93775 1000 Spaced Rural Residential C 79 3313.08 3

Tule Creek 0.026043 1000 Spaced Rural Residential D 84 2.19 4

Tule Creek 0.365483 1000 Spaced Rural Residential D 84 30.70 4

Tule Creek 0.648487 1000 Spaced Rural Residential D 84 54.47 4

Tule Creek 1.019984 1000 Spaced Rural Residential D 84 85.68 4

Tule Creek 1.485547 1000 Spaced Rural Residential D 84 124.79 4

Tule Creek 4.928847 1000 Spaced Rural Residential D 84 414.02 4

Tule Creek 8.173902 1000 Spaced Rural Residential D 84 686.61 4

Tule Creek 9.08764 1000 Spaced Rural Residential D 84 763.36 4

Tule Creek 10.91547 1000 Spaced Rural Residential D 84 916.90 4

Tule Creek 15.42996 1000 Spaced Rural Residential D 84 1296.12 4

Tule Creek 15.71257 1000 Spaced Rural Residential D 84 1319.86 4

Tule Creek 15.79647 1000 Spaced Rural Residential D 84 1326.90 4

Tule Creek 16.80266 1000 Spaced Rural Residential D 84 1411.42 4

Tule Creek 25.60615 1000 Spaced Rural Residential D 84 2150.92 4

Tule Creek 51.21879 1000 Spaced Rural Residential D 84 4302.38 4

Tule Creek 83.55671 1000 Spaced Rural Residential D 84 7018.76 4

Tule Creek 0.967946 1190 Single Family Residential Without Units A 54 52.27 1

Tule Creek 0.364026 1190 Single Family Residential Without Units B 70 25.48 2

Tule Creek 0.567625 1190 Single Family Residential Without Units B 70 39.73 2

Tule Creek 6.729983 1409 Other Group Quarters Facility A 81 545.13 1

Tule Creek 74.69883 1409 Other Group Quarters Facility B 88 6573.50 2

Tule Creek 7.775003 1409 Other Group Quarters Facility C 91 707.53 3

Tule Creek 6.907187 4104 Airstrip B 86 594.02 2

Tule Creek 0.068954 4112 Freeway B 98 6.76 2

Tule Creek 5.864552 4112 Freeway B 98 574.73 2

Tule Creek 31.025 4112 Freeway B 98 3040.45 2

Tule Creek 31.09615 4112 Freeway B 98 3047.42 2

Tule Creek 0.006861 4112 Freeway D 98 0.67 4

Tule Creek 0.001148 4117 Impacts A 72 0.08 1



Name Acres

Land Use 

Code Land Use Description Description

Percent 

Impervious MUSYM HydSoilGrp CN CN*A Soil Group

Land Use Soils CN

Tule Creek 0.002298 4117 Impacts A 72 0.17 1

Tule Creek 0.206868 4117 Impacts A 72 14.89 1

Tule Creek 0.212409 4117 Impacts A 72 15.29 1

Tule Creek 0.329749 4117 Impacts A 72 23.74 1

Tule Creek 0.367846 4117 Impacts A 72 26.48 1

Tule Creek 0.624498 4117 Impacts A 72 44.96 1

Tule Creek 0.793344 4117 Impacts A 72 57.12 1

Tule Creek 1.850883 4117 Impacts A 72 133.26 1

Tule Creek 5.040098 4117 Impacts A 72 362.89 1

Tule Creek 6.875633 4117 Impacts A 72 495.05 1

Tule Creek 0.000349 4117 Impacts B 82 0.03 2

Tule Creek 0.001148 4117 Impacts B 82 0.09 2

Tule Creek 0.001148 4117 Impacts B 82 0.09 2

Tule Creek 0.005995 4117 Impacts B 82 0.49 2

Tule Creek 0.259838 4117 Impacts B 82 21.31 2

Tule Creek 0.281823 4117 Impacts B 82 23.11 2

Tule Creek 0.352984 4117 Impacts B 82 28.94 2

Tule Creek 0.436816 4117 Impacts B 82 35.82 2

Tule Creek 0.443356 4117 Impacts B 82 36.36 2

Tule Creek 1.352088 4117 Impacts B 82 110.87 2

Tule Creek 2.147759 4117 Impacts B 82 176.12 2

Tule Creek 2.179399 4117 Impacts B 82 178.71 2

Tule Creek 2.758698 4117 Impacts B 82 226.21 2

Tule Creek 2.997167 4117 Impacts B 82 245.77 2

Tule Creek 4.307296 4117 Impacts B 82 353.20 2

Tule Creek 4.620158 4117 Impacts B 82 378.85 2

Tule Creek 6.801421 4117 Impacts B 82 557.72 2

Tule Creek 21.10186 4117 Impacts B 82 1730.35 2

Tule Creek 21.15543 4117 Impacts B 82 1734.75 2

Tule Creek 39.43635 4117 Impacts B 82 3233.78 2

Tule Creek 88.94534 4117 Impacts B 82 7293.52 2

Tule Creek 2.712069 4117 Impacts C 87 235.95 3

Tule Creek 0.020028 4117 Impacts D 89 1.78 4

Tule Creek 0.082071 4117 Impacts D 89 7.30 4Tule Creek 0.082071 4117 Impacts D 89 7.30 4

Tule Creek 0.098335 4117 Impacts D 89 8.75 4

Tule Creek 0.3336 4117 Impacts D 89 29.69 4

Tule Creek 0.970867 4117 Impacts D 89 86.41 4

Tule Creek 6.219915 4117 Impacts D 89 553.57 4

Tule Creek 12.84793 4117 Impacts D 89 1143.47 4

Tule Creek 0.433045 4118 Road Right of Way A 74 32.05 1

Tule Creek 0.557935 4118 Road Right of Way A 74 41.29 1

Tule Creek 0.870485 4118 Road Right of Way A 74 64.42 1

Tule Creek 1.282634 4118 Road Right of Way A 74 94.91 1

Tule Creek 1.538811 4118 Road Right of Way A 74 113.87 1

Tule Creek 3.343863 4118 Road Right of Way A 74 247.45 1

Tule Creek 0.133175 4118 Road Right of Way B 84 11.19 2

Tule Creek 0.258242 4118 Road Right of Way B 84 21.69 2

Tule Creek 0.578129 4118 Road Right of Way B 84 48.56 2

Tule Creek 2.195245 4118 Road Right of Way B 84 184.40 2

Tule Creek 3.187266 4118 Road Right of Way B 84 267.73 2

Tule Creek 3.307092 4118 Road Right of Way B 84 277.80 2

Tule Creek 4.184623 4118 Road Right of Way B 84 351.51 2

Tule Creek 9.665824 4118 Road Right of Way B 84 811.93 2

Tule Creek 0.559069 4118 Road Right of Way C 90 50.32 3

Tule Creek 1.49493 4118 Road Right of Way C 90 134.54 3

Tule Creek 1.214105 4118 Road Right of Way D 92 111.70 4

Tule Creek 0.145578 7603 Open Space Park or Preserve A 62 9.03 1

Tule Creek 0.666159 7603 Open Space Park or Preserve A 62 41.30 1

Tule Creek 0.670833 7603 Open Space Park or Preserve A 62 41.59 1

Tule Creek 1.291557 7603 Open Space Park or Preserve A 62 80.08 1

Tule Creek 2.450693 7603 Open Space Park or Preserve A 62 151.94 1

Tule Creek 6.445348 7603 Open Space Park or Preserve A 62 399.61 1

Tule Creek 6.492338 7603 Open Space Park or Preserve A 62 402.52 1

Tule Creek 6.690075 7603 Open Space Park or Preserve A 62 414.78 1

Tule Creek 7.609108 7603 Open Space Park or Preserve A 62 471.76 1



Name Acres

Land Use 

Code Land Use Description Description

Percent 

Impervious MUSYM HydSoilGrp CN CN*A Soil Group

Land Use Soils CN

Tule Creek 10.61757 7603 Open Space Park or Preserve A 62 658.29 1

Tule Creek 12.56999 7603 Open Space Park or Preserve A 62 779.34 1

Tule Creek 15.49857 7603 Open Space Park or Preserve A 62 960.91 1

Tule Creek 20.82638 7603 Open Space Park or Preserve A 62 1291.24 1

Tule Creek 24.10463 7603 Open Space Park or Preserve A 62 1494.49 1

Tule Creek 27.80123 7603 Open Space Park or Preserve A 62 1723.68 1

Tule Creek 28.28145 7603 Open Space Park or Preserve A 62 1753.45 1

Tule Creek 35.04884 7603 Open Space Park or Preserve A 62 2173.03 1

Tule Creek 133.5828 7603 Open Space Park or Preserve A 62 8282.13 1

Tule Creek 5.79E-06 7603 Open Space Park or Preserve B 76 0.00 2

Tule Creek 0.001532 7603 Open Space Park or Preserve B 76 0.12 2

Tule Creek 0.147796 7603 Open Space Park or Preserve B 76 11.23 2

Tule Creek 0.161165 7603 Open Space Park or Preserve B 76 12.25 2

Tule Creek 0.191822 7603 Open Space Park or Preserve B 76 14.58 2

Tule Creek 1.063073 7603 Open Space Park or Preserve B 76 80.79 2

Tule Creek 1.239796 7603 Open Space Park or Preserve B 76 94.22 2

Tule Creek 2.221254 7603 Open Space Park or Preserve B 76 168.82 2

Tule Creek 2.550184 7603 Open Space Park or Preserve B 76 193.81 2

Tule Creek 2.719127 7603 Open Space Park or Preserve B 76 206.65 2

Tule Creek 3.014238 7603 Open Space Park or Preserve B 76 229.08 2

Tule Creek 6.068157 7603 Open Space Park or Preserve B 76 461.18 2

Tule Creek 8.725289 7603 Open Space Park or Preserve B 76 663.12 2

Tule Creek 8.948429 7603 Open Space Park or Preserve B 76 680.08 2

Tule Creek 9.60439 7603 Open Space Park or Preserve B 76 729.93 2

Tule Creek 10.74877 7603 Open Space Park or Preserve B 76 816.91 2

Tule Creek 13.69377 7603 Open Space Park or Preserve B 76 1040.73 2

Tule Creek 14.32418 7603 Open Space Park or Preserve B 76 1088.64 2

Tule Creek 18.20713 7603 Open Space Park or Preserve B 76 1383.74 2

Tule Creek 19.02761 7603 Open Space Park or Preserve B 76 1446.10 2

Tule Creek 20.83353 7603 Open Space Park or Preserve B 76 1583.35 2

Tule Creek 26.21576 7603 Open Space Park or Preserve B 76 1992.40 2

Tule Creek 26.8469 7603 Open Space Park or Preserve B 76 2040.36 2

Tule Creek 29.76741 7603 Open Space Park or Preserve B 76 2262.32 2

Tule Creek 55.98659 7603 Open Space Park or Preserve B 76 4254.98 2Tule Creek 55.98659 7603 Open Space Park or Preserve B 76 4254.98 2

Tule Creek 63.39889 7603 Open Space Park or Preserve B 76 4818.32 2

Tule Creek 116.7971 7603 Open Space Park or Preserve B 76 8876.58 2

Tule Creek 131.2913 7603 Open Space Park or Preserve B 76 9978.14 2

Tule Creek 198.0989 7603 Open Space Park or Preserve B 76 15055.52 2

Tule Creek 206.8661 7603 Open Space Park or Preserve B 76 15721.83 2

Tule Creek 212.795 7603 Open Space Park or Preserve B 76 16172.42 2

Tule Creek 440.3058 7603 Open Space Park or Preserve B 76 33463.24 2

Tule Creek 491.6818 7603 Open Space Park or Preserve B 76 37367.82 2

Tule Creek 561.9367 7603 Open Space Park or Preserve B 76 42707.19 2

Tule Creek 1796.067 7603 Open Space Park or Preserve B 76 136501.10 2

Tule Creek 0.323417 7603 Open Space Park or Preserve C 84 27.17 3

Tule Creek 1.426928 7603 Open Space Park or Preserve C 84 119.86 3

Tule Creek 27.97658 7603 Open Space Park or Preserve C 84 2350.03 3

Tule Creek 56.1561 7603 Open Space Park or Preserve C 84 4717.11 3

Tule Creek 0.018809 7603 Open Space Park or Preserve D 88 1.66 4

Tule Creek 1.990162 7603 Open Space Park or Preserve D 88 175.13 4

Tule Creek 3.055979 7603 Open Space Park or Preserve D 88 268.93 4

Tule Creek 4.786524 7603 Open Space Park or Preserve D 88 421.21 4

Tule Creek 7.507363 7603 Open Space Park or Preserve D 88 660.65 4

Tule Creek 9.004921 7603 Open Space Park or Preserve D 88 792.43 4

Tule Creek 21.39379 7603 Open Space Park or Preserve D 88 1882.65 4

Tule Creek 217.9231 7603 Open Space Park or Preserve D 88 19177.24 4

Tule Creek 442.4383 7603 Open Space Park or Preserve D 88 38934.57 4

Tule Creek 4.448867 8003 Field Crops A 62 275.83 1

Tule Creek 16.13558 8003 Field Crops A 62 1000.41 1

Tule Creek 27.18965 8003 Field Crops A 62 1685.76 1

Tule Creek 65.95404 8003 Field Crops A 62 4089.15 1

Tule Creek 0.341477 8003 Field Crops B 76 25.95 2

Tule Creek 1.937761 8003 Field Crops B 76 147.27 2

Tule Creek 3.40635 8003 Field Crops B 76 258.88 2

Tule Creek 5.150237 8003 Field Crops B 76 391.42 2



Name Acres

Land Use 

Code Land Use Description Description

Percent 

Impervious MUSYM HydSoilGrp CN CN*A Soil Group

Land Use Soils CN

Tule Creek 10.60162 8003 Field Crops B 76 805.72 2

Tule Creek 5.471035 8003 Field Crops C 84 459.57 3

Tule Creek 0.039367 8003 Field Crops D 88 3.46 4

Tule Creek 12.98185 8003 Field Crops D 88 1142.40 4

Tule Creek 32.0698 8003 Field Crops D 88 2822.14 4

Tule Creek 0.370491 9101 Vacant and Undeveloped Land A 62 22.97 1

Tule Creek 0.462587 9101 Vacant and Undeveloped Land A 62 28.68 1

Tule Creek 0.716577 9101 Vacant and Undeveloped Land A 62 44.43 1

Tule Creek 1.423269 9101 Vacant and Undeveloped Land A 62 88.24 1

Tule Creek 1.479646 9101 Vacant and Undeveloped Land A 62 91.74 1

Tule Creek 1.77126 9101 Vacant and Undeveloped Land A 62 109.82 1

Tule Creek 1.795696 9101 Vacant and Undeveloped Land A 62 111.33 1

Tule Creek 2.104207 9101 Vacant and Undeveloped Land A 62 130.46 1

Tule Creek 2.255969 9101 Vacant and Undeveloped Land A 62 139.87 1

Tule Creek 2.38003 9101 Vacant and Undeveloped Land A 62 147.56 1

Tule Creek 2.78078 9101 Vacant and Undeveloped Land A 62 172.41 1

Tule Creek 2.988145 9101 Vacant and Undeveloped Land A 62 185.26 1

Tule Creek 3.702611 9101 Vacant and Undeveloped Land A 62 229.56 1

Tule Creek 3.813949 9101 Vacant and Undeveloped Land A 62 236.46 1

Tule Creek 4.095598 9101 Vacant and Undeveloped Land A 62 253.93 1

Tule Creek 4.585974 9101 Vacant and Undeveloped Land A 62 284.33 1

Tule Creek 4.632554 9101 Vacant and Undeveloped Land A 62 287.22 1

Tule Creek 4.742464 9101 Vacant and Undeveloped Land A 62 294.03 1

Tule Creek 5.398374 9101 Vacant and Undeveloped Land A 62 334.70 1

Tule Creek 5.950607 9101 Vacant and Undeveloped Land A 62 368.94 1

Tule Creek 6.035894 9101 Vacant and Undeveloped Land A 62 374.23 1

Tule Creek 7.440398 9101 Vacant and Undeveloped Land A 62 461.30 1

Tule Creek 7.550937 9101 Vacant and Undeveloped Land A 62 468.16 1

Tule Creek 7.926843 9101 Vacant and Undeveloped Land A 62 491.46 1

Tule Creek 8.178444 9101 Vacant and Undeveloped Land A 62 507.06 1

Tule Creek 9.503046 9101 Vacant and Undeveloped Land A 62 589.19 1

Tule Creek 10.1615 9101 Vacant and Undeveloped Land A 62 630.01 1

Tule Creek 11.43993 9101 Vacant and Undeveloped Land A 62 709.28 1

Tule Creek 13.19961 9101 Vacant and Undeveloped Land A 62 818.38 1Tule Creek 13.19961 9101 Vacant and Undeveloped Land A 62 818.38 1

Tule Creek 16.93045 9101 Vacant and Undeveloped Land A 62 1049.69 1

Tule Creek 18.15904 9101 Vacant and Undeveloped Land A 62 1125.86 1

Tule Creek 22.94393 9101 Vacant and Undeveloped Land A 62 1422.52 1

Tule Creek 24.80073 9101 Vacant and Undeveloped Land A 62 1537.65 1

Tule Creek 26.53566 9101 Vacant and Undeveloped Land A 62 1645.21 1

Tule Creek 28.16416 9101 Vacant and Undeveloped Land A 62 1746.18 1

Tule Creek 31.26606 9101 Vacant and Undeveloped Land A 62 1938.50 1

Tule Creek 33.11955 9101 Vacant and Undeveloped Land A 62 2053.41 1

Tule Creek 33.25553 9101 Vacant and Undeveloped Land A 62 2061.84 1

Tule Creek 45.79989 9101 Vacant and Undeveloped Land A 62 2839.59 1

Tule Creek 59.79589 9101 Vacant and Undeveloped Land A 62 3707.34 1

Tule Creek 77.01624 9101 Vacant and Undeveloped Land A 62 4775.01 1

Tule Creek 144.7928 9101 Vacant and Undeveloped Land A 62 8977.16 1

Tule Creek 175.1536 9101 Vacant and Undeveloped Land A 62 10859.52 1

Tule Creek 193.7297 9101 Vacant and Undeveloped Land A 62 12011.24 1

Tule Creek 0.123272 9101 Vacant and Undeveloped Land B 76 9.37 2

Tule Creek 0.126067 9101 Vacant and Undeveloped Land B 76 9.58 2

Tule Creek 0.259348 9101 Vacant and Undeveloped Land B 76 19.71 2

Tule Creek 0.439751 9101 Vacant and Undeveloped Land B 76 33.42 2

Tule Creek 0.488141 9101 Vacant and Undeveloped Land B 76 37.10 2

Tule Creek 0.555569 9101 Vacant and Undeveloped Land B 76 42.22 2

Tule Creek 1.046957 9101 Vacant and Undeveloped Land B 76 79.57 2

Tule Creek 1.506574 9101 Vacant and Undeveloped Land B 76 114.50 2

Tule Creek 1.800695 9101 Vacant and Undeveloped Land B 76 136.85 2

Tule Creek 1.872557 9101 Vacant and Undeveloped Land B 76 142.31 2

Tule Creek 2.28992 9101 Vacant and Undeveloped Land B 76 174.03 2

Tule Creek 2.39391 9101 Vacant and Undeveloped Land B 76 181.94 2

Tule Creek 2.524843 9101 Vacant and Undeveloped Land B 76 191.89 2

Tule Creek 2.678534 9101 Vacant and Undeveloped Land B 76 203.57 2

Tule Creek 2.955549 9101 Vacant and Undeveloped Land B 76 224.62 2

Tule Creek 3.082261 9101 Vacant and Undeveloped Land B 76 234.25 2



Name Acres

Land Use 

Code Land Use Description Description

Percent 

Impervious MUSYM HydSoilGrp CN CN*A Soil Group

Land Use Soils CN

Tule Creek 3.08555 9101 Vacant and Undeveloped Land B 76 234.50 2

Tule Creek 3.132324 9101 Vacant and Undeveloped Land B 76 238.06 2

Tule Creek 4.209174 9101 Vacant and Undeveloped Land B 76 319.90 2

Tule Creek 4.540735 9101 Vacant and Undeveloped Land B 76 345.10 2

Tule Creek 5.008135 9101 Vacant and Undeveloped Land B 76 380.62 2

Tule Creek 5.032916 9101 Vacant and Undeveloped Land B 76 382.50 2

Tule Creek 5.716538 9101 Vacant and Undeveloped Land B 76 434.46 2

Tule Creek 6.402167 9101 Vacant and Undeveloped Land B 76 486.56 2

Tule Creek 6.640836 9101 Vacant and Undeveloped Land B 76 504.70 2

Tule Creek 6.663339 9101 Vacant and Undeveloped Land B 76 506.41 2

Tule Creek 7.185992 9101 Vacant and Undeveloped Land B 76 546.14 2

Tule Creek 7.274901 9101 Vacant and Undeveloped Land B 76 552.89 2

Tule Creek 7.883665 9101 Vacant and Undeveloped Land B 76 599.16 2

Tule Creek 8.068191 9101 Vacant and Undeveloped Land B 76 613.18 2

Tule Creek 8.987016 9101 Vacant and Undeveloped Land B 76 683.01 2

Tule Creek 9.612152 9101 Vacant and Undeveloped Land B 76 730.52 2

Tule Creek 11.87059 9101 Vacant and Undeveloped Land B 76 902.17 2

Tule Creek 12.81692 9101 Vacant and Undeveloped Land B 76 974.09 2

Tule Creek 13.56025 9101 Vacant and Undeveloped Land B 76 1030.58 2

Tule Creek 14.1667 9101 Vacant and Undeveloped Land B 76 1076.67 2

Tule Creek 14.51726 9101 Vacant and Undeveloped Land B 76 1103.31 2

Tule Creek 15.05544 9101 Vacant and Undeveloped Land B 76 1144.21 2

Tule Creek 19.61081 9101 Vacant and Undeveloped Land B 76 1490.42 2

Tule Creek 21.07988 9101 Vacant and Undeveloped Land B 76 1602.07 2

Tule Creek 21.10185 9101 Vacant and Undeveloped Land B 76 1603.74 2

Tule Creek 21.31978 9101 Vacant and Undeveloped Land B 76 1620.30 2

Tule Creek 22.34473 9101 Vacant and Undeveloped Land B 76 1698.20 2

Tule Creek 23.62745 9101 Vacant and Undeveloped Land B 76 1795.69 2

Tule Creek 23.78581 9101 Vacant and Undeveloped Land B 76 1807.72 2

Tule Creek 23.8163 9101 Vacant and Undeveloped Land B 76 1810.04 2

Tule Creek 28.61306 9101 Vacant and Undeveloped Land B 76 2174.59 2

Tule Creek 32.99727 9101 Vacant and Undeveloped Land B 76 2507.79 2

Tule Creek 35.74483 9101 Vacant and Undeveloped Land B 76 2716.61 2

Tule Creek 38.07883 9101 Vacant and Undeveloped Land B 76 2893.99 2Tule Creek 38.07883 9101 Vacant and Undeveloped Land B 76 2893.99 2

Tule Creek 44.96019 9101 Vacant and Undeveloped Land B 76 3416.97 2

Tule Creek 52.76313 9101 Vacant and Undeveloped Land B 76 4010.00 2

Tule Creek 53.25099 9101 Vacant and Undeveloped Land B 76 4047.08 2

Tule Creek 55.83849 9101 Vacant and Undeveloped Land B 76 4243.72 2

Tule Creek 55.98927 9101 Vacant and Undeveloped Land B 76 4255.18 2

Tule Creek 57.6379 9101 Vacant and Undeveloped Land B 76 4380.48 2

Tule Creek 58.25291 9101 Vacant and Undeveloped Land B 76 4427.22 2

Tule Creek 60.3311 9101 Vacant and Undeveloped Land B 76 4585.16 2

Tule Creek 60.9375 9101 Vacant and Undeveloped Land B 76 4631.25 2

Tule Creek 79.18654 9101 Vacant and Undeveloped Land B 76 6018.18 2

Tule Creek 80.80081 9101 Vacant and Undeveloped Land B 76 6140.86 2

Tule Creek 94.08736 9101 Vacant and Undeveloped Land B 76 7150.64 2

Tule Creek 95.02456 9101 Vacant and Undeveloped Land B 76 7221.87 2

Tule Creek 108.8181 9101 Vacant and Undeveloped Land B 76 8270.18 2

Tule Creek 127.1741 9101 Vacant and Undeveloped Land B 76 9665.23 2

Tule Creek 173.0043 9101 Vacant and Undeveloped Land B 76 13148.33 2

Tule Creek 174.746 9101 Vacant and Undeveloped Land B 76 13280.70 2

Tule Creek 184.1736 9101 Vacant and Undeveloped Land B 76 13997.19 2

Tule Creek 195.5124 9101 Vacant and Undeveloped Land B 76 14858.94 2

Tule Creek 200.1965 9101 Vacant and Undeveloped Land B 76 15214.93 2

Tule Creek 336.0086 9101 Vacant and Undeveloped Land B 76 25536.66 2

Tule Creek 340.4604 9101 Vacant and Undeveloped Land B 76 25874.99 2

Tule Creek 362.0771 9101 Vacant and Undeveloped Land B 76 27517.86 2

Tule Creek 402.1661 9101 Vacant and Undeveloped Land B 76 30564.62 2

Tule Creek 845.9782 9101 Vacant and Undeveloped Land B 76 64294.34 2

Tule Creek 873.8039 9101 Vacant and Undeveloped Land B 76 66409.10 2

Tule Creek 0.823878 9101 Vacant and Undeveloped Land C 84 69.21 3

Tule Creek 1.108125 9101 Vacant and Undeveloped Land C 84 93.08 3

Tule Creek 1.819944 9101 Vacant and Undeveloped Land C 84 152.88 3

Tule Creek 2.382064 9101 Vacant and Undeveloped Land C 84 200.09 3

Tule Creek 10.95875 9101 Vacant and Undeveloped Land C 84 920.53 3
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Tule Creek 12.52151 9101 Vacant and Undeveloped Land C 84 1051.81 3

Tule Creek 24.71978 9101 Vacant and Undeveloped Land C 84 2076.46 3

Tule Creek 34.91707 9101 Vacant and Undeveloped Land C 84 2933.03 3

Tule Creek 46.83882 9101 Vacant and Undeveloped Land C 84 3934.46 3

Tule Creek 57.41426 9101 Vacant and Undeveloped Land C 84 4822.80 3

Tule Creek 141.554 9101 Vacant and Undeveloped Land C 84 11890.54 3

Tule Creek 1.754196 9101 Vacant and Undeveloped Land D 88 154.37 4

Tule Creek 2.670644 9101 Vacant and Undeveloped Land D 88 235.02 4

Tule Creek 3.07489 9101 Vacant and Undeveloped Land D 88 270.59 4

Tule Creek 4.539194 9101 Vacant and Undeveloped Land D 88 399.45 4

Tule Creek 5.128395 9101 Vacant and Undeveloped Land D 88 451.30 4

Tule Creek 5.392338 9101 Vacant and Undeveloped Land D 88 474.53 4

Tule Creek 6.6423 9101 Vacant and Undeveloped Land D 88 584.52 4

Tule Creek 8.121478 9101 Vacant and Undeveloped Land D 88 714.69 4

Tule Creek 8.617818 9101 Vacant and Undeveloped Land D 88 758.37 4

Tule Creek 12.23427 9101 Vacant and Undeveloped Land D 88 1076.62 4

Tule Creek 12.98788 9101 Vacant and Undeveloped Land D 88 1142.93 4

Tule Creek 13.49973 9101 Vacant and Undeveloped Land D 88 1187.98 4

Tule Creek 18.14519 9101 Vacant and Undeveloped Land D 88 1596.78 4

Tule Creek 18.7384 9101 Vacant and Undeveloped Land D 88 1648.98 4

Tule Creek 33.39091 9101 Vacant and Undeveloped Land D 88 2938.40 4

Tule Creek 37.60921 9101 Vacant and Undeveloped Land D 88 3309.61 4

Tule Creek 46.89635 9101 Vacant and Undeveloped Land D 88 4126.88 4

Tule Creek 63.77179 9101 Vacant and Undeveloped Land D 88 5611.92 4

Tule Creek 76.07516 9101 Vacant and Undeveloped Land D 88 6694.61 4

Tule Creek 107.7435 9101 Vacant and Undeveloped Land D 88 9481.42 4



Project: Tule Wind
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Task: 21

Job#: 115965

Unnamed Eastern Wash Proposed Curve Number

Name Acres

Land Use 

Code Land Use Description Description

Percent 

Impervious MUSYM HydSoilGrp CN CN*A Soil Group

734 79.829 58629 2.7

9.1382E-06 4117 Impacts B 82 0.00 2

11.44859229 4117 Impacts B 82 938.78 2

5.67858E-06 4117 Impacts D 89 0.00 4

0.653770822 4117 Impacts D 89 58.19 4

8.421768087 4117 Impacts D 89 749.54 4

24.41650518 7603 Open Space Park or Preserve A 62 1513.82 1

0.004416701 7603 Open Space Park or Preserve B 76 0.34 2

349.0087525 7603 Open Space Park or Preserve B 76 26524.67 2

0.020955468 7603 Open Space Park or Preserve D 88 1.84 4

0.354483367 7603 Open Space Park or Preserve D 88 31.19 4

14.05971799 7603 Open Space Park or Preserve D 88 1237.26 4

120.2331318 7603 Open Space Park or Preserve D 88 10580.52 4

93.1853517 9101 Vacant and Undeveloped Land B 76 7082.09 2

0.003492472 9101 Vacant and Undeveloped Land D 88 0.31 4

24.92957258 9101 Vacant and Undeveloped Land D 88 2193.80 4

87.69063242 9101 Vacant and Undeveloped Land D 88 7716.78 4

Land Use Soils CN

Unnamed 

Eastern 

Wash
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Unit Hydrograph Summary

Watershed Loss

Name Watershed A (mi
2
) A (ac) CN (AMC II) PZN PZN (<35yr) CN (<35yr) PZN (>35yr) CN (>35yr) Soil Type

Tule Creek 21.64 13851.04 73 3.42 1.79 69 2.58 81 2.0

McCain Valley 1 3.41 2185.54 78 3.55 1.73 73 2.45 83 2.6

McCain Valley 2 3.53 2256.19 78 3.55 1.73 73 2.45 83 2.5

Watershed Lag

Name Watershed Elev US (ft) Elev DS (ft) L (mi) Lca (mi) Slope (ft/mi) Basin n m lag (hr)

Tule 5802.5 3538 10.43 4.23 217 0.040 0.38 1.46

McCain Valley 1 4112.5 3600 3.71 1.60 138 0.040 0.38 0.7411

McCain Valley 2 4112.5 3592 3.83 1.70 136 0.040 0.38 0.7698

Watershed Rainfall, Inches (SDC Hydrology Manual)

Name Watershed 100Yr 6Hr 100Yr 24Hr 10Yr 24Hr

Tule Creek 3.47 6.69 4.47

McCain Valley 1 3.00 5.07 3.50

McCain Valley 2 3.00 5.07 3.50

Watershed Calculated Flow, cfs (CivilD)

Name Watershed 100Yr 6Hr 100Yr 24Hr 10Yr 24Hr

Tule Creek 7626 10607 3250

McCain Valley 1 1487 1434 487

McCain Valley 2 1562 1472 498
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Unit Hydrograph Rainfall

100 Yr 6 Hour

FID Watershed Rainfall Acres Acres*Rainfall Area Averaged Rainfall (in)

Tule Creek 4 1547.986013 6192

3.5 9834.300108 34420

3 2468.750611 7406

Totals 13851.03673 48018 3.466761889

Northern 3 735.9643 2208

Totals 735.9643 2208 3

McCain Valley 1 3 2186 6559

Totals 2186.435792 6559 3

 McCain Valley 2 3 2250 6751

Totals 2250.169791 6751 3

100 Yr 24 Hour

FID Watershed Rainfall Acres Acres*Rainfall Area Averaged Rainfall (in)

Tule Creek 10 303.744804 3037

8 4253.839575 34031

6 9157.798355 54947

5 33.299288 166

5 102.38491 512

Totals 13851.06693 92693 6.692146982

Northern 6 12.411057 74

5 722.641609 3613

Totals 735.052666 3688 5.016884582

McCain Valley 1 6 157.391384 944McCain Valley 1 6 157.391384 944

5 2029.044409 10145

Totals 2186.435793 11090 5.071985367

McCain Valley 2 6 157.391384 944

5 2092.778407 10464

Totals 2250.169791 11408 5.069946448

10 Yr 24 Hour

FID Watershed Rainfall Acres Acres*Rainfall Area Averaged Rainfall (in)

Tule Creek 6 1053.215147 6319

5 4923.38483 24617

4 6792.47866 27170

3.5 366.783471 1284

3.5 715.174823 2503

Totals 13851.03693 61893 4.468472939

Northern 3.5 735.9643 2576

Totals 735.9643 2576 3.5

McCain Valley 1 3.5 2186 7653

Totals 2186.435792 7653 3.5

McCain Valley 2 3.5 2250 7876

Totals 2250.169791 7876 3.5
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Rational Method Summary

System

WPS Crossing 

Number

Leg (HDR Node to HDR 

Node) Acres Reach Length US Elevation DS Elevation Soil Group

Soil Group 

Percent

100 Year 

Runoff

10 Year 

Runoff

 System 

Effective C

Initial Area 0.234 184.12 3965.00 3953.0 D 0.74

10.132 709.83 3953.0 3926.00 D 24.65

10.366

Initial Area 0.157 147.25 4068.00 4015.0 D 0.59

13.717 918.23 4015.0 3931.00 D 38.67

13.874

Initial Area 0.042 72.89 4062.00 4058.0 B 0.09

3.2 to 3.3 6.119 1068.19 4058.0 3963.00 B 9.42

3.3 to 3.4 10.416791 482.37 3963.00 3933 B 23.31

16.577791

Initial Area 0.2 84.85 3978.00 3970.0 B 0.49

0.625 295.28 3970.0 3943.00 B 1.61

0.825

Initial Area 0.102 132.71 3908.00 3882.0 B 0.18

21.558 1743.68 3882.0 3715.00 A 0.65 25.37

21.66 B 0.35

Initial Area 0.576 311.19 3910.00 3894.0 B 1.24

55.991 2700.48 3894.0 3750.00 B 0.99 77.38

56.567 D 0.00

Initial Area 0.049038 92.07 3689.00 3685.0 B 0.12

21.878578 2100.79 3685.0 3585.00 B 30.34

21.927616

Initial Area SG D 0.071 97.49 3720 3710.0 D 0.25

20.304059 2167.8 3710.0 3590.0 B 0.99 29.80

20.375059 D 0.01

Initial Area 0.0727 88.12 3611.00 3606.0 B 0.16

2.478 411.1 3606.0 3592.0 B 4.29

2.5507

1

2

9

8

6

7

3

4

5

2.5507

Initial Area 0.106 103.135 3728.00 3715.0 D 0.38

20.645 2242.89 3715.0 3582.0 B 0.93 31.50

20.751 D 0.07

Initial Area 0.073 92.72 3609.00 3606.0 B 0.14

3.736 694.44 3606.0 3530.0 B 5.85

Initial Area 0.09 105.19 3712.00 3700.0 B 0.04 0.32

D 0.96

34.613 2438.64 3700.0 3556.0 B 0.92 54.40

34.703 D 0.08

Initial Area 0.189 123.4 3822.00 3806.0 D 0.69

57.644 3804.3 3806.0 3554.0 A 0.04 84.68

57.833 B 0.76

D 0.20

Initial Area 0.468 233.59 3994.00 3949.00 D 1.77

14.2 to 14.3 58.556 3533.69 3949.00 3743.0 B 0.86 90.16

D 0.14

14.3 to 14.4 264.517 3814.58 3743.0 3620 A 0.07 373.51

B 0.71

D 0.22

14.4 to 14.5 99.219 2848.9 3620 3542 A 0.17 431.99 221.2

B 0.25

422.76 D 0.58

Initial Area 0.056514 59.59 3699.00 3694.0 B 0.14

5.911685 661.42 3694.0 3645.00 B 10.86

5.968199

10

14

15

11

12

13
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Crossing Hydrology CivilD Output 

Tule Creek 10-Year 24-Hour 
Tule Creek 100-Year 6-Hour 
Tule Creek 100-Year 24-Hour 

McCain 1 10-Year 24-Hour 
McCain 1 100-Year 6-Hour 
McCain 1 100-Year 24-Hour 
McCain 2 10-Year 24-Hour 
McCain 2 100-Year 6-Hour 
McCain 2 100-Year 24-Hour 

System 1 100-Year 
System 2 100-Year 
System 3 100-Year 
System 4 100-Year 
System 5 100-Year 
System 6 100-Year 
System 7 100-Year 
System 8 100-Year 
System 9 100-Year 
System 10 100-Year 
System 11 100-Year 
System 12 100-Year 
System 13 100-Year 
System 14 100-Year 
System 15 100-Year 



TuleCreek10yr24hr.out

U N I T  H Y D R O G R A P H  A N A L Y S I S 

Copyright (c) CIVILCADD/CIVILDESIGN, 1990 - 2004, Version 7.0

Study date  09/08/10  File: TULECREEK10YR24HR.out

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

Program License Serial Number 4055

---------------------------------------------------------------------
Tule Wind Project
Tule Creek Crossing
Proposed Conditions 10 Yr 24 Hr
Aug 18, 2010
---------------------------------------------------------------------
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

Storm Event Year = 10

Antecedent Moisture Condition = 2

 English (in-lb) Input Units Used

 English Rainfall Data (Inches) Input Values Used

Area averaged rainfall isohyetal data:
Sub-Area(Ac.)       Rainfall (In)
 13851.00             4.47

Rainfall Distribution pattern used in study:
Type B for San Diego area of California
--------------------------------------------------------------------
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

********* Area-Averaged SCS Curve Number and Fm *********

Area       Area          SCS CN    SCS CN    Fm      Soil
(Ac.)      fract         (AMC2)    (AMC2)   (In/Hr)  Group
 13851.00   1.000         69.0      69.0     0.050    B

Area-averaged catchment SCS Curve Number AMC(2) = 69.000
Area-averaged Fm value using values listed =  0.050(In/Hr)
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Direct entry of lag time by user
Watershed area =   13851.00(Ac.)
Catchment Lag time =   1.460 hours
Unit interval =  15.000 minutes
Unit interval percentage of lag time = 17.1233
Hydrograph baseflow =     0.00(CFS)
Minimum watershed loss rate(Fm) =  0.000(In/Hr)
Average adjusted SCS Curve Number = 69.000

Rainfall depth area reduction factors:
Using a total area of   13851.00(Ac.) (Ref: SCS Sup A, Sec.4)

Pacific Coastal Climate ratio used
Areal factor ratio (rainfall reduction) = 0.983
Rainfall entered for study =    4.470(In)
Adjusted rainfall =    4.393(In)

Page 1



TuleCreek10yr24hr.out
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

   The following unit hydrograph was developed using an S-Graph
   interpolated by time percentage of lag time vs. percentage of peak flow.
   The S-Graphs for Valley, Foothill, and Mountain were developed by the
   U.S. Army Corps of Engineers for use in the respective type of
   basins located in Southern California. (Hydrology San Gabrial River ...
   U.S. Engineer Office, Dec 1944, revised Jul 1946) The Desert S-Graph is
   from Report ... on ... Tahquitz Creek, California, same U.S. offfice,
   Corps of Engineers, June 1963.  The Valley Developed S-Graph is used
   by Orange and San Bernardino counties in California to represent the
   characteristics of valley areas with a large amount of development.
   Because of the wide variety in topography in Southern California, these
   synthetic unit hydrographs were included for use as options in any
   geographic location.

   The SCS(Soil Conservation Service Dimensionless S-Graph, SCS handbook,
   of 1972, applies to a broad cross section of geographic locations and
   hydrologic regions.

   The User Defined hydrograph converts the user Q/Qp
   vs. T/Tp values into an S-Graph based on lag = Tp/0.9.  Then, for the
   lag time used, the S-Graph in interpolated in time % of lag.

   The following S-Graph or S-Graph combination is used in this study:

SAN DIEGO CO. HYDROGRAPH

San Deigo Co. Unit Hydrograph Data (III-A-2):
using a constant T/Tp step interval =   0.200

     t/tp          q/qp            Sum q/qp

      0.000          0.000          0.000
      0.200          0.030          0.000
      0.400          0.090          0.030
      0.600          0.230          0.120
      0.800          0.700          0.350
      1.000          1.000          1.050
      1.200          0.850          2.050
      1.400          0.530          2.900
      1.600          0.410          3.430
      1.800          0.300          3.840
      2.000          0.230          4.140
      2.200          0.180          4.370
      2.400          0.140          4.550
      2.600          0.110          4.690
      2.800          0.080          4.800
      3.000          0.060          4.880
      3.200          0.040          4.940
      3.400          0.030          4.980
      3.600          0.010          5.010
      3.800          0.000          5.020

U N I T  H Y D R O G R A P H 
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Time Ratio   Time     Discharge          Q     Mass Curve
  (t/Lag)     (hrs)     Ratios         (CFS)     Ratios
                        (Q/Qp)                  (Qa/Q)
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(K =     55865.70 (CFS))

---------------------------------------------------------------------
  0.17         0.250       0.016       158.799     0.003
  0.34         0.500       0.060       603.506     0.014
  0.51         0.750       0.154      1549.023     0.041
  0.68         1.000       0.418      4209.423     0.117
  0.86         1.250       0.829      8356.072     0.266
  1.03         1.500       1.000     10080.482     0.447
  1.20         1.750       0.817      8237.636     0.594
  1.37         2.000       0.547      5509.267     0.693
  1.54         2.250       0.419      4219.133     0.768
  1.71         2.500       0.314      3165.938     0.825
  1.88         2.750       0.243      2450.565     0.869
  2.05         3.000       0.192      1934.570     0.903
  2.23         3.250       0.151      1525.672     0.931
  2.40         3.500       0.120      1206.712     0.952
  2.57         3.750       0.090       908.788     0.969
  2.74         4.000       0.068       683.892     0.981
  2.91         4.250       0.048       484.176     0.990
  3.08         4.500       0.035       351.342     0.996
  3.25         4.750       0.018       185.744     0.999
  3.42         5.000       0.004        44.958     1.000
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

   For each time interval of the 6 or 24 hour storm, the total rainfall
   up to that storm time is calculated.  Then the Soil Conservation Service
   SCS (report 1972, 1975) area averaged Curve Number (CN) is used to
   determine the amount of direct runoff in (In) using the following
   equations:

                 (P - Ia)^2
    Q   =     ---------------
                 P - Ia + S

       Where:
   Q = direct runoff, P = depth of precipitation, Ia = Initial Abstraction
   and S is the watershed storage in inches.  S and Ia are given by the
   following equations:

               1000
     S   =   ------------  - 10     and     Ia = 0.2 S
                CN

   Note:  If Metric (SI) Units are used, rainfall data is converted by
          the program internally into inches for these calculations.

   Note:  In the following printout, the revised runoff column is only
          used when the minimum soil loss rate, fm, exceeds the normal
          loss rate of delta P(dP) - delta Q(dQ) then the dP-dQ column
          equals fm =   0.000(In) (for time interval =   0.000(In)) and the
          revised runoff is shown in the last column.

---------------------------------------------------------------------
Time     Total     Total SCS  Rainfall  Runoff   Infiltr-  Revised
Period   Rainfall  Runoff     Amount    Amount    ation    Runoff Min
(hours)   (In)      (In)       (In)      (In)      (In)    Loss Rate
           P        Q          dP        dQ       dP-dQ
-----------------------------------------------------------------------
  0.25   0.0198    0.0000    0.0198    0.0000    0.0198 --------
  0.50   0.0395    0.0000    0.0198    0.0000    0.0198 --------
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  0.75   0.0549    0.0000    0.0154    0.0000    0.0154 --------
  1.00   0.0703    0.0000    0.0154    0.0000    0.0154 --------
  1.25   0.0901    0.0000    0.0198    0.0000    0.0198 --------
  1.50   0.1098    0.0000    0.0198    0.0000    0.0198 --------
  1.75   0.1296    0.0000    0.0198    0.0000    0.0198 --------
  2.00   0.1494    0.0000    0.0198    0.0000    0.0198 --------
  2.25   0.1735    0.0000    0.0242    0.0000    0.0242 --------
  2.50   0.1977    0.0000    0.0242    0.0000    0.0242 --------
  2.75   0.2175    0.0000    0.0198    0.0000    0.0198 --------
  3.00   0.2372    0.0000    0.0198    0.0000    0.0198 --------
  3.25   0.2614    0.0000    0.0242    0.0000    0.0242 --------
  3.50   0.2856    0.0000    0.0242    0.0000    0.0242 --------
  3.75   0.3119    0.0000    0.0264    0.0000    0.0264 --------
  4.00   0.3383    0.0000    0.0264    0.0000    0.0264 --------
  4.25   0.3668    0.0000    0.0286    0.0000    0.0286 --------
  4.50   0.3954    0.0000    0.0286    0.0000    0.0286 --------
  4.75   0.4262    0.0000    0.0308    0.0000    0.0308 --------
  5.00   0.4569    0.0000    0.0308    0.0000    0.0308 --------
  5.25   0.4921    0.0000    0.0351    0.0000    0.0351 --------
  5.50   0.5272    0.0000    0.0351    0.0000    0.0351 --------
  5.75   0.5646    0.0000    0.0373    0.0000    0.0373 --------
  6.00   0.6019    0.0000    0.0373    0.0000    0.0373 --------
  6.25   0.6458    0.0000    0.0439    0.0000    0.0439 --------
  6.50   0.6898    0.0000    0.0439    0.0000    0.0439 --------
  6.75   0.7403    0.0000    0.0505    0.0000    0.0505 --------
  7.00   0.7908    0.0000    0.0505    0.0000    0.0505 --------
  7.25   0.8567    0.0000    0.0659    0.0000    0.0659 --------
  7.50   0.9226    0.0001    0.0659    0.0001    0.0658 --------
  7.75   1.0215    0.0033    0.0989    0.0031    0.0957 --------
  8.00   1.1203    0.0104    0.0989    0.0072    0.0917 --------
  8.25   1.2675    0.0280    0.1472    0.0176    0.1296 --------
  8.50   1.4147    0.0532    0.1472    0.0252    0.1220 --------
  8.75   1.6080    0.0967    0.1933    0.0436    0.1497 --------
  9.00   1.8013    0.1510    0.1933    0.0543    0.1390 --------
  9.25   2.0122    0.2212    0.2109    0.0702    0.1407 --------
  9.50   2.2231    0.3016    0.2109    0.0804    0.1305 --------
  9.75   2.4032    0.3775    0.1801    0.0759    0.1042 --------
 10.00   2.5833    0.4595    0.1801    0.0820    0.0981 --------
 10.25   2.6734    0.5026    0.0901    0.0431    0.0470 --------
 10.50   2.7635    0.5470    0.0901    0.0444    0.0456 --------
 10.75   2.8228    0.5770    0.0593    0.0300    0.0293 --------
 11.00   2.8821    0.6075    0.0593    0.0305    0.0288 --------
 11.25   2.9326    0.6339    0.0505    0.0264    0.0241 --------
 11.50   2.9831    0.6607    0.0505    0.0268    0.0238 --------
 11.75   3.0293    0.6854    0.0461    0.0248    0.0214 --------
 12.00   3.0754    0.7105    0.0461    0.0251    0.0211 --------
 12.25   3.1193    0.7346    0.0439    0.0241    0.0198 --------
 12.50   3.1633    0.7590    0.0439    0.0244    0.0195 --------
 12.75   3.2050    0.7824    0.0417    0.0234    0.0183 --------
 13.00   3.2467    0.8060    0.0417    0.0236    0.0181 --------
 13.25   3.2841    0.8273    0.0373    0.0213    0.0160 --------
 13.50   3.3214    0.8488    0.0373    0.0215    0.0158 --------
 13.75   3.3566    0.8692    0.0351    0.0204    0.0148 --------
 14.00   3.3917    0.8898    0.0351    0.0205    0.0146 --------
 14.25   3.4313    0.9130    0.0395    0.0233    0.0163 --------
 14.50   3.4708    0.9365    0.0395    0.0235    0.0161 --------
 14.75   3.4928    0.9496    0.0220    0.0131    0.0089 --------
 15.00   3.5147    0.9628    0.0220    0.0132    0.0088 --------
 15.25   3.5499    0.9840    0.0351    0.0212    0.0140 --------
 15.50   3.5850    1.0053    0.0351    0.0213    0.0138 --------
 15.75   3.6180    1.0254    0.0330    0.0201    0.0128 --------
 16.00   3.6509    1.0456    0.0330    0.0202    0.0127 --------
 16.25   3.6817    1.0646    0.0308    0.0190    0.0118 --------
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 16.50   3.7124    1.0837    0.0308    0.0191    0.0117 --------
 16.75   3.7454    1.1042    0.0330    0.0205    0.0124 --------
 17.00   3.7783    1.1249    0.0330    0.0207    0.0123 --------
 17.25   3.8047    1.1415    0.0264    0.0166    0.0098 --------
 17.50   3.8311    1.1582    0.0264    0.0167    0.0097 --------
 17.75   3.8596    1.1763    0.0286    0.0181    0.0104 --------
 18.00   3.8882    1.1945    0.0286    0.0182    0.0103 --------
 18.25   3.9101    1.2086    0.0220    0.0141    0.0079 --------
 18.50   3.9321    1.2227    0.0220    0.0141    0.0079 --------
 18.75   3.9541    1.2369    0.0220    0.0142    0.0078 --------
 19.00   3.9760    1.2511    0.0220    0.0142    0.0078 --------
 19.25   3.9958    1.2639    0.0198    0.0128    0.0069 --------
 19.50   4.0156    1.2768    0.0198    0.0129    0.0069 --------
 19.75   4.0375    1.2911    0.0220    0.0143    0.0076 --------
 20.00   4.0595    1.3055    0.0220    0.0144    0.0076 --------
 20.25   4.0837    1.3213    0.0242    0.0159    0.0083 --------
 20.50   4.1078    1.3372    0.0242    0.0159    0.0082 --------
 20.75   4.1298    1.3518    0.0220    0.0145    0.0075 --------
 21.00   4.1518    1.3663    0.0220    0.0146    0.0074 --------
 21.25   4.1715    1.3795    0.0198    0.0131    0.0066 --------
 21.50   4.1913    1.3926    0.0198    0.0132    0.0066 --------
 21.75   4.2111    1.4058    0.0198    0.0132    0.0066 --------
 22.00   4.2309    1.4191    0.0198    0.0132    0.0065 --------
 22.25   4.2506    1.4323    0.0198    0.0133    0.0065 --------
 22.50   4.2704    1.4456    0.0198    0.0133    0.0065 --------
 22.75   4.2902    1.4590    0.0198    0.0133    0.0064 --------
 23.00   4.3099    1.4723    0.0198    0.0134    0.0064 --------
 23.25   4.3319    1.4872    0.0220    0.0149    0.0071 --------
 23.50   4.3539    1.5022    0.0220    0.0149    0.0070 --------
 23.75   4.3736    1.5156    0.0198    0.0135    0.0063 --------
 24.00   4.3934    1.5291    0.0198    0.0135    0.0063 --------
--------------------------------------------------------------------
--------------------------------------------------------------------
Total soil rain loss =      2.86(In)
Total effective runoff =      1.53(In)
---------------------------------------------------------------------
Peak flow rate this hydrograph =        3249.76(CFS)
Total runoff volume this hydrograph =       76882871.3(Ft3)
---------------------------------------------------------------------
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
                    24 - H O U R    S T O R M
               R u n o f f      H y d r o g r a p h
--------------------------------------------------------------------
            Hydrograph in  15   Minute intervals ((CFS))

--------------------------------------------------------------------
  Time(h+m) Volume Ac.Ft   Q(CFS)  0      825.0    1650.0    2475.0    3300.0
  -----------------------------------------------------------------------
    0+15       0.0000      0.00  Q         |         |         |         | 
    0+30       0.0000      0.00  Q         |         |         |         | 
    0+45       0.0000      0.00  Q         |         |         |         | 
    1+ 0       0.0000      0.00  Q         |         |         |         | 
    1+15       0.0000      0.00  Q         |         |         |         | 
    1+30       0.0000      0.00  Q         |         |         |         | 
    1+45       0.0000      0.00  Q         |         |         |         | 
    2+ 0       0.0000      0.00  Q         |         |         |         | 
    2+15       0.0000      0.00  Q         |         |         |         | 
    2+30       0.0000      0.00  Q         |         |         |         | 
    2+45       0.0000      0.00  Q         |         |         |         | 
    3+ 0       0.0000      0.00  Q         |         |         |         | 
    3+15       0.0000      0.00  Q         |         |         |         | 
    3+30       0.0000      0.00  Q         |         |         |         | 
    3+45       0.0000      0.00  Q         |         |         |         | 
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    4+ 0       0.0000      0.00  Q         |         |         |         | 
    4+15       0.0000      0.00  Q         |         |         |         | 
    4+30       0.0000      0.00  Q         |         |         |         | 
    4+45       0.0000      0.00  Q         |         |         |         | 
    5+ 0       0.0000      0.00  Q         |         |         |         | 
    5+15       0.0000      0.00  Q         |         |         |         | 
    5+30       0.0000      0.00  Q         |         |         |         | 
    5+45       0.0000      0.00  Q         |         |         |         | 
    6+ 0       0.0000      0.00  Q         |         |         |         | 
    6+15       0.0000      0.00  Q         |         |         |         | 
    6+30       0.0000      0.00  Q         |         |         |         | 
    6+45       0.0000      0.00  Q         |         |         |         | 
    7+ 0       0.0000      0.00  Q         |         |         |         | 
    7+15       0.0000      0.00  Q         |         |         |         | 
    7+30       0.0004      0.02  Q         |         |         |         | 
    7+45       0.0123      0.58  Q         |         |         |         | 
    8+ 0       0.0791      3.23  Q         |         |         |         | 
    8+15       0.3379     12.52  Q         |         |         |         | 
    8+30       1.1643     40.00  Q         |         |         |         | 
    8+45       3.3758    107.03  VQ        |         |         |         | 
    9+ 0       8.3437    240.45  V Q       |         |         |         | 
    9+15      17.9092    462.97  V    Q    |         |         |         | 
    9+30      34.1686    786.95  V        Q|         |         |         | 
    9+45      59.2412   1213.52   V        |   Q     |         |         | 
   10+ 0      94.7007   1716.24  | V       |         Q         |         | 
   10+15     141.1509   2248.19  |  V      |         |      Q  |         | 
   10+30     197.5858   2731.45  |   V     |         |         |  Q      | 
   10+45     261.4390   3090.49  |    V    |         |         |      Q  | 
   11+ 0     328.5828   3249.76  |      V  |         |         |        Q| 
   11+15     394.1361   3172.78  |       V |         |         |       Q | 
   11+30     454.8813   2940.07  |         V         |         |    Q    | 
   11+45     509.9562   2665.63  |          V        |         | Q       | 
   12+ 0     560.0789   2425.94  |         | V       |        Q|         | 
   12+15     605.8169   2213.72  |         |  V      |     Q   |         | 
   12+30     648.0821   2045.64  |         |   V     |   Q     |         | 
   12+45     687.3817   1902.10  |         |    V    |  Q      |         | 
   13+ 0     724.2148   1782.72  |         |     V   |Q        |         | 
   13+15     758.9343   1680.42  |         |      V  Q         |         | 
   13+30     791.8321   1592.26  |         |      V Q|         |         | 
   13+45     823.1299   1514.81  |         |       Q |         |         | 
   14+ 0     852.9548   1443.52  |         |      Q V|         |         | 
   14+15     881.4114   1377.30  |         |     Q  V|         |         | 
   14+30     908.6495   1318.32  |         |    Q    V         |         | 
   14+45     934.9287   1271.91  |         |    Q     V        |         | 
   15+ 0     960.5941   1242.21  |         |    Q    |V        |         | 
   15+15     985.9351   1226.50  |         |   Q     | V       |         | 
   15+30    1010.7409   1200.60  |         |   Q     | V       |         | 
   15+45    1034.2769   1139.14  |         |  Q      |  V      |         | 
   16+ 0    1056.5139   1076.27  |         |  Q      |  V      |         | 
   16+15    1078.4785   1063.09  |         | Q       |   V     |         | 
   16+30    1100.9420   1087.23  |         |  Q      |   V     |         | 
   16+45    1123.7440   1103.62  |         |  Q      |    V    |         | 
   17+ 0    1146.5528   1103.94  |         |  Q      |    V    |         | 
   17+15    1169.2567   1098.87  |         |  Q      |     V   |         | 
   17+30    1191.8532   1093.67  |         |  Q      |      V  |         | 
   17+45    1214.4364   1093.02  |         |  Q      |      V  |         | 
   18+ 0    1236.9246   1088.43  |         |  Q      |       V |         | 
   18+15    1258.9683   1066.91  |         | Q       |       V |         | 
   18+30    1280.4095   1037.76  |         | Q       |        V|         | 
   18+45    1301.4174   1016.78  |         | Q       |        V|         | 
   19+ 0    1322.0152    996.93  |         | Q       |        V|         | 
   19+15    1341.8882    961.85  |         |Q        |         V         | 
   19+30    1360.8860    919.49  |         |Q        |         V         | 

Page 6



TuleCreek10yr24hr.out
   19+45    1379.1471    883.84  |         Q         |          V        | 
   20+ 0    1396.8296    855.83  |         Q         |         |V        | 
   20+15    1413.9597    829.10  |         Q         |         | V       | 
   20+30    1430.6795    809.24  |        Q|         |         | V       | 
   20+45    1447.2624    802.61  |        Q|         |         | V       | 
   21+ 0    1463.9591    808.12  |        Q|         |         |  V      | 
   21+15    1480.8841    819.17  |        Q|         |         |  V      | 
   21+30    1497.9747    827.19  |         Q         |         |  V      | 
   21+45    1515.0390    825.91  |         Q         |         |   V     | 
   22+ 0    1531.8742    814.83  |        Q|         |         |   V     | 
   22+15    1548.3773    798.75  |        Q|         |         |    V    | 
   22+30    1564.5455    782.54  |        Q|         |         |    V    | 
   22+45    1580.4593    770.23  |        Q|         |         |    V    | 
   23+ 0    1596.2248    763.05  |        Q|         |         |     V   | 
   23+15    1611.8946    758.42  |        Q|         |         |     V   | 
   23+30    1627.5163    756.09  |        Q|         |         |     V   | 
   23+45    1643.1374    756.06  |        Q|         |         |      V  | 
   24+ 0    1658.8440    760.20  |        Q|         |         |      V  | 
   24+15    1674.7019    767.52  |        Q|         |         |      V  | 
   24+30    1690.5662    767.83  |        Q|         |         |       V | 
   24+45    1705.9959    746.80  |        Q|         |         |       V | 
   25+ 0    1720.1150    683.37  |       Q |         |         |       V | 
   25+15    1731.7875    564.95  |     Q   |         |         |        V| 
   25+30    1740.5851    425.81  |    Q    |         |         |        V| 
   25+45    1747.0404    312.43  |  Q      |         |         |        V| 
   26+ 0    1751.9313    236.72  | Q       |         |         |        V| 
   26+15    1755.6257    178.81  | Q       |         |         |        V| 
   26+30    1758.4213    135.31  |Q        |         |         |        V| 
   26+45    1760.5193    101.54  |Q        |         |         |        V| 
   27+ 0    1762.0652     74.82  Q         |         |         |        V| 
   27+15    1763.1752     53.72  Q         |         |         |        V| 
   27+30    1763.9401     37.02  Q         |         |         |        V| 
   27+45    1764.4435     24.37  Q         |         |         |        V| 
   28+ 0    1764.7474     14.71  Q         |         |         |        V| 
   28+15    1764.9110      7.92  Q         |         |         |        V| 
   28+30    1764.9753      3.11  Q         |         |         |        V| 
   28+45    1764.9879      0.61  Q         |         |         |         V 
-----------------------------------------------------------------------
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U N I T  H Y D R O G R A P H  A N A L Y S I S 

Copyright (c) CIVILCADD/CIVILDESIGN, 1990 - 2004, Version 7.0

Study date  09/08/10  File: tulecreek100yr6hr.out

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

Program License Serial Number 4055

---------------------------------------------------------------------
Tule Wind Project
Tule Creek Crossing
Proposed Conditions 100 Yr 6 Hr
Aug 18, 2010
---------------------------------------------------------------------
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

Storm Event Year = 100

Antecedent Moisture Condition = 2

 English (in-lb) Input Units Used

 English Rainfall Data (Inches) Input Values Used

Area averaged rainfall isohyetal data:
Sub-Area(Ac.)       Rainfall (In)
 13851.00             3.47

Rainfall Distribution pattern used in study:
Type B for SCS (small dam) or San Diego 6 hour storms 
--------------------------------------------------------------------
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

********* Area-Averaged SCS Curve Number and Fm *********

Area       Area          SCS CN    SCS CN    Fm      Soil
(Ac.)      fract         (AMC2)    (AMC2)   (In/Hr)  Group
 13851.00   1.000         81.0      81.0     0.050    B

Area-averaged catchment SCS Curve Number AMC(2) = 81.000
Area-averaged Fm value using values listed =  0.050(In/Hr)
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Direct entry of lag time by user
Watershed area =   13851.00(Ac.)
Catchment Lag time =   1.460 hours
Unit interval =  15.000 minutes
Unit interval percentage of lag time = 17.1233
Hydrograph baseflow =     0.00(CFS)
Minimum watershed loss rate(Fm) =  0.000(In/Hr)
Average adjusted SCS Curve Number = 81.000

Rainfall depth area reduction factors:
Using a total area of   13851.00(Ac.) (Ref: SCS Sup A, Sec.4)

Pacific Coastal Climate ratio used
Areal factor ratio (rainfall reduction) = 0.983
Rainfall entered for study =    3.470(In)
Adjusted rainfall =    3.411(In)
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+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

   The following unit hydrograph was developed using an S-Graph
   interpolated by time percentage of lag time vs. percentage of peak flow.
   The S-Graphs for Valley, Foothill, and Mountain were developed by the
   U.S. Army Corps of Engineers for use in the respective type of
   basins located in Southern California. (Hydrology San Gabrial River ...
   U.S. Engineer Office, Dec 1944, revised Jul 1946) The Desert S-Graph is
   from Report ... on ... Tahquitz Creek, California, same U.S. offfice,
   Corps of Engineers, June 1963.  The Valley Developed S-Graph is used
   by Orange and San Bernardino counties in California to represent the
   characteristics of valley areas with a large amount of development.
   Because of the wide variety in topography in Southern California, these
   synthetic unit hydrographs were included for use as options in any
   geographic location.

   The SCS(Soil Conservation Service Dimensionless S-Graph, SCS handbook,
   of 1972, applies to a broad cross section of geographic locations and
   hydrologic regions.

   The User Defined hydrograph converts the user Q/Qp
   vs. T/Tp values into an S-Graph based on lag = Tp/0.9.  Then, for the
   lag time used, the S-Graph in interpolated in time % of lag.

   The following S-Graph or S-Graph combination is used in this study:

SAN DIEGO CO. HYDROGRAPH

San Deigo Co. Unit Hydrograph Data (III-A-2):
using a constant T/Tp step interval =   0.200

     t/tp          q/qp            Sum q/qp

      0.000          0.000          0.000
      0.200          0.030          0.000
      0.400          0.090          0.030
      0.600          0.230          0.120
      0.800          0.700          0.350
      1.000          1.000          1.050
      1.200          0.850          2.050
      1.400          0.530          2.900
      1.600          0.410          3.430
      1.800          0.300          3.840
      2.000          0.230          4.140
      2.200          0.180          4.370
      2.400          0.140          4.550
      2.600          0.110          4.690
      2.800          0.080          4.800
      3.000          0.060          4.880
      3.200          0.040          4.940
      3.400          0.030          4.980
      3.600          0.010          5.010
      3.800          0.000          5.020

U N I T  H Y D R O G R A P H 
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Time Ratio   Time     Discharge          Q     Mass Curve
  (t/Lag)     (hrs)     Ratios         (CFS)     Ratios
                        (Q/Qp)                  (Qa/Q)
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(K =     55865.70 (CFS))

---------------------------------------------------------------------
  0.17         0.250       0.016       158.799     0.003
  0.34         0.500       0.060       603.506     0.014
  0.51         0.750       0.154      1549.023     0.041
  0.68         1.000       0.418      4209.423     0.117
  0.86         1.250       0.829      8356.072     0.266
  1.03         1.500       1.000     10080.482     0.447
  1.20         1.750       0.817      8237.636     0.594
  1.37         2.000       0.547      5509.267     0.693
  1.54         2.250       0.419      4219.133     0.768
  1.71         2.500       0.314      3165.938     0.825
  1.88         2.750       0.243      2450.565     0.869
  2.05         3.000       0.192      1934.570     0.903
  2.23         3.250       0.151      1525.672     0.931
  2.40         3.500       0.120      1206.712     0.952
  2.57         3.750       0.090       908.788     0.969
  2.74         4.000       0.068       683.892     0.981
  2.91         4.250       0.048       484.176     0.990
  3.08         4.500       0.035       351.342     0.996
  3.25         4.750       0.018       185.744     0.999
  3.42         5.000       0.004        44.958     1.000
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

   For each time interval of the 6 or 24 hour storm, the total rainfall
   up to that storm time is calculated.  Then the Soil Conservation Service
   SCS (report 1972, 1975) area averaged Curve Number (CN) is used to
   determine the amount of direct runoff in (In) using the following
   equations:

                 (P - Ia)^2
    Q   =     ---------------
                 P - Ia + S

       Where:
   Q = direct runoff, P = depth of precipitation, Ia = Initial Abstraction
   and S is the watershed storage in inches.  S and Ia are given by the
   following equations:

               1000
     S   =   ------------  - 10     and     Ia = 0.2 S
                CN

   Note:  If Metric (SI) Units are used, rainfall data is converted by
          the program internally into inches for these calculations.

   Note:  In the following printout, the revised runoff column is only
          used when the minimum soil loss rate, fm, exceeds the normal
          loss rate of delta P(dP) - delta Q(dQ) then the dP-dQ column
          equals fm =   0.000(In) (for time interval =   0.000(In)) and the
          revised runoff is shown in the last column.

---------------------------------------------------------------------
Time     Total     Total SCS  Rainfall  Runoff   Infiltr-  Revised
Period   Rainfall  Runoff     Amount    Amount    ation    Runoff Min
(hours)   (In)      (In)       (In)      (In)      (In)    Loss Rate
           P        Q          dP        dQ       dP-dQ
-----------------------------------------------------------------------
  0.25   0.0597    0.0000    0.0597    0.0000    0.0597 --------
  0.50   0.1194    0.0000    0.0597    0.0000    0.0597 --------
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  0.75   0.1995    0.0000    0.0801    0.0000    0.0801 --------
  1.00   0.2797    0.0000    0.0801    0.0000    0.0801 --------
  1.25   0.3786    0.0000    0.0989    0.0000    0.0989 --------
  1.50   0.4775    0.0000    0.0989    0.0000    0.0989 --------
  1.75   0.6310    0.0104    0.1535    0.0104    0.1431 --------
  2.00   0.7844    0.0374    0.1535    0.0269    0.1266 --------
  2.25   1.4154    0.2720    0.6310    0.2346    0.3963 --------
  2.50   2.0463    0.6341    0.6310    0.3621    0.2688 --------
  2.75   2.2169    0.7462    0.1705    0.1121    0.0584 --------
  3.00   2.3874    0.8630    0.1705    0.1168    0.0538 --------
  3.25   2.5255    0.9606    0.1381    0.0976    0.0405 --------
  3.50   2.6636    1.0607    0.1381    0.1001    0.0380 --------
  3.75   2.7557    1.1287    0.0921    0.0680    0.0241 --------
  4.00   2.8478    1.1976    0.0921    0.0689    0.0232 --------
  4.25   2.9245    1.2558    0.0767    0.0581    0.0186 --------
  4.50   3.0013    1.3145    0.0767    0.0587    0.0180 --------
  4.75   3.0746    1.3711    0.0733    0.0566    0.0167 --------
  5.00   3.1479    1.4282    0.0733    0.0571    0.0162 --------
  5.25   3.2110    1.4777    0.0631    0.0495    0.0136 --------
  5.50   3.2741    1.5276    0.0631    0.0498    0.0132 --------
  5.75   3.3423    1.5818    0.0682    0.0542    0.0140 --------
  6.00   3.4105    1.6364    0.0682    0.0546    0.0136 --------
--------------------------------------------------------------------
--------------------------------------------------------------------
Total soil rain loss =      1.77(In)
Total effective runoff =      1.64(In)
---------------------------------------------------------------------
Peak flow rate this hydrograph =        7426.13(CFS)
Total runoff volume this hydrograph =       82277572.2(Ft3)
---------------------------------------------------------------------
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
                    6 - H O U R    S T O R M
               R u n o f f      H y d r o g r a p h
--------------------------------------------------------------------
            Hydrograph in  15   Minute intervals ((CFS))

--------------------------------------------------------------------
  Time(h+m) Volume Ac.Ft   Q(CFS)  0     1875.0    3750.0    5625.0    7500.0
  -----------------------------------------------------------------------
    0+15       0.0000      0.00  Q         |         |         |         | 
    0+30       0.0000      0.00  Q         |         |         |         | 
    0+45       0.0000      0.00  Q         |         |         |         | 
    1+ 0       0.0000      0.00  Q         |         |         |         | 
    1+15       0.0000      0.00  Q         |         |         |         | 
    1+30       0.0001      0.00  Q         |         |         |         | 
    1+45       0.0346      1.67  Q         |         |         |         | 
    2+ 0       0.2537     10.60  Q         |         |         |         | 
    2+15       1.6950     69.76  Q         |         |         |         | 
    2+30       7.5809    284.88  VQ        |         |         |         | 
    2+45      24.1180    800.40  V   Q     |         |         |         | 
    3+ 0      64.7152   1964.91   V        Q         |         |         | 
    3+15     149.4630   4101.79  |  V      |         |Q        |         | 
    3+30     281.6504   6397.87  |    V    |         |         |   Q     | 
    3+45     435.0828   7426.13  |        V|         |         |        Q| 
    4+ 0     582.7276   7146.01  |           V       |         |       Q | 
    4+15     718.8769   6589.62  |         |    V    |         |    Q    | 
    4+30     846.8591   6194.34  |         |      V  |         |  Q      | 
    4+45     964.8719   5711.82  |         |         V         Q         | 
    5+ 0    1073.2453   5245.27  |         |         | V    Q  |         | 
    5+15    1172.9581   4826.10  |         |         |   VQ    |         | 
    5+30    1265.6268   4485.17  |         |         |  Q  V   |         | 
    5+45    1352.2573   4192.91  |         |         | Q     V |         | 
    6+ 0    1433.6374   3938.80  |         |         |Q        V         | 
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    6+15    1509.9643   3694.22  |         |        Q|          V        | 
    6+30    1581.4456   3459.70  |         |       Q |         |  V      | 
    6+45    1648.1422   3228.12  |         |      Q  |         |   V     | 
    7+ 0    1707.6832   2881.78  |         |    Q    |         |     V   | 
    7+15    1756.0619   2341.53  |         | Q       |         |      V  | 
    7+30    1792.0872   1743.62  |        Q|         |         |      V  | 
    7+45    1818.2862   1268.03  |     Q   |         |         |       V | 
    8+ 0    1837.8915    948.90  |    Q    |         |         |       V | 
    8+15    1852.5157    707.81  |  Q      |         |         |        V| 
    8+30    1863.4641    529.90  | Q       |         |         |        V| 
    8+45    1871.6159    394.55  | Q       |         |         |        V| 
    9+ 0    1877.5871    289.00  |Q        |         |         |        V| 
    9+15    1881.8532    206.48  |Q        |         |         |        V| 
    9+30    1884.7750    141.41  Q         |         |         |        V| 
    9+45    1886.6942     92.89  Q         |         |         |        V| 
   10+ 0    1887.8716     56.99  Q         |         |         |        V| 
   10+15    1888.5225     31.50  Q         |         |         |        V| 
   10+30    1888.7824     12.58  Q         |         |         |        V| 
   10+45    1888.8332      2.46  Q         |         |         |         V 
-----------------------------------------------------------------------
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U N I T  H Y D R O G R A P H  A N A L Y S I S 

Copyright (c) CIVILCADD/CIVILDESIGN, 1990 - 2004, Version 7.0

Study date  09/08/10  File: tulecreek100yr24hr.out

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

Program License Serial Number 4055

---------------------------------------------------------------------
Tule Wind Project
Tule Creek Crossing
Proposed Conditions 100 Yr 24 Hr
Aug 18, 2010
---------------------------------------------------------------------
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

Storm Event Year = 100

Antecedent Moisture Condition = 2

 English (in-lb) Input Units Used

 English Rainfall Data (Inches) Input Values Used

Area averaged rainfall isohyetal data:
Sub-Area(Ac.)       Rainfall (In)
 13851.00             6.69

Rainfall Distribution pattern used in study:
Type B for San Diego area of California
--------------------------------------------------------------------
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

********* Area-Averaged SCS Curve Number and Fm *********

Area       Area          SCS CN    SCS CN    Fm      Soil
(Ac.)      fract         (AMC2)    (AMC2)   (In/Hr)  Group
 13851.00   1.000         81.0      81.0     0.050    B

Area-averaged catchment SCS Curve Number AMC(2) = 81.000
Area-averaged Fm value using values listed =  0.050(In/Hr)
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Direct entry of lag time by user
Watershed area =   13851.00(Ac.)
Catchment Lag time =   1.460 hours
Unit interval =  15.000 minutes
Unit interval percentage of lag time = 17.1233
Hydrograph baseflow =     0.00(CFS)
Minimum watershed loss rate(Fm) =  0.000(In/Hr)
Average adjusted SCS Curve Number = 81.000

Rainfall depth area reduction factors:
Using a total area of   13851.00(Ac.) (Ref: SCS Sup A, Sec.4)

Pacific Coastal Climate ratio used
Areal factor ratio (rainfall reduction) = 0.983
Rainfall entered for study =    6.690(In)
Adjusted rainfall =    6.575(In)
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+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

   The following unit hydrograph was developed using an S-Graph
   interpolated by time percentage of lag time vs. percentage of peak flow.
   The S-Graphs for Valley, Foothill, and Mountain were developed by the
   U.S. Army Corps of Engineers for use in the respective type of
   basins located in Southern California. (Hydrology San Gabrial River ...
   U.S. Engineer Office, Dec 1944, revised Jul 1946) The Desert S-Graph is
   from Report ... on ... Tahquitz Creek, California, same U.S. offfice,
   Corps of Engineers, June 1963.  The Valley Developed S-Graph is used
   by Orange and San Bernardino counties in California to represent the
   characteristics of valley areas with a large amount of development.
   Because of the wide variety in topography in Southern California, these
   synthetic unit hydrographs were included for use as options in any
   geographic location.

   The SCS(Soil Conservation Service Dimensionless S-Graph, SCS handbook,
   of 1972, applies to a broad cross section of geographic locations and
   hydrologic regions.

   The User Defined hydrograph converts the user Q/Qp
   vs. T/Tp values into an S-Graph based on lag = Tp/0.9.  Then, for the
   lag time used, the S-Graph in interpolated in time % of lag.

   The following S-Graph or S-Graph combination is used in this study:

SAN DIEGO CO. HYDROGRAPH

San Deigo Co. Unit Hydrograph Data (III-A-2):
using a constant T/Tp step interval =   0.200

     t/tp          q/qp            Sum q/qp

      0.000          0.000          0.000
      0.200          0.030          0.000
      0.400          0.090          0.030
      0.600          0.230          0.120
      0.800          0.700          0.350
      1.000          1.000          1.050
      1.200          0.850          2.050
      1.400          0.530          2.900
      1.600          0.410          3.430
      1.800          0.300          3.840
      2.000          0.230          4.140
      2.200          0.180          4.370
      2.400          0.140          4.550
      2.600          0.110          4.690
      2.800          0.080          4.800
      3.000          0.060          4.880
      3.200          0.040          4.940
      3.400          0.030          4.980
      3.600          0.010          5.010
      3.800          0.000          5.020

U N I T  H Y D R O G R A P H 
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Time Ratio   Time     Discharge          Q     Mass Curve
  (t/Lag)     (hrs)     Ratios         (CFS)     Ratios
                        (Q/Qp)                  (Qa/Q)
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(K =     55865.70 (CFS))

---------------------------------------------------------------------
  0.17         0.250       0.016       158.799     0.003
  0.34         0.500       0.060       603.506     0.014
  0.51         0.750       0.154      1549.023     0.041
  0.68         1.000       0.418      4209.423     0.117
  0.86         1.250       0.829      8356.072     0.266
  1.03         1.500       1.000     10080.482     0.447
  1.20         1.750       0.817      8237.636     0.594
  1.37         2.000       0.547      5509.267     0.693
  1.54         2.250       0.419      4219.133     0.768
  1.71         2.500       0.314      3165.938     0.825
  1.88         2.750       0.243      2450.565     0.869
  2.05         3.000       0.192      1934.570     0.903
  2.23         3.250       0.151      1525.672     0.931
  2.40         3.500       0.120      1206.712     0.952
  2.57         3.750       0.090       908.788     0.969
  2.74         4.000       0.068       683.892     0.981
  2.91         4.250       0.048       484.176     0.990
  3.08         4.500       0.035       351.342     0.996
  3.25         4.750       0.018       185.744     0.999
  3.42         5.000       0.004        44.958     1.000
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

   For each time interval of the 6 or 24 hour storm, the total rainfall
   up to that storm time is calculated.  Then the Soil Conservation Service
   SCS (report 1972, 1975) area averaged Curve Number (CN) is used to
   determine the amount of direct runoff in (In) using the following
   equations:

                 (P - Ia)^2
    Q   =     ---------------
                 P - Ia + S

       Where:
   Q = direct runoff, P = depth of precipitation, Ia = Initial Abstraction
   and S is the watershed storage in inches.  S and Ia are given by the
   following equations:

               1000
     S   =   ------------  - 10     and     Ia = 0.2 S
                CN

   Note:  If Metric (SI) Units are used, rainfall data is converted by
          the program internally into inches for these calculations.

   Note:  In the following printout, the revised runoff column is only
          used when the minimum soil loss rate, fm, exceeds the normal
          loss rate of delta P(dP) - delta Q(dQ) then the dP-dQ column
          equals fm =   0.000(In) (for time interval =   0.000(In)) and the
          revised runoff is shown in the last column.

---------------------------------------------------------------------
Time     Total     Total SCS  Rainfall  Runoff   Infiltr-  Revised
Period   Rainfall  Runoff     Amount    Amount    ation    Runoff Min
(hours)   (In)      (In)       (In)      (In)      (In)    Loss Rate
           P        Q          dP        dQ       dP-dQ
-----------------------------------------------------------------------
  0.25   0.0296    0.0000    0.0296    0.0000    0.0296 --------
  0.50   0.0592    0.0000    0.0296    0.0000    0.0296 --------
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  0.75   0.0822    0.0000    0.0230    0.0000    0.0230 --------
  1.00   0.1052    0.0000    0.0230    0.0000    0.0230 --------
  1.25   0.1348    0.0000    0.0296    0.0000    0.0296 --------
  1.50   0.1644    0.0000    0.0296    0.0000    0.0296 --------
  1.75   0.1940    0.0000    0.0296    0.0000    0.0296 --------
  2.00   0.2236    0.0000    0.0296    0.0000    0.0296 --------
  2.25   0.2597    0.0000    0.0362    0.0000    0.0362 --------
  2.50   0.2959    0.0000    0.0362    0.0000    0.0362 --------
  2.75   0.3255    0.0000    0.0296    0.0000    0.0296 --------
  3.00   0.3551    0.0000    0.0296    0.0000    0.0296 --------
  3.25   0.3912    0.0000    0.0362    0.0000    0.0362 --------
  3.50   0.4274    0.0000    0.0362    0.0000    0.0362 --------
  3.75   0.4669    0.0000    0.0395    0.0000    0.0395 --------
  4.00   0.5063    0.0006    0.0395    0.0006    0.0389 --------
  4.25   0.5490    0.0026    0.0427    0.0021    0.0407 --------
  4.50   0.5918    0.0061    0.0427    0.0035    0.0393 --------
  4.75   0.6378    0.0113    0.0460    0.0052    0.0408 --------
  5.00   0.6838    0.0180    0.0460    0.0067    0.0393 --------
  5.25   0.7364    0.0273    0.0526    0.0093    0.0433 --------
  5.50   0.7890    0.0384    0.0526    0.0110    0.0416 --------
  5.75   0.8449    0.0519    0.0559    0.0135    0.0424 --------
  6.00   0.9008    0.0671    0.0559    0.0152    0.0407 --------
  6.25   0.9666    0.0870    0.0658    0.0199    0.0458 --------
  6.50   1.0323    0.1090    0.0658    0.0220    0.0437 --------
  6.75   1.1079    0.1367    0.0756    0.0277    0.0479 --------
  7.00   1.1836    0.1668    0.0756    0.0301    0.0456 --------
  7.25   1.2822    0.2093    0.0986    0.0425    0.0561 --------
  7.50   1.3808    0.2552    0.0986    0.0459    0.0527 --------
  7.75   1.5288    0.3297    0.1479    0.0746    0.0734 --------
  8.00   1.6767    0.4104    0.1479    0.0807    0.0673 --------
  8.25   1.8970    0.5403    0.2203    0.1299    0.0904 --------
  8.50   2.1173    0.6801    0.2203    0.1399    0.0804 --------
  8.75   2.4066    0.8764    0.2893    0.1963    0.0931 --------
  9.00   2.6959    1.0844    0.2893    0.2080    0.0813 --------
  9.25   3.0115    1.3223    0.3156    0.2379    0.0777 --------
  9.50   3.3271    1.5697    0.3156    0.2473    0.0683 --------
  9.75   3.5967    1.7872    0.2696    0.2175    0.0521 --------
 10.00   3.8663    2.0096    0.2696    0.2224    0.0472 --------
 10.25   4.0011    2.1224    0.1348    0.1128    0.0220 --------
 10.50   4.1359    2.2362    0.1348    0.1138    0.0210 --------
 10.75   4.2247    2.3117    0.0888    0.0755    0.0133 --------
 11.00   4.3134    2.3875    0.0888    0.0758    0.0129 --------
 11.25   4.3891    2.4524    0.0756    0.0649    0.0107 --------
 11.50   4.4647    2.5175    0.0756    0.0651    0.0105 --------
 11.75   4.5337    2.5772    0.0690    0.0597    0.0093 --------
 12.00   4.6028    2.6371    0.0690    0.0599    0.0091 --------
 12.25   4.6685    2.6944    0.0658    0.0572    0.0085 --------
 12.50   4.7343    2.7518    0.0658    0.0574    0.0084 --------
 12.75   4.7967    2.8064    0.0625    0.0547    0.0078 --------
 13.00   4.8592    2.8612    0.0625    0.0548    0.0076 --------
 13.25   4.9151    2.9104    0.0559    0.0492    0.0067 --------
 13.50   4.9710    2.9597    0.0559    0.0493    0.0066 --------
 13.75   5.0236    3.0062    0.0526    0.0465    0.0061 --------
 14.00   5.0762    3.0527    0.0526    0.0466    0.0060 --------
 14.25   5.1354    3.1052    0.0592    0.0525    0.0067 --------
 14.50   5.1945    3.1579    0.0592    0.0526    0.0066 --------
 14.75   5.2274    3.1871    0.0329    0.0293    0.0036 --------
 15.00   5.2603    3.2164    0.0329    0.0293    0.0036 --------
 15.25   5.3129    3.2634    0.0526    0.0470    0.0056 --------
 15.50   5.3655    3.3104    0.0526    0.0470    0.0056 --------
 15.75   5.4148    3.3546    0.0493    0.0442    0.0051 --------
 16.00   5.4641    3.3989    0.0493    0.0442    0.0051 --------
 16.25   5.5102    3.4402    0.0460    0.0414    0.0047 --------
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 16.50   5.5562    3.4816    0.0460    0.0414    0.0046 --------
 16.75   5.6055    3.5261    0.0493    0.0444    0.0049 --------
 17.00   5.6548    3.5706    0.0493    0.0445    0.0048 --------
 17.25   5.6943    3.6062    0.0395    0.0356    0.0038 --------
 17.50   5.7337    3.6419    0.0395    0.0357    0.0038 --------
 17.75   5.7765    3.6806    0.0427    0.0387    0.0040 --------
 18.00   5.8192    3.7194    0.0427    0.0387    0.0040 --------
 18.25   5.8521    3.7492    0.0329    0.0298    0.0030 --------
 18.50   5.8850    3.7791    0.0329    0.0299    0.0030 --------
 18.75   5.9178    3.8089    0.0329    0.0299    0.0030 --------
 19.00   5.9507    3.8388    0.0329    0.0299    0.0030 --------
 19.25   5.9803    3.8658    0.0296    0.0269    0.0026 --------
 19.50   6.0099    3.8928    0.0296    0.0270    0.0026 --------
 19.75   6.0428    3.9227    0.0329    0.0300    0.0029 --------
 20.00   6.0756    3.9527    0.0329    0.0300    0.0029 --------
 20.25   6.1118    3.9858    0.0362    0.0330    0.0031 --------
 20.50   6.1480    4.0188    0.0362    0.0331    0.0031 --------
 20.75   6.1808    4.0489    0.0329    0.0301    0.0028 --------
 21.00   6.2137    4.0790    0.0329    0.0301    0.0028 --------
 21.25   6.2433    4.1061    0.0296    0.0271    0.0025 --------
 21.50   6.2729    4.1332    0.0296    0.0271    0.0025 --------
 21.75   6.3025    4.1604    0.0296    0.0271    0.0024 --------
 22.00   6.3321    4.1876    0.0296    0.0272    0.0024 --------
 22.25   6.3617    4.2147    0.0296    0.0272    0.0024 --------
 22.50   6.3913    4.2419    0.0296    0.0272    0.0024 --------
 22.75   6.4208    4.2692    0.0296    0.0272    0.0024 --------
 23.00   6.4504    4.2964    0.0296    0.0272    0.0024 --------
 23.25   6.4833    4.3267    0.0329    0.0303    0.0026 --------
 23.50   6.5162    4.3570    0.0329    0.0303    0.0026 --------
 23.75   6.5458    4.3843    0.0296    0.0273    0.0023 --------
 24.00   6.5754    4.4116    0.0296    0.0273    0.0023 --------
--------------------------------------------------------------------
--------------------------------------------------------------------
Total soil rain loss =      2.16(In)
Total effective runoff =      4.41(In)
---------------------------------------------------------------------
Peak flow rate this hydrograph =       10607.44(CFS)
Total runoff volume this hydrograph =      221809144.3(Ft3)
---------------------------------------------------------------------
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
                    24 - H O U R    S T O R M
               R u n o f f      H y d r o g r a p h
--------------------------------------------------------------------
            Hydrograph in  15   Minute intervals ((CFS))

--------------------------------------------------------------------
  Time(h+m) Volume Ac.Ft   Q(CFS)  0     2675.0    5350.0    8025.0   10700.0
  -----------------------------------------------------------------------
    0+15       0.0000      0.00  Q         |         |         |         | 
    0+30       0.0000      0.00  Q         |         |         |         | 
    0+45       0.0000      0.00  Q         |         |         |         | 
    1+ 0       0.0000      0.00  Q         |         |         |         | 
    1+15       0.0000      0.00  Q         |         |         |         | 
    1+30       0.0000      0.00  Q         |         |         |         | 
    1+45       0.0000      0.00  Q         |         |         |         | 
    2+ 0       0.0000      0.00  Q         |         |         |         | 
    2+15       0.0000      0.00  Q         |         |         |         | 
    2+30       0.0000      0.00  Q         |         |         |         | 
    2+45       0.0000      0.00  Q         |         |         |         | 
    3+ 0       0.0000      0.00  Q         |         |         |         | 
    3+15       0.0000      0.00  Q         |         |         |         | 
    3+30       0.0000      0.00  Q         |         |         |         | 
    3+45       0.0000      0.00  Q         |         |         |         | 
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    4+ 0       0.0019      0.09  Q         |         |         |         | 
    4+15       0.0159      0.68  Q         |         |         |         | 
    4+30       0.0714      2.69  Q         |         |         |         | 
    4+45       0.2478      8.54  Q         |         |         |         | 
    5+ 0       0.7242     23.06  Q         |         |         |         | 
    5+15       1.7816     51.18  Q         |         |         |         | 
    5+30       3.7263     94.13  Q         |         |         |         | 
    5+45       6.8269    150.06  Q         |         |         |         | 
    6+ 0      11.3267    217.79  Q         |         |         |         | 
    6+15      17.4799    297.82  VQ        |         |         |         | 
    6+30      25.5125    388.78  VQ        |         |         |         | 
    6+45      35.6298    489.68  VQ        |         |         |         | 
    7+ 0      48.0926    603.20  V Q       |         |         |         | 
    7+15      63.3048    736.27  V Q       |         |         |         | 
    7+30      81.7247    891.52  V  Q      |         |         |         | 
    7+45     103.9416   1075.30  V   Q     |         |         |         | 
    8+ 0     130.8543   1302.57   V  Q     |         |         |         | 
    8+15     163.9683   1602.72  |V   Q    |         |         |         | 
    8+30     205.5170   2010.96  |V     Q  |         |         |         | 
    8+45     258.6877   2573.46  | V      Q|         |         |         | 
    9+ 0     327.3103   3321.34  | V       | Q       |         |         | 
    9+15     415.8023   4283.01  |  V      |     Q   |         |         | 
    9+30     528.0050   5430.61  |   V     |         Q         |         | 
    9+45     666.9318   6724.06  |    V    |         |    Q    |         | 
   10+ 0     832.9258   8034.11  |     V   |         |         Q         | 
   10+15    1023.7679   9236.76  |       V |         |         |   Q     | 
   10+30    1233.2342  10138.17  |        V|         |         |      Q  | 
   10+45    1452.3962  10607.44  |          V        |         |        Q| 
   11+ 0    1669.6311  10514.17  |         |  V      |         |        Q| 
   11+15    1872.8736   9836.94  |         |   V     |         |     Q   | 
   11+30    2055.2682   8827.90  |         |     V   |         |  Q      | 
   11+45    2216.2191   7790.03  |         |      V  |        Q|         | 
   12+ 0    2359.0318   6912.14  |         |       V |    Q    |         | 
   12+15    2486.1796   6153.95  |         |        V|  Q      |         | 
   12+30    2600.8314   5549.15  |         |         Q         |         | 
   12+45    2704.9228   5038.03  |         |       Q  V        |         | 
   13+ 0    2800.2662   4614.62  |         |      Q  |V        |         | 
   13+15    2888.2216   4257.04  |         |    Q    | V       |         | 
   13+30    2969.9323   3954.80  |         |   Q     |  V      |         | 
   13+45    3046.3265   3697.48  |         |  Q      |  V      |         | 
   14+ 0    3118.0403   3470.95  |         | Q       |   V     |         | 
   14+15    3185.6122   3270.48  |         | Q       |    V    |         | 
   14+30    3249.6132   3097.65  |         |Q        |    V    |         | 
   14+45    3310.8196   2962.39  |         |Q        |     V   |         | 
   15+ 0    3370.1471   2871.45  |         Q         |     V   |         | 
   15+15    3428.3296   2816.03  |         Q         |     V   |         | 
   15+30    3484.9482   2740.34  |         Q         |      V  |         | 
   15+45    3538.4002   2587.08  |        Q|         |      V  |         | 
   16+ 0    3588.6542   2432.29  |        Q|         |       V |         | 
   16+15    3638.0270   2389.64  |       Q |         |       V |         | 
   16+30    3688.2523   2430.90  |        Q|         |       V |         | 
   16+45    3738.9835   2455.39  |        Q|         |        V|         | 
   17+ 0    3789.4956   2444.79  |        Q|         |        V|         | 
   17+15    3839.5546   2422.86  |        Q|         |         V         | 
   17+30    3889.1643   2401.11  |       Q |         |         V         | 
   17+45    3938.5381   2389.69  |       Q |         |         V         | 
   18+ 0    3987.5111   2370.30  |       Q |         |         |V        | 
   18+15    4035.3417   2315.00  |       Q |         |         |V        | 
   18+30    4081.7030   2243.89  |       Q |         |         | V       | 
   18+45    4126.9702   2190.93  |       Q |         |         | V       | 
   19+ 0    4171.2077   2141.10  |       Q |         |         | V       | 
   19+15    4213.7608   2059.57  |      Q  |         |         |  V      | 
   19+30    4254.3256   1963.34  |      Q  |         |         |  V      | 

Page 6



TuleCreek100yr24hr.out
   19+45    4293.2087   1881.94  |      Q  |         |         |  V      | 
   20+ 0    4330.7551   1817.25  |     Q   |         |         |   V     | 
   20+15    4367.0310   1755.75  |     Q   |         |         |   V     | 
   20+30    4402.3438   1709.14  |     Q   |         |         |   V     | 
   20+45    4437.2738   1690.61  |     Q   |         |         |   V     | 
   21+ 0    4472.3504   1697.71  |     Q   |         |         |    V    | 
   21+15    4507.8143   1716.45  |     Q   |         |         |    V    | 
   21+30    4543.5366   1728.96  |     Q   |         |         |    V    | 
   21+45    4579.1210   1722.29  |     Q   |         |         |    V    | 
   22+ 0    4614.1508   1695.44  |     Q   |         |         |     V   | 
   22+15    4648.4168   1658.48  |     Q   |         |         |     V   | 
   22+30    4681.9183   1621.47  |     Q   |         |         |     V   | 
   22+45    4714.8252   1592.70  |    Q    |         |         |      V  | 
   23+ 0    4747.3600   1574.68  |    Q    |         |         |      V  | 
   23+15    4779.6332   1562.03  |    Q    |         |         |      V  | 
   23+30    4811.7443   1554.18  |    Q    |         |         |      V  | 
   23+45    4843.7913   1551.07  |    Q    |         |         |       V | 
   24+ 0    4875.9509   1556.52  |    Q    |         |         |       V | 
   24+15    4908.3577   1568.49  |    Q    |         |         |       V | 
   24+30    4940.7189   1566.28  |    Q    |         |         |       V | 
   24+45    4972.1434   1520.95  |    Q    |         |         |        V| 
   25+ 0    5000.8636   1390.06  |    Q    |         |         |        V| 
   25+15    5024.5917   1148.44  |   Q     |         |         |        V| 
   25+30    5042.4732    865.46  |  Q      |         |         |        V| 
   25+45    5055.5937    635.03  | Q       |         |         |        V| 
   26+ 0    5065.5326    481.05  |Q        |         |         |        V| 
   26+15    5073.0383    363.28  |Q        |         |         |        V| 
   26+30    5078.7160    274.80  |Q        |         |         |        V| 
   26+45    5082.9754    206.15  Q         |         |         |        V| 
   27+ 0    5086.1127    151.84  Q         |         |         |        V| 
   27+15    5088.3641    108.97  Q         |         |         |        V| 
   27+30    5089.9150     75.06  Q         |         |         |        V| 
   27+45    5090.9352     49.38  Q         |         |         |        V| 
   28+ 0    5091.5508     29.79  Q         |         |         |        V| 
   28+15    5091.8818     16.02  Q         |         |         |        V| 
   28+30    5092.0119      6.30  Q         |         |         |        V| 
   28+45    5092.0373      1.23  Q         |         |         |         V 
-----------------------------------------------------------------------
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U N I T  H Y D R O G R A P H  A N A L Y S I S 

Copyright (c) CIVILCADD/CIVILDESIGN, 1990 - 2004, Version 7.0

Study date  09/08/10  File: mccain110yr24hr.out

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

Program License Serial Number 4055

---------------------------------------------------------------------
Tule Wind Project
McCain Valley Crossing 1
Proposed Conditions 10 Yr 24 Hr
Aug 18, 2010
---------------------------------------------------------------------
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

Storm Event Year = 10

Antecedent Moisture Condition = 2

 English (in-lb) Input Units Used

 English Rainfall Data (Inches) Input Values Used

Area averaged rainfall isohyetal data:
Sub-Area(Ac.)       Rainfall (In)
  2185.54             3.50

Rainfall Distribution pattern used in study:
Type B for San Diego area of California
--------------------------------------------------------------------
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

********* Area-Averaged SCS Curve Number and Fm *********

Area       Area          SCS CN    SCS CN    Fm      Soil
(Ac.)      fract         (AMC2)    (AMC2)   (In/Hr)  Group
  2185.54   1.000         73.0      73.0     0.050    C

Area-averaged catchment SCS Curve Number AMC(2) = 73.000
Area-averaged Fm value using values listed =  0.050(In/Hr)
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Direct entry of lag time by user
Watershed area =    2185.54(Ac.)
Catchment Lag time =   0.740 hours
Unit interval =   5.000 minutes
Unit interval percentage of lag time = 11.2613
Hydrograph baseflow =     0.00(CFS)
Minimum watershed loss rate(Fm) =  0.000(In/Hr)
Average adjusted SCS Curve Number = 73.000

Rainfall depth area reduction factors:
Using a total area of    2185.54(Ac.) (Ref: SCS Sup A, Sec.4)

Pacific Coastal Climate ratio used
Areal factor ratio (rainfall reduction) = 1.000
Rainfall entered for study =    3.500(In)
Adjusted rainfall =    3.500(In)
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+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

   The following unit hydrograph was developed using an S-Graph
   interpolated by time percentage of lag time vs. percentage of peak flow.
   The S-Graphs for Valley, Foothill, and Mountain were developed by the
   U.S. Army Corps of Engineers for use in the respective type of
   basins located in Southern California. (Hydrology San Gabrial River ...
   U.S. Engineer Office, Dec 1944, revised Jul 1946) The Desert S-Graph is
   from Report ... on ... Tahquitz Creek, California, same U.S. offfice,
   Corps of Engineers, June 1963.  The Valley Developed S-Graph is used
   by Orange and San Bernardino counties in California to represent the
   characteristics of valley areas with a large amount of development.
   Because of the wide variety in topography in Southern California, these
   synthetic unit hydrographs were included for use as options in any
   geographic location.

   The SCS(Soil Conservation Service Dimensionless S-Graph, SCS handbook,
   of 1972, applies to a broad cross section of geographic locations and
   hydrologic regions.

   The User Defined hydrograph converts the user Q/Qp
   vs. T/Tp values into an S-Graph based on lag = Tp/0.9.  Then, for the
   lag time used, the S-Graph in interpolated in time % of lag.

   The following S-Graph or S-Graph combination is used in this study:

SAN DIEGO CO. HYDROGRAPH

San Deigo Co. Unit Hydrograph Data (III-A-2):
using a constant T/Tp step interval =   0.200

     t/tp          q/qp            Sum q/qp

      0.000          0.000          0.000
      0.200          0.030          0.000
      0.400          0.090          0.030
      0.600          0.230          0.120
      0.800          0.700          0.350
      1.000          1.000          1.050
      1.200          0.850          2.050
      1.400          0.530          2.900
      1.600          0.410          3.430
      1.800          0.300          3.840
      2.000          0.230          4.140
      2.200          0.180          4.370
      2.400          0.140          4.550
      2.600          0.110          4.690
      2.800          0.080          4.800
      3.000          0.060          4.880
      3.200          0.040          4.940
      3.400          0.030          4.980
      3.600          0.010          5.010
      3.800          0.000          5.020

U N I T  H Y D R O G R A P H 
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Time Ratio   Time     Discharge          Q     Mass Curve
  (t/Lag)     (hrs)     Ratios         (CFS)     Ratios
                        (Q/Qp)                  (Qa/Q)

Page 2



McCain110Yr24Hr.out
(K =     26445.03 (CFS))

---------------------------------------------------------------------
  0.11         0.083       0.015        49.436     0.002
  0.23         0.167       0.036       114.819     0.006
  0.34         0.250       0.081       261.213     0.016
  0.45         0.333       0.138       445.451     0.033
  0.56         0.417       0.243       781.573     0.062
  0.68         0.500       0.565      1817.277     0.131
  0.79         0.583       0.773      2488.816     0.225
  0.90         0.667       1.000      3219.152     0.347
  1.01         0.750       0.946      3044.634     0.462
  1.13         0.833       0.843      2712.922     0.565
  1.24         0.917       0.600      1930.560     0.638
  1.35         1.000       0.502      1616.625     0.699
  1.46         1.083       0.419      1350.100     0.750
  1.58         1.167       0.342      1101.054     0.792
  1.69         1.250       0.294       945.183     0.827
  1.80         1.333       0.241       775.154     0.857
  1.91         1.417       0.209       673.014     0.882
  2.03         1.500       0.181       581.741     0.904
  2.14         1.583       0.150       483.763     0.922
  2.25         1.667       0.133       428.230     0.939
  2.36         1.750       0.112       361.739     0.952
  2.48         1.833       0.091       293.676     0.963
  2.59         1.917       0.078       250.893     0.973
  2.70         2.000       0.063       202.425     0.981
  2.82         2.083       0.051       163.225     0.987
  2.93         2.167       0.040       128.845     0.992
  3.04         2.250       0.032       104.310     0.995
  3.15         2.333       0.024        76.321     0.998
  3.27         2.417       0.010        33.079     1.000
  3.38         2.500       0.003         9.801     1.000
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

   For each time interval of the 6 or 24 hour storm, the total rainfall
   up to that storm time is calculated.  Then the Soil Conservation Service
   SCS (report 1972, 1975) area averaged Curve Number (CN) is used to
   determine the amount of direct runoff in (In) using the following
   equations:

                 (P - Ia)^2
    Q   =     ---------------
                 P - Ia + S

       Where:
   Q = direct runoff, P = depth of precipitation, Ia = Initial Abstraction
   and S is the watershed storage in inches.  S and Ia are given by the
   following equations:

               1000
     S   =   ------------  - 10     and     Ia = 0.2 S
                CN

   Note:  If Metric (SI) Units are used, rainfall data is converted by
          the program internally into inches for these calculations.

   Note:  In the following printout, the revised runoff column is only
          used when the minimum soil loss rate, fm, exceeds the normal
          loss rate of delta P(dP) - delta Q(dQ) then the dP-dQ column
          equals fm =   0.000(In) (for time interval =   0.000(In)) and the
          revised runoff is shown in the last column.
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---------------------------------------------------------------------
Time     Total     Total SCS  Rainfall  Runoff   Infiltr-  Revised
Period   Rainfall  Runoff     Amount    Amount    ation    Runoff Min
(hours)   (In)      (In)       (In)      (In)      (In)    Loss Rate
           P        Q          dP        dQ       dP-dQ
-----------------------------------------------------------------------
  0.08   0.0052    0.0000    0.0052    0.0000    0.0052 --------
  0.17   0.0105    0.0000    0.0052    0.0000    0.0052 --------
  0.25   0.0158    0.0000    0.0053    0.0000    0.0053 --------
  0.33   0.0210    0.0000    0.0052    0.0000    0.0052 --------
  0.42   0.0262    0.0000    0.0052    0.0000    0.0052 --------
  0.50   0.0315    0.0000    0.0053    0.0000    0.0053 --------
  0.58   0.0356    0.0000    0.0041    0.0000    0.0041 --------
  0.67   0.0397    0.0000    0.0041    0.0000    0.0041 --------
  0.75   0.0438    0.0000    0.0041    0.0000    0.0041 --------
  0.83   0.0478    0.0000    0.0041    0.0000    0.0041 --------
  0.92   0.0519    0.0000    0.0041    0.0000    0.0041 --------
  1.00   0.0560    0.0000    0.0041    0.0000    0.0041 --------
  1.08   0.0613    0.0000    0.0053    0.0000    0.0053 --------
  1.17   0.0665    0.0000    0.0052    0.0000    0.0052 --------
  1.25   0.0718    0.0000    0.0053    0.0000    0.0053 --------
  1.33   0.0770    0.0000    0.0052    0.0000    0.0052 --------
  1.42   0.0823    0.0000    0.0053    0.0000    0.0053 --------
  1.50   0.0875    0.0000    0.0053    0.0000    0.0053 --------
  1.58   0.0928    0.0000    0.0053    0.0000    0.0053 --------
  1.67   0.0980    0.0000    0.0052    0.0000    0.0052 --------
  1.75   0.1033    0.0000    0.0053    0.0000    0.0053 --------
  1.83   0.1085    0.0000    0.0052    0.0000    0.0052 --------
  1.92   0.1138    0.0000    0.0053    0.0000    0.0053 --------
  2.00   0.1190    0.0000    0.0053    0.0000    0.0053 --------
  2.08   0.1254    0.0000    0.0064    0.0000    0.0064 --------
  2.17   0.1318    0.0000    0.0064    0.0000    0.0064 --------
  2.25   0.1383    0.0000    0.0064    0.0000    0.0064 --------
  2.33   0.1447    0.0000    0.0064    0.0000    0.0064 --------
  2.42   0.1511    0.0000    0.0064    0.0000    0.0064 --------
  2.50   0.1575    0.0000    0.0064    0.0000    0.0064 --------
  2.58   0.1628    0.0000    0.0053    0.0000    0.0053 --------
  2.67   0.1680    0.0000    0.0053    0.0000    0.0053 --------
  2.75   0.1733    0.0000    0.0053    0.0000    0.0053 --------
  2.83   0.1785    0.0000    0.0052    0.0000    0.0052 --------
  2.92   0.1838    0.0000    0.0053    0.0000    0.0053 --------
  3.00   0.1890    0.0000    0.0053    0.0000    0.0053 --------
  3.08   0.1954    0.0000    0.0064    0.0000    0.0064 --------
  3.17   0.2018    0.0000    0.0064    0.0000    0.0064 --------
  3.25   0.2082    0.0000    0.0064    0.0000    0.0064 --------
  3.33   0.2147    0.0000    0.0064    0.0000    0.0064 --------
  3.42   0.2211    0.0000    0.0064    0.0000    0.0064 --------
  3.50   0.2275    0.0000    0.0064    0.0000    0.0064 --------
  3.58   0.2345    0.0000    0.0070    0.0000    0.0070 --------
  3.67   0.2415    0.0000    0.0070    0.0000    0.0070 --------
  3.75   0.2485    0.0000    0.0070    0.0000    0.0070 --------
  3.83   0.2555    0.0000    0.0070    0.0000    0.0070 --------
  3.92   0.2625    0.0000    0.0070    0.0000    0.0070 --------
  4.00   0.2695    0.0000    0.0070    0.0000    0.0070 --------
  4.08   0.2771    0.0000    0.0076    0.0000    0.0076 --------
  4.17   0.2847    0.0000    0.0076    0.0000    0.0076 --------
  4.25   0.2922    0.0000    0.0076    0.0000    0.0076 --------
  4.33   0.2998    0.0000    0.0076    0.0000    0.0076 --------
  4.42   0.3074    0.0000    0.0076    0.0000    0.0076 --------
  4.50   0.3150    0.0000    0.0076    0.0000    0.0076 --------
  4.58   0.3232    0.0000    0.0082    0.0000    0.0082 --------

Page 4



McCain110Yr24Hr.out
  4.67   0.3313    0.0000    0.0082    0.0000    0.0082 --------
  4.75   0.3395    0.0000    0.0082    0.0000    0.0082 --------
  4.83   0.3477    0.0000    0.0082    0.0000    0.0082 --------
  4.92   0.3558    0.0000    0.0082    0.0000    0.0082 --------
  5.00   0.3640    0.0000    0.0082    0.0000    0.0082 --------
  5.08   0.3733    0.0000    0.0093    0.0000    0.0093 --------
  5.17   0.3827    0.0000    0.0093    0.0000    0.0093 --------
  5.25   0.3920    0.0000    0.0093    0.0000    0.0093 --------
  5.33   0.4013    0.0000    0.0093    0.0000    0.0093 --------
  5.42   0.4107    0.0000    0.0093    0.0000    0.0093 --------
  5.50   0.4200    0.0000    0.0093    0.0000    0.0093 --------
  5.58   0.4299    0.0000    0.0099    0.0000    0.0099 --------
  5.67   0.4398    0.0000    0.0099    0.0000    0.0099 --------
  5.75   0.4497    0.0000    0.0099    0.0000    0.0099 --------
  5.83   0.4597    0.0000    0.0099    0.0000    0.0099 --------
  5.92   0.4696    0.0000    0.0099    0.0000    0.0099 --------
  6.00   0.4795    0.0000    0.0099    0.0000    0.0099 --------
  6.08   0.4912    0.0000    0.0117    0.0000    0.0117 --------
  6.17   0.5028    0.0000    0.0117    0.0000    0.0117 --------
  6.25   0.5145    0.0000    0.0117    0.0000    0.0117 --------
  6.33   0.5262    0.0000    0.0117    0.0000    0.0117 --------
  6.42   0.5378    0.0000    0.0117    0.0000    0.0117 --------
  6.50   0.5495    0.0000    0.0117    0.0000    0.0117 --------
  6.58   0.5629    0.0000    0.0134    0.0000    0.0134 --------
  6.67   0.5763    0.0000    0.0134    0.0000    0.0134 --------
  6.75   0.5898    0.0000    0.0134    0.0000    0.0134 --------
  6.83   0.6032    0.0000    0.0134    0.0000    0.0134 --------
  6.92   0.6166    0.0000    0.0134    0.0000    0.0134 --------
  7.00   0.6300    0.0000    0.0134    0.0000    0.0134 --------
  7.08   0.6475    0.0000    0.0175    0.0000    0.0175 --------
  7.17   0.6650    0.0000    0.0175    0.0000    0.0175 --------
  7.25   0.6825    0.0000    0.0175    0.0000    0.0175 --------
  7.33   0.7000    0.0000    0.0175    0.0000    0.0175 --------
  7.42   0.7175    0.0000    0.0175    0.0000    0.0175 --------
  7.50   0.7350    0.0000    0.0175    0.0000    0.0175 --------
  7.58   0.7612    0.0001    0.0262    0.0001    0.0261 --------
  7.67   0.7875    0.0006    0.0262    0.0005    0.0258 --------
  7.75   0.8137    0.0015    0.0262    0.0008    0.0254 --------
  7.83   0.8400    0.0026    0.0262    0.0012    0.0251 --------
  7.92   0.8662    0.0042    0.0262    0.0015    0.0247 --------
  8.00   0.8925    0.0061    0.0263    0.0019    0.0244 --------
  8.08   0.9316    0.0095    0.0391    0.0034    0.0357 --------
  8.17   0.9707    0.0136    0.0391    0.0041    0.0350 --------
  8.25   1.0097    0.0184    0.0391    0.0048    0.0343 --------
  8.33   1.0488    0.0238    0.0391    0.0055    0.0336 --------
  8.42   1.0879    0.0300    0.0391    0.0061    0.0330 --------
  8.50   1.1270    0.0367    0.0391    0.0067    0.0323 --------
  8.58   1.1783    0.0465    0.0513    0.0098    0.0415 --------
  8.67   1.2297    0.0573    0.0513    0.0108    0.0405 --------
  8.75   1.2810    0.0691    0.0513    0.0118    0.0395 --------
  8.83   1.3323    0.0818    0.0513    0.0127    0.0386 --------
  8.92   1.3837    0.0955    0.0513    0.0136    0.0377 --------
  9.00   1.4350    0.1100    0.0513    0.0145    0.0368 --------
  9.08   1.4910    0.1268    0.0560    0.0168    0.0392 --------
  9.17   1.5470    0.1446    0.0560    0.0178    0.0382 --------
  9.25   1.6030    0.1634    0.0560    0.0187    0.0373 --------
  9.33   1.6590    0.1830    0.0560    0.0196    0.0364 --------
  9.42   1.7150    0.2035    0.0560    0.0205    0.0355 --------
  9.50   1.7710    0.2249    0.0560    0.0213    0.0347 --------
  9.58   1.8188    0.2437    0.0478    0.0189    0.0290 --------
  9.67   1.8667    0.2632    0.0478    0.0195    0.0284 --------
  9.75   1.9145    0.2832    0.0478    0.0200    0.0278 --------
  9.83   1.9623    0.3037    0.0478    0.0205    0.0273 --------
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  9.92   2.0102    0.3248    0.0478    0.0211    0.0268 --------
 10.00   2.0580    0.3464    0.0478    0.0216    0.0262 --------
 10.08   2.0819    0.3574    0.0239    0.0110    0.0129 --------
 10.17   2.1058    0.3685    0.0239    0.0111    0.0128 --------
 10.25   2.1298    0.3797    0.0239    0.0112    0.0127 --------
 10.33   2.1537    0.3910    0.0239    0.0113    0.0126 --------
 10.42   2.1776    0.4025    0.0239    0.0115    0.0125 --------
 10.50   2.2015    0.4141    0.0239    0.0116    0.0123 --------
 10.58   2.2172    0.4218    0.0157    0.0077    0.0081 --------
 10.67   2.2330    0.4295    0.0158    0.0077    0.0080 --------
 10.75   2.2488    0.4373    0.0158    0.0078    0.0080 --------
 10.83   2.2645    0.4451    0.0157    0.0078    0.0079 --------
 10.92   2.2802    0.4530    0.0157    0.0079    0.0079 --------
 11.00   2.2960    0.4609    0.0158    0.0079    0.0078 --------
 11.08   2.3094    0.4677    0.0134    0.0068    0.0066 --------
 11.17   2.3228    0.4745    0.0134    0.0068    0.0066 --------
 11.25   2.3362    0.4814    0.0134    0.0069    0.0066 --------
 11.33   2.3497    0.4882    0.0134    0.0069    0.0065 --------
 11.42   2.3631    0.4952    0.0134    0.0069    0.0065 --------
 11.50   2.3765    0.5021    0.0134    0.0070    0.0065 --------
 11.58   2.3887    0.5085    0.0122    0.0064    0.0059 --------
 11.67   2.4010    0.5149    0.0123    0.0064    0.0058 --------
 11.75   2.4133    0.5213    0.0122    0.0064    0.0058 --------
 11.83   2.4255    0.5278    0.0122    0.0065    0.0058 --------
 11.92   2.4377    0.5343    0.0122    0.0065    0.0058 --------
 12.00   2.4500    0.5408    0.0122    0.0065    0.0057 --------
 12.08   2.4617    0.5470    0.0117    0.0062    0.0054 --------
 12.17   2.4733    0.5533    0.0117    0.0062    0.0054 --------
 12.25   2.4850    0.5595    0.0117    0.0063    0.0054 --------
 12.33   2.4967    0.5658    0.0117    0.0063    0.0054 --------
 12.42   2.5083    0.5721    0.0117    0.0063    0.0054 --------
 12.50   2.5200    0.5785    0.0117    0.0063    0.0053 --------
 12.58   2.5311    0.5845    0.0111    0.0060    0.0050 --------
 12.67   2.5422    0.5906    0.0111    0.0061    0.0050 --------
 12.75   2.5533    0.5967    0.0111    0.0061    0.0050 --------
 12.83   2.5643    0.6028    0.0111    0.0061    0.0050 --------
 12.92   2.5754    0.6089    0.0111    0.0061    0.0050 --------
 13.00   2.5865    0.6150    0.0111    0.0061    0.0049 --------
 13.08   2.5964    0.6205    0.0099    0.0055    0.0044 --------
 13.17   2.6063    0.6261    0.0099    0.0055    0.0044 --------
 13.25   2.6163    0.6316    0.0099    0.0055    0.0044 --------
 13.33   2.6262    0.6372    0.0099    0.0056    0.0044 --------
 13.42   2.6361    0.6427    0.0099    0.0056    0.0043 --------
 13.50   2.6460    0.6483    0.0099    0.0056    0.0043 --------
 13.58   2.6553    0.6536    0.0093    0.0053    0.0041 --------
 13.67   2.6647    0.6589    0.0093    0.0053    0.0040 --------
 13.75   2.6740    0.6642    0.0093    0.0053    0.0040 --------
 13.83   2.6833    0.6695    0.0093    0.0053    0.0040 --------
 13.92   2.6927    0.6749    0.0093    0.0053    0.0040 --------
 14.00   2.7020    0.6802    0.0093    0.0053    0.0040 --------
 14.08   2.7125    0.6862    0.0105    0.0060    0.0045 --------
 14.17   2.7230    0.6923    0.0105    0.0060    0.0045 --------
 14.25   2.7335    0.6983    0.0105    0.0061    0.0044 --------
 14.33   2.7440    0.7044    0.0105    0.0061    0.0044 --------
 14.42   2.7545    0.7105    0.0105    0.0061    0.0044 --------
 14.50   2.7650    0.7166    0.0105    0.0061    0.0044 --------
 14.58   2.7708    0.7200    0.0058    0.0034    0.0024 --------
 14.67   2.7767    0.7234    0.0058    0.0034    0.0024 --------
 14.75   2.7825    0.7268    0.0058    0.0034    0.0024 --------
 14.83   2.7883    0.7302    0.0058    0.0034    0.0024 --------
 14.92   2.7942    0.7336    0.0058    0.0034    0.0024 --------
 15.00   2.8000    0.7371    0.0058    0.0034    0.0024 --------
 15.08   2.8093    0.7426    0.0093    0.0055    0.0038 --------
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 15.17   2.8187    0.7481    0.0093    0.0055    0.0038 --------
 15.25   2.8280    0.7536    0.0093    0.0055    0.0038 --------
 15.33   2.8373    0.7591    0.0093    0.0055    0.0038 --------
 15.42   2.8467    0.7646    0.0093    0.0055    0.0038 --------
 15.50   2.8560    0.7702    0.0093    0.0056    0.0038 --------
 15.58   2.8647    0.7754    0.0088    0.0052    0.0035 --------
 15.67   2.8735    0.7806    0.0088    0.0052    0.0035 --------
 15.75   2.8822    0.7859    0.0087    0.0052    0.0035 --------
 15.83   2.8910    0.7911    0.0088    0.0052    0.0035 --------
 15.92   2.8997    0.7964    0.0087    0.0053    0.0035 --------
 16.00   2.9085    0.8016    0.0088    0.0053    0.0035 --------
 16.08   2.9167    0.8066    0.0082    0.0049    0.0032 --------
 16.17   2.9248    0.8115    0.0082    0.0049    0.0032 --------
 16.25   2.9330    0.8165    0.0082    0.0049    0.0032 --------
 16.33   2.9412    0.8214    0.0082    0.0050    0.0032 --------
 16.42   2.9493    0.8264    0.0082    0.0050    0.0032 --------
 16.50   2.9575    0.8313    0.0082    0.0050    0.0032 --------
 16.58   2.9662    0.8367    0.0087    0.0053    0.0034 --------
 16.67   2.9750    0.8420    0.0088    0.0053    0.0034 --------
 16.75   2.9838    0.8474    0.0088    0.0054    0.0034 --------
 16.83   2.9925    0.8527    0.0087    0.0054    0.0034 --------
 16.92   3.0012    0.8581    0.0088    0.0054    0.0034 --------
 17.00   3.0100    0.8635    0.0088    0.0054    0.0034 --------
 17.08   3.0170    0.8678    0.0070    0.0043    0.0027 --------
 17.17   3.0240    0.8721    0.0070    0.0043    0.0027 --------
 17.25   3.0310    0.8765    0.0070    0.0043    0.0027 --------
 17.33   3.0380    0.8808    0.0070    0.0043    0.0027 --------
 17.42   3.0450    0.8851    0.0070    0.0043    0.0027 --------
 17.50   3.0520    0.8895    0.0070    0.0043    0.0027 --------
 17.58   3.0596    0.8942    0.0076    0.0047    0.0029 --------
 17.67   3.0672    0.8989    0.0076    0.0047    0.0029 --------
 17.75   3.0748    0.9037    0.0076    0.0047    0.0029 --------
 17.83   3.0823    0.9084    0.0076    0.0047    0.0028 --------
 17.92   3.0899    0.9131    0.0076    0.0047    0.0028 --------
 18.00   3.0975    0.9179    0.0076    0.0048    0.0028 --------
 18.08   3.1033    0.9215    0.0058    0.0037    0.0022 --------
 18.17   3.1092    0.9252    0.0058    0.0037    0.0022 --------
 18.25   3.1150    0.9289    0.0058    0.0037    0.0022 --------
 18.33   3.1208    0.9326    0.0058    0.0037    0.0022 --------
 18.42   3.1267    0.9362    0.0058    0.0037    0.0022 --------
 18.50   3.1325    0.9399    0.0058    0.0037    0.0022 --------
 18.58   3.1383    0.9436    0.0058    0.0037    0.0021 --------
 18.67   3.1442    0.9473    0.0058    0.0037    0.0021 --------
 18.75   3.1500    0.9510    0.0058    0.0037    0.0021 --------
 18.83   3.1558    0.9547    0.0058    0.0037    0.0021 --------
 18.92   3.1617    0.9584    0.0058    0.0037    0.0021 --------
 19.00   3.1675    0.9621    0.0058    0.0037    0.0021 --------
 19.08   3.1728    0.9654    0.0053    0.0033    0.0019 --------
 19.17   3.1780    0.9688    0.0052    0.0033    0.0019 --------
 19.25   3.1833    0.9721    0.0053    0.0033    0.0019 --------
 19.33   3.1885    0.9755    0.0053    0.0033    0.0019 --------
 19.42   3.1938    0.9788    0.0052    0.0034    0.0019 --------
 19.50   3.1990    0.9822    0.0053    0.0034    0.0019 --------
 19.58   3.2048    0.9859    0.0058    0.0037    0.0021 --------
 19.67   3.2107    0.9896    0.0058    0.0037    0.0021 --------
 19.75   3.2165    0.9934    0.0058    0.0037    0.0021 --------
 19.83   3.2223    0.9971    0.0058    0.0037    0.0021 --------
 19.92   3.2282    1.0009    0.0058    0.0037    0.0021 --------
 20.00   3.2340    1.0046    0.0058    0.0038    0.0021 --------
 20.08   3.2404    1.0087    0.0064    0.0041    0.0023 --------
 20.17   3.2468    1.0129    0.0064    0.0041    0.0023 --------
 20.25   3.2533    1.0170    0.0064    0.0041    0.0023 --------
 20.33   3.2597    1.0212    0.0064    0.0041    0.0023 --------
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 20.42   3.2661    1.0253    0.0064    0.0041    0.0023 --------
 20.50   3.2725    1.0295    0.0064    0.0042    0.0023 --------
 20.58   3.2783    1.0332    0.0058    0.0038    0.0021 --------
 20.67   3.2842    1.0370    0.0058    0.0038    0.0020 --------
 20.75   3.2900    1.0408    0.0058    0.0038    0.0020 --------
 20.83   3.2958    1.0446    0.0058    0.0038    0.0020 --------
 20.92   3.3017    1.0484    0.0058    0.0038    0.0020 --------
 21.00   3.3075    1.0522    0.0058    0.0038    0.0020 --------
 21.08   3.3127    1.0556    0.0052    0.0034    0.0018 --------
 21.17   3.3180    1.0590    0.0053    0.0034    0.0018 --------
 21.25   3.3232    1.0625    0.0053    0.0034    0.0018 --------
 21.33   3.3285    1.0659    0.0053    0.0034    0.0018 --------
 21.42   3.3337    1.0693    0.0052    0.0034    0.0018 --------
 21.50   3.3390    1.0728    0.0053    0.0034    0.0018 --------
 21.58   3.3443    1.0762    0.0053    0.0034    0.0018 --------
 21.67   3.3495    1.0797    0.0052    0.0034    0.0018 --------
 21.75   3.3547    1.0831    0.0052    0.0034    0.0018 --------
 21.83   3.3600    1.0866    0.0053    0.0034    0.0018 --------
 21.92   3.3652    1.0900    0.0052    0.0035    0.0018 --------
 22.00   3.3705    1.0935    0.0053    0.0035    0.0018 --------
 22.08   3.3757    1.0969    0.0052    0.0035    0.0018 --------
 22.17   3.3810    1.1004    0.0053    0.0035    0.0018 --------
 22.25   3.3863    1.1038    0.0053    0.0035    0.0018 --------
 22.33   3.3915    1.1073    0.0052    0.0035    0.0018 --------
 22.42   3.3967    1.1108    0.0053    0.0035    0.0018 --------
 22.50   3.4020    1.1143    0.0053    0.0035    0.0018 --------
 22.58   3.4073    1.1177    0.0053    0.0035    0.0018 --------
 22.67   3.4125    1.1212    0.0052    0.0035    0.0018 --------
 22.75   3.4177    1.1247    0.0052    0.0035    0.0018 --------
 22.83   3.4230    1.1282    0.0053    0.0035    0.0018 --------
 22.92   3.4282    1.1317    0.0052    0.0035    0.0018 --------
 23.00   3.4335    1.1352    0.0053    0.0035    0.0018 --------
 23.08   3.4393    1.1390    0.0058    0.0039    0.0020 --------
 23.17   3.4452    1.1429    0.0058    0.0039    0.0019 --------
 23.25   3.4510    1.1468    0.0058    0.0039    0.0019 --------
 23.33   3.4568    1.1507    0.0058    0.0039    0.0019 --------
 23.42   3.4627    1.1546    0.0058    0.0039    0.0019 --------
 23.50   3.4685    1.1585    0.0058    0.0039    0.0019 --------
 23.58   3.4737    1.1620    0.0052    0.0035    0.0017 --------
 23.67   3.4790    1.1655    0.0053    0.0035    0.0017 --------
 23.75   3.4843    1.1691    0.0053    0.0035    0.0017 --------
 23.83   3.4895    1.1726    0.0052    0.0035    0.0017 --------
 23.92   3.4947    1.1761    0.0052    0.0035    0.0017 --------
 24.00   3.5000    1.1796    0.0053    0.0035    0.0017 --------
--------------------------------------------------------------------
--------------------------------------------------------------------
Total soil rain loss =      2.32(In)
Total effective runoff =      1.18(In)
---------------------------------------------------------------------
Peak flow rate this hydrograph =         487.34(CFS)
Total runoff volume this hydrograph =        9358600.9(Ft3)
---------------------------------------------------------------------
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
                    24 - H O U R    S T O R M
               R u n o f f      H y d r o g r a p h
--------------------------------------------------------------------
            Hydrograph in   5   Minute intervals ((CFS))

--------------------------------------------------------------------
  Time(h+m) Volume Ac.Ft   Q(CFS)  0      125.0     250.0     375.0     500.0
  -----------------------------------------------------------------------
    0+ 5       0.0000      0.00  Q         |         |         |         | 
    0+10       0.0000      0.00  Q         |         |         |         | 
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    0+15       0.0000      0.00  Q         |         |         |         | 
    0+20       0.0000      0.00  Q         |         |         |         | 
    0+25       0.0000      0.00  Q         |         |         |         | 
    0+30       0.0000      0.00  Q         |         |         |         | 
    0+35       0.0000      0.00  Q         |         |         |         | 
    0+40       0.0000      0.00  Q         |         |         |         | 
    0+45       0.0000      0.00  Q         |         |         |         | 
    0+50       0.0000      0.00  Q         |         |         |         | 
    0+55       0.0000      0.00  Q         |         |         |         | 
    1+ 0       0.0000      0.00  Q         |         |         |         | 
    1+ 5       0.0000      0.00  Q         |         |         |         | 
    1+10       0.0000      0.00  Q         |         |         |         | 
    1+15       0.0000      0.00  Q         |         |         |         | 
    1+20       0.0000      0.00  Q         |         |         |         | 
    1+25       0.0000      0.00  Q         |         |         |         | 
    1+30       0.0000      0.00  Q         |         |         |         | 
    1+35       0.0000      0.00  Q         |         |         |         | 
    1+40       0.0000      0.00  Q         |         |         |         | 
    1+45       0.0000      0.00  Q         |         |         |         | 
    1+50       0.0000      0.00  Q         |         |         |         | 
    1+55       0.0000      0.00  Q         |         |         |         | 
    2+ 0       0.0000      0.00  Q         |         |         |         | 
    2+ 5       0.0000      0.00  Q         |         |         |         | 
    2+10       0.0000      0.00  Q         |         |         |         | 
    2+15       0.0000      0.00  Q         |         |         |         | 
    2+20       0.0000      0.00  Q         |         |         |         | 
    2+25       0.0000      0.00  Q         |         |         |         | 
    2+30       0.0000      0.00  Q         |         |         |         | 
    2+35       0.0000      0.00  Q         |         |         |         | 
    2+40       0.0000      0.00  Q         |         |         |         | 
    2+45       0.0000      0.00  Q         |         |         |         | 
    2+50       0.0000      0.00  Q         |         |         |         | 
    2+55       0.0000      0.00  Q         |         |         |         | 
    3+ 0       0.0000      0.00  Q         |         |         |         | 
    3+ 5       0.0000      0.00  Q         |         |         |         | 
    3+10       0.0000      0.00  Q         |         |         |         | 
    3+15       0.0000      0.00  Q         |         |         |         | 
    3+20       0.0000      0.00  Q         |         |         |         | 
    3+25       0.0000      0.00  Q         |         |         |         | 
    3+30       0.0000      0.00  Q         |         |         |         | 
    3+35       0.0000      0.00  Q         |         |         |         | 
    3+40       0.0000      0.00  Q         |         |         |         | 
    3+45       0.0000      0.00  Q         |         |         |         | 
    3+50       0.0000      0.00  Q         |         |         |         | 
    3+55       0.0000      0.00  Q         |         |         |         | 
    4+ 0       0.0000      0.00  Q         |         |         |         | 
    4+ 5       0.0000      0.00  Q         |         |         |         | 
    4+10       0.0000      0.00  Q         |         |         |         | 
    4+15       0.0000      0.00  Q         |         |         |         | 
    4+20       0.0000      0.00  Q         |         |         |         | 
    4+25       0.0000      0.00  Q         |         |         |         | 
    4+30       0.0000      0.00  Q         |         |         |         | 
    4+35       0.0000      0.00  Q         |         |         |         | 
    4+40       0.0000      0.00  Q         |         |         |         | 
    4+45       0.0000      0.00  Q         |         |         |         | 
    4+50       0.0000      0.00  Q         |         |         |         | 
    4+55       0.0000      0.00  Q         |         |         |         | 
    5+ 0       0.0000      0.00  Q         |         |         |         | 
    5+ 5       0.0000      0.00  Q         |         |         |         | 
    5+10       0.0000      0.00  Q         |         |         |         | 
    5+15       0.0000      0.00  Q         |         |         |         | 
    5+20       0.0000      0.00  Q         |         |         |         | 
    5+25       0.0000      0.00  Q         |         |         |         | 
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    5+30       0.0000      0.00  Q         |         |         |         | 
    5+35       0.0000      0.00  Q         |         |         |         | 
    5+40       0.0000      0.00  Q         |         |         |         | 
    5+45       0.0000      0.00  Q         |         |         |         | 
    5+50       0.0000      0.00  Q         |         |         |         | 
    5+55       0.0000      0.00  Q         |         |         |         | 
    6+ 0       0.0000      0.00  Q         |         |         |         | 
    6+ 5       0.0000      0.00  Q         |         |         |         | 
    6+10       0.0000      0.00  Q         |         |         |         | 
    6+15       0.0000      0.00  Q         |         |         |         | 
    6+20       0.0000      0.00  Q         |         |         |         | 
    6+25       0.0000      0.00  Q         |         |         |         | 
    6+30       0.0000      0.00  Q         |         |         |         | 
    6+35       0.0000      0.00  Q         |         |         |         | 
    6+40       0.0000      0.00  Q         |         |         |         | 
    6+45       0.0000      0.00  Q         |         |         |         | 
    6+50       0.0000      0.00  Q         |         |         |         | 
    6+55       0.0000      0.00  Q         |         |         |         | 
    7+ 0       0.0000      0.00  Q         |         |         |         | 
    7+ 5       0.0000      0.00  Q         |         |         |         | 
    7+10       0.0000      0.00  Q         |         |         |         | 
    7+15       0.0000      0.00  Q         |         |         |         | 
    7+20       0.0000      0.00  Q         |         |         |         | 
    7+25       0.0000      0.00  Q         |         |         |         | 
    7+30       0.0000      0.00  Q         |         |         |         | 
    7+35       0.0000      0.01  Q         |         |         |         | 
    7+40       0.0003      0.04  Q         |         |         |         | 
    7+45       0.0012      0.13  Q         |         |         |         | 
    7+50       0.0035      0.34  Q         |         |         |         | 
    7+55       0.0087      0.75  Q         |         |         |         | 
    8+ 0       0.0194      1.56  Q         |         |         |         | 
    8+ 5       0.0412      3.17  Q         |         |         |         | 
    8+10       0.0815      5.84  Q         |         |         |         | 
    8+15       0.1493      9.84  Q         |         |         |         | 
    8+20       0.2538     15.17  VQ        |         |         |         | 
    8+25       0.4044     21.88  VQ        |         |         |         | 
    8+30       0.6157     30.68  V Q       |         |         |         | 
    8+35       0.9016     41.52  V  Q      |         |         |         | 
    8+40       1.2781     54.67  V   Q     |         |         |         | 
    8+45       1.7562     69.42  V    Q    |         |         |         | 
    8+50       2.3455     85.57  V     Q   |         |         |         | 
    8+55       3.0535    102.79  V       Q |         |         |         | 
    9+ 0       3.9014    123.11  V        Q|         |         |         | 
    9+ 5       4.9070    146.01  V         |Q        |         |         | 
    9+10       6.0901    171.80  |V        |  Q      |         |         | 
    9+15       7.4581    198.63  |V        |    Q    |         |         | 
    9+20       9.0144    225.98  |V        |       Q |         |         | 
    9+25      10.7553    252.77  | V       |         Q         |         | 
    9+30      12.6892    280.80  | V       |         | Q       |         | 
    9+35      14.8203    309.43  | V       |         |   Q     |         | 
    9+40      17.1528    338.69  |  V      |         |      Q  |         | 
    9+45      19.6815    367.16  |  V      |         |        Q|         | 
    9+50      22.3968    394.27  |   V     |         |         |Q        | 
    9+55      25.2815    418.86  |   V     |         |         |  Q      | 
   10+ 0      28.3053    439.06  |    V    |         |         |    Q    | 
   10+ 5      31.4408    455.27  |    V    |         |         |     Q   | 
   10+10      34.6572    467.02  |     V   |         |         |      Q  | 
   10+15      37.9373    476.27  |      V  |         |         |       Q | 
   10+20      41.2643    483.08  |      V  |         |         |       Q | 
   10+25      44.6206    487.34  |       V |         |         |       Q | 
   10+30      47.9253    479.83  |       V |         |         |       Q | 
   10+35      51.1206    463.96  |        V|         |         |      Q  | 
   10+40      54.1429    438.85  |         V         |         |    Q    | 
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   10+45      56.9924    413.75  |         V         |         |  Q      | 
   10+50      59.6813    390.42  |         |V        |         |Q        | 
   10+55      62.2515    373.20  |         |V        |        Q|         | 
   11+ 0      64.6923    354.40  |         | V       |       Q |         | 
   11+ 5      66.9999    335.06  |         | V       |     Q   |         | 
   11+10      69.1672    314.70  |         | V       |    Q    |         | 
   11+15      71.2054    295.95  |         |  V      |  Q      |         | 
   11+20      73.1314    279.66  |         |  V      | Q       |         | 
   11+25      74.9682    266.69  |         |  V      |Q        |         | 
   11+30      76.7201    254.38  |         |   V     Q         |         | 
   11+35      78.3942    243.07  |         |   V    Q|         |         | 
   11+40      79.9932    232.19  |         |   V   Q |         |         | 
   11+45      81.5258    222.53  |         |    V Q  |         |         | 
   11+50      83.0022    214.38  |         |    V Q  |         |         | 
   11+55      84.4329    207.74  |         |    VQ   |         |         | 
   12+ 0      85.8215    201.62  |         |    VQ   |         |         | 
   12+ 5      87.1720    196.09  |         |    QV   |         |         | 
   12+10      88.4865    190.86  |         |    QV   |         |         | 
   12+15      89.7695    186.30  |         |   Q V   |         |         | 
   12+20      91.0268    182.56  |         |   Q V   |         |         | 
   12+25      92.2656    179.88  |         |   Q  V  |         |         | 
   12+30      93.4886    177.58  |         |   Q  V  |         |         | 
   12+35      94.6976    175.55  |         |   Q  V  |         |         | 
   12+40      95.8931    173.59  |         |  Q   V  |         |         | 
   12+45      97.0769    171.88  |         |  Q    V |         |         | 
   12+50      98.2510    170.48  |         |  Q    V |         |         | 
   12+55      99.4181    169.47  |         |  Q    V |         |         | 
   13+ 0     100.5781    168.43  |         |  Q    V |         |         | 
   13+ 5     101.7306    167.34  |         |  Q    V |         |         | 
   13+10     102.8746    166.11  |         |  Q     V|         |         | 
   13+15     104.0106    164.95  |         |  Q     V|         |         | 
   13+20     105.1393    163.88  |         |  Q     V|         |         | 
   13+25     106.2614    162.94  |         |  Q     V|         |         | 
   13+30     107.3736    161.49  |         | Q      V|         |         | 
   13+35     108.4736    159.72  |         | Q       V         |         | 
   13+40     109.5588    157.56  |         | Q       V         |         | 
   13+45     110.6299    155.53  |         | Q       V         |         | 
   13+50     111.6887    153.73  |         | Q       V         |         | 
   13+55     112.7381    152.38  |         | Q       V         |         | 
   14+ 0     113.7776    150.93  |         | Q       |V        |         | 
   14+ 5     114.8073    149.51  |         |Q        |V        |         | 
   14+10     115.8270    148.07  |         |Q        |V        |         | 
   14+15     116.8387    146.89  |         |Q        |V        |         | 
   14+20     117.8448    146.08  |         |Q        |V        |         | 
   14+25     118.8492    145.84  |         |Q        | V       |         | 
   14+30     119.8580    146.48  |         |Q        | V       |         | 
   14+35     120.8744    147.59  |         |Q        | V       |         | 
   14+40     121.9016    149.15  |         |Q        | V       |         | 
   14+45     122.9367    150.29  |         | Q       | V       |         | 
   14+50     123.9755    150.83  |         | Q       |  V      |         | 
   14+55     125.0085    150.00  |         |Q        |  V      |         | 
   15+ 0     126.0154    146.20  |         |Q        |  V      |         | 
   15+ 5     126.9833    140.54  |         |Q        |  V      |         | 
   15+10     127.8983    132.87  |         Q         |  V      |         | 
   15+15     128.7652    125.87  |         Q         |  V      |         | 
   15+20     129.5921    120.06  |        Q|         |   V     |         | 
   15+25     130.3980    117.02  |        Q|         |   V     |         | 
   15+30     131.2032    116.92  |        Q|         |   V     |         | 
   15+35     132.0218    118.86  |        Q|         |   V     |         | 
   15+40     132.8685    122.94  |        Q|         |   V     |         | 
   15+45     133.7432    127.01  |         Q         |   V     |         | 
   15+50     134.6438    130.77  |         Q         |    V    |         | 
   15+55     135.5604    133.08  |         Q         |    V    |         | 
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   16+ 0     136.4875    134.61  |         Q         |    V    |         | 
   16+ 5     137.4213    135.59  |         Q         |    V    |         | 
   16+10     138.3572    135.90  |         Q         |    V    |         | 
   16+15     139.2943    136.07  |         Q         |    V    |         | 
   16+20     140.2317    136.10  |         Q         |     V   |         | 
   16+25     141.1694    136.16  |         Q         |     V   |         | 
   16+30     142.1052    135.88  |         Q         |     V   |         | 
   16+35     143.0376    135.38  |         Q         |     V   |         | 
   16+40     143.9653    134.70  |         Q         |     V   |         | 
   16+45     144.8890    134.12  |         Q         |     V   |         | 
   16+50     145.8098    133.71  |         Q         |      V  |         | 
   16+55     146.7310    133.75  |         Q         |      V  |         | 
   17+ 0     147.6557    134.27  |         Q         |      V  |         | 
   17+ 5     148.5858    135.05  |         Q         |      V  |         | 
   17+10     149.5228    136.05  |         Q         |      V  |         | 
   17+15     150.4654    136.87  |         Q         |       V |         | 
   17+20     151.4116    137.39  |         Q         |       V |         | 
   17+25     152.3567    137.23  |         Q         |       V |         | 
   17+30     153.2923    135.84  |         Q         |       V |         | 
   17+35     154.2129    133.67  |         Q         |       V |         | 
   17+40     155.1129    130.67  |         Q         |       V |         | 
   17+45     155.9936    127.88  |         Q         |        V|         | 
   17+50     156.8577    125.47  |         Q         |        V|         | 
   17+55     157.7118    124.02  |        Q|         |        V|         | 
   18+ 0     158.5607    123.26  |        Q|         |        V|         | 
   18+ 5     159.4076    122.96  |        Q|         |        V|         | 
   18+10     160.2555    123.12  |        Q|         |        V|         | 
   18+15     161.1040    123.20  |        Q|         |        V|         | 
   18+20     161.9519    123.13  |        Q|         |         V         | 
   18+25     162.7957    122.51  |        Q|         |         V         | 
   18+30     163.6271    120.72  |        Q|         |         V         | 
   18+35     164.4411    118.20  |        Q|         |         V         | 
   18+40     165.2319    114.81  |        Q|         |         V         | 
   18+45     166.0006    111.62  |       Q |         |         V         | 
   18+50     166.7498    108.78  |       Q |         |         |V        | 
   18+55     167.4853    106.79  |       Q |         |         |V        | 
   19+ 0     168.2094    105.15  |       Q |         |         |V        | 
   19+ 5     168.9242    103.78  |       Q |         |         |V        | 
   19+10     169.6313    102.67  |       Q |         |         |V        | 
   19+15     170.3316    101.68  |       Q |         |         |V        | 
   19+20     171.0258    100.81  |       Q |         |         |V        | 
   19+25     171.7142     99.95  |      Q  |         |         |V        | 
   19+30     172.3948     98.82  |      Q  |         |         | V       | 
   19+35     173.0666     97.55  |      Q  |         |         | V       | 
   19+40     173.7284     96.09  |      Q  |         |         | V       | 
   19+45     174.3813     94.80  |      Q  |         |         | V       | 
   19+50     175.0271     93.77  |      Q  |         |         | V       | 
   19+55     175.6688     93.18  |      Q  |         |         | V       | 
   20+ 0     176.3102     93.13  |      Q  |         |         | V       | 
   20+ 5     176.9541     93.50  |      Q  |         |         | V       | 
   20+10     177.6035     94.29  |      Q  |         |         |  V      | 
   20+15     178.2589     95.16  |      Q  |         |         |  V      | 
   20+20     178.9205     96.06  |      Q  |         |         |  V      | 
   20+25     179.5878     96.89  |      Q  |         |         |  V      | 
   20+30     180.2631     98.05  |      Q  |         |         |  V      | 
   20+35     180.9477     99.40  |      Q  |         |         |  V      | 
   20+40     181.6427    100.92  |       Q |         |         |  V      | 
   20+45     182.3472    102.29  |       Q |         |         |  V      | 
   20+50     183.0596    103.44  |       Q |         |         |   V     | 
   20+55     183.7768    104.14  |       Q |         |         |   V     | 
   21+ 0     184.4952    104.31  |       Q |         |         |   V     | 
   21+ 5     185.2121    104.09  |       Q |         |         |   V     | 
   21+10     185.9247    103.47  |       Q |         |         |   V     | 
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   21+15     186.6326    102.78  |       Q |         |         |   V     | 
   21+20     187.3355    102.07  |       Q |         |         |   V     | 
   21+25     188.0344    101.48  |       Q |         |         |    V    | 
   21+30     188.7271    100.57  |       Q |         |         |    V    | 
   21+35     189.4121     99.46  |      Q  |         |         |    V    | 
   21+40     190.0879     98.13  |      Q  |         |         |    V    | 
   21+45     190.7552     96.89  |      Q  |         |         |    V    | 
   21+50     191.4149     95.79  |      Q  |         |         |    V    | 
   21+55     192.0692     95.00  |      Q  |         |         |    V    | 
   22+ 0     192.7189     94.34  |      Q  |         |         |    V    | 
   22+ 5     193.3648     93.79  |      Q  |         |         |     V   | 
   22+10     194.0077     93.34  |      Q  |         |         |     V   | 
   22+15     194.6480     92.97  |      Q  |         |         |     V   | 
   22+20     195.2863     92.68  |      Q  |         |         |     V   | 
   22+25     195.9228     92.42  |      Q  |         |         |     V   | 
   22+30     196.5579     92.21  |      Q  |         |         |     V   | 
   22+35     197.1919     92.05  |      Q  |         |         |     V   | 
   22+40     197.8249     91.92  |      Q  |         |         |     V   | 
   22+45     198.4573     91.82  |      Q  |         |         |     V   | 
   22+50     199.0892     91.76  |      Q  |         |         |      V  | 
   22+55     199.7210     91.73  |      Q  |         |         |      V  | 
   23+ 0     200.3528     91.73  |      Q  |         |         |      V  | 
   23+ 5     200.9848     91.77  |      Q  |         |         |      V  | 
   23+10     201.6173     91.84  |      Q  |         |         |      V  | 
   23+15     202.2507     91.98  |      Q  |         |         |      V  | 
   23+20     202.8857     92.20  |      Q  |         |         |      V  | 
   23+25     203.5233     92.57  |      Q  |         |         |      V  | 
   23+30     204.1662     93.35  |      Q  |         |         |       V | 
   23+35     204.8162     94.38  |      Q  |         |         |       V | 
   23+40     205.4750     95.66  |      Q  |         |         |       V | 
   23+45     206.1419     96.83  |      Q  |         |         |       V | 
   23+50     206.8154     97.79  |      Q  |         |         |       V | 
   23+55     207.4925     98.32  |      Q  |         |         |       V | 
   24+ 0     208.1697     98.33  |      Q  |         |         |       V | 
   24+ 5     208.8432     97.79  |      Q  |         |         |       V | 
   24+10     209.5088     96.64  |      Q  |         |         |        V| 
   24+15     210.1629     94.98  |      Q  |         |         |        V| 
   24+20     210.8016     92.73  |      Q  |         |         |        V| 
   24+25     211.4184     89.56  |      Q  |         |         |        V| 
   24+30     211.9887     82.81  |     Q   |         |         |        V| 
   24+35     212.4966     73.76  |    Q    |         |         |        V| 
   24+40     212.9249     62.19  |   Q     |         |         |        V| 
   24+45     213.2780     51.27  |   Q     |         |         |        V| 
   24+50     213.5641     41.54  |  Q      |         |         |        V| 
   24+55     213.8024     34.60  | Q       |         |         |        V| 
   25+ 0     214.0006     28.77  | Q       |         |         |        V| 
   25+ 5     214.1652     23.90  |Q        |         |         |        V| 
   25+10     214.3024     19.92  |Q        |         |         |        V| 
   25+15     214.4160     16.50  |Q        |         |         |        V| 
   25+20     214.5103     13.69  |Q        |         |         |        V| 
   25+25     214.5878     11.24  Q         |         |         |        V| 
   25+30     214.6506      9.12  Q         |         |         |        V| 
   25+35     214.7013      7.36  Q         |         |         |        V| 
   25+40     214.7413      5.80  Q         |         |         |        V| 
   25+45     214.7722      4.49  Q         |         |         |        V| 
   25+50     214.7958      3.43  Q         |         |         |        V| 
   25+55     214.8133      2.53  Q         |         |         |        V| 
   26+ 0     214.8258      1.82  Q         |         |         |        V| 
   26+ 5     214.8343      1.24  Q         |         |         |        V| 
   26+10     214.8397      0.79  Q         |         |         |        V| 
   26+15     214.8426      0.42  Q         |         |         |        V| 
   26+20     214.8437      0.15  Q         |         |         |        V| 
   26+25     214.8439      0.03  Q         |         |         |        V| 
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U N I T  H Y D R O G R A P H  A N A L Y S I S 

Copyright (c) CIVILCADD/CIVILDESIGN, 1990 - 2004, Version 7.0

Study date  09/08/10  File: mccain1100yr6hr.out

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

Program License Serial Number 4055

---------------------------------------------------------------------
Tule Wind Project
McCain Valley Crossing 1
Proposed Conditions 100 Yr 6 Hr
Aug 18, 2010
---------------------------------------------------------------------
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

Storm Event Year = 100

Antecedent Moisture Condition = 2

 English (in-lb) Input Units Used

 English Rainfall Data (Inches) Input Values Used

Area averaged rainfall isohyetal data:
Sub-Area(Ac.)       Rainfall (In)
  2185.54             3.00

Rainfall Distribution pattern used in study:
Type B for SCS (small dam) or San Diego 6 hour storms 
--------------------------------------------------------------------
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

********* Area-Averaged SCS Curve Number and Fm *********

Area       Area          SCS CN    SCS CN    Fm      Soil
(Ac.)      fract         (AMC2)    (AMC2)   (In/Hr)  Group
  2185.54   1.000         83.0      83.0     0.050    C

Area-averaged catchment SCS Curve Number AMC(2) = 83.000
Area-averaged Fm value using values listed =  0.050(In/Hr)
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Direct entry of lag time by user
Watershed area =    2185.54(Ac.)
Catchment Lag time =   0.741 hours
Unit interval =  10.000 minutes
Unit interval percentage of lag time = 22.4891
Hydrograph baseflow =     0.00(CFS)
Minimum watershed loss rate(Fm) =  0.000(In/Hr)
Average adjusted SCS Curve Number = 83.000

Rainfall depth area reduction factors:
Using a total area of    2185.54(Ac.) (Ref: SCS Sup A, Sec.4)

Pacific Coastal Climate ratio used
Areal factor ratio (rainfall reduction) = 1.000
Rainfall entered for study =    3.000(In)
Adjusted rainfall =    3.000(In)
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+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

   The following unit hydrograph was developed using an S-Graph
   interpolated by time percentage of lag time vs. percentage of peak flow.
   The S-Graphs for Valley, Foothill, and Mountain were developed by the
   U.S. Army Corps of Engineers for use in the respective type of
   basins located in Southern California. (Hydrology San Gabrial River ...
   U.S. Engineer Office, Dec 1944, revised Jul 1946) The Desert S-Graph is
   from Report ... on ... Tahquitz Creek, California, same U.S. offfice,
   Corps of Engineers, June 1963.  The Valley Developed S-Graph is used
   by Orange and San Bernardino counties in California to represent the
   characteristics of valley areas with a large amount of development.
   Because of the wide variety in topography in Southern California, these
   synthetic unit hydrographs were included for use as options in any
   geographic location.

   The SCS(Soil Conservation Service Dimensionless S-Graph, SCS handbook,
   of 1972, applies to a broad cross section of geographic locations and
   hydrologic regions.

   The User Defined hydrograph converts the user Q/Qp
   vs. T/Tp values into an S-Graph based on lag = Tp/0.9.  Then, for the
   lag time used, the S-Graph in interpolated in time % of lag.

   The following S-Graph or S-Graph combination is used in this study:

SAN DIEGO CO. HYDROGRAPH

San Deigo Co. Unit Hydrograph Data (III-A-2):
using a constant T/Tp step interval =   0.200

     t/tp          q/qp            Sum q/qp

      0.000          0.000          0.000
      0.200          0.030          0.000
      0.400          0.090          0.030
      0.600          0.230          0.120
      0.800          0.700          0.350
      1.000          1.000          1.050
      1.200          0.850          2.050
      1.400          0.530          2.900
      1.600          0.410          3.430
      1.800          0.300          3.840
      2.000          0.230          4.140
      2.200          0.180          4.370
      2.400          0.140          4.550
      2.600          0.110          4.690
      2.800          0.080          4.800
      3.000          0.060          4.880
      3.200          0.040          4.940
      3.400          0.030          4.980
      3.600          0.010          5.010
      3.800          0.000          5.020

U N I T  H Y D R O G R A P H 
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Time Ratio   Time     Discharge          Q     Mass Curve
  (t/Lag)     (hrs)     Ratios         (CFS)     Ratios
                        (Q/Qp)                  (Qa/Q)
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(K =     13222.52 (CFS))

---------------------------------------------------------------------
  0.22         0.167       0.018        53.297     0.004
  0.45         0.333       0.090       269.647     0.024
  0.67         0.500       0.317       951.082     0.096
  0.90         0.667       0.830      2493.845     0.285
  1.12         0.833       1.000      3004.378     0.512
  1.35         1.000       0.683      2051.942     0.667
  1.57         1.167       0.452      1356.495     0.770
  1.80         1.333       0.314       943.597     0.841
  2.02         1.500       0.226       677.512     0.893
  2.25         1.667       0.165       495.581     0.930
  2.47         1.833       0.121       362.569     0.957
  2.70         2.000       0.083       250.591     0.976
  2.92         2.167       0.055       165.696     0.989
  3.15         2.333       0.035       104.329     0.997
  3.37         2.500       0.013        39.231     1.000
  3.60         2.667       0.001         2.725     1.000
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

   For each time interval of the 6 or 24 hour storm, the total rainfall
   up to that storm time is calculated.  Then the Soil Conservation Service
   SCS (report 1972, 1975) area averaged Curve Number (CN) is used to
   determine the amount of direct runoff in (In) using the following
   equations:

                 (P - Ia)^2
    Q   =     ---------------
                 P - Ia + S

       Where:
   Q = direct runoff, P = depth of precipitation, Ia = Initial Abstraction
   and S is the watershed storage in inches.  S and Ia are given by the
   following equations:

               1000
     S   =   ------------  - 10     and     Ia = 0.2 S
                CN

   Note:  If Metric (SI) Units are used, rainfall data is converted by
          the program internally into inches for these calculations.

   Note:  In the following printout, the revised runoff column is only
          used when the minimum soil loss rate, fm, exceeds the normal
          loss rate of delta P(dP) - delta Q(dQ) then the dP-dQ column
          equals fm =   0.000(In) (for time interval =   0.000(In)) and the
          revised runoff is shown in the last column.

---------------------------------------------------------------------
Time     Total     Total SCS  Rainfall  Runoff   Infiltr-  Revised
Period   Rainfall  Runoff     Amount    Amount    ation    Runoff Min
(hours)   (In)      (In)       (In)      (In)      (In)    Loss Rate
           P        Q          dP        dQ       dP-dQ
-----------------------------------------------------------------------
  0.17   0.0350    0.0000    0.0350    0.0000    0.0350 --------
  0.33   0.0700    0.0000    0.0350    0.0000    0.0350 --------
  0.50   0.1050    0.0000    0.0350    0.0000    0.0350 --------
  0.67   0.1520    0.0000    0.0470    0.0000    0.0470 --------
  0.83   0.1990    0.0000    0.0470    0.0000    0.0470 --------
  1.00   0.2460    0.0000    0.0470    0.0000    0.0470 --------
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  1.17   0.3040    0.0000    0.0580    0.0000    0.0580 --------
  1.33   0.3620    0.0000    0.0580    0.0000    0.0580 --------
  1.50   0.4200    0.0001    0.0580    0.0001    0.0579 --------
  1.67   0.5100    0.0047    0.0900    0.0046    0.0854 --------
  1.83   0.6000    0.0162    0.0900    0.0115    0.0785 --------
  2.00   0.6900    0.0338    0.0900    0.0176    0.0724 --------
  2.17   1.0600    0.1567    0.3700    0.1230    0.2470 --------
  2.33   1.4300    0.3393    0.3700    0.1826    0.1874 --------
  2.50   1.8000    0.5622    0.3700    0.2229    0.1471 --------
  2.67   1.9000    0.6277    0.1000    0.0655    0.0345 --------
  2.83   2.0000    0.6951    0.1000    0.0674    0.0326 --------
  3.00   2.1000    0.7643    0.1000    0.0692    0.0308 --------
  3.17   2.1810    0.8215    0.0810    0.0572    0.0238 --------
  3.33   2.2620    0.8797    0.0810    0.0582    0.0228 --------
  3.50   2.3430    0.9388    0.0810    0.0591    0.0219 --------
  3.67   2.3970    0.9787    0.0540    0.0399    0.0141 --------
  3.83   2.4510    1.0190    0.0540    0.0403    0.0137 --------
  4.00   2.5050    1.0596    0.0540    0.0406    0.0134 --------
  4.17   2.5500    1.0937    0.0450    0.0341    0.0109 --------
  4.33   2.5950    1.1281    0.0450    0.0344    0.0106 --------
  4.50   2.6400    1.1627    0.0450    0.0346    0.0104 --------
  4.67   2.6830    1.1959    0.0430    0.0332    0.0098 --------
  4.83   2.7260    1.2293    0.0430    0.0334    0.0096 --------
  5.00   2.7690    1.2630    0.0430    0.0336    0.0094 --------
  5.17   2.8060    1.2920    0.0370    0.0291    0.0079 --------
  5.33   2.8430    1.3212    0.0370    0.0292    0.0078 --------
  5.50   2.8800    1.3506    0.0370    0.0293    0.0077 --------
  5.67   2.9200    1.3824    0.0400    0.0319    0.0081 --------
  5.83   2.9600    1.4144    0.0400    0.0320    0.0080 --------
  6.00   3.0000    1.4466    0.0400    0.0321    0.0079 --------
--------------------------------------------------------------------
--------------------------------------------------------------------
Total soil rain loss =      1.55(In)
Total effective runoff =      1.45(In)
---------------------------------------------------------------------
Peak flow rate this hydrograph =        1486.97(CFS)
Total runoff volume this hydrograph =       11476342.0(Ft3)
---------------------------------------------------------------------
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
                    6 - H O U R    S T O R M
               R u n o f f      H y d r o g r a p h
--------------------------------------------------------------------
            Hydrograph in  10   Minute intervals ((CFS))

--------------------------------------------------------------------
  Time(h+m) Volume Ac.Ft   Q(CFS)  0      375.0     750.0    1125.0    1500.0
  -----------------------------------------------------------------------
    0+10       0.0000      0.00  Q         |         |         |         | 
    0+20       0.0000      0.00  Q         |         |         |         | 
    0+30       0.0000      0.00  Q         |         |         |         | 
    0+40       0.0000      0.00  Q         |         |         |         | 
    0+50       0.0000      0.00  Q         |         |         |         | 
    1+ 0       0.0000      0.00  Q         |         |         |         | 
    1+10       0.0000      0.00  Q         |         |         |         | 
    1+20       0.0000      0.00  Q         |         |         |         | 
    1+30       0.0000      0.00  Q         |         |         |         | 
    1+40       0.0036      0.26  Q         |         |         |         | 
    1+50       0.0300      1.91  Q         |         |         |         | 
    2+ 0       0.1481      8.58  Q         |         |         |         | 
    2+10       0.6157     33.95  Q         |         |         |         | 
    2+20       2.0250    102.31  V Q       |         |         |         | 
    2+30       5.6891    266.02  V      Q  |         |         |         | 
    2+40      14.3205    626.64  | V       |     Q   |         |         | 
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    2+50      29.6656   1114.06  |   V     |         |        Q|         | 
    3+ 0      50.0334   1478.70  |      V  |         |         |        Q| 
    3+10      70.5152   1486.97  |         V         |         |        Q| 
    3+20      88.2786   1289.62  |         |  V      |         |   Q     | 
    3+30     104.1835   1154.70  |         |    V    |         Q         | 
    3+40     118.7296   1056.05  |         |       V |       Q |         | 
    3+50     132.1479    974.17  |         |         V    Q    |         | 
    4+ 0     144.6025    904.20  |         |         |V  Q     |         | 
    4+10     155.8677    817.85  |         |         |Q V      |         | 
    4+20     165.8938    727.89  |         |        Q|    V    |         | 
    4+30     174.9518    657.61  |         |      Q  |     V   |         | 
    4+40     183.1452    594.84  |         |    Q    |      V  |         | 
    4+50     190.6065    541.69  |         |   Q     |       V |         | 
    5+ 0     197.6098    508.44  |         |  Q      |         V         | 
    5+10     204.3167    486.92  |         | Q       |          V        | 
    5+20     210.7860    469.66  |         | Q       |         | V       | 
    5+30     217.0544    455.09  |         | Q       |         | V       | 
    5+40     223.0802    437.47  |         |Q        |         |  V      | 
    5+50     228.8712    420.43  |         |Q        |         |   V     | 
    6+ 0     234.5419    411.69  |         Q         |         |    V    | 
    6+10     240.1841    409.62  |         Q         |         |     V   | 
    6+20     245.7533    404.33  |         Q         |         |      V  | 
    6+30     250.9400    376.55  |         Q         |         |       V | 
    6+40     255.0503    298.41  |      Q  |         |         |       V | 
    6+50     257.8487    203.17  |    Q    |         |         |        V| 
    7+ 0     259.7528    138.23  |  Q      |         |         |        V| 
    7+10     261.0677     95.47  | Q       |         |         |        V| 
    7+20     261.9742     65.81  |Q        |         |         |        V| 
    7+30     262.5892     44.65  |Q        |         |         |        V| 
    7+40     262.9918     29.23  Q         |         |         |        V| 
    7+50     263.2385     17.91  Q         |         |         |        V| 
    8+ 0     263.3761      9.99  Q         |         |         |        V| 
    8+10     263.4408      4.69  Q         |         |         |        V| 
    8+20     263.4594      1.35  Q         |         |         |        V| 
    8+30     263.4606      0.09  Q         |         |         |         V 
-----------------------------------------------------------------------
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U N I T  H Y D R O G R A P H  A N A L Y S I S 

Copyright (c) CIVILCADD/CIVILDESIGN, 1990 - 2004, Version 7.0

Study date  09/08/10  File: mccain1100yr24hr.out

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

Program License Serial Number 4055

---------------------------------------------------------------------
Tule Wind Project
McCain Valley Crossing 1
Proposed Conditions 100 Yr 24 Hr
Aug 18, 2010
---------------------------------------------------------------------
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

Storm Event Year = 100

Antecedent Moisture Condition = 2

 English (in-lb) Input Units Used

 English Rainfall Data (Inches) Input Values Used

Area averaged rainfall isohyetal data:
Sub-Area(Ac.)       Rainfall (In)
  2185.54             5.07

Rainfall Distribution pattern used in study:
Type B for San Diego area of California
--------------------------------------------------------------------
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

********* Area-Averaged SCS Curve Number and Fm *********

Area       Area          SCS CN    SCS CN    Fm      Soil
(Ac.)      fract         (AMC2)    (AMC2)   (In/Hr)  Group
  2185.54   1.000         83.0      83.0     0.050    C

Area-averaged catchment SCS Curve Number AMC(2) = 83.000
Area-averaged Fm value using values listed =  0.050(In/Hr)
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Direct entry of lag time by user
Watershed area =    2185.54(Ac.)
Catchment Lag time =   0.740 hours
Unit interval =   5.000 minutes
Unit interval percentage of lag time = 11.2613
Hydrograph baseflow =     0.00(CFS)
Minimum watershed loss rate(Fm) =  0.000(In/Hr)
Average adjusted SCS Curve Number = 83.000

Rainfall depth area reduction factors:
Using a total area of    2185.54(Ac.) (Ref: SCS Sup A, Sec.4)

Pacific Coastal Climate ratio used
Areal factor ratio (rainfall reduction) = 1.000
Rainfall entered for study =    5.070(In)
Adjusted rainfall =    5.070(In)
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+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

   The following unit hydrograph was developed using an S-Graph
   interpolated by time percentage of lag time vs. percentage of peak flow.
   The S-Graphs for Valley, Foothill, and Mountain were developed by the
   U.S. Army Corps of Engineers for use in the respective type of
   basins located in Southern California. (Hydrology San Gabrial River ...
   U.S. Engineer Office, Dec 1944, revised Jul 1946) The Desert S-Graph is
   from Report ... on ... Tahquitz Creek, California, same U.S. offfice,
   Corps of Engineers, June 1963.  The Valley Developed S-Graph is used
   by Orange and San Bernardino counties in California to represent the
   characteristics of valley areas with a large amount of development.
   Because of the wide variety in topography in Southern California, these
   synthetic unit hydrographs were included for use as options in any
   geographic location.

   The SCS(Soil Conservation Service Dimensionless S-Graph, SCS handbook,
   of 1972, applies to a broad cross section of geographic locations and
   hydrologic regions.

   The User Defined hydrograph converts the user Q/Qp
   vs. T/Tp values into an S-Graph based on lag = Tp/0.9.  Then, for the
   lag time used, the S-Graph in interpolated in time % of lag.

   The following S-Graph or S-Graph combination is used in this study:

SAN DIEGO CO. HYDROGRAPH

San Deigo Co. Unit Hydrograph Data (III-A-2):
using a constant T/Tp step interval =   0.200

     t/tp          q/qp            Sum q/qp

      0.000          0.000          0.000
      0.200          0.030          0.000
      0.400          0.090          0.030
      0.600          0.230          0.120
      0.800          0.700          0.350
      1.000          1.000          1.050
      1.200          0.850          2.050
      1.400          0.530          2.900
      1.600          0.410          3.430
      1.800          0.300          3.840
      2.000          0.230          4.140
      2.200          0.180          4.370
      2.400          0.140          4.550
      2.600          0.110          4.690
      2.800          0.080          4.800
      3.000          0.060          4.880
      3.200          0.040          4.940
      3.400          0.030          4.980
      3.600          0.010          5.010
      3.800          0.000          5.020

U N I T  H Y D R O G R A P H 
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Time Ratio   Time     Discharge          Q     Mass Curve
  (t/Lag)     (hrs)     Ratios         (CFS)     Ratios
                        (Q/Qp)                  (Qa/Q)
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(K =     26445.03 (CFS))

---------------------------------------------------------------------
  0.11         0.083       0.015        49.436     0.002
  0.23         0.167       0.036       114.819     0.006
  0.34         0.250       0.081       261.213     0.016
  0.45         0.333       0.138       445.451     0.033
  0.56         0.417       0.243       781.573     0.062
  0.68         0.500       0.565      1817.277     0.131
  0.79         0.583       0.773      2488.816     0.225
  0.90         0.667       1.000      3219.152     0.347
  1.01         0.750       0.946      3044.634     0.462
  1.13         0.833       0.843      2712.922     0.565
  1.24         0.917       0.600      1930.560     0.638
  1.35         1.000       0.502      1616.625     0.699
  1.46         1.083       0.419      1350.100     0.750
  1.58         1.167       0.342      1101.054     0.792
  1.69         1.250       0.294       945.183     0.827
  1.80         1.333       0.241       775.154     0.857
  1.91         1.417       0.209       673.014     0.882
  2.03         1.500       0.181       581.741     0.904
  2.14         1.583       0.150       483.763     0.922
  2.25         1.667       0.133       428.230     0.939
  2.36         1.750       0.112       361.739     0.952
  2.48         1.833       0.091       293.676     0.963
  2.59         1.917       0.078       250.893     0.973
  2.70         2.000       0.063       202.425     0.981
  2.82         2.083       0.051       163.225     0.987
  2.93         2.167       0.040       128.845     0.992
  3.04         2.250       0.032       104.310     0.995
  3.15         2.333       0.024        76.321     0.998
  3.27         2.417       0.010        33.079     1.000
  3.38         2.500       0.003         9.801     1.000
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

   For each time interval of the 6 or 24 hour storm, the total rainfall
   up to that storm time is calculated.  Then the Soil Conservation Service
   SCS (report 1972, 1975) area averaged Curve Number (CN) is used to
   determine the amount of direct runoff in (In) using the following
   equations:

                 (P - Ia)^2
    Q   =     ---------------
                 P - Ia + S

       Where:
   Q = direct runoff, P = depth of precipitation, Ia = Initial Abstraction
   and S is the watershed storage in inches.  S and Ia are given by the
   following equations:

               1000
     S   =   ------------  - 10     and     Ia = 0.2 S
                CN

   Note:  If Metric (SI) Units are used, rainfall data is converted by
          the program internally into inches for these calculations.

   Note:  In the following printout, the revised runoff column is only
          used when the minimum soil loss rate, fm, exceeds the normal
          loss rate of delta P(dP) - delta Q(dQ) then the dP-dQ column
          equals fm =   0.000(In) (for time interval =   0.000(In)) and the
          revised runoff is shown in the last column.
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---------------------------------------------------------------------
Time     Total     Total SCS  Rainfall  Runoff   Infiltr-  Revised
Period   Rainfall  Runoff     Amount    Amount    ation    Runoff Min
(hours)   (In)      (In)       (In)      (In)      (In)    Loss Rate
           P        Q          dP        dQ       dP-dQ
-----------------------------------------------------------------------
  0.08   0.0076    0.0000    0.0076    0.0000    0.0076 --------
  0.17   0.0152    0.0000    0.0076    0.0000    0.0076 --------
  0.25   0.0228    0.0000    0.0076    0.0000    0.0076 --------
  0.33   0.0304    0.0000    0.0076    0.0000    0.0076 --------
  0.42   0.0380    0.0000    0.0076    0.0000    0.0076 --------
  0.50   0.0456    0.0000    0.0076    0.0000    0.0076 --------
  0.58   0.0515    0.0000    0.0059    0.0000    0.0059 --------
  0.67   0.0575    0.0000    0.0059    0.0000    0.0059 --------
  0.75   0.0634    0.0000    0.0059    0.0000    0.0059 --------
  0.83   0.0693    0.0000    0.0059    0.0000    0.0059 --------
  0.92   0.0752    0.0000    0.0059    0.0000    0.0059 --------
  1.00   0.0811    0.0000    0.0059    0.0000    0.0059 --------
  1.08   0.0887    0.0000    0.0076    0.0000    0.0076 --------
  1.17   0.0963    0.0000    0.0076    0.0000    0.0076 --------
  1.25   0.1039    0.0000    0.0076    0.0000    0.0076 --------
  1.33   0.1115    0.0000    0.0076    0.0000    0.0076 --------
  1.42   0.1191    0.0000    0.0076    0.0000    0.0076 --------
  1.50   0.1268    0.0000    0.0076    0.0000    0.0076 --------
  1.58   0.1344    0.0000    0.0076    0.0000    0.0076 --------
  1.67   0.1420    0.0000    0.0076    0.0000    0.0076 --------
  1.75   0.1496    0.0000    0.0076    0.0000    0.0076 --------
  1.83   0.1572    0.0000    0.0076    0.0000    0.0076 --------
  1.92   0.1648    0.0000    0.0076    0.0000    0.0076 --------
  2.00   0.1724    0.0000    0.0076    0.0000    0.0076 --------
  2.08   0.1817    0.0000    0.0093    0.0000    0.0093 --------
  2.17   0.1910    0.0000    0.0093    0.0000    0.0093 --------
  2.25   0.2003    0.0000    0.0093    0.0000    0.0093 --------
  2.33   0.2096    0.0000    0.0093    0.0000    0.0093 --------
  2.42   0.2189    0.0000    0.0093    0.0000    0.0093 --------
  2.50   0.2281    0.0000    0.0093    0.0000    0.0093 --------
  2.58   0.2358    0.0000    0.0076    0.0000    0.0076 --------
  2.67   0.2434    0.0000    0.0076    0.0000    0.0076 --------
  2.75   0.2510    0.0000    0.0076    0.0000    0.0076 --------
  2.83   0.2586    0.0000    0.0076    0.0000    0.0076 --------
  2.92   0.2662    0.0000    0.0076    0.0000    0.0076 --------
  3.00   0.2738    0.0000    0.0076    0.0000    0.0076 --------
  3.08   0.2831    0.0000    0.0093    0.0000    0.0093 --------
  3.17   0.2924    0.0000    0.0093    0.0000    0.0093 --------
  3.25   0.3017    0.0000    0.0093    0.0000    0.0093 --------
  3.33   0.3110    0.0000    0.0093    0.0000    0.0093 --------
  3.42   0.3203    0.0000    0.0093    0.0000    0.0093 --------
  3.50   0.3296    0.0000    0.0093    0.0000    0.0093 --------
  3.58   0.3397    0.0000    0.0101    0.0000    0.0101 --------
  3.67   0.3498    0.0000    0.0101    0.0000    0.0101 --------
  3.75   0.3600    0.0000    0.0101    0.0000    0.0101 --------
  3.83   0.3701    0.0000    0.0101    0.0000    0.0101 --------
  3.92   0.3803    0.0000    0.0101    0.0000    0.0101 --------
  4.00   0.3904    0.0000    0.0101    0.0000    0.0101 --------
  4.08   0.4014    0.0000    0.0110    0.0000    0.0110 --------
  4.17   0.4124    0.0000    0.0110    0.0000    0.0110 --------
  4.25   0.4233    0.0001    0.0110    0.0001    0.0109 --------
  4.33   0.4343    0.0003    0.0110    0.0002    0.0108 --------
  4.42   0.4453    0.0006    0.0110    0.0003    0.0107 --------
  4.50   0.4563    0.0010    0.0110    0.0004    0.0106 --------
  4.58   0.4681    0.0016    0.0118    0.0006    0.0112 --------
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  4.67   0.4800    0.0023    0.0118    0.0007    0.0111 --------
  4.75   0.4918    0.0032    0.0118    0.0008    0.0110 --------
  4.83   0.5036    0.0041    0.0118    0.0010    0.0109 --------
  4.92   0.5154    0.0052    0.0118    0.0011    0.0108 --------
  5.00   0.5273    0.0064    0.0118    0.0012    0.0106 --------
  5.08   0.5408    0.0079    0.0135    0.0015    0.0120 --------
  5.17   0.5543    0.0095    0.0135    0.0017    0.0119 --------
  5.25   0.5678    0.0113    0.0135    0.0018    0.0117 --------
  5.33   0.5814    0.0133    0.0135    0.0019    0.0116 --------
  5.42   0.5949    0.0154    0.0135    0.0021    0.0114 --------
  5.50   0.6084    0.0176    0.0135    0.0022    0.0113 --------
  5.58   0.6228    0.0201    0.0144    0.0025    0.0119 --------
  5.67   0.6371    0.0227    0.0144    0.0027    0.0117 --------
  5.75   0.6515    0.0255    0.0144    0.0028    0.0116 --------
  5.83   0.6659    0.0285    0.0144    0.0029    0.0114 --------
  5.92   0.6802    0.0316    0.0144    0.0031    0.0113 --------
  6.00   0.6946    0.0348    0.0144    0.0032    0.0111 --------
  6.08   0.7115    0.0388    0.0169    0.0040    0.0129 --------
  6.17   0.7284    0.0429    0.0169    0.0042    0.0127 --------
  6.25   0.7453    0.0473    0.0169    0.0043    0.0126 --------
  6.33   0.7622    0.0518    0.0169    0.0045    0.0124 --------
  6.42   0.7791    0.0565    0.0169    0.0047    0.0122 --------
  6.50   0.7960    0.0613    0.0169    0.0049    0.0120 --------
  6.58   0.8154    0.0671    0.0194    0.0058    0.0136 --------
  6.67   0.8349    0.0731    0.0194    0.0060    0.0134 --------
  6.75   0.8543    0.0793    0.0194    0.0062    0.0132 --------
  6.83   0.8737    0.0857    0.0194    0.0064    0.0130 --------
  6.92   0.8932    0.0923    0.0194    0.0066    0.0128 --------
  7.00   0.9126    0.0992    0.0194    0.0068    0.0126 --------
  7.08   0.9380    0.1083    0.0254    0.0092    0.0162 --------
  7.17   0.9633    0.1178    0.0253    0.0095    0.0159 --------
  7.25   0.9887    0.1276    0.0254    0.0098    0.0156 --------
  7.33   1.0140    0.1377    0.0253    0.0101    0.0153 --------
  7.42   1.0394    0.1481    0.0253    0.0104    0.0150 --------
  7.50   1.0647    0.1587    0.0253    0.0107    0.0147 --------
  7.58   1.1027    0.1752    0.0380    0.0165    0.0215 --------
  7.67   1.1408    0.1923    0.0380    0.0171    0.0209 --------
  7.75   1.1788    0.2100    0.0380    0.0177    0.0204 --------
  7.83   1.2168    0.2282    0.0380    0.0182    0.0198 --------
  7.92   1.2548    0.2469    0.0380    0.0187    0.0193 --------
  8.00   1.2929    0.2661    0.0380    0.0192    0.0188 --------
  8.08   1.3495    0.2956    0.0566    0.0295    0.0271 --------
  8.17   1.4061    0.3261    0.0566    0.0305    0.0261 --------
  8.25   1.4627    0.3576    0.0566    0.0315    0.0252 --------
  8.33   1.5193    0.3899    0.0566    0.0324    0.0243 --------
  8.42   1.5759    0.4232    0.0566    0.0332    0.0234 --------
  8.50   1.6325    0.4572    0.0566    0.0340    0.0226 --------
  8.58   1.7069    0.5030    0.0744    0.0459    0.0285 --------
  8.67   1.7813    0.5501    0.0744    0.0471    0.0273 --------
  8.75   1.8556    0.5984    0.0744    0.0483    0.0261 --------
  8.83   1.9300    0.6477    0.0744    0.0493    0.0250 --------
  8.92   2.0043    0.6981    0.0744    0.0504    0.0240 --------
  9.00   2.0787    0.7494    0.0744    0.0513    0.0230 --------
  9.08   2.1598    0.8064    0.0811    0.0570    0.0241 --------
  9.17   2.2409    0.8645    0.0811    0.0580    0.0231 --------
  9.25   2.3221    0.9234    0.0811    0.0590    0.0221 --------
  9.33   2.4032    0.9833    0.0811    0.0599    0.0213 --------
  9.42   2.4843    1.0440    0.0811    0.0607    0.0204 --------
  9.50   2.5654    1.1055    0.0811    0.0615    0.0196 --------
  9.58   2.6347    1.1586    0.0693    0.0531    0.0162 --------
  9.67   2.7040    1.2122    0.0693    0.0536    0.0157 --------
  9.75   2.7733    1.2663    0.0693    0.0541    0.0152 --------
  9.83   2.8426    1.3209    0.0693    0.0546    0.0147 --------
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  9.92   2.9119    1.3760    0.0693    0.0550    0.0143 --------
 10.00   2.9812    1.4314    0.0693    0.0555    0.0138 --------
 10.08   3.0158    1.4593    0.0346    0.0279    0.0068 --------
 10.17   3.0505    1.4873    0.0346    0.0280    0.0067 --------
 10.25   3.0851    1.5154    0.0346    0.0281    0.0066 --------
 10.33   3.1197    1.5435    0.0346    0.0282    0.0065 --------
 10.42   3.1544    1.5718    0.0346    0.0283    0.0064 --------
 10.50   3.1890    1.6002    0.0346    0.0284    0.0063 --------
 10.58   3.2118    1.6189    0.0228    0.0187    0.0041 --------
 10.67   3.2347    1.6377    0.0228    0.0188    0.0040 --------
 10.75   3.2575    1.6565    0.0228    0.0188    0.0040 --------
 10.83   3.2803    1.6753    0.0228    0.0188    0.0040 --------
 10.92   3.3031    1.6942    0.0228    0.0189    0.0039 --------
 11.00   3.3259    1.7131    0.0228    0.0189    0.0039 --------
 11.08   3.3454    1.7293    0.0194    0.0161    0.0033 --------
 11.17   3.3648    1.7454    0.0194    0.0162    0.0033 --------
 11.25   3.3842    1.7616    0.0194    0.0162    0.0032 --------
 11.33   3.4037    1.7778    0.0194    0.0162    0.0032 --------
 11.42   3.4231    1.7941    0.0194    0.0162    0.0032 --------
 11.50   3.4425    1.8103    0.0194    0.0163    0.0032 --------
 11.58   3.4603    1.8252    0.0177    0.0149    0.0029 --------
 11.67   3.4780    1.8401    0.0177    0.0149    0.0029 --------
 11.75   3.4958    1.8550    0.0177    0.0149    0.0028 --------
 11.83   3.5135    1.8699    0.0177    0.0149    0.0028 --------
 11.92   3.5313    1.8849    0.0177    0.0150    0.0028 --------
 12.00   3.5490    1.8999    0.0177    0.0150    0.0028 --------
 12.08   3.5659    1.9141    0.0169    0.0143    0.0026 --------
 12.17   3.5828    1.9284    0.0169    0.0143    0.0026 --------
 12.25   3.5997    1.9427    0.0169    0.0143    0.0026 --------
 12.33   3.6166    1.9571    0.0169    0.0143    0.0026 --------
 12.42   3.6335    1.9714    0.0169    0.0143    0.0026 --------
 12.50   3.6504    1.9857    0.0169    0.0144    0.0025 --------
 12.58   3.6665    1.9994    0.0161    0.0137    0.0024 --------
 12.67   3.6825    2.0131    0.0161    0.0137    0.0024 --------
 12.75   3.6986    2.0268    0.0161    0.0137    0.0024 --------
 12.83   3.7146    2.0405    0.0161    0.0137    0.0024 --------
 12.92   3.7307    2.0542    0.0161    0.0137    0.0023 --------
 13.00   3.7467    2.0679    0.0161    0.0137    0.0023 --------
 13.08   3.7611    2.0802    0.0144    0.0123    0.0021 --------
 13.17   3.7755    2.0925    0.0144    0.0123    0.0021 --------
 13.25   3.7898    2.1048    0.0144    0.0123    0.0021 --------
 13.33   3.8042    2.1171    0.0144    0.0123    0.0020 --------
 13.42   3.8186    2.1295    0.0144    0.0123    0.0020 --------
 13.50   3.8329    2.1418    0.0144    0.0123    0.0020 --------
 13.58   3.8464    2.1534    0.0135    0.0116    0.0019 --------
 13.67   3.8600    2.1651    0.0135    0.0116    0.0019 --------
 13.75   3.8735    2.1767    0.0135    0.0116    0.0019 --------
 13.83   3.8870    2.1884    0.0135    0.0117    0.0019 --------
 13.92   3.9005    2.2001    0.0135    0.0117    0.0019 --------
 14.00   3.9140    2.2117    0.0135    0.0117    0.0018 --------
 14.08   3.9293    2.2249    0.0152    0.0131    0.0021 --------
 14.17   3.9445    2.2380    0.0152    0.0132    0.0021 --------
 14.25   3.9597    2.2512    0.0152    0.0132    0.0020 --------
 14.33   3.9749    2.2644    0.0152    0.0132    0.0020 --------
 14.42   3.9901    2.2776    0.0152    0.0132    0.0020 --------
 14.50   4.0053    2.2908    0.0152    0.0132    0.0020 --------
 14.58   4.0138    2.2981    0.0085    0.0073    0.0011 --------
 14.67   4.0222    2.3055    0.0084    0.0073    0.0011 --------
 14.75   4.0307    2.3128    0.0084    0.0073    0.0011 --------
 14.83   4.0391    2.3201    0.0084    0.0073    0.0011 --------
 14.92   4.0476    2.3275    0.0084    0.0074    0.0011 --------
 15.00   4.0560    2.3349    0.0084    0.0074    0.0011 --------
 15.08   4.0695    2.3466    0.0135    0.0118    0.0017 --------
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 15.17   4.0830    2.3584    0.0135    0.0118    0.0017 --------
 15.25   4.0966    2.3702    0.0135    0.0118    0.0017 --------
 15.33   4.1101    2.3820    0.0135    0.0118    0.0017 --------
 15.42   4.1236    2.3938    0.0135    0.0118    0.0017 --------
 15.50   4.1371    2.4056    0.0135    0.0118    0.0017 --------
 15.58   4.1498    2.4167    0.0127    0.0111    0.0016 --------
 15.67   4.1625    2.4278    0.0127    0.0111    0.0016 --------
 15.75   4.1751    2.4389    0.0127    0.0111    0.0016 --------
 15.83   4.1878    2.4500    0.0127    0.0111    0.0016 --------
 15.92   4.2005    2.4611    0.0127    0.0111    0.0016 --------
 16.00   4.2132    2.4722    0.0127    0.0111    0.0016 --------
 16.08   4.2250    2.4826    0.0118    0.0104    0.0014 --------
 16.17   4.2368    2.4930    0.0118    0.0104    0.0014 --------
 16.25   4.2487    2.5034    0.0118    0.0104    0.0014 --------
 16.33   4.2605    2.5138    0.0118    0.0104    0.0014 --------
 16.42   4.2723    2.5242    0.0118    0.0104    0.0014 --------
 16.50   4.2842    2.5346    0.0118    0.0104    0.0014 --------
 16.58   4.2968    2.5458    0.0127    0.0112    0.0015 --------
 16.67   4.3095    2.5570    0.0127    0.0112    0.0015 --------
 16.75   4.3222    2.5681    0.0127    0.0112    0.0015 --------
 16.83   4.3349    2.5793    0.0127    0.0112    0.0015 --------
 16.92   4.3475    2.5905    0.0127    0.0112    0.0015 --------
 17.00   4.3602    2.6017    0.0127    0.0112    0.0015 --------
 17.08   4.3703    2.6107    0.0101    0.0090    0.0012 --------
 17.17   4.3805    2.6196    0.0101    0.0090    0.0012 --------
 17.25   4.3906    2.6286    0.0101    0.0090    0.0012 --------
 17.33   4.4008    2.6376    0.0101    0.0090    0.0012 --------
 17.42   4.4109    2.6465    0.0101    0.0090    0.0012 --------
 17.50   4.4210    2.6555    0.0101    0.0090    0.0012 --------
 17.58   4.4320    2.6652    0.0110    0.0097    0.0013 --------
 17.67   4.4430    2.6750    0.0110    0.0097    0.0012 --------
 17.75   4.4540    2.6847    0.0110    0.0097    0.0012 --------
 17.83   4.4650    2.6945    0.0110    0.0097    0.0012 --------
 17.92   4.4760    2.7042    0.0110    0.0098    0.0012 --------
 18.00   4.4870    2.7140    0.0110    0.0098    0.0012 --------
 18.08   4.4954    2.7215    0.0084    0.0075    0.0009 --------
 18.17   4.5038    2.7290    0.0084    0.0075    0.0009 --------
 18.25   4.5123    2.7365    0.0085    0.0075    0.0009 --------
 18.33   4.5208    2.7440    0.0084    0.0075    0.0009 --------
 18.42   4.5292    2.7515    0.0084    0.0075    0.0009 --------
 18.50   4.5377    2.7591    0.0084    0.0075    0.0009 --------
 18.58   4.5461    2.7666    0.0085    0.0075    0.0009 --------
 18.67   4.5545    2.7741    0.0084    0.0075    0.0009 --------
 18.75   4.5630    2.7816    0.0085    0.0075    0.0009 --------
 18.83   4.5715    2.7892    0.0084    0.0075    0.0009 --------
 18.92   4.5799    2.7967    0.0084    0.0075    0.0009 --------
 19.00   4.5884    2.8042    0.0084    0.0075    0.0009 --------
 19.08   4.5960    2.8110    0.0076    0.0068    0.0008 --------
 19.17   4.6036    2.8178    0.0076    0.0068    0.0008 --------
 19.25   4.6112    2.8246    0.0076    0.0068    0.0008 --------
 19.33   4.6188    2.8314    0.0076    0.0068    0.0008 --------
 19.42   4.6264    2.8382    0.0076    0.0068    0.0008 --------
 19.50   4.6340    2.8450    0.0076    0.0068    0.0008 --------
 19.58   4.6424    2.8525    0.0085    0.0076    0.0009 --------
 19.67   4.6509    2.8601    0.0084    0.0076    0.0009 --------
 19.75   4.6593    2.8676    0.0085    0.0076    0.0009 --------
 19.83   4.6678    2.8752    0.0084    0.0076    0.0009 --------
 19.92   4.6762    2.8827    0.0084    0.0076    0.0009 --------
 20.00   4.6847    2.8903    0.0084    0.0076    0.0009 --------
 20.08   4.6940    2.8986    0.0093    0.0083    0.0010 --------
 20.17   4.7033    2.9069    0.0093    0.0083    0.0010 --------
 20.25   4.7126    2.9153    0.0093    0.0083    0.0010 --------
 20.33   4.7219    2.9236    0.0093    0.0083    0.0010 --------
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 20.42   4.7312    2.9319    0.0093    0.0083    0.0010 --------
 20.50   4.7405    2.9403    0.0093    0.0083    0.0010 --------
 20.58   4.7489    2.9478    0.0084    0.0076    0.0009 --------
 20.67   4.7574    2.9554    0.0084    0.0076    0.0009 --------
 20.75   4.7658    2.9630    0.0084    0.0076    0.0009 --------
 20.83   4.7743    2.9706    0.0085    0.0076    0.0009 --------
 20.92   4.7827    2.9782    0.0084    0.0076    0.0009 --------
 21.00   4.7912    2.9858    0.0084    0.0076    0.0009 --------
 21.08   4.7988    2.9926    0.0076    0.0068    0.0008 --------
 21.17   4.8064    2.9994    0.0076    0.0068    0.0008 --------
 21.25   4.8140    3.0063    0.0076    0.0068    0.0008 --------
 21.33   4.8216    3.0131    0.0076    0.0068    0.0008 --------
 21.42   4.8292    3.0200    0.0076    0.0068    0.0008 --------
 21.50   4.8368    3.0268    0.0076    0.0068    0.0008 --------
 21.58   4.8444    3.0337    0.0076    0.0068    0.0008 --------
 21.67   4.8520    3.0405    0.0076    0.0068    0.0008 --------
 21.75   4.8596    3.0473    0.0076    0.0068    0.0008 --------
 21.83   4.8672    3.0542    0.0076    0.0069    0.0008 --------
 21.92   4.8748    3.0610    0.0076    0.0069    0.0008 --------
 22.00   4.8824    3.0679    0.0076    0.0069    0.0008 --------
 22.08   4.8900    3.0748    0.0076    0.0069    0.0007 --------
 22.17   4.8976    3.0816    0.0076    0.0069    0.0007 --------
 22.25   4.9052    3.0885    0.0076    0.0069    0.0007 --------
 22.33   4.9128    3.0953    0.0076    0.0069    0.0007 --------
 22.42   4.9204    3.1022    0.0076    0.0069    0.0007 --------
 22.50   4.9280    3.1091    0.0076    0.0069    0.0007 --------
 22.58   4.9356    3.1159    0.0076    0.0069    0.0007 --------
 22.67   4.9432    3.1228    0.0076    0.0069    0.0007 --------
 22.75   4.9509    3.1297    0.0076    0.0069    0.0007 --------
 22.83   4.9585    3.1365    0.0076    0.0069    0.0007 --------
 22.92   4.9661    3.1434    0.0076    0.0069    0.0007 --------
 23.00   4.9737    3.1503    0.0076    0.0069    0.0007 --------
 23.08   4.9821    3.1579    0.0084    0.0076    0.0008 --------
 23.17   4.9906    3.1656    0.0084    0.0076    0.0008 --------
 23.25   4.9990    3.1732    0.0084    0.0076    0.0008 --------
 23.33   5.0075    3.1809    0.0085    0.0076    0.0008 --------
 23.42   5.0159    3.1885    0.0084    0.0076    0.0008 --------
 23.50   5.0244    3.1962    0.0084    0.0077    0.0008 --------
 23.58   5.0320    3.2030    0.0076    0.0069    0.0007 --------
 23.67   5.0396    3.2099    0.0076    0.0069    0.0007 --------
 23.75   5.0472    3.2168    0.0076    0.0069    0.0007 --------
 23.83   5.0548    3.2237    0.0076    0.0069    0.0007 --------
 23.92   5.0624    3.2306    0.0076    0.0069    0.0007 --------
 24.00   5.0700    3.2375    0.0076    0.0069    0.0007 --------
--------------------------------------------------------------------
--------------------------------------------------------------------
Total soil rain loss =      1.83(In)
Total effective runoff =      3.24(In)
---------------------------------------------------------------------
Peak flow rate this hydrograph =        1434.10(CFS)
Total runoff volume this hydrograph =       25684768.1(Ft3)
---------------------------------------------------------------------
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
                    24 - H O U R    S T O R M
               R u n o f f      H y d r o g r a p h
--------------------------------------------------------------------
            Hydrograph in   5   Minute intervals ((CFS))

--------------------------------------------------------------------
  Time(h+m) Volume Ac.Ft   Q(CFS)  0      375.0     750.0    1125.0    1500.0
  -----------------------------------------------------------------------
    0+ 5       0.0000      0.00  Q         |         |         |         | 
    0+10       0.0000      0.00  Q         |         |         |         | 
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    0+15       0.0000      0.00  Q         |         |         |         | 
    0+20       0.0000      0.00  Q         |         |         |         | 
    0+25       0.0000      0.00  Q         |         |         |         | 
    0+30       0.0000      0.00  Q         |         |         |         | 
    0+35       0.0000      0.00  Q         |         |         |         | 
    0+40       0.0000      0.00  Q         |         |         |         | 
    0+45       0.0000      0.00  Q         |         |         |         | 
    0+50       0.0000      0.00  Q         |         |         |         | 
    0+55       0.0000      0.00  Q         |         |         |         | 
    1+ 0       0.0000      0.00  Q         |         |         |         | 
    1+ 5       0.0000      0.00  Q         |         |         |         | 
    1+10       0.0000      0.00  Q         |         |         |         | 
    1+15       0.0000      0.00  Q         |         |         |         | 
    1+20       0.0000      0.00  Q         |         |         |         | 
    1+25       0.0000      0.00  Q         |         |         |         | 
    1+30       0.0000      0.00  Q         |         |         |         | 
    1+35       0.0000      0.00  Q         |         |         |         | 
    1+40       0.0000      0.00  Q         |         |         |         | 
    1+45       0.0000      0.00  Q         |         |         |         | 
    1+50       0.0000      0.00  Q         |         |         |         | 
    1+55       0.0000      0.00  Q         |         |         |         | 
    2+ 0       0.0000      0.00  Q         |         |         |         | 
    2+ 5       0.0000      0.00  Q         |         |         |         | 
    2+10       0.0000      0.00  Q         |         |         |         | 
    2+15       0.0000      0.00  Q         |         |         |         | 
    2+20       0.0000      0.00  Q         |         |         |         | 
    2+25       0.0000      0.00  Q         |         |         |         | 
    2+30       0.0000      0.00  Q         |         |         |         | 
    2+35       0.0000      0.00  Q         |         |         |         | 
    2+40       0.0000      0.00  Q         |         |         |         | 
    2+45       0.0000      0.00  Q         |         |         |         | 
    2+50       0.0000      0.00  Q         |         |         |         | 
    2+55       0.0000      0.00  Q         |         |         |         | 
    3+ 0       0.0000      0.00  Q         |         |         |         | 
    3+ 5       0.0000      0.00  Q         |         |         |         | 
    3+10       0.0000      0.00  Q         |         |         |         | 
    3+15       0.0000      0.00  Q         |         |         |         | 
    3+20       0.0000      0.00  Q         |         |         |         | 
    3+25       0.0000      0.00  Q         |         |         |         | 
    3+30       0.0000      0.00  Q         |         |         |         | 
    3+35       0.0000      0.00  Q         |         |         |         | 
    3+40       0.0000      0.00  Q         |         |         |         | 
    3+45       0.0000      0.00  Q         |         |         |         | 
    3+50       0.0000      0.00  Q         |         |         |         | 
    3+55       0.0000      0.00  Q         |         |         |         | 
    4+ 0       0.0000      0.00  Q         |         |         |         | 
    4+ 5       0.0000      0.00  Q         |         |         |         | 
    4+10       0.0000      0.00  Q         |         |         |         | 
    4+15       0.0000      0.00  Q         |         |         |         | 
    4+20       0.0002      0.02  Q         |         |         |         | 
    4+25       0.0006      0.06  Q         |         |         |         | 
    4+30       0.0017      0.15  Q         |         |         |         | 
    4+35       0.0039      0.33  Q         |         |         |         | 
    4+40       0.0086      0.68  Q         |         |         |         | 
    4+45       0.0176      1.31  Q         |         |         |         | 
    4+50       0.0335      2.30  Q         |         |         |         | 
    4+55       0.0586      3.65  Q         |         |         |         | 
    5+ 0       0.0956      5.37  Q         |         |         |         | 
    5+ 5       0.1464      7.38  Q         |         |         |         | 
    5+10       0.2130      9.66  Q         |         |         |         | 
    5+15       0.2966     12.14  Q         |         |         |         | 
    5+20       0.3986     14.81  Q         |         |         |         | 
    5+25       0.5201     17.65  Q         |         |         |         | 
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    5+30       0.6633     20.78  Q         |         |         |         | 
    5+35       0.8297     24.17  Q         |         |         |         | 
    5+40       1.0215     27.84  Q         |         |         |         | 
    5+45       1.2393     31.63  Q         |         |         |         | 
    5+50       1.4838     35.50  Q         |         |         |         | 
    5+55       1.7548     39.36  VQ        |         |         |         | 
    6+ 0       2.0536     43.38  VQ        |         |         |         | 
    6+ 5       2.3811     47.55  VQ        |         |         |         | 
    6+10       2.7384     51.88  VQ        |         |         |         | 
    6+15       3.1261     56.30  VQ        |         |         |         | 
    6+20       3.5448     60.80  VQ        |         |         |         | 
    6+25       3.9952     65.41  VQ        |         |         |         | 
    6+30       4.4816     70.62  VQ        |         |         |         | 
    6+35       5.0071     76.30  V Q       |         |         |         | 
    6+40       5.5754     82.52  V Q       |         |         |         | 
    6+45       6.1872     88.84  V Q       |         |         |         | 
    6+50       6.8428     95.18  V Q       |         |         |         | 
    6+55       7.5410    101.39  V Q       |         |         |         | 
    7+ 0       8.2865    108.24  V Q       |         |         |         | 
    7+ 5       9.0829    115.64  V  Q      |         |         |         | 
    7+10       9.9348    123.70  V  Q      |         |         |         | 
    7+15      10.8438    131.98  V  Q      |         |         |         | 
    7+20      11.8110    140.44  V  Q      |         |         |         | 
    7+25      12.8378    149.09  V  Q      |         |         |         | 
    7+30      13.9384    159.81  V   Q     |         |         |         | 
    7+35      15.1245    172.22  |V  Q     |         |         |         | 
    7+40      16.4100    186.65  |V  Q     |         |         |         | 
    7+45      17.7995    201.75  |V   Q    |         |         |         | 
    7+50      19.2966    217.38  |V   Q    |         |         |         | 
    7+55      20.9043    233.44  |V    Q   |         |         |         | 
    8+ 0      22.6594    254.85  |V    Q   |         |         |         | 
    8+ 5      24.5908    280.44  |V     Q  |         |         |         | 
    8+10      26.7322    310.93  |V      Q |         |         |         | 
    8+15      29.0909    342.48  |V       Q|         |         |         | 
    8+20      31.6700    374.49  | V      Q|         |         |         | 
    8+25      34.4663    406.03  | V       Q         |         |         | 
    8+30      37.5410    446.44  | V       |Q        |         |         | 
    8+35      40.9389    493.38  | V       |  Q      |         |         | 
    8+40      44.7131    548.01  |  V      |   Q     |         |         | 
    8+45      48.8667    603.11  |  V      |     Q   |         |         | 
    8+50      53.3935    657.29  |  V      |      Q  |         |         | 
    8+55      58.2694    707.98  |  V      |       Q |         |         | 
    9+ 0      63.5531    767.20  |   V     |         Q         |         | 
    9+ 5      69.2822    831.86  |   V     |         | Q       |         | 
    9+10      75.5027    903.22  |    V    |         |   Q     |         | 
    9+15      82.2014    972.64  |    V    |         |    Q    |         | 
    9+20      89.3512   1038.15  |     V   |         |      Q  |         | 
    9+25      96.8988   1095.91  |     V   |         |        Q|         | 
    9+30     104.8472   1154.10  |      V  |         |         Q         | 
    9+35     113.1873   1210.98  |      V  |         |         | Q       | 
    9+40     121.9147   1267.22  |       V |         |         |  Q      | 
    9+45     130.9964   1318.66  |       V |         |         |    Q    | 
    9+50     140.3891   1363.83  |        V|         |         |     Q   | 
    9+55     150.0302   1399.89  |         V         |         |      Q  | 
   10+ 0     159.8281   1422.65  |         V         |         |      Q  | 
   10+ 5     169.7048   1434.10  |         |V        |         |       Q | 
   10+10     179.5789   1433.71  |         | V       |         |       Q | 
   10+15     189.4119   1427.75  |         | V       |         |       Q | 
   10+20     199.1673   1416.48  |         |  V      |         |      Q  | 
   10+25     208.8109   1400.25  |         |   V     |         |      Q  | 
   10+30     218.1459   1355.45  |         |   V     |         |     Q   | 
   10+35     227.0396   1291.37  |         |    V    |         |   Q     | 
   10+40     235.3474   1206.28  |         |    V    |         | Q       | 
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   10+45     243.0873   1123.84  |         |     V   |        Q|         | 
   10+50     250.3070   1048.30  |         |     V   |      Q  |         | 
   10+55     257.1273    990.31  |         |      V  |     Q   |         | 
   11+ 0     263.5345    930.32  |         |      V  |   Q     |         | 
   11+ 5     269.5314    870.75  |         |       V |  Q      |         | 
   11+10     275.1124    810.37  |         |       V |Q        |         | 
   11+15     280.3146    755.35  |         |        VQ         |         | 
   11+20     285.1880    707.62  |         |       QV|         |         | 
   11+25     289.7957    669.03  |         |      Q V|         |         | 
   11+30     294.1552    633.01  |         |     Q  V|         |         | 
   11+35     298.2893    600.26  |         |     Q   V         |         | 
   11+40     302.2102    569.32  |         |    Q    V         |         | 
   11+45     305.9427    541.96  |         |   Q     V         |         | 
   11+50     309.5158    518.82  |         |  Q      V         |         | 
   11+55     312.9578    499.78  |         |  Q      |V        |         | 
   12+ 0     316.2805    482.45  |         | Q       |V        |         | 
   12+ 5     319.4958    466.87  |         | Q       |V        |         | 
   12+10     322.6108    452.30  |         | Q       |V        |         | 
   12+15     325.6380    439.54  |         |Q        | V       |         | 
   12+20     328.5923    428.97  |         |Q        | V       |         | 
   12+25     331.4925    421.10  |         |Q        | V       |         | 
   12+30     334.3456    414.28  |         |Q        | V       |         | 
   12+35     337.1570    408.21  |         Q         | V       |         | 
   12+40     339.9283    402.39  |         Q         |  V      |         | 
   12+45     342.6638    397.20  |         Q         |  V      |         | 
   12+50     345.3691    392.80  |         Q         |  V      |         | 
   12+55     348.0508    389.39  |         Q         |  V      |         | 
   13+ 0     350.7087    385.92  |         Q         |  V      |         | 
   13+ 5     353.3424    382.43  |         Q         |  V      |         | 
   13+10     355.9502    378.65  |         Q         |   V     |         | 
   13+15     358.5331    375.04  |         Q         |   V     |         | 
   13+20     361.0930    371.69  |        Q|         |   V     |         | 
   13+25     363.6319    368.66  |        Q|         |   V     |         | 
   13+30     366.1426    364.54  |        Q|         |   V     |         | 
   13+35     368.6202    359.75  |        Q|         |    V    |         | 
   13+40     371.0589    354.10  |        Q|         |    V    |         | 
   13+45     373.4610    348.78  |        Q|         |    V    |         | 
   13+50     375.8302    344.01  |        Q|         |    V    |         | 
   13+55     378.1736    340.27  |        Q|         |    V    |         | 
   14+ 0     380.4901    336.36  |       Q |         |    V    |         | 
   14+ 5     382.7802    332.51  |       Q |         |    V    |         | 
   14+10     385.0436    328.65  |       Q |         |     V   |         | 
   14+15     387.2847    325.41  |       Q |         |     V   |         | 
   14+20     389.5092    322.99  |       Q |         |     V   |         | 
   14+25     391.7256    321.82  |       Q |         |     V   |         | 
   14+30     393.9472    322.58  |       Q |         |     V   |         | 
   14+35     396.1814    324.40  |       Q |         |     V   |         | 
   14+40     398.4347    327.19  |       Q |         |      V  |         | 
   14+45     400.7012    329.09  |       Q |         |      V  |         | 
   14+50     402.9716    329.67  |       Q |         |      V  |         | 
   14+55     405.2257    327.29  |       Q |         |      V  |         | 
   15+ 0     407.4194    318.53  |       Q |         |      V  |         | 
   15+ 5     409.5252    305.77  |       Q |         |      V  |         | 
   15+10     411.5136    288.71  |      Q  |         |      V  |         | 
   15+15     413.3949    273.17  |      Q  |         |       V |         | 
   15+20     415.1869    260.20  |     Q   |         |       V |         | 
   15+25     416.9310    253.24  |     Q   |         |       V |         | 
   15+30     418.6709    252.62  |     Q   |         |       V |         | 
   15+35     420.4367    256.40  |     Q   |         |       V |         | 
   15+40     422.2601    264.76  |      Q  |         |       V |         | 
   15+45     424.1409    273.09  |      Q  |         |       V |         | 
   15+50     426.0744    280.74  |      Q  |         |       V |         | 
   15+55     428.0390    285.26  |      Q  |         |        V|         | 
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   16+ 0     430.0233    288.12  |      Q  |         |        V|         | 
   16+ 5     432.0191    289.79  |      Q  |         |        V|         | 
   16+10     434.0167    290.06  |      Q  |         |        V|         | 
   16+15     436.0140    290.00  |      Q  |         |        V|         | 
   16+20     438.0089    289.66  |      Q  |         |        V|         | 
   16+25     440.0019    289.39  |      Q  |         |        V|         | 
   16+30     441.9883    288.42  |      Q  |         |        V|         | 
   16+35     443.9646    286.97  |      Q  |         |         V         | 
   16+40     445.9286    285.16  |      Q  |         |         V         | 
   16+45     447.8814    283.55  |      Q  |         |         V         | 
   16+50     449.8257    282.32  |      Q  |         |         V         | 
   16+55     451.7682    282.05  |      Q  |         |         V         | 
   17+ 0     453.7157    282.77  |      Q  |         |         V         | 
   17+ 5     455.6719    284.04  |      Q  |         |         V         | 
   17+10     457.6400    285.78  |      Q  |         |         |V        | 
   17+15     459.6174    287.11  |      Q  |         |         |V        | 
   17+20     461.5998    287.84  |      Q  |         |         |V        | 
   17+25     463.5774    287.15  |      Q  |         |         |V        | 
   17+30     465.5327    283.91  |      Q  |         |         |V        | 
   17+35     467.4546    279.05  |      Q  |         |         |V        | 
   17+40     469.3312    272.49  |      Q  |         |         |V        | 
   17+45     471.1657    266.36  |      Q  |         |         |V        | 
   17+50     472.9636    261.06  |     Q   |         |         | V       | 
   17+55     474.7386    257.74  |     Q   |         |         | V       | 
   18+ 0     476.5009    255.88  |     Q   |         |         | V       | 
   18+ 5     478.2569    254.97  |     Q   |         |         | V       | 
   18+10     480.0131    255.00  |     Q   |         |         | V       | 
   18+15     481.7685    254.89  |     Q   |         |         | V       | 
   18+20     483.5209    254.46  |     Q   |         |         | V       | 
   18+25     485.2628    252.92  |     Q   |         |         | V       | 
   18+30     486.9776    248.99  |     Q   |         |         |  V      | 
   18+35     488.6549    243.55  |     Q   |         |         |  V      | 
   18+40     490.2828    236.36  |     Q   |         |         |  V      | 
   18+45     491.8639    229.58  |     Q   |         |         |  V      | 
   18+50     493.4035    223.55  |    Q    |         |         |  V      | 
   18+55     494.9135    219.25  |    Q    |         |         |  V      | 
   19+ 0     496.3990    215.69  |    Q    |         |         |  V      | 
   19+ 5     497.8638    212.69  |    Q    |         |         |  V      | 
   19+10     499.3116    210.23  |    Q    |         |         |  V      | 
   19+15     500.7443    208.02  |    Q    |         |         |  V      | 
   19+20     502.1635    206.06  |    Q    |         |         |   V     | 
   19+25     503.5694    204.15  |    Q    |         |         |   V     | 
   19+30     504.9583    201.67  |    Q    |         |         |   V     | 
   19+35     506.3284    198.93  |    Q    |         |         |   V     | 
   19+40     507.6768    195.79  |    Q    |         |         |   V     | 
   19+45     509.0061    193.02  |    Q    |         |         |   V     | 
   19+50     510.3200    190.77  |    Q    |         |         |   V     | 
   19+55     511.6246    189.43  |    Q    |         |         |   V     | 
   20+ 0     512.9275    189.19  |    Q    |         |         |   V     | 
   20+ 5     514.2346    189.78  |    Q    |         |         |   V     | 
   20+10     515.5516    191.24  |    Q    |         |         |   V     | 
   20+15     516.8798    192.85  |    Q    |         |         |    V    | 
   20+20     518.2195    194.54  |    Q    |         |         |    V    | 
   20+25     519.5698    196.06  |    Q    |         |         |    V    | 
   20+30     520.9353    198.26  |    Q    |         |         |    V    | 
   20+35     522.3184    200.82  |    Q    |         |         |    V    | 
   20+40     523.7216    203.75  |    Q    |         |         |    V    | 
   20+45     525.1428    206.36  |    Q    |         |         |    V    | 
   20+50     526.5788    208.50  |    Q    |         |         |    V    | 
   20+55     528.0234    209.76  |    Q    |         |         |    V    | 
   21+ 0     529.4694    209.96  |    Q    |         |         |    V    | 
   21+ 5     530.9113    209.37  |    Q    |         |         |     V   | 
   21+10     532.3436    207.97  |    Q    |         |         |     V   | 
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   21+15     533.7654    206.44  |    Q    |         |         |     V   | 
   21+20     535.1762    204.86  |    Q    |         |         |     V   | 
   21+25     536.5780    203.54  |    Q    |         |         |     V   | 
   21+30     537.9663    201.58  |    Q    |         |         |     V   | 
   21+35     539.3384    199.22  |    Q    |         |         |     V   | 
   21+40     540.6911    196.42  |    Q    |         |         |     V   | 
   21+45     542.0258    193.80  |    Q    |         |         |     V   | 
   21+50     543.3446    191.49  |    Q    |         |         |     V   | 
   21+55     544.6517    189.78  |    Q    |         |         |     V   | 
   22+ 0     545.9487    188.33  |    Q    |         |         |      V  | 
   22+ 5     547.2374    187.11  |   Q     |         |         |      V  | 
   22+10     548.5191    186.10  |   Q     |         |         |      V  | 
   22+15     549.7948    185.24  |   Q     |         |         |      V  | 
   22+20     551.0657    184.53  |   Q     |         |         |      V  | 
   22+25     552.3323    183.91  |   Q     |         |         |      V  | 
   22+30     553.5952    183.37  |   Q     |         |         |      V  | 
   22+35     554.8550    182.93  |   Q     |         |         |      V  | 
   22+40     556.1122    182.55  |   Q     |         |         |      V  | 
   22+45     557.3674    182.24  |   Q     |         |         |      V  | 
   22+50     558.6209    182.01  |   Q     |         |         |      V  | 
   22+55     559.8732    181.84  |   Q     |         |         |      V  | 
   23+ 0     561.1248    181.73  |   Q     |         |         |       V | 
   23+ 5     562.3761    181.69  |   Q     |         |         |       V | 
   23+10     563.6276    181.72  |   Q     |         |         |       V | 
   23+15     564.8803    181.89  |   Q     |         |         |       V | 
   23+20     566.1353    182.22  |   Q     |         |         |       V | 
   23+25     567.3944    182.84  |   Q     |         |         |       V | 
   23+30     568.6635    184.26  |   Q     |         |         |       V | 
   23+35     569.9457    186.17  |   Q     |         |         |       V | 
   23+40     571.2445    188.59  |    Q    |         |         |       V | 
   23+45     572.5583    190.77  |    Q    |         |         |       V | 
   23+50     573.8844    192.55  |    Q    |         |         |       V | 
   23+55     575.2169    193.47  |    Q    |         |         |        V| 
   24+ 0     576.5486    193.37  |    Q    |         |         |        V| 
   24+ 5     577.8723    192.20  |    Q    |         |         |        V| 
   24+10     579.1798    189.84  |    Q    |         |         |        V| 
   24+15     580.4641    186.48  |   Q     |         |         |        V| 
   24+20     581.7173    181.97  |   Q     |         |         |        V| 
   24+25     582.9271    175.66  |   Q     |         |         |        V| 
   24+30     584.0454    162.38  |   Q     |         |         |        V| 
   24+35     585.0411    144.59  |  Q      |         |         |        V| 
   24+40     585.8807    121.91  |  Q      |         |         |        V| 
   24+45     586.5728    100.49  | Q       |         |         |        V| 
   24+50     587.1336     81.43  | Q       |         |         |        V| 
   24+55     587.6007     67.82  |Q        |         |         |        V| 
   25+ 0     587.9891     56.39  |Q        |         |         |        V| 
   25+ 5     588.3117     46.85  |Q        |         |         |        V| 
   25+10     588.5806     39.04  |Q        |         |         |        V| 
   25+15     588.8032     32.33  Q         |         |         |        V| 
   25+20     588.9880     26.83  Q         |         |         |        V| 
   25+25     589.1397     22.02  Q         |         |         |        V| 
   25+30     589.2627     17.87  Q         |         |         |        V| 
   25+35     589.3620     14.41  Q         |         |         |        V| 
   25+40     589.4403     11.36  Q         |         |         |        V| 
   25+45     589.5008      8.79  Q         |         |         |        V| 
   25+50     589.5470      6.71  Q         |         |         |        V| 
   25+55     589.5812      4.96  Q         |         |         |        V| 
   26+ 0     589.6056      3.55  Q         |         |         |        V| 
   26+ 5     589.6224      2.43  Q         |         |         |        V| 
   26+10     589.6330      1.54  Q         |         |         |        V| 
   26+15     589.6386      0.82  Q         |         |         |        V| 
   26+20     589.6407      0.30  Q         |         |         |        V| 
   26+25     589.6411      0.07  Q         |         |         |         V 
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U N I T  H Y D R O G R A P H  A N A L Y S I S 

Copyright (c) CIVILCADD/CIVILDESIGN, 1990 - 2004, Version 7.0

Study date  09/08/10  File: mccain210yr24hr.out

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

Program License Serial Number 4055

---------------------------------------------------------------------
Tule Wind Project
McCain Valley Crossing 2
Proposed Conditions 10 Yr 24 Hr
Aug 18, 2010
---------------------------------------------------------------------
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

Storm Event Year = 10

Antecedent Moisture Condition = 2

 English (in-lb) Input Units Used

 English Rainfall Data (Inches) Input Values Used

Area averaged rainfall isohyetal data:
Sub-Area(Ac.)       Rainfall (In)
  2256.19             3.50

Rainfall Distribution pattern used in study:
Type B for San Diego area of California
--------------------------------------------------------------------
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

********* Area-Averaged SCS Curve Number and Fm *********

Area       Area          SCS CN    SCS CN    Fm      Soil
(Ac.)      fract         (AMC2)    (AMC2)   (In/Hr)  Group
  2256.19   1.000         73.0      73.0     0.050    C

Area-averaged catchment SCS Curve Number AMC(2) = 73.000
Area-averaged Fm value using values listed =  0.050(In/Hr)
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Direct entry of lag time by user
Watershed area =    2256.19(Ac.)
Catchment Lag time =   0.770 hours
Unit interval =   5.000 minutes
Unit interval percentage of lag time = 10.8225
Hydrograph baseflow =     0.00(CFS)
Minimum watershed loss rate(Fm) =  0.000(In/Hr)
Average adjusted SCS Curve Number = 73.000

Rainfall depth area reduction factors:
Using a total area of    2256.19(Ac.) (Ref: SCS Sup A, Sec.4)

Pacific Coastal Climate ratio used
Areal factor ratio (rainfall reduction) = 1.000
Rainfall entered for study =    3.500(In)
Adjusted rainfall =    3.500(In)
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+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

   The following unit hydrograph was developed using an S-Graph
   interpolated by time percentage of lag time vs. percentage of peak flow.
   The S-Graphs for Valley, Foothill, and Mountain were developed by the
   U.S. Army Corps of Engineers for use in the respective type of
   basins located in Southern California. (Hydrology San Gabrial River ...
   U.S. Engineer Office, Dec 1944, revised Jul 1946) The Desert S-Graph is
   from Report ... on ... Tahquitz Creek, California, same U.S. offfice,
   Corps of Engineers, June 1963.  The Valley Developed S-Graph is used
   by Orange and San Bernardino counties in California to represent the
   characteristics of valley areas with a large amount of development.
   Because of the wide variety in topography in Southern California, these
   synthetic unit hydrographs were included for use as options in any
   geographic location.

   The SCS(Soil Conservation Service Dimensionless S-Graph, SCS handbook,
   of 1972, applies to a broad cross section of geographic locations and
   hydrologic regions.

   The User Defined hydrograph converts the user Q/Qp
   vs. T/Tp values into an S-Graph based on lag = Tp/0.9.  Then, for the
   lag time used, the S-Graph in interpolated in time % of lag.

   The following S-Graph or S-Graph combination is used in this study:

SAN DIEGO CO. HYDROGRAPH

San Deigo Co. Unit Hydrograph Data (III-A-2):
using a constant T/Tp step interval =   0.200

     t/tp          q/qp            Sum q/qp

      0.000          0.000          0.000
      0.200          0.030          0.000
      0.400          0.090          0.030
      0.600          0.230          0.120
      0.800          0.700          0.350
      1.000          1.000          1.050
      1.200          0.850          2.050
      1.400          0.530          2.900
      1.600          0.410          3.430
      1.800          0.300          3.840
      2.000          0.230          4.140
      2.200          0.180          4.370
      2.400          0.140          4.550
      2.600          0.110          4.690
      2.800          0.080          4.800
      3.000          0.060          4.880
      3.200          0.040          4.940
      3.400          0.030          4.980
      3.600          0.010          5.010
      3.800          0.000          5.020

U N I T  H Y D R O G R A P H 
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Time Ratio   Time     Discharge          Q     Mass Curve
  (t/Lag)     (hrs)     Ratios         (CFS)     Ratios
                        (Q/Qp)                  (Qa/Q)
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(K =     27299.90 (CFS))

---------------------------------------------------------------------
  0.11         0.083       0.016        49.046     0.002
  0.22         0.167       0.035       109.219     0.006
  0.32         0.250       0.080       251.132     0.015
  0.43         0.333       0.126       398.128     0.030
  0.54         0.417       0.231       727.738     0.056
  0.65         0.500       0.487      1536.327     0.113
  0.76         0.583       0.744      2347.940     0.199
  0.87         0.667       0.970      3060.728     0.311
  0.97         0.750       1.000      3155.005     0.426
  1.08         0.833       0.889      2803.538     0.529
  1.19         0.917       0.708      2234.582     0.611
  1.30         1.000       0.541      1707.873     0.673
  1.41         1.083       0.451      1421.553     0.725
  1.52         1.167       0.397      1253.877     0.771
  1.62         1.250       0.316       997.605     0.808
  1.73         1.333       0.272       859.451     0.839
  1.84         1.417       0.235       740.970     0.866
  1.95         1.500       0.197       621.203     0.889
  2.06         1.583       0.176       556.068     0.910
  2.16         1.667       0.147       463.377     0.927
  2.27         1.750       0.128       404.721     0.941
  2.38         1.833       0.112       352.648     0.954
  2.49         1.917       0.089       280.530     0.965
  2.60         2.000       0.078       244.854     0.974
  2.71         2.083       0.063       198.748     0.981
  2.81         2.167       0.051       160.175     0.987
  2.92         2.250       0.041       128.318     0.991
  3.03         2.333       0.033       104.199     0.995
  3.14         2.417       0.026        80.877     0.998
  3.25         2.500       0.011        35.096     0.999
  3.35         2.583       0.005        14.372     1.000
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

   For each time interval of the 6 or 24 hour storm, the total rainfall
   up to that storm time is calculated.  Then the Soil Conservation Service
   SCS (report 1972, 1975) area averaged Curve Number (CN) is used to
   determine the amount of direct runoff in (In) using the following
   equations:

                 (P - Ia)^2
    Q   =     ---------------
                 P - Ia + S

       Where:
   Q = direct runoff, P = depth of precipitation, Ia = Initial Abstraction
   and S is the watershed storage in inches.  S and Ia are given by the
   following equations:

               1000
     S   =   ------------  - 10     and     Ia = 0.2 S
                CN

   Note:  If Metric (SI) Units are used, rainfall data is converted by
          the program internally into inches for these calculations.

   Note:  In the following printout, the revised runoff column is only
          used when the minimum soil loss rate, fm, exceeds the normal
          loss rate of delta P(dP) - delta Q(dQ) then the dP-dQ column
          equals fm =   0.000(In) (for time interval =   0.000(In)) and the
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          revised runoff is shown in the last column.

---------------------------------------------------------------------
Time     Total     Total SCS  Rainfall  Runoff   Infiltr-  Revised
Period   Rainfall  Runoff     Amount    Amount    ation    Runoff Min
(hours)   (In)      (In)       (In)      (In)      (In)    Loss Rate
           P        Q          dP        dQ       dP-dQ
-----------------------------------------------------------------------
  0.08   0.0052    0.0000    0.0052    0.0000    0.0052 --------
  0.17   0.0105    0.0000    0.0052    0.0000    0.0052 --------
  0.25   0.0158    0.0000    0.0053    0.0000    0.0053 --------
  0.33   0.0210    0.0000    0.0052    0.0000    0.0052 --------
  0.42   0.0262    0.0000    0.0052    0.0000    0.0052 --------
  0.50   0.0315    0.0000    0.0053    0.0000    0.0053 --------
  0.58   0.0356    0.0000    0.0041    0.0000    0.0041 --------
  0.67   0.0397    0.0000    0.0041    0.0000    0.0041 --------
  0.75   0.0438    0.0000    0.0041    0.0000    0.0041 --------
  0.83   0.0478    0.0000    0.0041    0.0000    0.0041 --------
  0.92   0.0519    0.0000    0.0041    0.0000    0.0041 --------
  1.00   0.0560    0.0000    0.0041    0.0000    0.0041 --------
  1.08   0.0613    0.0000    0.0053    0.0000    0.0053 --------
  1.17   0.0665    0.0000    0.0052    0.0000    0.0052 --------
  1.25   0.0718    0.0000    0.0053    0.0000    0.0053 --------
  1.33   0.0770    0.0000    0.0052    0.0000    0.0052 --------
  1.42   0.0823    0.0000    0.0053    0.0000    0.0053 --------
  1.50   0.0875    0.0000    0.0053    0.0000    0.0053 --------
  1.58   0.0928    0.0000    0.0053    0.0000    0.0053 --------
  1.67   0.0980    0.0000    0.0052    0.0000    0.0052 --------
  1.75   0.1033    0.0000    0.0053    0.0000    0.0053 --------
  1.83   0.1085    0.0000    0.0052    0.0000    0.0052 --------
  1.92   0.1138    0.0000    0.0053    0.0000    0.0053 --------
  2.00   0.1190    0.0000    0.0053    0.0000    0.0053 --------
  2.08   0.1254    0.0000    0.0064    0.0000    0.0064 --------
  2.17   0.1318    0.0000    0.0064    0.0000    0.0064 --------
  2.25   0.1383    0.0000    0.0064    0.0000    0.0064 --------
  2.33   0.1447    0.0000    0.0064    0.0000    0.0064 --------
  2.42   0.1511    0.0000    0.0064    0.0000    0.0064 --------
  2.50   0.1575    0.0000    0.0064    0.0000    0.0064 --------
  2.58   0.1628    0.0000    0.0053    0.0000    0.0053 --------
  2.67   0.1680    0.0000    0.0053    0.0000    0.0053 --------
  2.75   0.1733    0.0000    0.0053    0.0000    0.0053 --------
  2.83   0.1785    0.0000    0.0052    0.0000    0.0052 --------
  2.92   0.1838    0.0000    0.0053    0.0000    0.0053 --------
  3.00   0.1890    0.0000    0.0053    0.0000    0.0053 --------
  3.08   0.1954    0.0000    0.0064    0.0000    0.0064 --------
  3.17   0.2018    0.0000    0.0064    0.0000    0.0064 --------
  3.25   0.2082    0.0000    0.0064    0.0000    0.0064 --------
  3.33   0.2147    0.0000    0.0064    0.0000    0.0064 --------
  3.42   0.2211    0.0000    0.0064    0.0000    0.0064 --------
  3.50   0.2275    0.0000    0.0064    0.0000    0.0064 --------
  3.58   0.2345    0.0000    0.0070    0.0000    0.0070 --------
  3.67   0.2415    0.0000    0.0070    0.0000    0.0070 --------
  3.75   0.2485    0.0000    0.0070    0.0000    0.0070 --------
  3.83   0.2555    0.0000    0.0070    0.0000    0.0070 --------
  3.92   0.2625    0.0000    0.0070    0.0000    0.0070 --------
  4.00   0.2695    0.0000    0.0070    0.0000    0.0070 --------
  4.08   0.2771    0.0000    0.0076    0.0000    0.0076 --------
  4.17   0.2847    0.0000    0.0076    0.0000    0.0076 --------
  4.25   0.2922    0.0000    0.0076    0.0000    0.0076 --------
  4.33   0.2998    0.0000    0.0076    0.0000    0.0076 --------
  4.42   0.3074    0.0000    0.0076    0.0000    0.0076 --------
  4.50   0.3150    0.0000    0.0076    0.0000    0.0076 --------
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  4.58   0.3232    0.0000    0.0082    0.0000    0.0082 --------
  4.67   0.3313    0.0000    0.0082    0.0000    0.0082 --------
  4.75   0.3395    0.0000    0.0082    0.0000    0.0082 --------
  4.83   0.3477    0.0000    0.0082    0.0000    0.0082 --------
  4.92   0.3558    0.0000    0.0082    0.0000    0.0082 --------
  5.00   0.3640    0.0000    0.0082    0.0000    0.0082 --------
  5.08   0.3733    0.0000    0.0093    0.0000    0.0093 --------
  5.17   0.3827    0.0000    0.0093    0.0000    0.0093 --------
  5.25   0.3920    0.0000    0.0093    0.0000    0.0093 --------
  5.33   0.4013    0.0000    0.0093    0.0000    0.0093 --------
  5.42   0.4107    0.0000    0.0093    0.0000    0.0093 --------
  5.50   0.4200    0.0000    0.0093    0.0000    0.0093 --------
  5.58   0.4299    0.0000    0.0099    0.0000    0.0099 --------
  5.67   0.4398    0.0000    0.0099    0.0000    0.0099 --------
  5.75   0.4497    0.0000    0.0099    0.0000    0.0099 --------
  5.83   0.4597    0.0000    0.0099    0.0000    0.0099 --------
  5.92   0.4696    0.0000    0.0099    0.0000    0.0099 --------
  6.00   0.4795    0.0000    0.0099    0.0000    0.0099 --------
  6.08   0.4912    0.0000    0.0117    0.0000    0.0117 --------
  6.17   0.5028    0.0000    0.0117    0.0000    0.0117 --------
  6.25   0.5145    0.0000    0.0117    0.0000    0.0117 --------
  6.33   0.5262    0.0000    0.0117    0.0000    0.0117 --------
  6.42   0.5378    0.0000    0.0117    0.0000    0.0117 --------
  6.50   0.5495    0.0000    0.0117    0.0000    0.0117 --------
  6.58   0.5629    0.0000    0.0134    0.0000    0.0134 --------
  6.67   0.5763    0.0000    0.0134    0.0000    0.0134 --------
  6.75   0.5898    0.0000    0.0134    0.0000    0.0134 --------
  6.83   0.6032    0.0000    0.0134    0.0000    0.0134 --------
  6.92   0.6166    0.0000    0.0134    0.0000    0.0134 --------
  7.00   0.6300    0.0000    0.0134    0.0000    0.0134 --------
  7.08   0.6475    0.0000    0.0175    0.0000    0.0175 --------
  7.17   0.6650    0.0000    0.0175    0.0000    0.0175 --------
  7.25   0.6825    0.0000    0.0175    0.0000    0.0175 --------
  7.33   0.7000    0.0000    0.0175    0.0000    0.0175 --------
  7.42   0.7175    0.0000    0.0175    0.0000    0.0175 --------
  7.50   0.7350    0.0000    0.0175    0.0000    0.0175 --------
  7.58   0.7612    0.0001    0.0262    0.0001    0.0261 --------
  7.67   0.7875    0.0006    0.0262    0.0005    0.0258 --------
  7.75   0.8137    0.0015    0.0262    0.0008    0.0254 --------
  7.83   0.8400    0.0026    0.0262    0.0012    0.0251 --------
  7.92   0.8662    0.0042    0.0262    0.0015    0.0247 --------
  8.00   0.8925    0.0061    0.0263    0.0019    0.0244 --------
  8.08   0.9316    0.0095    0.0391    0.0034    0.0357 --------
  8.17   0.9707    0.0136    0.0391    0.0041    0.0350 --------
  8.25   1.0097    0.0184    0.0391    0.0048    0.0343 --------
  8.33   1.0488    0.0238    0.0391    0.0055    0.0336 --------
  8.42   1.0879    0.0300    0.0391    0.0061    0.0330 --------
  8.50   1.1270    0.0367    0.0391    0.0067    0.0323 --------
  8.58   1.1783    0.0465    0.0513    0.0098    0.0415 --------
  8.67   1.2297    0.0573    0.0513    0.0108    0.0405 --------
  8.75   1.2810    0.0691    0.0513    0.0118    0.0395 --------
  8.83   1.3323    0.0818    0.0513    0.0127    0.0386 --------
  8.92   1.3837    0.0955    0.0513    0.0136    0.0377 --------
  9.00   1.4350    0.1100    0.0513    0.0145    0.0368 --------
  9.08   1.4910    0.1268    0.0560    0.0168    0.0392 --------
  9.17   1.5470    0.1446    0.0560    0.0178    0.0382 --------
  9.25   1.6030    0.1634    0.0560    0.0187    0.0373 --------
  9.33   1.6590    0.1830    0.0560    0.0196    0.0364 --------
  9.42   1.7150    0.2035    0.0560    0.0205    0.0355 --------
  9.50   1.7710    0.2249    0.0560    0.0213    0.0347 --------
  9.58   1.8188    0.2437    0.0478    0.0189    0.0290 --------
  9.67   1.8667    0.2632    0.0478    0.0195    0.0284 --------
  9.75   1.9145    0.2832    0.0478    0.0200    0.0278 --------
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  9.83   1.9623    0.3037    0.0478    0.0205    0.0273 --------
  9.92   2.0102    0.3248    0.0478    0.0211    0.0268 --------
 10.00   2.0580    0.3464    0.0478    0.0216    0.0262 --------
 10.08   2.0819    0.3574    0.0239    0.0110    0.0129 --------
 10.17   2.1058    0.3685    0.0239    0.0111    0.0128 --------
 10.25   2.1298    0.3797    0.0239    0.0112    0.0127 --------
 10.33   2.1537    0.3910    0.0239    0.0113    0.0126 --------
 10.42   2.1776    0.4025    0.0239    0.0115    0.0125 --------
 10.50   2.2015    0.4141    0.0239    0.0116    0.0123 --------
 10.58   2.2172    0.4218    0.0157    0.0077    0.0081 --------
 10.67   2.2330    0.4295    0.0158    0.0077    0.0080 --------
 10.75   2.2488    0.4373    0.0158    0.0078    0.0080 --------
 10.83   2.2645    0.4451    0.0157    0.0078    0.0079 --------
 10.92   2.2802    0.4530    0.0157    0.0079    0.0079 --------
 11.00   2.2960    0.4609    0.0158    0.0079    0.0078 --------
 11.08   2.3094    0.4677    0.0134    0.0068    0.0066 --------
 11.17   2.3228    0.4745    0.0134    0.0068    0.0066 --------
 11.25   2.3362    0.4814    0.0134    0.0069    0.0066 --------
 11.33   2.3497    0.4882    0.0134    0.0069    0.0065 --------
 11.42   2.3631    0.4952    0.0134    0.0069    0.0065 --------
 11.50   2.3765    0.5021    0.0134    0.0070    0.0065 --------
 11.58   2.3887    0.5085    0.0122    0.0064    0.0059 --------
 11.67   2.4010    0.5149    0.0123    0.0064    0.0058 --------
 11.75   2.4133    0.5213    0.0122    0.0064    0.0058 --------
 11.83   2.4255    0.5278    0.0122    0.0065    0.0058 --------
 11.92   2.4377    0.5343    0.0122    0.0065    0.0058 --------
 12.00   2.4500    0.5408    0.0122    0.0065    0.0057 --------
 12.08   2.4617    0.5470    0.0117    0.0062    0.0054 --------
 12.17   2.4733    0.5533    0.0117    0.0062    0.0054 --------
 12.25   2.4850    0.5595    0.0117    0.0063    0.0054 --------
 12.33   2.4967    0.5658    0.0117    0.0063    0.0054 --------
 12.42   2.5083    0.5721    0.0117    0.0063    0.0054 --------
 12.50   2.5200    0.5785    0.0117    0.0063    0.0053 --------
 12.58   2.5311    0.5845    0.0111    0.0060    0.0050 --------
 12.67   2.5422    0.5906    0.0111    0.0061    0.0050 --------
 12.75   2.5533    0.5967    0.0111    0.0061    0.0050 --------
 12.83   2.5643    0.6028    0.0111    0.0061    0.0050 --------
 12.92   2.5754    0.6089    0.0111    0.0061    0.0050 --------
 13.00   2.5865    0.6150    0.0111    0.0061    0.0049 --------
 13.08   2.5964    0.6205    0.0099    0.0055    0.0044 --------
 13.17   2.6063    0.6261    0.0099    0.0055    0.0044 --------
 13.25   2.6163    0.6316    0.0099    0.0055    0.0044 --------
 13.33   2.6262    0.6372    0.0099    0.0056    0.0044 --------
 13.42   2.6361    0.6427    0.0099    0.0056    0.0043 --------
 13.50   2.6460    0.6483    0.0099    0.0056    0.0043 --------
 13.58   2.6553    0.6536    0.0093    0.0053    0.0041 --------
 13.67   2.6647    0.6589    0.0093    0.0053    0.0040 --------
 13.75   2.6740    0.6642    0.0093    0.0053    0.0040 --------
 13.83   2.6833    0.6695    0.0093    0.0053    0.0040 --------
 13.92   2.6927    0.6749    0.0093    0.0053    0.0040 --------
 14.00   2.7020    0.6802    0.0093    0.0053    0.0040 --------
 14.08   2.7125    0.6862    0.0105    0.0060    0.0045 --------
 14.17   2.7230    0.6923    0.0105    0.0060    0.0045 --------
 14.25   2.7335    0.6983    0.0105    0.0061    0.0044 --------
 14.33   2.7440    0.7044    0.0105    0.0061    0.0044 --------
 14.42   2.7545    0.7105    0.0105    0.0061    0.0044 --------
 14.50   2.7650    0.7166    0.0105    0.0061    0.0044 --------
 14.58   2.7708    0.7200    0.0058    0.0034    0.0024 --------
 14.67   2.7767    0.7234    0.0058    0.0034    0.0024 --------
 14.75   2.7825    0.7268    0.0058    0.0034    0.0024 --------
 14.83   2.7883    0.7302    0.0058    0.0034    0.0024 --------
 14.92   2.7942    0.7336    0.0058    0.0034    0.0024 --------
 15.00   2.8000    0.7371    0.0058    0.0034    0.0024 --------
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 15.08   2.8093    0.7426    0.0093    0.0055    0.0038 --------
 15.17   2.8187    0.7481    0.0093    0.0055    0.0038 --------
 15.25   2.8280    0.7536    0.0093    0.0055    0.0038 --------
 15.33   2.8373    0.7591    0.0093    0.0055    0.0038 --------
 15.42   2.8467    0.7646    0.0093    0.0055    0.0038 --------
 15.50   2.8560    0.7702    0.0093    0.0056    0.0038 --------
 15.58   2.8647    0.7754    0.0088    0.0052    0.0035 --------
 15.67   2.8735    0.7806    0.0088    0.0052    0.0035 --------
 15.75   2.8822    0.7859    0.0087    0.0052    0.0035 --------
 15.83   2.8910    0.7911    0.0088    0.0052    0.0035 --------
 15.92   2.8997    0.7964    0.0087    0.0053    0.0035 --------
 16.00   2.9085    0.8016    0.0088    0.0053    0.0035 --------
 16.08   2.9167    0.8066    0.0082    0.0049    0.0032 --------
 16.17   2.9248    0.8115    0.0082    0.0049    0.0032 --------
 16.25   2.9330    0.8165    0.0082    0.0049    0.0032 --------
 16.33   2.9412    0.8214    0.0082    0.0050    0.0032 --------
 16.42   2.9493    0.8264    0.0082    0.0050    0.0032 --------
 16.50   2.9575    0.8313    0.0082    0.0050    0.0032 --------
 16.58   2.9662    0.8367    0.0087    0.0053    0.0034 --------
 16.67   2.9750    0.8420    0.0088    0.0053    0.0034 --------
 16.75   2.9838    0.8474    0.0088    0.0054    0.0034 --------
 16.83   2.9925    0.8527    0.0087    0.0054    0.0034 --------
 16.92   3.0012    0.8581    0.0088    0.0054    0.0034 --------
 17.00   3.0100    0.8635    0.0088    0.0054    0.0034 --------
 17.08   3.0170    0.8678    0.0070    0.0043    0.0027 --------
 17.17   3.0240    0.8721    0.0070    0.0043    0.0027 --------
 17.25   3.0310    0.8765    0.0070    0.0043    0.0027 --------
 17.33   3.0380    0.8808    0.0070    0.0043    0.0027 --------
 17.42   3.0450    0.8851    0.0070    0.0043    0.0027 --------
 17.50   3.0520    0.8895    0.0070    0.0043    0.0027 --------
 17.58   3.0596    0.8942    0.0076    0.0047    0.0029 --------
 17.67   3.0672    0.8989    0.0076    0.0047    0.0029 --------
 17.75   3.0748    0.9037    0.0076    0.0047    0.0029 --------
 17.83   3.0823    0.9084    0.0076    0.0047    0.0028 --------
 17.92   3.0899    0.9131    0.0076    0.0047    0.0028 --------
 18.00   3.0975    0.9179    0.0076    0.0048    0.0028 --------
 18.08   3.1033    0.9215    0.0058    0.0037    0.0022 --------
 18.17   3.1092    0.9252    0.0058    0.0037    0.0022 --------
 18.25   3.1150    0.9289    0.0058    0.0037    0.0022 --------
 18.33   3.1208    0.9326    0.0058    0.0037    0.0022 --------
 18.42   3.1267    0.9362    0.0058    0.0037    0.0022 --------
 18.50   3.1325    0.9399    0.0058    0.0037    0.0022 --------
 18.58   3.1383    0.9436    0.0058    0.0037    0.0021 --------
 18.67   3.1442    0.9473    0.0058    0.0037    0.0021 --------
 18.75   3.1500    0.9510    0.0058    0.0037    0.0021 --------
 18.83   3.1558    0.9547    0.0058    0.0037    0.0021 --------
 18.92   3.1617    0.9584    0.0058    0.0037    0.0021 --------
 19.00   3.1675    0.9621    0.0058    0.0037    0.0021 --------
 19.08   3.1728    0.9654    0.0053    0.0033    0.0019 --------
 19.17   3.1780    0.9688    0.0052    0.0033    0.0019 --------
 19.25   3.1833    0.9721    0.0053    0.0033    0.0019 --------
 19.33   3.1885    0.9755    0.0053    0.0033    0.0019 --------
 19.42   3.1938    0.9788    0.0052    0.0034    0.0019 --------
 19.50   3.1990    0.9822    0.0053    0.0034    0.0019 --------
 19.58   3.2048    0.9859    0.0058    0.0037    0.0021 --------
 19.67   3.2107    0.9896    0.0058    0.0037    0.0021 --------
 19.75   3.2165    0.9934    0.0058    0.0037    0.0021 --------
 19.83   3.2223    0.9971    0.0058    0.0037    0.0021 --------
 19.92   3.2282    1.0009    0.0058    0.0037    0.0021 --------
 20.00   3.2340    1.0046    0.0058    0.0038    0.0021 --------
 20.08   3.2404    1.0087    0.0064    0.0041    0.0023 --------
 20.17   3.2468    1.0129    0.0064    0.0041    0.0023 --------
 20.25   3.2533    1.0170    0.0064    0.0041    0.0023 --------
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 20.33   3.2597    1.0212    0.0064    0.0041    0.0023 --------
 20.42   3.2661    1.0253    0.0064    0.0041    0.0023 --------
 20.50   3.2725    1.0295    0.0064    0.0042    0.0023 --------
 20.58   3.2783    1.0332    0.0058    0.0038    0.0021 --------
 20.67   3.2842    1.0370    0.0058    0.0038    0.0020 --------
 20.75   3.2900    1.0408    0.0058    0.0038    0.0020 --------
 20.83   3.2958    1.0446    0.0058    0.0038    0.0020 --------
 20.92   3.3017    1.0484    0.0058    0.0038    0.0020 --------
 21.00   3.3075    1.0522    0.0058    0.0038    0.0020 --------
 21.08   3.3127    1.0556    0.0052    0.0034    0.0018 --------
 21.17   3.3180    1.0590    0.0053    0.0034    0.0018 --------
 21.25   3.3232    1.0625    0.0053    0.0034    0.0018 --------
 21.33   3.3285    1.0659    0.0053    0.0034    0.0018 --------
 21.42   3.3337    1.0693    0.0052    0.0034    0.0018 --------
 21.50   3.3390    1.0728    0.0053    0.0034    0.0018 --------
 21.58   3.3443    1.0762    0.0053    0.0034    0.0018 --------
 21.67   3.3495    1.0797    0.0052    0.0034    0.0018 --------
 21.75   3.3547    1.0831    0.0052    0.0034    0.0018 --------
 21.83   3.3600    1.0866    0.0053    0.0034    0.0018 --------
 21.92   3.3652    1.0900    0.0052    0.0035    0.0018 --------
 22.00   3.3705    1.0935    0.0053    0.0035    0.0018 --------
 22.08   3.3757    1.0969    0.0052    0.0035    0.0018 --------
 22.17   3.3810    1.1004    0.0053    0.0035    0.0018 --------
 22.25   3.3863    1.1038    0.0053    0.0035    0.0018 --------
 22.33   3.3915    1.1073    0.0052    0.0035    0.0018 --------
 22.42   3.3967    1.1108    0.0053    0.0035    0.0018 --------
 22.50   3.4020    1.1143    0.0053    0.0035    0.0018 --------
 22.58   3.4073    1.1177    0.0053    0.0035    0.0018 --------
 22.67   3.4125    1.1212    0.0052    0.0035    0.0018 --------
 22.75   3.4177    1.1247    0.0052    0.0035    0.0018 --------
 22.83   3.4230    1.1282    0.0053    0.0035    0.0018 --------
 22.92   3.4282    1.1317    0.0052    0.0035    0.0018 --------
 23.00   3.4335    1.1352    0.0053    0.0035    0.0018 --------
 23.08   3.4393    1.1390    0.0058    0.0039    0.0020 --------
 23.17   3.4452    1.1429    0.0058    0.0039    0.0019 --------
 23.25   3.4510    1.1468    0.0058    0.0039    0.0019 --------
 23.33   3.4568    1.1507    0.0058    0.0039    0.0019 --------
 23.42   3.4627    1.1546    0.0058    0.0039    0.0019 --------
 23.50   3.4685    1.1585    0.0058    0.0039    0.0019 --------
 23.58   3.4737    1.1620    0.0052    0.0035    0.0017 --------
 23.67   3.4790    1.1655    0.0053    0.0035    0.0017 --------
 23.75   3.4843    1.1691    0.0053    0.0035    0.0017 --------
 23.83   3.4895    1.1726    0.0052    0.0035    0.0017 --------
 23.92   3.4947    1.1761    0.0052    0.0035    0.0017 --------
 24.00   3.5000    1.1796    0.0053    0.0035    0.0017 --------
--------------------------------------------------------------------
--------------------------------------------------------------------
Total soil rain loss =      2.32(In)
Total effective runoff =      1.18(In)
---------------------------------------------------------------------
Peak flow rate this hydrograph =         498.09(CFS)
Total runoff volume this hydrograph =        9661128.0(Ft3)
---------------------------------------------------------------------
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
                    24 - H O U R    S T O R M
               R u n o f f      H y d r o g r a p h
--------------------------------------------------------------------
            Hydrograph in   5   Minute intervals ((CFS))

--------------------------------------------------------------------
  Time(h+m) Volume Ac.Ft   Q(CFS)  0      125.0     250.0     375.0     500.0
  -----------------------------------------------------------------------
    0+ 5       0.0000      0.00  Q         |         |         |         | 
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    0+10       0.0000      0.00  Q         |         |         |         | 
    0+15       0.0000      0.00  Q         |         |         |         | 
    0+20       0.0000      0.00  Q         |         |         |         | 
    0+25       0.0000      0.00  Q         |         |         |         | 
    0+30       0.0000      0.00  Q         |         |         |         | 
    0+35       0.0000      0.00  Q         |         |         |         | 
    0+40       0.0000      0.00  Q         |         |         |         | 
    0+45       0.0000      0.00  Q         |         |         |         | 
    0+50       0.0000      0.00  Q         |         |         |         | 
    0+55       0.0000      0.00  Q         |         |         |         | 
    1+ 0       0.0000      0.00  Q         |         |         |         | 
    1+ 5       0.0000      0.00  Q         |         |         |         | 
    1+10       0.0000      0.00  Q         |         |         |         | 
    1+15       0.0000      0.00  Q         |         |         |         | 
    1+20       0.0000      0.00  Q         |         |         |         | 
    1+25       0.0000      0.00  Q         |         |         |         | 
    1+30       0.0000      0.00  Q         |         |         |         | 
    1+35       0.0000      0.00  Q         |         |         |         | 
    1+40       0.0000      0.00  Q         |         |         |         | 
    1+45       0.0000      0.00  Q         |         |         |         | 
    1+50       0.0000      0.00  Q         |         |         |         | 
    1+55       0.0000      0.00  Q         |         |         |         | 
    2+ 0       0.0000      0.00  Q         |         |         |         | 
    2+ 5       0.0000      0.00  Q         |         |         |         | 
    2+10       0.0000      0.00  Q         |         |         |         | 
    2+15       0.0000      0.00  Q         |         |         |         | 
    2+20       0.0000      0.00  Q         |         |         |         | 
    2+25       0.0000      0.00  Q         |         |         |         | 
    2+30       0.0000      0.00  Q         |         |         |         | 
    2+35       0.0000      0.00  Q         |         |         |         | 
    2+40       0.0000      0.00  Q         |         |         |         | 
    2+45       0.0000      0.00  Q         |         |         |         | 
    2+50       0.0000      0.00  Q         |         |         |         | 
    2+55       0.0000      0.00  Q         |         |         |         | 
    3+ 0       0.0000      0.00  Q         |         |         |         | 
    3+ 5       0.0000      0.00  Q         |         |         |         | 
    3+10       0.0000      0.00  Q         |         |         |         | 
    3+15       0.0000      0.00  Q         |         |         |         | 
    3+20       0.0000      0.00  Q         |         |         |         | 
    3+25       0.0000      0.00  Q         |         |         |         | 
    3+30       0.0000      0.00  Q         |         |         |         | 
    3+35       0.0000      0.00  Q         |         |         |         | 
    3+40       0.0000      0.00  Q         |         |         |         | 
    3+45       0.0000      0.00  Q         |         |         |         | 
    3+50       0.0000      0.00  Q         |         |         |         | 
    3+55       0.0000      0.00  Q         |         |         |         | 
    4+ 0       0.0000      0.00  Q         |         |         |         | 
    4+ 5       0.0000      0.00  Q         |         |         |         | 
    4+10       0.0000      0.00  Q         |         |         |         | 
    4+15       0.0000      0.00  Q         |         |         |         | 
    4+20       0.0000      0.00  Q         |         |         |         | 
    4+25       0.0000      0.00  Q         |         |         |         | 
    4+30       0.0000      0.00  Q         |         |         |         | 
    4+35       0.0000      0.00  Q         |         |         |         | 
    4+40       0.0000      0.00  Q         |         |         |         | 
    4+45       0.0000      0.00  Q         |         |         |         | 
    4+50       0.0000      0.00  Q         |         |         |         | 
    4+55       0.0000      0.00  Q         |         |         |         | 
    5+ 0       0.0000      0.00  Q         |         |         |         | 
    5+ 5       0.0000      0.00  Q         |         |         |         | 
    5+10       0.0000      0.00  Q         |         |         |         | 
    5+15       0.0000      0.00  Q         |         |         |         | 
    5+20       0.0000      0.00  Q         |         |         |         | 
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    5+25       0.0000      0.00  Q         |         |         |         | 
    5+30       0.0000      0.00  Q         |         |         |         | 
    5+35       0.0000      0.00  Q         |         |         |         | 
    5+40       0.0000      0.00  Q         |         |         |         | 
    5+45       0.0000      0.00  Q         |         |         |         | 
    5+50       0.0000      0.00  Q         |         |         |         | 
    5+55       0.0000      0.00  Q         |         |         |         | 
    6+ 0       0.0000      0.00  Q         |         |         |         | 
    6+ 5       0.0000      0.00  Q         |         |         |         | 
    6+10       0.0000      0.00  Q         |         |         |         | 
    6+15       0.0000      0.00  Q         |         |         |         | 
    6+20       0.0000      0.00  Q         |         |         |         | 
    6+25       0.0000      0.00  Q         |         |         |         | 
    6+30       0.0000      0.00  Q         |         |         |         | 
    6+35       0.0000      0.00  Q         |         |         |         | 
    6+40       0.0000      0.00  Q         |         |         |         | 
    6+45       0.0000      0.00  Q         |         |         |         | 
    6+50       0.0000      0.00  Q         |         |         |         | 
    6+55       0.0000      0.00  Q         |         |         |         | 
    7+ 0       0.0000      0.00  Q         |         |         |         | 
    7+ 5       0.0000      0.00  Q         |         |         |         | 
    7+10       0.0000      0.00  Q         |         |         |         | 
    7+15       0.0000      0.00  Q         |         |         |         | 
    7+20       0.0000      0.00  Q         |         |         |         | 
    7+25       0.0000      0.00  Q         |         |         |         | 
    7+30       0.0000      0.00  Q         |         |         |         | 
    7+35       0.0000      0.01  Q         |         |         |         | 
    7+40       0.0003      0.04  Q         |         |         |         | 
    7+45       0.0012      0.13  Q         |         |         |         | 
    7+50       0.0034      0.32  Q         |         |         |         | 
    7+55       0.0082      0.70  Q         |         |         |         | 
    8+ 0       0.0181      1.44  Q         |         |         |         | 
    8+ 5       0.0380      2.88  Q         |         |         |         | 
    8+10       0.0748      5.34  Q         |         |         |         | 
    8+15       0.1374      9.10  Q         |         |         |         | 
    8+20       0.2350     14.17  VQ        |         |         |         | 
    8+25       0.3773     20.66  VQ        |         |         |         | 
    8+30       0.5773     29.04  V Q       |         |         |         | 
    8+35       0.8497     39.56  V  Q      |         |         |         | 
    8+40       1.2101     52.33  V   Q     |         |         |         | 
    8+45       1.6716     67.01  V    Q    |         |         |         | 
    8+50       2.2434     83.04  V     Q   |         |         |         | 
    8+55       2.9351    100.43  V       Q |         |         |         | 
    9+ 0       3.7631    120.23  V        Q|         |         |         | 
    9+ 5       4.7470    142.87  V         |Q        |         |         | 
    9+10       5.9070    168.43  |V        |  Q      |         |         | 
    9+15       7.2539    195.58  |V        |    Q    |         |         | 
    9+20       8.7915    223.26  |V        |      Q  |         |         | 
    9+25      10.5199    250.97  |V        |         Q         |         | 
    9+30      12.4427    279.19  | V       |         | Q       |         | 
    9+35      14.5655    308.22  | V       |         |   Q     |         | 
    9+40      16.8938    338.07  |  V      |         |      Q  |         | 
    9+45      19.4237    367.35  |  V      |         |        Q|         | 
    9+50      22.1476    395.51  |  V      |         |         |Q        | 
    9+55      25.0505    421.50  |   V     |         |         |  Q      | 
   10+ 0      28.1054    443.57  |    V    |         |         |    Q    | 
   10+ 5      31.2826    461.33  |    V    |         |         |     Q   | 
   10+10      34.5527    474.82  |     V   |         |         |      Q  | 
   10+15      37.8924    484.92  |     V   |         |         |       Q | 
   10+20      41.2885    493.11  |      V  |         |         |        Q| 
   10+25      44.7188    498.09  |       V |         |         |        Q| 
   10+30      48.1240    494.43  |       V |         |         |        Q| 
   10+35      51.4368    481.02  |        V|         |         |       Q | 
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   10+40      54.5931    458.29  |        V|         |         |     Q   | 
   10+45      57.5747    432.93  |         V         |         |   Q     | 
   10+50      60.3954    409.57  |         V         |         | Q       | 
   10+55      63.0812    389.98  |         |V        |         |Q        | 
   11+ 0      65.6434    372.02  |         |V        |        Q|         | 
   11+ 5      68.0745    352.99  |         | V       |       Q |         | 
   11+10      70.3621    332.17  |         | V       |     Q   |         | 
   11+15      72.5170    312.89  |         |  V      |    Q    |         | 
   11+20      74.5538    295.74  |         |  V      |  Q      |         | 
   11+25      76.4912    281.32  |         |  V      | Q       |         | 
   11+30      78.3429    268.86  |         |   V     |Q        |         | 
   11+35      80.1123    256.92  |         |   V     Q         |         | 
   11+40      81.8028    245.46  |         |   V    Q|         |         | 
   11+45      83.4227    235.22  |         |    V  Q |         |         | 
   11+50      84.9804    226.18  |         |    V  Q |         |         | 
   11+55      86.4865    218.68  |         |    V Q  |         |         | 
   12+ 0      87.9474    212.12  |         |    VQ   |         |         | 
   12+ 5      89.3663    206.03  |         |     Q   |         |         | 
   12+10      90.7462    200.37  |         |     Q   |         |         | 
   12+15      92.0917    195.36  |         |    QV   |         |         | 
   12+20      93.4075    191.05  |         |    QV   |         |         | 
   12+25      94.6993    187.57  |         |    Q V  |         |         | 
   12+30      95.9726    184.87  |         |   Q  V  |         |         | 
   12+35      97.2295    182.51  |         |   Q  V  |         |         | 
   12+40      98.4719    180.40  |         |   Q  V  |         |         | 
   12+45      99.7014    178.52  |         |   Q  V  |         |         | 
   12+50     100.9198    176.91  |         |   Q   V |         |         | 
   12+55     102.1292    175.60  |         |   Q   V |         |         | 
   13+ 0     103.3308    174.47  |         |  Q    V |         |         | 
   13+ 5     104.5244    173.30  |         |  Q    V |         |         | 
   13+10     105.7093    172.05  |         |  Q     V|         |         | 
   13+15     106.8857    170.82  |         |  Q     V|         |         | 
   13+20     108.0543    169.68  |         |  Q     V|         |         | 
   13+25     109.2155    168.60  |         |  Q     V|         |         | 
   13+30     110.3675    167.27  |         |  Q     V|         |         | 
   13+35     111.5075    165.54  |         |  Q      V         |         | 
   13+40     112.6331    163.43  |         |  Q      V         |         | 
   13+45     113.7440    161.31  |         | Q       V         |         | 
   13+50     114.8419    159.42  |         | Q       V         |         | 
   13+55     115.9291    157.85  |         | Q       V         |         | 
   14+ 0     117.0064    156.42  |         | Q       |V        |         | 
   14+ 5     118.0737    154.98  |         | Q       |V        |         | 
   14+10     119.1307    153.48  |         | Q       |V        |         | 
   14+15     120.1791    152.23  |         | Q       |V        |         | 
   14+20     121.2211    151.30  |         | Q       |V        |         | 
   14+25     122.2602    150.87  |         | Q       | V       |         | 
   14+30     123.3018    151.25  |         | Q       | V       |         | 
   14+35     124.3501    152.20  |         | Q       | V       |         | 
   14+40     125.4079    153.60  |         | Q       | V       |         | 
   14+45     126.4740    154.81  |         | Q       | V       |         | 
   14+50     127.5448    155.47  |         | Q       |  V      |         | 
   14+55     128.6119    154.94  |         | Q       |  V      |         | 
   15+ 0     129.6583    151.94  |         | Q       |  V      |         | 
   15+ 5     130.6684    146.67  |         |Q        |  V      |         | 
   15+10     131.6292    139.51  |         |Q        |  V      |         | 
   15+15     132.5399    132.22  |         Q         |  V      |         | 
   15+20     133.4084    126.10  |         Q         |   V     |         | 
   15+25     134.2496    122.15  |        Q|         |   V     |         | 
   15+30     135.0845    121.23  |        Q|         |   V     |         | 
   15+35     135.9297    122.73  |        Q|         |   V     |         | 
   15+40     136.7981    126.09  |         Q         |   V     |         | 
   15+45     137.6953    130.28  |         Q         |   V     |         | 
   15+50     138.6185    134.05  |         Q         |    V    |         | 
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   15+55     139.5608    136.83  |         Q         |    V    |         | 
   16+ 0     140.5151    138.56  |         |Q        |    V    |         | 
   16+ 5     141.4764    139.57  |         |Q        |    V    |         | 
   16+10     142.4419    140.19  |         |Q        |    V    |         | 
   16+15     143.4084    140.34  |         |Q        |    V    |         | 
   16+20     144.3753    140.39  |         |Q        |     V   |         | 
   16+25     145.3427    140.47  |         |Q        |     V   |         | 
   16+30     146.3086    140.25  |         |Q        |     V   |         | 
   16+35     147.2717    139.85  |         |Q        |     V   |         | 
   16+40     148.2302    139.17  |         |Q        |     V   |         | 
   16+45     149.1844    138.56  |         |Q        |     V   |         | 
   16+50     150.1357    138.12  |         |Q        |      V  |         | 
   16+55     151.0858    137.96  |         |Q        |      V  |         | 
   17+ 0     152.0387    138.36  |         |Q        |      V  |         | 
   17+ 5     152.9965    139.08  |         |Q        |      V  |         | 
   17+10     153.9610    140.04  |         |Q        |      V  |         | 
   17+15     154.9315    140.92  |         |Q        |      V  |         | 
   17+20     155.9063    141.54  |         |Q        |       V |         | 
   17+25     156.8817    141.63  |         |Q        |       V |         | 
   17+30     157.8501    140.61  |         |Q        |       V |         | 
   17+35     158.8047    138.62  |         |Q        |       V |         | 
   17+40     159.7402    135.83  |         Q         |       V |         | 
   17+45     160.6556    132.92  |         Q         |       V |         | 
   17+50     161.5537    130.40  |         Q         |        V|         | 
   17+55     162.4394    128.61  |         Q         |        V|         | 
   18+ 0     163.3185    127.65  |         Q         |        V|         | 
   18+ 5     164.1949    127.24  |         Q         |        V|         | 
   18+10     165.0708    127.19  |         Q         |        V|         | 
   18+15     165.9474    127.28  |         Q         |        V|         | 
   18+20     166.8236    127.22  |         Q         |         V         | 
   18+25     167.6962    126.70  |         Q         |         V         | 
   18+30     168.5586    125.23  |         Q         |         V         | 
   18+35     169.4045    122.82  |        Q|         |         V         | 
   18+40     170.2285    119.65  |        Q|         |         V         | 
   18+45     171.0296    116.32  |        Q|         |         V         | 
   18+50     171.8104    113.37  |        Q|         |         V         | 
   18+55     172.5753    111.06  |       Q |         |         |V        | 
   19+ 0     173.3281    109.30  |       Q |         |         |V        | 
   19+ 5     174.0709    107.86  |       Q |         |         |V        | 
   19+10     174.8048    106.57  |       Q |         |         |V        | 
   19+15     175.5315    105.52  |       Q |         |         |V        | 
   19+20     176.2517    104.57  |       Q |         |         |V        | 
   19+25     176.9653    103.62  |       Q |         |         |V        | 
   19+30     177.6715    102.54  |       Q |         |         | V       | 
   19+35     178.3689    101.25  |       Q |         |         | V       | 
   19+40     179.0563     99.82  |      Q  |         |         | V       | 
   19+45     179.7344     98.46  |      Q  |         |         | V       | 
   19+50     180.4047     97.32  |      Q  |         |         | V       | 
   19+55     181.0699     96.59  |      Q  |         |         | V       | 
   20+ 0     181.7336     96.37  |      Q  |         |         | V       | 
   20+ 5     182.3991     96.63  |      Q  |         |         | V       | 
   20+10     183.0690     97.27  |      Q  |         |         |  V      | 
   20+15     183.7448     98.13  |      Q  |         |         |  V      | 
   20+20     184.4266     99.00  |      Q  |         |         |  V      | 
   20+25     185.1143     99.84  |      Q  |         |         |  V      | 
   20+30     185.8091    100.90  |       Q |         |         |  V      | 
   20+35     186.5128    102.17  |       Q |         |         |  V      | 
   20+40     187.2269    103.69  |       Q |         |         |  V      | 
   20+45     187.9508    105.11  |       Q |         |         |  V      | 
   20+50     188.6830    106.32  |       Q |         |         |   V     | 
   20+55     189.4211    107.17  |       Q |         |         |   V     | 
   21+ 0     190.1614    107.49  |       Q |         |         |   V     | 
   21+ 5     190.9008    107.37  |       Q |         |         |   V     | 
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   21+10     191.6368    106.87  |       Q |         |         |   V     | 
   21+15     192.3680    106.17  |       Q |         |         |   V     | 
   21+20     193.0946    105.49  |       Q |         |         |   V     | 
   21+25     193.8165    104.83  |       Q |         |         |   V     | 
   21+30     194.5329    104.02  |       Q |         |         |    V    | 
   21+35     195.2421    102.97  |       Q |         |         |    V    | 
   21+40     195.9423    101.67  |       Q |         |         |    V    | 
   21+45     196.6338    100.40  |       Q |         |         |    V    | 
   21+50     197.3175     99.27  |      Q  |         |         |    V    | 
   21+55     197.9950     98.38  |      Q  |         |         |    V    | 
   22+ 0     198.6678     97.69  |      Q  |         |         |    V    | 
   22+ 5     199.3366     97.11  |      Q  |         |         |    V    | 
   22+10     200.0019     96.61  |      Q  |         |         |     V   | 
   22+15     200.6646     96.21  |      Q  |         |         |     V   | 
   22+20     201.3249     95.88  |      Q  |         |         |     V   | 
   22+25     201.9833     95.61  |      Q  |         |         |     V   | 
   22+30     202.6402     95.38  |      Q  |         |         |     V   | 
   22+35     203.2957     95.18  |      Q  |         |         |     V   | 
   22+40     203.9502     95.03  |      Q  |         |         |     V   | 
   22+45     204.6039     94.91  |      Q  |         |         |     V   | 
   22+50     205.2569     94.82  |      Q  |         |         |      V  | 
   22+55     205.9095     94.76  |      Q  |         |         |      V  | 
   23+ 0     206.5620     94.74  |      Q  |         |         |      V  | 
   23+ 5     207.2146     94.76  |      Q  |         |         |      V  | 
   23+10     207.8676     94.82  |      Q  |         |         |      V  | 
   23+15     208.5216     94.95  |      Q  |         |         |      V  | 
   23+20     209.1769     95.15  |      Q  |         |         |      V  | 
   23+25     209.8344     95.48  |      Q  |         |         |      V  | 
   23+30     210.4966     96.14  |      Q  |         |         |      V  | 
   23+35     211.1654     97.11  |      Q  |         |         |       V | 
   23+40     211.8427     98.34  |      Q  |         |         |       V | 
   23+45     212.5283     99.55  |      Q  |         |         |       V | 
   23+50     213.2210    100.57  |       Q |         |         |       V | 
   23+55     213.9183    101.25  |       Q |         |         |       V | 
   24+ 0     214.6166    101.40  |       Q |         |         |       V | 
   24+ 5     215.3118    100.95  |       Q |         |         |       V | 
   24+10     216.0001     99.94  |      Q  |         |         |       V | 
   24+15     216.6771     98.30  |      Q  |         |         |        V| 
   24+20     217.3398     96.22  |      Q  |         |         |        V| 
   24+25     217.9812     93.14  |      Q  |         |         |        V| 
   24+30     218.5830     87.37  |     Q   |         |         |        V| 
   24+35     219.1258     78.82  |     Q   |         |         |        V| 
   24+40     219.5925     67.77  |    Q    |         |         |        V| 
   24+45     219.9813     56.46  |   Q     |         |         |        V| 
   24+50     220.3010     46.41  |  Q      |         |         |        V| 
   24+55     220.5653     38.38  |  Q      |         |         |        V| 
   25+ 0     220.7873     32.24  | Q       |         |         |        V| 
   25+ 5     220.9740     27.10  | Q       |         |         |        V| 
   25+10     221.1295     22.58  |Q        |         |         |        V| 
   25+15     221.2601     18.97  |Q        |         |         |        V| 
   25+20     221.3693     15.86  |Q        |         |         |        V| 
   25+25     221.4601     13.18  |Q        |         |         |        V| 
   25+30     221.5352     10.91  Q         |         |         |        V| 
   25+35     221.5964      8.89  Q         |         |         |        V| 
   25+40     221.6460      7.19  Q         |         |         |        V| 
   25+45     221.6854      5.72  Q         |         |         |        V| 
   25+50     221.7160      4.44  Q         |         |         |        V| 
   25+55     221.7395      3.42  Q         |         |         |        V| 
   26+ 0     221.7571      2.55  Q         |         |         |        V| 
   26+ 5     221.7698      1.84  Q         |         |         |        V| 
   26+10     221.7786      1.28  Q         |         |         |        V| 
   26+15     221.7843      0.83  Q         |         |         |        V| 
   26+20     221.7874      0.46  Q         |         |         |        V| 
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   26+25     221.7886      0.17  Q         |         |         |        V| 
   26+30     221.7890      0.05  Q         |         |         |        V| 
-----------------------------------------------------------------------
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U N I T  H Y D R O G R A P H  A N A L Y S I S 

Copyright (c) CIVILCADD/CIVILDESIGN, 1990 - 2004, Version 7.0

Study date  09/08/10  File: mccain2100yr6hr.out

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

Program License Serial Number 4055

---------------------------------------------------------------------
Tule Wind Project
McCain Valley Crossing 2
Proposed Conditions 100 Yr 6 Hr
Aug 18, 2010
---------------------------------------------------------------------
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

Storm Event Year = 100

Antecedent Moisture Condition = 2

 English (in-lb) Input Units Used

 English Rainfall Data (Inches) Input Values Used

Area averaged rainfall isohyetal data:
Sub-Area(Ac.)       Rainfall (In)
  2256.19             3.00

Rainfall Distribution pattern used in study:
Type B for SCS (small dam) or San Diego 6 hour storms 
--------------------------------------------------------------------
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

********* Area-Averaged SCS Curve Number and Fm *********

Area       Area          SCS CN    SCS CN    Fm      Soil
(Ac.)      fract         (AMC2)    (AMC2)   (In/Hr)  Group
  2256.19   1.000         83.0      83.0     0.050    C

Area-averaged catchment SCS Curve Number AMC(2) = 83.000
Area-averaged Fm value using values listed =  0.050(In/Hr)
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Direct entry of lag time by user
Watershed area =    2256.19(Ac.)
Catchment Lag time =   0.770 hours
Unit interval =   5.000 minutes
Unit interval percentage of lag time = 10.8253
Hydrograph baseflow =     0.00(CFS)
Minimum watershed loss rate(Fm) =  0.000(In/Hr)
Average adjusted SCS Curve Number = 83.000

Rainfall depth area reduction factors:
Using a total area of    2256.19(Ac.) (Ref: SCS Sup A, Sec.4)

Pacific Coastal Climate ratio used
Areal factor ratio (rainfall reduction) = 1.000
Rainfall entered for study =    3.000(In)
Adjusted rainfall =    3.000(In)
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+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

   The following unit hydrograph was developed using an S-Graph
   interpolated by time percentage of lag time vs. percentage of peak flow.
   The S-Graphs for Valley, Foothill, and Mountain were developed by the
   U.S. Army Corps of Engineers for use in the respective type of
   basins located in Southern California. (Hydrology San Gabrial River ...
   U.S. Engineer Office, Dec 1944, revised Jul 1946) The Desert S-Graph is
   from Report ... on ... Tahquitz Creek, California, same U.S. offfice,
   Corps of Engineers, June 1963.  The Valley Developed S-Graph is used
   by Orange and San Bernardino counties in California to represent the
   characteristics of valley areas with a large amount of development.
   Because of the wide variety in topography in Southern California, these
   synthetic unit hydrographs were included for use as options in any
   geographic location.

   The SCS(Soil Conservation Service Dimensionless S-Graph, SCS handbook,
   of 1972, applies to a broad cross section of geographic locations and
   hydrologic regions.

   The User Defined hydrograph converts the user Q/Qp
   vs. T/Tp values into an S-Graph based on lag = Tp/0.9.  Then, for the
   lag time used, the S-Graph in interpolated in time % of lag.

   The following S-Graph or S-Graph combination is used in this study:

SAN DIEGO CO. HYDROGRAPH

San Deigo Co. Unit Hydrograph Data (III-A-2):
using a constant T/Tp step interval =   0.200

     t/tp          q/qp            Sum q/qp

      0.000          0.000          0.000
      0.200          0.030          0.000
      0.400          0.090          0.030
      0.600          0.230          0.120
      0.800          0.700          0.350
      1.000          1.000          1.050
      1.200          0.850          2.050
      1.400          0.530          2.900
      1.600          0.410          3.430
      1.800          0.300          3.840
      2.000          0.230          4.140
      2.200          0.180          4.370
      2.400          0.140          4.550
      2.600          0.110          4.690
      2.800          0.080          4.800
      3.000          0.060          4.880
      3.200          0.040          4.940
      3.400          0.030          4.980
      3.600          0.010          5.010
      3.800          0.000          5.020

U N I T  H Y D R O G R A P H 
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Time Ratio   Time     Discharge          Q     Mass Curve
  (t/Lag)     (hrs)     Ratios         (CFS)     Ratios
                        (Q/Qp)                  (Qa/Q)
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(K =     27299.90 (CFS))

---------------------------------------------------------------------
  0.11         0.083       0.016        49.059     0.002
  0.22         0.167       0.035       109.276     0.006
  0.32         0.250       0.080       251.254     0.015
  0.43         0.333       0.126       398.498     0.030
  0.54         0.417       0.231       728.078     0.056
  0.65         0.500       0.488      1538.696     0.113
  0.76         0.583       0.745      2349.140     0.199
  0.87         0.667       0.971      3062.629     0.311
  0.97         0.750       1.000      3155.098     0.426
  1.08         0.833       0.889      2803.873     0.529
  1.19         0.917       0.708      2232.509     0.611
  1.30         1.000       0.541      1707.891     0.673
  1.41         1.083       0.450      1421.162     0.726
  1.52         1.167       0.397      1253.337     0.771
  1.62         1.250       0.316       997.457     0.808
  1.73         1.333       0.272       858.813     0.839
  1.84         1.417       0.235       740.901     0.867
  1.95         1.500       0.197       620.919     0.889
  2.06         1.583       0.176       555.773     0.910
  2.17         1.667       0.147       463.293     0.927
  2.27         1.750       0.128       404.340     0.941
  2.38         1.833       0.112       352.530     0.954
  2.49         1.917       0.089       280.262     0.965
  2.60         2.000       0.078       244.633     0.974
  2.71         2.083       0.063       198.665     0.981
  2.81         2.167       0.051       159.816     0.987
  2.92         2.250       0.041       128.263     0.991
  3.03         2.333       0.033       104.089     0.995
  3.14         2.417       0.026        80.548     0.998
  3.25         2.500       0.011        34.958     0.999
  3.36         2.583       0.004        14.138     1.000
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

   For each time interval of the 6 or 24 hour storm, the total rainfall
   up to that storm time is calculated.  Then the Soil Conservation Service
   SCS (report 1972, 1975) area averaged Curve Number (CN) is used to
   determine the amount of direct runoff in (In) using the following
   equations:

                 (P - Ia)^2
    Q   =     ---------------
                 P - Ia + S

       Where:
   Q = direct runoff, P = depth of precipitation, Ia = Initial Abstraction
   and S is the watershed storage in inches.  S and Ia are given by the
   following equations:

               1000
     S   =   ------------  - 10     and     Ia = 0.2 S
                CN

   Note:  If Metric (SI) Units are used, rainfall data is converted by
          the program internally into inches for these calculations.

   Note:  In the following printout, the revised runoff column is only
          used when the minimum soil loss rate, fm, exceeds the normal
          loss rate of delta P(dP) - delta Q(dQ) then the dP-dQ column
          equals fm =   0.000(In) (for time interval =   0.000(In)) and the
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          revised runoff is shown in the last column.

---------------------------------------------------------------------
Time     Total     Total SCS  Rainfall  Runoff   Infiltr-  Revised
Period   Rainfall  Runoff     Amount    Amount    ation    Runoff Min
(hours)   (In)      (In)       (In)      (In)      (In)    Loss Rate
           P        Q          dP        dQ       dP-dQ
-----------------------------------------------------------------------
  0.08   0.0175    0.0000    0.0175    0.0000    0.0175 --------
  0.17   0.0350    0.0000    0.0175    0.0000    0.0175 --------
  0.25   0.0525    0.0000    0.0175    0.0000    0.0175 --------
  0.33   0.0700    0.0000    0.0175    0.0000    0.0175 --------
  0.42   0.0875    0.0000    0.0175    0.0000    0.0175 --------
  0.50   0.1050    0.0000    0.0175    0.0000    0.0175 --------
  0.58   0.1285    0.0000    0.0235    0.0000    0.0235 --------
  0.67   0.1520    0.0000    0.0235    0.0000    0.0235 --------
  0.75   0.1755    0.0000    0.0235    0.0000    0.0235 --------
  0.83   0.1990    0.0000    0.0235    0.0000    0.0235 --------
  0.92   0.2225    0.0000    0.0235    0.0000    0.0235 --------
  1.00   0.2460    0.0000    0.0235    0.0000    0.0235 --------
  1.08   0.2750    0.0000    0.0290    0.0000    0.0290 --------
  1.17   0.3040    0.0000    0.0290    0.0000    0.0290 --------
  1.25   0.3330    0.0000    0.0290    0.0000    0.0290 --------
  1.33   0.3620    0.0000    0.0290    0.0000    0.0290 --------
  1.42   0.3910    0.0000    0.0290    0.0000    0.0290 --------
  1.50   0.4200    0.0001    0.0290    0.0001    0.0289 --------
  1.58   0.4650    0.0015    0.0450    0.0014    0.0436 --------
  1.67   0.5100    0.0047    0.0450    0.0032    0.0418 --------
  1.75   0.5550    0.0096    0.0450    0.0049    0.0401 --------
  1.83   0.6000    0.0162    0.0450    0.0066    0.0384 --------
  1.92   0.6450    0.0243    0.0450    0.0081    0.0369 --------
  2.00   0.6900    0.0338    0.0450    0.0095    0.0355 --------
  2.08   0.8750    0.0862    0.1850    0.0524    0.1326 --------
  2.17   1.0600    0.1567    0.1850    0.0706    0.1144 --------
  2.25   1.2450    0.2420    0.1850    0.0853    0.0997 --------
  2.33   1.4300    0.3393    0.1850    0.0973    0.0877 --------
  2.42   1.6150    0.4466    0.1850    0.1073    0.0777 --------
  2.50   1.8000    0.5622    0.1850    0.1156    0.0694 --------
  2.58   1.8500    0.5947    0.0500    0.0325    0.0175 --------
  2.67   1.9000    0.6277    0.0500    0.0330    0.0170 --------
  2.75   1.9500    0.6612    0.0500    0.0335    0.0165 --------
  2.83   2.0000    0.6951    0.0500    0.0339    0.0161 --------
  2.92   2.0500    0.7295    0.0500    0.0344    0.0156 --------
  3.00   2.1000    0.7643    0.0500    0.0348    0.0152 --------
  3.08   2.1405    0.7928    0.0405    0.0285    0.0120 --------
  3.17   2.1810    0.8215    0.0405    0.0287    0.0118 --------
  3.25   2.2215    0.8505    0.0405    0.0290    0.0115 --------
  3.33   2.2620    0.8797    0.0405    0.0292    0.0113 --------
  3.42   2.3025    0.9091    0.0405    0.0294    0.0111 --------
  3.50   2.3430    0.9388    0.0405    0.0297    0.0108 --------
  3.58   2.3700    0.9587    0.0270    0.0199    0.0071 --------
  3.67   2.3970    0.9787    0.0270    0.0200    0.0070 --------
  3.75   2.4240    0.9988    0.0270    0.0201    0.0069 --------
  3.83   2.4510    1.0190    0.0270    0.0202    0.0068 --------
  3.92   2.4780    1.0392    0.0270    0.0203    0.0067 --------
  4.00   2.5050    1.0596    0.0270    0.0204    0.0066 --------
  4.08   2.5275    1.0766    0.0225    0.0170    0.0055 --------
  4.17   2.5500    1.0937    0.0225    0.0171    0.0054 --------
  4.25   2.5725    1.1109    0.0225    0.0171    0.0054 --------
  4.33   2.5950    1.1281    0.0225    0.0172    0.0053 --------
  4.42   2.6175    1.1453    0.0225    0.0173    0.0052 --------
  4.50   2.6400    1.1627    0.0225    0.0173    0.0052 --------
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  4.58   2.6615    1.1793    0.0215    0.0166    0.0049 --------
  4.67   2.6830    1.1959    0.0215    0.0166    0.0049 --------
  4.75   2.7045    1.2126    0.0215    0.0167    0.0048 --------
  4.83   2.7260    1.2293    0.0215    0.0167    0.0048 --------
  4.92   2.7475    1.2461    0.0215    0.0168    0.0047 --------
  5.00   2.7690    1.2630    0.0215    0.0168    0.0047 --------
  5.08   2.7875    1.2775    0.0185    0.0145    0.0040 --------
  5.17   2.8060    1.2920    0.0185    0.0146    0.0039 --------
  5.25   2.8245    1.3066    0.0185    0.0146    0.0039 --------
  5.33   2.8430    1.3212    0.0185    0.0146    0.0039 --------
  5.42   2.8615    1.3359    0.0185    0.0147    0.0038 --------
  5.50   2.8800    1.3506    0.0185    0.0147    0.0038 --------
  5.58   2.9000    1.3665    0.0200    0.0159    0.0041 --------
  5.67   2.9200    1.3824    0.0200    0.0159    0.0041 --------
  5.75   2.9400    1.3984    0.0200    0.0160    0.0040 --------
  5.83   2.9600    1.4144    0.0200    0.0160    0.0040 --------
  5.92   2.9800    1.4305    0.0200    0.0160    0.0040 --------
  6.00   3.0000    1.4466    0.0200    0.0161    0.0039 --------
--------------------------------------------------------------------
--------------------------------------------------------------------
Total soil rain loss =      1.55(In)
Total effective runoff =      1.45(In)
---------------------------------------------------------------------
Peak flow rate this hydrograph =        1561.68(CFS)
Total runoff volume this hydrograph =       11847327.4(Ft3)
---------------------------------------------------------------------
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
                    6 - H O U R    S T O R M
               R u n o f f      H y d r o g r a p h
--------------------------------------------------------------------
            Hydrograph in   5   Minute intervals ((CFS))

--------------------------------------------------------------------
  Time(h+m) Volume Ac.Ft   Q(CFS)  0      400.0     800.0    1200.0    1600.0
  -----------------------------------------------------------------------
    0+ 5       0.0000      0.00  Q         |         |         |         | 
    0+10       0.0000      0.00  Q         |         |         |         | 
    0+15       0.0000      0.00  Q         |         |         |         | 
    0+20       0.0000      0.00  Q         |         |         |         | 
    0+25       0.0000      0.00  Q         |         |         |         | 
    0+30       0.0000      0.00  Q         |         |         |         | 
    0+35       0.0000      0.00  Q         |         |         |         | 
    0+40       0.0000      0.00  Q         |         |         |         | 
    0+45       0.0000      0.00  Q         |         |         |         | 
    0+50       0.0000      0.00  Q         |         |         |         | 
    0+55       0.0000      0.00  Q         |         |         |         | 
    1+ 0       0.0000      0.00  Q         |         |         |         | 
    1+ 5       0.0000      0.00  Q         |         |         |         | 
    1+10       0.0000      0.00  Q         |         |         |         | 
    1+15       0.0000      0.00  Q         |         |         |         | 
    1+20       0.0000      0.00  Q         |         |         |         | 
    1+25       0.0000      0.00  Q         |         |         |         | 
    1+30       0.0000      0.00  Q         |         |         |         | 
    1+35       0.0005      0.07  Q         |         |         |         | 
    1+40       0.0028      0.33  Q         |         |         |         | 
    1+45       0.0094      0.97  Q         |         |         |         | 
    1+50       0.0251      2.27  Q         |         |         |         | 
    1+55       0.0578      4.75  Q         |         |         |         | 
    2+ 0       0.1239      9.60  Q         |         |         |         | 
    2+ 5       0.2636     20.28  Q         |         |         |         | 
    2+10       0.5337     39.23  Q         |         |         |         | 
    2+15       1.0220     70.90  VQ        |         |         |         | 
    2+20       1.8267    116.83  V Q       |         |         |         | 
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    2+25       3.1017    185.13  V   Q     |         |         |         | 
    2+30       5.1615    299.10  V      Q  |         |         |         | 
    2+35       8.3660    465.28  |V        |Q        |         |         | 
    2+40      13.0999    687.37  |V        |      Q  |         |         | 
    2+45      19.5562    937.45  | V       |         |  Q      |         | 
    2+50      27.7523   1190.07  |   V     |         |        Q|         | 
    2+55      37.4430   1407.08  |    V    |         |         |    Q    | 
    3+ 0      47.9961   1532.32  |      V  |         |         |       Q | 
    3+ 5      58.7515   1561.68  |       V |         |         |        Q| 
    3+10      69.0923   1501.48  |         V         |         |      Q  | 
    3+15      78.7337   1399.93  |         |V        |         |   Q     | 
    3+20      87.6911   1300.62  |         | V       |         | Q       | 
    3+25      96.1373   1226.39  |         |   V     |         Q         | 
    3+30     104.2226   1173.99  |         |    V    |        Q|         | 
    3+35     111.9840   1126.95  |         |     V   |       Q |         | 
    3+40     119.3960   1076.23  |         |      V  |     Q   |         | 
    3+45     126.5260   1035.27  |         |       V |    Q    |         | 
    3+50     133.4025    998.47  |         |        V|   Q     |         | 
    3+55     140.0401    963.78  |         |         V   Q     |         | 
    4+ 0     146.4322    928.13  |         |         |V Q      |         | 
    4+ 5     152.5290    885.26  |         |         | Q       |         | 
    4+10     158.3024    838.31  |         |         Q  V      |         | 
    4+15     163.7539    791.55  |         |        Q|   V     |         | 
    4+20     168.9101    748.69  |         |       Q |   V     |         | 
    4+25     173.8242    713.53  |         |      Q  |    V    |         | 
    4+30     178.5094    680.28  |         |      Q  |     V   |         | 
    4+35     182.9723    648.01  |         |     Q   |     V   |         | 
    4+40     187.2149    616.03  |         |    Q    |      V  |         | 
    4+45     191.2600    587.34  |         |   Q     |       V |         | 
    4+50     195.1312    562.10  |         |   Q     |       V |         | 
    4+55     198.8582    541.16  |         |  Q      |        V|         | 
    5+ 0     202.4814    526.09  |         |  Q      |        V|         | 
    5+ 5     206.0187    513.62  |         | Q       |         V         | 
    5+10     209.4844    503.21  |         | Q       |         V         | 
    5+15     212.8858    493.89  |         | Q       |         |V        | 
    5+20     216.2295    485.51  |         | Q       |         |V        | 
    5+25     219.5211    477.93  |         |Q        |         | V       | 
    5+30     222.7567    469.81  |         |Q        |         | V       | 
    5+35     225.9301    460.78  |         |Q        |         |  V      | 
    5+40     229.0360    450.97  |         |Q        |         |  V      | 
    5+45     232.0782    441.73  |         |Q        |         |   V     | 
    5+50     235.0667    433.93  |         Q         |         |   V     | 
    5+55     238.0168    428.37  |         Q         |         |    V    | 
    6+ 0     240.9481    425.62  |         Q         |         |    V    | 
    6+ 5     243.8690    424.11  |         Q         |         |    V    | 
    6+10     246.7835    423.19  |         Q         |         |     V   | 
    6+15     249.6817    420.82  |         Q         |         |     V   | 
    6+20     252.5473    416.09  |         Q         |         |      V  | 
    6+25     255.3417    405.75  |         Q         |         |      V  | 
    6+30     257.9736    382.15  |        Q|         |         |      V  | 
    6+35     260.3519    345.34  |       Q |         |         |       V | 
    6+40     262.3976    297.03  |      Q  |         |         |       V | 
    6+45     264.0986    246.99  |     Q   |         |         |       V | 
    6+50     265.4929    202.46  |    Q    |         |         |        V| 
    6+55     266.6437    167.09  |   Q     |         |         |        V| 
    7+ 0     267.6084    140.08  |  Q      |         |         |        V| 
    7+ 5     268.4188    117.66  | Q       |         |         |        V| 
    7+10     269.0930     97.90  | Q       |         |         |        V| 
    7+15     269.6593     82.22  | Q       |         |         |        V| 
    7+20     270.1327     68.73  |Q        |         |         |        V| 
    7+25     270.5258     57.09  |Q        |         |         |        V| 
    7+30     270.8524     47.41  |Q        |         |         |        V| 
    7+35     271.1193     38.76  Q         |         |         |        V| 
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    7+40     271.3368     31.57  Q         |         |         |        V| 
    7+45     271.5108     25.28  Q         |         |         |        V| 
    7+50     271.6470     19.77  Q         |         |         |        V| 
    7+55     271.7530     15.39  Q         |         |         |        V| 
    8+ 0     271.8324     11.53  Q         |         |         |        V| 
    8+ 5     271.8900      8.37  Q         |         |         |        V| 
    8+10     271.9300      5.81  Q         |         |         |        V| 
    8+15     271.9559      3.75  Q         |         |         |        V| 
    8+20     271.9702      2.08  Q         |         |         |        V| 
    8+25     271.9756      0.79  Q         |         |         |        V| 
    8+30     271.9772      0.23  Q         |         |         |         V 
-----------------------------------------------------------------------
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U N I T  H Y D R O G R A P H  A N A L Y S I S 

Copyright (c) CIVILCADD/CIVILDESIGN, 1990 - 2004, Version 7.0

Study date  09/08/10  File: mccain2100yr24hr.out

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

Program License Serial Number 4055

---------------------------------------------------------------------
Tule Wind Project
McCain Valley Crossing 2
Proposed Conditions 100 Yr 24 Hr
Aug 18, 2010
---------------------------------------------------------------------
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

Storm Event Year = 100

Antecedent Moisture Condition = 2

 English (in-lb) Input Units Used

 English Rainfall Data (Inches) Input Values Used

Area averaged rainfall isohyetal data:
Sub-Area(Ac.)       Rainfall (In)
  2256.19             5.07

Rainfall Distribution pattern used in study:
Type B for San Diego area of California
--------------------------------------------------------------------
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

********* Area-Averaged SCS Curve Number and Fm *********

Area       Area          SCS CN    SCS CN    Fm      Soil
(Ac.)      fract         (AMC2)    (AMC2)   (In/Hr)  Group
  2256.19   1.000         83.0      83.0     0.050    C

Area-averaged catchment SCS Curve Number AMC(2) = 83.000
Area-averaged Fm value using values listed =  0.050(In/Hr)
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Direct entry of lag time by user
Watershed area =    2256.19(Ac.)
Catchment Lag time =   0.770 hours
Unit interval =   5.000 minutes
Unit interval percentage of lag time = 10.8225
Hydrograph baseflow =     0.00(CFS)
Minimum watershed loss rate(Fm) =  0.000(In/Hr)
Average adjusted SCS Curve Number = 83.000

Rainfall depth area reduction factors:
Using a total area of    2256.19(Ac.) (Ref: SCS Sup A, Sec.4)

Pacific Coastal Climate ratio used
Areal factor ratio (rainfall reduction) = 1.000
Rainfall entered for study =    5.070(In)
Adjusted rainfall =    5.070(In)
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+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

   The following unit hydrograph was developed using an S-Graph
   interpolated by time percentage of lag time vs. percentage of peak flow.
   The S-Graphs for Valley, Foothill, and Mountain were developed by the
   U.S. Army Corps of Engineers for use in the respective type of
   basins located in Southern California. (Hydrology San Gabrial River ...
   U.S. Engineer Office, Dec 1944, revised Jul 1946) The Desert S-Graph is
   from Report ... on ... Tahquitz Creek, California, same U.S. offfice,
   Corps of Engineers, June 1963.  The Valley Developed S-Graph is used
   by Orange and San Bernardino counties in California to represent the
   characteristics of valley areas with a large amount of development.
   Because of the wide variety in topography in Southern California, these
   synthetic unit hydrographs were included for use as options in any
   geographic location.

   The SCS(Soil Conservation Service Dimensionless S-Graph, SCS handbook,
   of 1972, applies to a broad cross section of geographic locations and
   hydrologic regions.

   The User Defined hydrograph converts the user Q/Qp
   vs. T/Tp values into an S-Graph based on lag = Tp/0.9.  Then, for the
   lag time used, the S-Graph in interpolated in time % of lag.

   The following S-Graph or S-Graph combination is used in this study:

SAN DIEGO CO. HYDROGRAPH

San Deigo Co. Unit Hydrograph Data (III-A-2):
using a constant T/Tp step interval =   0.200

     t/tp          q/qp            Sum q/qp

      0.000          0.000          0.000
      0.200          0.030          0.000
      0.400          0.090          0.030
      0.600          0.230          0.120
      0.800          0.700          0.350
      1.000          1.000          1.050
      1.200          0.850          2.050
      1.400          0.530          2.900
      1.600          0.410          3.430
      1.800          0.300          3.840
      2.000          0.230          4.140
      2.200          0.180          4.370
      2.400          0.140          4.550
      2.600          0.110          4.690
      2.800          0.080          4.800
      3.000          0.060          4.880
      3.200          0.040          4.940
      3.400          0.030          4.980
      3.600          0.010          5.010
      3.800          0.000          5.020

U N I T  H Y D R O G R A P H 
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Time Ratio   Time     Discharge          Q     Mass Curve
  (t/Lag)     (hrs)     Ratios         (CFS)     Ratios
                        (Q/Qp)                  (Qa/Q)
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(K =     27299.90 (CFS))

---------------------------------------------------------------------
  0.11         0.083       0.016        49.046     0.002
  0.22         0.167       0.035       109.219     0.006
  0.32         0.250       0.080       251.132     0.015
  0.43         0.333       0.126       398.128     0.030
  0.54         0.417       0.231       727.738     0.056
  0.65         0.500       0.487      1536.327     0.113
  0.76         0.583       0.744      2347.940     0.199
  0.87         0.667       0.970      3060.728     0.311
  0.97         0.750       1.000      3155.005     0.426
  1.08         0.833       0.889      2803.538     0.529
  1.19         0.917       0.708      2234.582     0.611
  1.30         1.000       0.541      1707.873     0.673
  1.41         1.083       0.451      1421.553     0.725
  1.52         1.167       0.397      1253.877     0.771
  1.62         1.250       0.316       997.605     0.808
  1.73         1.333       0.272       859.451     0.839
  1.84         1.417       0.235       740.970     0.866
  1.95         1.500       0.197       621.203     0.889
  2.06         1.583       0.176       556.068     0.910
  2.16         1.667       0.147       463.377     0.927
  2.27         1.750       0.128       404.721     0.941
  2.38         1.833       0.112       352.648     0.954
  2.49         1.917       0.089       280.530     0.965
  2.60         2.000       0.078       244.854     0.974
  2.71         2.083       0.063       198.748     0.981
  2.81         2.167       0.051       160.175     0.987
  2.92         2.250       0.041       128.318     0.991
  3.03         2.333       0.033       104.199     0.995
  3.14         2.417       0.026        80.877     0.998
  3.25         2.500       0.011        35.096     0.999
  3.35         2.583       0.005        14.372     1.000
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

   For each time interval of the 6 or 24 hour storm, the total rainfall
   up to that storm time is calculated.  Then the Soil Conservation Service
   SCS (report 1972, 1975) area averaged Curve Number (CN) is used to
   determine the amount of direct runoff in (In) using the following
   equations:

                 (P - Ia)^2
    Q   =     ---------------
                 P - Ia + S

       Where:
   Q = direct runoff, P = depth of precipitation, Ia = Initial Abstraction
   and S is the watershed storage in inches.  S and Ia are given by the
   following equations:

               1000
     S   =   ------------  - 10     and     Ia = 0.2 S
                CN

   Note:  If Metric (SI) Units are used, rainfall data is converted by
          the program internally into inches for these calculations.

   Note:  In the following printout, the revised runoff column is only
          used when the minimum soil loss rate, fm, exceeds the normal
          loss rate of delta P(dP) - delta Q(dQ) then the dP-dQ column
          equals fm =   0.000(In) (for time interval =   0.000(In)) and the
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          revised runoff is shown in the last column.

---------------------------------------------------------------------
Time     Total     Total SCS  Rainfall  Runoff   Infiltr-  Revised
Period   Rainfall  Runoff     Amount    Amount    ation    Runoff Min
(hours)   (In)      (In)       (In)      (In)      (In)    Loss Rate
           P        Q          dP        dQ       dP-dQ
-----------------------------------------------------------------------
  0.08   0.0076    0.0000    0.0076    0.0000    0.0076 --------
  0.17   0.0152    0.0000    0.0076    0.0000    0.0076 --------
  0.25   0.0228    0.0000    0.0076    0.0000    0.0076 --------
  0.33   0.0304    0.0000    0.0076    0.0000    0.0076 --------
  0.42   0.0380    0.0000    0.0076    0.0000    0.0076 --------
  0.50   0.0456    0.0000    0.0076    0.0000    0.0076 --------
  0.58   0.0515    0.0000    0.0059    0.0000    0.0059 --------
  0.67   0.0575    0.0000    0.0059    0.0000    0.0059 --------
  0.75   0.0634    0.0000    0.0059    0.0000    0.0059 --------
  0.83   0.0693    0.0000    0.0059    0.0000    0.0059 --------
  0.92   0.0752    0.0000    0.0059    0.0000    0.0059 --------
  1.00   0.0811    0.0000    0.0059    0.0000    0.0059 --------
  1.08   0.0887    0.0000    0.0076    0.0000    0.0076 --------
  1.17   0.0963    0.0000    0.0076    0.0000    0.0076 --------
  1.25   0.1039    0.0000    0.0076    0.0000    0.0076 --------
  1.33   0.1115    0.0000    0.0076    0.0000    0.0076 --------
  1.42   0.1191    0.0000    0.0076    0.0000    0.0076 --------
  1.50   0.1268    0.0000    0.0076    0.0000    0.0076 --------
  1.58   0.1344    0.0000    0.0076    0.0000    0.0076 --------
  1.67   0.1420    0.0000    0.0076    0.0000    0.0076 --------
  1.75   0.1496    0.0000    0.0076    0.0000    0.0076 --------
  1.83   0.1572    0.0000    0.0076    0.0000    0.0076 --------
  1.92   0.1648    0.0000    0.0076    0.0000    0.0076 --------
  2.00   0.1724    0.0000    0.0076    0.0000    0.0076 --------
  2.08   0.1817    0.0000    0.0093    0.0000    0.0093 --------
  2.17   0.1910    0.0000    0.0093    0.0000    0.0093 --------
  2.25   0.2003    0.0000    0.0093    0.0000    0.0093 --------
  2.33   0.2096    0.0000    0.0093    0.0000    0.0093 --------
  2.42   0.2189    0.0000    0.0093    0.0000    0.0093 --------
  2.50   0.2281    0.0000    0.0093    0.0000    0.0093 --------
  2.58   0.2358    0.0000    0.0076    0.0000    0.0076 --------
  2.67   0.2434    0.0000    0.0076    0.0000    0.0076 --------
  2.75   0.2510    0.0000    0.0076    0.0000    0.0076 --------
  2.83   0.2586    0.0000    0.0076    0.0000    0.0076 --------
  2.92   0.2662    0.0000    0.0076    0.0000    0.0076 --------
  3.00   0.2738    0.0000    0.0076    0.0000    0.0076 --------
  3.08   0.2831    0.0000    0.0093    0.0000    0.0093 --------
  3.17   0.2924    0.0000    0.0093    0.0000    0.0093 --------
  3.25   0.3017    0.0000    0.0093    0.0000    0.0093 --------
  3.33   0.3110    0.0000    0.0093    0.0000    0.0093 --------
  3.42   0.3203    0.0000    0.0093    0.0000    0.0093 --------
  3.50   0.3296    0.0000    0.0093    0.0000    0.0093 --------
  3.58   0.3397    0.0000    0.0101    0.0000    0.0101 --------
  3.67   0.3498    0.0000    0.0101    0.0000    0.0101 --------
  3.75   0.3600    0.0000    0.0101    0.0000    0.0101 --------
  3.83   0.3701    0.0000    0.0101    0.0000    0.0101 --------
  3.92   0.3803    0.0000    0.0101    0.0000    0.0101 --------
  4.00   0.3904    0.0000    0.0101    0.0000    0.0101 --------
  4.08   0.4014    0.0000    0.0110    0.0000    0.0110 --------
  4.17   0.4124    0.0000    0.0110    0.0000    0.0110 --------
  4.25   0.4233    0.0001    0.0110    0.0001    0.0109 --------
  4.33   0.4343    0.0003    0.0110    0.0002    0.0108 --------
  4.42   0.4453    0.0006    0.0110    0.0003    0.0107 --------
  4.50   0.4563    0.0010    0.0110    0.0004    0.0106 --------
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  4.58   0.4681    0.0016    0.0118    0.0006    0.0112 --------
  4.67   0.4800    0.0023    0.0118    0.0007    0.0111 --------
  4.75   0.4918    0.0032    0.0118    0.0008    0.0110 --------
  4.83   0.5036    0.0041    0.0118    0.0010    0.0109 --------
  4.92   0.5154    0.0052    0.0118    0.0011    0.0108 --------
  5.00   0.5273    0.0064    0.0118    0.0012    0.0106 --------
  5.08   0.5408    0.0079    0.0135    0.0015    0.0120 --------
  5.17   0.5543    0.0095    0.0135    0.0017    0.0119 --------
  5.25   0.5678    0.0113    0.0135    0.0018    0.0117 --------
  5.33   0.5814    0.0133    0.0135    0.0019    0.0116 --------
  5.42   0.5949    0.0154    0.0135    0.0021    0.0114 --------
  5.50   0.6084    0.0176    0.0135    0.0022    0.0113 --------
  5.58   0.6228    0.0201    0.0144    0.0025    0.0119 --------
  5.67   0.6371    0.0227    0.0144    0.0027    0.0117 --------
  5.75   0.6515    0.0255    0.0144    0.0028    0.0116 --------
  5.83   0.6659    0.0285    0.0144    0.0029    0.0114 --------
  5.92   0.6802    0.0316    0.0144    0.0031    0.0113 --------
  6.00   0.6946    0.0348    0.0144    0.0032    0.0111 --------
  6.08   0.7115    0.0388    0.0169    0.0040    0.0129 --------
  6.17   0.7284    0.0429    0.0169    0.0042    0.0127 --------
  6.25   0.7453    0.0473    0.0169    0.0043    0.0126 --------
  6.33   0.7622    0.0518    0.0169    0.0045    0.0124 --------
  6.42   0.7791    0.0565    0.0169    0.0047    0.0122 --------
  6.50   0.7960    0.0613    0.0169    0.0049    0.0120 --------
  6.58   0.8154    0.0671    0.0194    0.0058    0.0136 --------
  6.67   0.8349    0.0731    0.0194    0.0060    0.0134 --------
  6.75   0.8543    0.0793    0.0194    0.0062    0.0132 --------
  6.83   0.8737    0.0857    0.0194    0.0064    0.0130 --------
  6.92   0.8932    0.0923    0.0194    0.0066    0.0128 --------
  7.00   0.9126    0.0992    0.0194    0.0068    0.0126 --------
  7.08   0.9380    0.1083    0.0254    0.0092    0.0162 --------
  7.17   0.9633    0.1178    0.0253    0.0095    0.0159 --------
  7.25   0.9887    0.1276    0.0254    0.0098    0.0156 --------
  7.33   1.0140    0.1377    0.0253    0.0101    0.0153 --------
  7.42   1.0394    0.1481    0.0253    0.0104    0.0150 --------
  7.50   1.0647    0.1587    0.0253    0.0107    0.0147 --------
  7.58   1.1027    0.1752    0.0380    0.0165    0.0215 --------
  7.67   1.1408    0.1923    0.0380    0.0171    0.0209 --------
  7.75   1.1788    0.2100    0.0380    0.0177    0.0204 --------
  7.83   1.2168    0.2282    0.0380    0.0182    0.0198 --------
  7.92   1.2548    0.2469    0.0380    0.0187    0.0193 --------
  8.00   1.2929    0.2661    0.0380    0.0192    0.0188 --------
  8.08   1.3495    0.2956    0.0566    0.0295    0.0271 --------
  8.17   1.4061    0.3261    0.0566    0.0305    0.0261 --------
  8.25   1.4627    0.3576    0.0566    0.0315    0.0252 --------
  8.33   1.5193    0.3899    0.0566    0.0324    0.0243 --------
  8.42   1.5759    0.4232    0.0566    0.0332    0.0234 --------
  8.50   1.6325    0.4572    0.0566    0.0340    0.0226 --------
  8.58   1.7069    0.5030    0.0744    0.0459    0.0285 --------
  8.67   1.7813    0.5501    0.0744    0.0471    0.0273 --------
  8.75   1.8556    0.5984    0.0744    0.0483    0.0261 --------
  8.83   1.9300    0.6477    0.0744    0.0493    0.0250 --------
  8.92   2.0043    0.6981    0.0744    0.0504    0.0240 --------
  9.00   2.0787    0.7494    0.0744    0.0513    0.0230 --------
  9.08   2.1598    0.8064    0.0811    0.0570    0.0241 --------
  9.17   2.2409    0.8645    0.0811    0.0580    0.0231 --------
  9.25   2.3221    0.9234    0.0811    0.0590    0.0221 --------
  9.33   2.4032    0.9833    0.0811    0.0599    0.0213 --------
  9.42   2.4843    1.0440    0.0811    0.0607    0.0204 --------
  9.50   2.5654    1.1055    0.0811    0.0615    0.0196 --------
  9.58   2.6347    1.1586    0.0693    0.0531    0.0162 --------
  9.67   2.7040    1.2122    0.0693    0.0536    0.0157 --------
  9.75   2.7733    1.2663    0.0693    0.0541    0.0152 --------
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  9.83   2.8426    1.3209    0.0693    0.0546    0.0147 --------
  9.92   2.9119    1.3760    0.0693    0.0550    0.0143 --------
 10.00   2.9812    1.4314    0.0693    0.0555    0.0138 --------
 10.08   3.0158    1.4593    0.0346    0.0279    0.0068 --------
 10.17   3.0505    1.4873    0.0346    0.0280    0.0067 --------
 10.25   3.0851    1.5154    0.0346    0.0281    0.0066 --------
 10.33   3.1197    1.5435    0.0346    0.0282    0.0065 --------
 10.42   3.1544    1.5718    0.0346    0.0283    0.0064 --------
 10.50   3.1890    1.6002    0.0346    0.0284    0.0063 --------
 10.58   3.2118    1.6189    0.0228    0.0187    0.0041 --------
 10.67   3.2347    1.6377    0.0228    0.0188    0.0040 --------
 10.75   3.2575    1.6565    0.0228    0.0188    0.0040 --------
 10.83   3.2803    1.6753    0.0228    0.0188    0.0040 --------
 10.92   3.3031    1.6942    0.0228    0.0189    0.0039 --------
 11.00   3.3259    1.7131    0.0228    0.0189    0.0039 --------
 11.08   3.3454    1.7293    0.0194    0.0161    0.0033 --------
 11.17   3.3648    1.7454    0.0194    0.0162    0.0033 --------
 11.25   3.3842    1.7616    0.0194    0.0162    0.0032 --------
 11.33   3.4037    1.7778    0.0194    0.0162    0.0032 --------
 11.42   3.4231    1.7941    0.0194    0.0162    0.0032 --------
 11.50   3.4425    1.8103    0.0194    0.0163    0.0032 --------
 11.58   3.4603    1.8252    0.0177    0.0149    0.0029 --------
 11.67   3.4780    1.8401    0.0177    0.0149    0.0029 --------
 11.75   3.4958    1.8550    0.0177    0.0149    0.0028 --------
 11.83   3.5135    1.8699    0.0177    0.0149    0.0028 --------
 11.92   3.5313    1.8849    0.0177    0.0150    0.0028 --------
 12.00   3.5490    1.8999    0.0177    0.0150    0.0028 --------
 12.08   3.5659    1.9141    0.0169    0.0143    0.0026 --------
 12.17   3.5828    1.9284    0.0169    0.0143    0.0026 --------
 12.25   3.5997    1.9427    0.0169    0.0143    0.0026 --------
 12.33   3.6166    1.9571    0.0169    0.0143    0.0026 --------
 12.42   3.6335    1.9714    0.0169    0.0143    0.0026 --------
 12.50   3.6504    1.9857    0.0169    0.0144    0.0025 --------
 12.58   3.6665    1.9994    0.0161    0.0137    0.0024 --------
 12.67   3.6825    2.0131    0.0161    0.0137    0.0024 --------
 12.75   3.6986    2.0268    0.0161    0.0137    0.0024 --------
 12.83   3.7146    2.0405    0.0161    0.0137    0.0024 --------
 12.92   3.7307    2.0542    0.0161    0.0137    0.0023 --------
 13.00   3.7467    2.0679    0.0161    0.0137    0.0023 --------
 13.08   3.7611    2.0802    0.0144    0.0123    0.0021 --------
 13.17   3.7755    2.0925    0.0144    0.0123    0.0021 --------
 13.25   3.7898    2.1048    0.0144    0.0123    0.0021 --------
 13.33   3.8042    2.1171    0.0144    0.0123    0.0020 --------
 13.42   3.8186    2.1295    0.0144    0.0123    0.0020 --------
 13.50   3.8329    2.1418    0.0144    0.0123    0.0020 --------
 13.58   3.8464    2.1534    0.0135    0.0116    0.0019 --------
 13.67   3.8600    2.1651    0.0135    0.0116    0.0019 --------
 13.75   3.8735    2.1767    0.0135    0.0116    0.0019 --------
 13.83   3.8870    2.1884    0.0135    0.0117    0.0019 --------
 13.92   3.9005    2.2001    0.0135    0.0117    0.0019 --------
 14.00   3.9140    2.2117    0.0135    0.0117    0.0018 --------
 14.08   3.9293    2.2249    0.0152    0.0131    0.0021 --------
 14.17   3.9445    2.2380    0.0152    0.0132    0.0021 --------
 14.25   3.9597    2.2512    0.0152    0.0132    0.0020 --------
 14.33   3.9749    2.2644    0.0152    0.0132    0.0020 --------
 14.42   3.9901    2.2776    0.0152    0.0132    0.0020 --------
 14.50   4.0053    2.2908    0.0152    0.0132    0.0020 --------
 14.58   4.0138    2.2981    0.0085    0.0073    0.0011 --------
 14.67   4.0222    2.3055    0.0084    0.0073    0.0011 --------
 14.75   4.0307    2.3128    0.0084    0.0073    0.0011 --------
 14.83   4.0391    2.3201    0.0084    0.0073    0.0011 --------
 14.92   4.0476    2.3275    0.0084    0.0074    0.0011 --------
 15.00   4.0560    2.3349    0.0084    0.0074    0.0011 --------
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 15.08   4.0695    2.3466    0.0135    0.0118    0.0017 --------
 15.17   4.0830    2.3584    0.0135    0.0118    0.0017 --------
 15.25   4.0966    2.3702    0.0135    0.0118    0.0017 --------
 15.33   4.1101    2.3820    0.0135    0.0118    0.0017 --------
 15.42   4.1236    2.3938    0.0135    0.0118    0.0017 --------
 15.50   4.1371    2.4056    0.0135    0.0118    0.0017 --------
 15.58   4.1498    2.4167    0.0127    0.0111    0.0016 --------
 15.67   4.1625    2.4278    0.0127    0.0111    0.0016 --------
 15.75   4.1751    2.4389    0.0127    0.0111    0.0016 --------
 15.83   4.1878    2.4500    0.0127    0.0111    0.0016 --------
 15.92   4.2005    2.4611    0.0127    0.0111    0.0016 --------
 16.00   4.2132    2.4722    0.0127    0.0111    0.0016 --------
 16.08   4.2250    2.4826    0.0118    0.0104    0.0014 --------
 16.17   4.2368    2.4930    0.0118    0.0104    0.0014 --------
 16.25   4.2487    2.5034    0.0118    0.0104    0.0014 --------
 16.33   4.2605    2.5138    0.0118    0.0104    0.0014 --------
 16.42   4.2723    2.5242    0.0118    0.0104    0.0014 --------
 16.50   4.2842    2.5346    0.0118    0.0104    0.0014 --------
 16.58   4.2968    2.5458    0.0127    0.0112    0.0015 --------
 16.67   4.3095    2.5570    0.0127    0.0112    0.0015 --------
 16.75   4.3222    2.5681    0.0127    0.0112    0.0015 --------
 16.83   4.3349    2.5793    0.0127    0.0112    0.0015 --------
 16.92   4.3475    2.5905    0.0127    0.0112    0.0015 --------
 17.00   4.3602    2.6017    0.0127    0.0112    0.0015 --------
 17.08   4.3703    2.6107    0.0101    0.0090    0.0012 --------
 17.17   4.3805    2.6196    0.0101    0.0090    0.0012 --------
 17.25   4.3906    2.6286    0.0101    0.0090    0.0012 --------
 17.33   4.4008    2.6376    0.0101    0.0090    0.0012 --------
 17.42   4.4109    2.6465    0.0101    0.0090    0.0012 --------
 17.50   4.4210    2.6555    0.0101    0.0090    0.0012 --------
 17.58   4.4320    2.6652    0.0110    0.0097    0.0013 --------
 17.67   4.4430    2.6750    0.0110    0.0097    0.0012 --------
 17.75   4.4540    2.6847    0.0110    0.0097    0.0012 --------
 17.83   4.4650    2.6945    0.0110    0.0097    0.0012 --------
 17.92   4.4760    2.7042    0.0110    0.0098    0.0012 --------
 18.00   4.4870    2.7140    0.0110    0.0098    0.0012 --------
 18.08   4.4954    2.7215    0.0084    0.0075    0.0009 --------
 18.17   4.5038    2.7290    0.0084    0.0075    0.0009 --------
 18.25   4.5123    2.7365    0.0085    0.0075    0.0009 --------
 18.33   4.5208    2.7440    0.0084    0.0075    0.0009 --------
 18.42   4.5292    2.7515    0.0084    0.0075    0.0009 --------
 18.50   4.5377    2.7591    0.0084    0.0075    0.0009 --------
 18.58   4.5461    2.7666    0.0085    0.0075    0.0009 --------
 18.67   4.5545    2.7741    0.0084    0.0075    0.0009 --------
 18.75   4.5630    2.7816    0.0085    0.0075    0.0009 --------
 18.83   4.5715    2.7892    0.0084    0.0075    0.0009 --------
 18.92   4.5799    2.7967    0.0084    0.0075    0.0009 --------
 19.00   4.5884    2.8042    0.0084    0.0075    0.0009 --------
 19.08   4.5960    2.8110    0.0076    0.0068    0.0008 --------
 19.17   4.6036    2.8178    0.0076    0.0068    0.0008 --------
 19.25   4.6112    2.8246    0.0076    0.0068    0.0008 --------
 19.33   4.6188    2.8314    0.0076    0.0068    0.0008 --------
 19.42   4.6264    2.8382    0.0076    0.0068    0.0008 --------
 19.50   4.6340    2.8450    0.0076    0.0068    0.0008 --------
 19.58   4.6424    2.8525    0.0085    0.0076    0.0009 --------
 19.67   4.6509    2.8601    0.0084    0.0076    0.0009 --------
 19.75   4.6593    2.8676    0.0085    0.0076    0.0009 --------
 19.83   4.6678    2.8752    0.0084    0.0076    0.0009 --------
 19.92   4.6762    2.8827    0.0084    0.0076    0.0009 --------
 20.00   4.6847    2.8903    0.0084    0.0076    0.0009 --------
 20.08   4.6940    2.8986    0.0093    0.0083    0.0010 --------
 20.17   4.7033    2.9069    0.0093    0.0083    0.0010 --------
 20.25   4.7126    2.9153    0.0093    0.0083    0.0010 --------
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 20.33   4.7219    2.9236    0.0093    0.0083    0.0010 --------
 20.42   4.7312    2.9319    0.0093    0.0083    0.0010 --------
 20.50   4.7405    2.9403    0.0093    0.0083    0.0010 --------
 20.58   4.7489    2.9478    0.0084    0.0076    0.0009 --------
 20.67   4.7574    2.9554    0.0084    0.0076    0.0009 --------
 20.75   4.7658    2.9630    0.0084    0.0076    0.0009 --------
 20.83   4.7743    2.9706    0.0085    0.0076    0.0009 --------
 20.92   4.7827    2.9782    0.0084    0.0076    0.0009 --------
 21.00   4.7912    2.9858    0.0084    0.0076    0.0009 --------
 21.08   4.7988    2.9926    0.0076    0.0068    0.0008 --------
 21.17   4.8064    2.9994    0.0076    0.0068    0.0008 --------
 21.25   4.8140    3.0063    0.0076    0.0068    0.0008 --------
 21.33   4.8216    3.0131    0.0076    0.0068    0.0008 --------
 21.42   4.8292    3.0200    0.0076    0.0068    0.0008 --------
 21.50   4.8368    3.0268    0.0076    0.0068    0.0008 --------
 21.58   4.8444    3.0337    0.0076    0.0068    0.0008 --------
 21.67   4.8520    3.0405    0.0076    0.0068    0.0008 --------
 21.75   4.8596    3.0473    0.0076    0.0068    0.0008 --------
 21.83   4.8672    3.0542    0.0076    0.0069    0.0008 --------
 21.92   4.8748    3.0610    0.0076    0.0069    0.0008 --------
 22.00   4.8824    3.0679    0.0076    0.0069    0.0008 --------
 22.08   4.8900    3.0748    0.0076    0.0069    0.0007 --------
 22.17   4.8976    3.0816    0.0076    0.0069    0.0007 --------
 22.25   4.9052    3.0885    0.0076    0.0069    0.0007 --------
 22.33   4.9128    3.0953    0.0076    0.0069    0.0007 --------
 22.42   4.9204    3.1022    0.0076    0.0069    0.0007 --------
 22.50   4.9280    3.1091    0.0076    0.0069    0.0007 --------
 22.58   4.9356    3.1159    0.0076    0.0069    0.0007 --------
 22.67   4.9432    3.1228    0.0076    0.0069    0.0007 --------
 22.75   4.9509    3.1297    0.0076    0.0069    0.0007 --------
 22.83   4.9585    3.1365    0.0076    0.0069    0.0007 --------
 22.92   4.9661    3.1434    0.0076    0.0069    0.0007 --------
 23.00   4.9737    3.1503    0.0076    0.0069    0.0007 --------
 23.08   4.9821    3.1579    0.0084    0.0076    0.0008 --------
 23.17   4.9906    3.1656    0.0084    0.0076    0.0008 --------
 23.25   4.9990    3.1732    0.0084    0.0076    0.0008 --------
 23.33   5.0075    3.1809    0.0085    0.0076    0.0008 --------
 23.42   5.0159    3.1885    0.0084    0.0076    0.0008 --------
 23.50   5.0244    3.1962    0.0084    0.0077    0.0008 --------
 23.58   5.0320    3.2030    0.0076    0.0069    0.0007 --------
 23.67   5.0396    3.2099    0.0076    0.0069    0.0007 --------
 23.75   5.0472    3.2168    0.0076    0.0069    0.0007 --------
 23.83   5.0548    3.2237    0.0076    0.0069    0.0007 --------
 23.92   5.0624    3.2306    0.0076    0.0069    0.0007 --------
 24.00   5.0700    3.2375    0.0076    0.0069    0.0007 --------
--------------------------------------------------------------------
--------------------------------------------------------------------
Total soil rain loss =      1.83(In)
Total effective runoff =      3.24(In)
---------------------------------------------------------------------
Peak flow rate this hydrograph =        1472.48(CFS)
Total runoff volume this hydrograph =       26515056.7(Ft3)
---------------------------------------------------------------------
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
                    24 - H O U R    S T O R M
               R u n o f f      H y d r o g r a p h
--------------------------------------------------------------------
            Hydrograph in   5   Minute intervals ((CFS))

--------------------------------------------------------------------
  Time(h+m) Volume Ac.Ft   Q(CFS)  0      375.0     750.0    1125.0    1500.0
  -----------------------------------------------------------------------
    0+ 5       0.0000      0.00  Q         |         |         |         | 
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    0+10       0.0000      0.00  Q         |         |         |         | 
    0+15       0.0000      0.00  Q         |         |         |         | 
    0+20       0.0000      0.00  Q         |         |         |         | 
    0+25       0.0000      0.00  Q         |         |         |         | 
    0+30       0.0000      0.00  Q         |         |         |         | 
    0+35       0.0000      0.00  Q         |         |         |         | 
    0+40       0.0000      0.00  Q         |         |         |         | 
    0+45       0.0000      0.00  Q         |         |         |         | 
    0+50       0.0000      0.00  Q         |         |         |         | 
    0+55       0.0000      0.00  Q         |         |         |         | 
    1+ 0       0.0000      0.00  Q         |         |         |         | 
    1+ 5       0.0000      0.00  Q         |         |         |         | 
    1+10       0.0000      0.00  Q         |         |         |         | 
    1+15       0.0000      0.00  Q         |         |         |         | 
    1+20       0.0000      0.00  Q         |         |         |         | 
    1+25       0.0000      0.00  Q         |         |         |         | 
    1+30       0.0000      0.00  Q         |         |         |         | 
    1+35       0.0000      0.00  Q         |         |         |         | 
    1+40       0.0000      0.00  Q         |         |         |         | 
    1+45       0.0000      0.00  Q         |         |         |         | 
    1+50       0.0000      0.00  Q         |         |         |         | 
    1+55       0.0000      0.00  Q         |         |         |         | 
    2+ 0       0.0000      0.00  Q         |         |         |         | 
    2+ 5       0.0000      0.00  Q         |         |         |         | 
    2+10       0.0000      0.00  Q         |         |         |         | 
    2+15       0.0000      0.00  Q         |         |         |         | 
    2+20       0.0000      0.00  Q         |         |         |         | 
    2+25       0.0000      0.00  Q         |         |         |         | 
    2+30       0.0000      0.00  Q         |         |         |         | 
    2+35       0.0000      0.00  Q         |         |         |         | 
    2+40       0.0000      0.00  Q         |         |         |         | 
    2+45       0.0000      0.00  Q         |         |         |         | 
    2+50       0.0000      0.00  Q         |         |         |         | 
    2+55       0.0000      0.00  Q         |         |         |         | 
    3+ 0       0.0000      0.00  Q         |         |         |         | 
    3+ 5       0.0000      0.00  Q         |         |         |         | 
    3+10       0.0000      0.00  Q         |         |         |         | 
    3+15       0.0000      0.00  Q         |         |         |         | 
    3+20       0.0000      0.00  Q         |         |         |         | 
    3+25       0.0000      0.00  Q         |         |         |         | 
    3+30       0.0000      0.00  Q         |         |         |         | 
    3+35       0.0000      0.00  Q         |         |         |         | 
    3+40       0.0000      0.00  Q         |         |         |         | 
    3+45       0.0000      0.00  Q         |         |         |         | 
    3+50       0.0000      0.00  Q         |         |         |         | 
    3+55       0.0000      0.00  Q         |         |         |         | 
    4+ 0       0.0000      0.00  Q         |         |         |         | 
    4+ 5       0.0000      0.00  Q         |         |         |         | 
    4+10       0.0000      0.00  Q         |         |         |         | 
    4+15       0.0000      0.00  Q         |         |         |         | 
    4+20       0.0002      0.02  Q         |         |         |         | 
    4+25       0.0006      0.06  Q         |         |         |         | 
    4+30       0.0016      0.14  Q         |         |         |         | 
    4+35       0.0037      0.31  Q         |         |         |         | 
    4+40       0.0080      0.62  Q         |         |         |         | 
    4+45       0.0162      1.19  Q         |         |         |         | 
    4+50       0.0307      2.10  Q         |         |         |         | 
    4+55       0.0540      3.38  Q         |         |         |         | 
    5+ 0       0.0887      5.03  Q         |         |         |         | 
    5+ 5       0.1369      7.01  Q         |         |         |         | 
    5+10       0.2006      9.25  Q         |         |         |         | 
    5+15       0.2814     11.73  Q         |         |         |         | 
    5+20       0.3806     14.40  Q         |         |         |         | 
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    5+25       0.4994     17.25  Q         |         |         |         | 
    5+30       0.6396     20.36  Q         |         |         |         | 
    5+35       0.8033     23.76  Q         |         |         |         | 
    5+40       0.9921     27.43  Q         |         |         |         | 
    5+45       1.2075     31.27  Q         |         |         |         | 
    5+50       1.4499     35.19  Q         |         |         |         | 
    5+55       1.7196     39.16  VQ        |         |         |         | 
    6+ 0       2.0173     43.23  VQ        |         |         |         | 
    6+ 5       2.3441     47.46  VQ        |         |         |         | 
    6+10       2.7013     51.86  VQ        |         |         |         | 
    6+15       3.0896     56.38  VQ        |         |         |         | 
    6+20       3.5095     60.97  VQ        |         |         |         | 
    6+25       3.9620     65.70  VQ        |         |         |         | 
    6+30       4.4501     70.87  VQ        |         |         |         | 
    6+35       4.9775     76.58  V Q       |         |         |         | 
    6+40       5.5479     82.82  V Q       |         |         |         | 
    6+45       6.1629     89.30  V Q       |         |         |         | 
    6+50       6.8226     95.78  V Q       |         |         |         | 
    6+55       7.5267    102.25  V Q       |         |         |         | 
    7+ 0       8.2779    109.07  V Q       |         |         |         | 
    7+ 5       9.0804    116.52  V  Q      |         |         |         | 
    7+10       9.9389    124.65  V  Q      |         |         |         | 
    7+15      10.8558    133.14  V  Q      |         |         |         | 
    7+20      11.8320    141.74  V  Q      |         |         |         | 
    7+25      12.8697    150.67  V   Q     |         |         |         | 
    7+30      13.9786    161.01  V   Q     |         |         |         | 
    7+35      15.1722    173.31  V   Q     |         |         |         | 
    7+40      16.4641    187.59  |V   Q    |         |         |         | 
    7+45      17.8623    203.02  |V   Q    |         |         |         | 
    7+50      19.3689    218.76  |V   Q    |         |         |         | 
    7+55      20.9898    235.35  |V    Q   |         |         |         | 
    8+ 0      22.7500    255.57  |V    Q   |         |         |         | 
    8+ 5      24.6828    280.65  |V     Q  |         |         |         | 
    8+10      26.8218    310.59  |V      Q |         |         |         | 
    8+15      29.1827    342.80  |V       Q|         |         |         | 
    8+20      31.7663    375.13  | V       Q         |         |         | 
    8+25      34.5768    408.08  | V       Q         |         |         | 
    8+30      37.6520    446.52  | V       |Q        |         |         | 
    8+35      41.0452    492.69  | V       |  Q      |         |         | 
    8+40      44.8100    546.64  | V       |   Q     |         |         | 
    8+45      48.9635    603.09  |  V      |     Q   |         |         | 
    8+50      53.4973    658.31  |  V      |      Q  |         |         | 
    8+55      58.4007    711.99  |  V      |       Q |         |         | 
    9+ 0      63.7011    769.61  |   V     |         Q         |         | 
    9+ 5      69.4457    834.12  |   V     |         | Q       |         | 
    9+10      75.6831    905.67  |   V     |         |   Q     |         | 
    9+15      82.4138    977.30  |    V    |         |     Q   |         | 
    9+20      89.6116   1045.12  |    V    |         |      Q  |         | 
    9+25      97.2379   1107.35  |     V   |         |        Q|         | 
    9+30     105.2716   1166.49  |     V   |         |         |Q        | 
    9+35     113.7085   1225.04  |      V  |         |         | Q       | 
    9+40     122.5476   1283.44  |       V |         |         |   Q     | 
    9+45     131.7580   1337.34  |       V |         |         |    Q    | 
    9+50     141.3019   1385.78  |        V|         |         |     Q   | 
    9+55     151.1223   1425.92  |        V|         |         |       Q | 
   10+ 0     161.1331   1453.57  |         V         |         |       Q | 
   10+ 5     171.2490   1468.83  |         |V        |         |        Q| 
   10+10     181.3900   1472.48  |         |V        |         |        Q| 
   10+15     191.4987   1467.78  |         | V       |         |        Q| 
   10+20     201.5492   1459.33  |         |  V      |         |       Q | 
   10+25     211.4937   1443.94  |         |  V      |         |       Q | 
   10+30     221.1908   1408.02  |         |   V     |         |      Q  | 
   10+35     230.4821   1349.10  |         |    V    |         |    Q    | 
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   10+40     239.2192   1268.63  |         |    V    |         |  Q      | 
   10+45     247.3746   1184.17  |         |     V   |         |Q        | 
   10+50     255.0005   1107.28  |         |     V   |        Q|         | 
   10+55     262.1781   1042.19  |         |      V  |      Q  |         | 
   11+ 0     268.9496    983.22  |         |      V  |     Q   |         | 
   11+ 5     275.3090    923.38  |         |       V |   Q     |         | 
   11+10     281.2369    860.74  |         |       V | Q       |         | 
   11+15     286.7706    803.49  |         |       V |Q        |         | 
   11+20     291.9548    752.75  |         |        VQ         |         | 
   11+25     296.8436    709.86  |         |       QV|         |         | 
   11+30     301.4770    672.76  |         |      Q V|         |         | 
   11+35     305.8695    637.79  |         |      Q  V         |         | 
   11+40     310.0351    604.85  |         |     Q   V         |         | 
   11+45     313.9988    575.53  |         |    Q    V         |         | 
   11+50     317.7848    549.72  |         |   Q     V         |         | 
   11+55     321.4224    528.18  |         |   Q     |V        |         | 
   12+ 0     324.9303    509.35  |         |  Q      |V        |         | 
   12+ 5     328.3194    492.09  |         |  Q      |V        |         | 
   12+10     331.5991    476.22  |         | Q       |V        |         | 
   12+15     334.7822    462.18  |         | Q       |V        |         | 
   12+20     337.8814    450.01  |         | Q       | V       |         | 
   12+25     340.9118    440.01  |         |Q        | V       |         | 
   12+30     343.8876    432.08  |         |Q        | V       |         | 
   12+35     346.8154    425.11  |         |Q        | V       |         | 
   12+40     349.6998    418.82  |         |Q        | V       |         | 
   12+45     352.5454    413.17  |         |Q        |  V      |         | 
   12+50     355.3568    408.22  |         Q         |  V      |         | 
   12+55     358.1392    404.01  |         Q         |  V      |         | 
   13+ 0     360.8960    400.29  |         Q         |  V      |         | 
   13+ 5     363.6269    396.52  |         Q         |  V      |         | 
   13+10     366.3310    392.64  |         Q         |   V     |         | 
   13+15     369.0089    388.83  |         Q         |   V     |         | 
   13+20     371.6623    385.28  |         Q         |   V     |         | 
   13+25     374.2925    381.90  |         Q         |   V     |         | 
   13+30     376.8957    377.98  |         Q         |   V     |         | 
   13+35     379.4660    373.22  |        Q|         |   V     |         | 
   13+40     381.9980    367.65  |        Q|         |    V    |         | 
   13+45     384.4917    362.09  |        Q|         |    V    |         | 
   13+50     386.9510    357.09  |        Q|         |    V    |         | 
   13+55     389.3810    352.83  |        Q|         |    V    |         | 
   14+ 0     391.7840    348.91  |        Q|         |    V    |         | 
   14+ 5     394.1599    344.98  |        Q|         |    V    |         | 
   14+10     396.5082    340.97  |        Q|         |     V   |         | 
   14+15     398.8328    337.53  |        Q|         |     V   |         | 
   14+20     401.1386    334.80  |       Q |         |     V   |         | 
   14+25     403.4333    333.19  |       Q |         |     V   |         | 
   14+30     405.7293    333.38  |       Q |         |     V   |         | 
   14+35     408.0352    334.81  |       Q |         |     V   |         | 
   14+40     410.3577    337.23  |       Q |         |     V   |         | 
   14+45     412.6941    339.24  |        Q|         |      V  |         | 
   14+50     415.0362    340.07  |        Q|         |      V  |         | 
   14+55     417.3664    338.34  |        Q|         |      V  |         | 
   15+ 0     419.6478    331.26  |       Q |         |      V  |         | 
   15+ 5     421.8471    319.33  |       Q |         |      V  |         | 
   15+10     423.9363    303.35  |       Q |         |      V  |         | 
   15+15     425.9138    287.13  |      Q  |         |      V  |         | 
   15+20     427.7973    273.48  |      Q  |         |       V |         | 
   15+25     429.6190    264.52  |      Q  |         |       V |         | 
   15+30     431.4243    262.13  |     Q   |         |       V |         | 
   15+35     433.2489    264.93  |      Q  |         |       V |         | 
   15+40     435.1203    271.73  |      Q  |         |       V |         | 
   15+45     437.0507    280.29  |      Q  |         |       V |         | 
   15+50     439.0338    287.96  |      Q  |         |       V |         | 
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   15+55     441.0550    293.48  |      Q  |         |       V |         | 
   16+ 0     443.0988    296.76  |      Q  |         |        V|         | 
   16+ 5     445.1545    298.48  |      Q  |         |        V|         | 
   16+10     447.2163    299.38  |      Q  |         |        V|         | 
   16+15     449.2775    299.27  |      Q  |         |        V|         | 
   16+20     451.3365    298.98  |      Q  |         |        V|         | 
   16+25     453.3938    298.72  |      Q  |         |        V|         | 
   16+30     455.4452    297.86  |      Q  |         |        V|         | 
   16+35     457.4879    296.60  |      Q  |         |         V         | 
   16+40     459.5180    294.77  |      Q  |         |         V         | 
   16+45     461.5365    293.09  |      Q  |         |         V         | 
   16+50     463.5461    291.79  |      Q  |         |         V         | 
   16+55     465.5507    291.07  |      Q  |         |         V         | 
   17+ 0     467.5585    291.53  |      Q  |         |         V         | 
   17+ 5     469.5740    292.66  |      Q  |         |         V         | 
   17+10     471.6009    294.30  |      Q  |         |         V         | 
   17+15     473.6380    295.78  |      Q  |         |         |V        | 
   17+20     475.6814    296.71  |      Q  |         |         |V        | 
   17+25     477.7235    296.51  |      Q  |         |         |V        | 
   17+30     479.7484    294.02  |      Q  |         |         |V        | 
   17+35     481.7423    289.52  |      Q  |         |         |V        | 
   17+40     483.6940    283.38  |      Q  |         |         |V        | 
   17+45     485.6016    276.99  |      Q  |         |         |V        | 
   17+50     487.4711    271.45  |      Q  |         |         | V       | 
   17+55     489.3128    267.41  |      Q  |         |         | V       | 
   18+ 0     491.1388    265.13  |      Q  |         |         | V       | 
   18+ 5     492.9568    263.97  |      Q  |         |         | V       | 
   18+10     494.7719    263.56  |      Q  |         |         | V       | 
   18+15     496.5864    263.46  |      Q  |         |         | V       | 
   18+20     498.3980    263.04  |      Q  |         |         | V       | 
   18+25     500.2002    261.69  |     Q   |         |         | V       | 
   18+30     501.9798    258.39  |     Q   |         |         | V       | 
   18+35     503.7234    253.18  |     Q   |         |         |  V      | 
   18+40     505.4205    246.42  |     Q   |         |         |  V      | 
   18+45     507.0690    239.35  |     Q   |         |         |  V      | 
   18+50     508.6741    233.07  |     Q   |         |         |  V      | 
   18+55     510.2452    228.12  |     Q   |         |         |  V      | 
   19+ 0     511.7900    224.30  |    Q    |         |         |  V      | 
   19+ 5     513.3129    221.13  |    Q    |         |         |  V      | 
   19+10     514.8164    218.30  |    Q    |         |         |  V      | 
   19+15     516.3037    215.96  |    Q    |         |         |  V      | 
   19+20     517.7764    213.83  |    Q    |         |         |   V     | 
   19+25     519.2345    211.72  |    Q    |         |         |   V     | 
   19+30     520.6762    209.34  |    Q    |         |         |   V     | 
   19+35     522.0987    206.55  |    Q    |         |         |   V     | 
   19+40     523.5000    203.47  |    Q    |         |         |   V     | 
   19+45     524.8811    200.53  |    Q    |         |         |   V     | 
   19+50     526.2452    198.07  |    Q    |         |         |   V     | 
   19+55     527.5980    196.43  |    Q    |         |         |   V     | 
   20+ 0     528.9467    195.84  |    Q    |         |         |   V     | 
   20+ 5     530.2980    196.20  |    Q    |         |         |   V     | 
   20+10     531.6571    197.35  |    Q    |         |         |   V     | 
   20+15     533.0273    198.94  |    Q    |         |         |    V    | 
   20+20     534.4084    200.54  |    Q    |         |         |    V    | 
   20+25     535.8003    202.10  |    Q    |         |         |    V    | 
   20+30     537.2057    204.07  |    Q    |         |         |    V    | 
   20+35     538.6278    206.49  |    Q    |         |         |    V    | 
   20+40     540.0699    209.39  |    Q    |         |         |    V    | 
   20+45     541.5307    212.10  |    Q    |         |         |    V    | 
   20+50     543.0071    214.37  |    Q    |         |         |    V    | 
   20+55     544.4942    215.93  |    Q    |         |         |    V    | 
   21+ 0     545.9847    216.41  |    Q    |         |         |    V    | 
   21+ 5     547.4724    216.01  |    Q    |         |         |    V    | 
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   21+10     548.9521    214.86  |    Q    |         |         |     V   | 
   21+15     550.4212    213.31  |    Q    |         |         |     V   | 
   21+20     551.8798    211.79  |    Q    |         |         |     V   | 
   21+25     553.3282    210.32  |    Q    |         |         |     V   | 
   21+30     554.7645    208.55  |    Q    |         |         |     V   | 
   21+35     556.1854    206.31  |    Q    |         |         |     V   | 
   21+40     557.5874    203.57  |    Q    |         |         |     V   | 
   21+45     558.9709    200.88  |    Q    |         |         |     V   | 
   21+50     560.3380    198.51  |    Q    |         |         |     V   | 
   21+55     561.6919    196.58  |    Q    |         |         |     V   | 
   22+ 0     563.0354    195.08  |    Q    |         |         |     V   | 
   22+ 5     564.3700    193.79  |    Q    |         |         |      V  | 
   22+10     565.6969    192.66  |    Q    |         |         |      V  | 
   22+15     567.0175    191.75  |    Q    |         |         |      V  | 
   22+20     568.3326    190.96  |    Q    |         |         |      V  | 
   22+25     569.6432    190.30  |    Q    |         |         |      V  | 
   22+30     570.9498    189.72  |    Q    |         |         |      V  | 
   22+35     572.2528    189.20  |    Q    |         |         |      V  | 
   22+40     573.5530    188.78  |    Q    |         |         |      V  | 
   22+45     574.8507    188.42  |    Q    |         |         |      V  | 
   22+50     576.1463    188.13  |    Q    |         |         |      V  | 
   22+55     577.4404    187.90  |    Q    |         |         |      V  | 
   23+ 0     578.7334    187.74  |    Q    |         |         |       V | 
   23+ 5     580.0258    187.66  |    Q    |         |         |       V | 
   23+10     581.3183    187.67  |    Q    |         |         |       V | 
   23+15     582.6117    187.81  |    Q    |         |         |       V | 
   23+20     583.9071    188.08  |    Q    |         |         |       V | 
   23+25     585.2062    188.63  |    Q    |         |         |       V | 
   23+30     586.5135    189.82  |    Q    |         |         |       V | 
   23+35     587.8331    191.61  |    Q    |         |         |       V | 
   23+40     589.1686    193.92  |    Q    |         |         |       V | 
   23+45     590.5198    196.19  |    Q    |         |         |       V | 
   23+50     591.8839    198.07  |    Q    |         |         |       V | 
   23+55     593.2563    199.28  |    Q    |         |         |       V | 
   24+ 0     594.6300    199.46  |    Q    |         |         |        V| 
   24+ 5     595.9968    198.46  |    Q    |         |         |        V| 
   24+10     597.3492    196.37  |    Q    |         |         |        V| 
   24+15     598.6787    193.04  |    Q    |         |         |        V| 
   24+20     599.9793    188.85  |    Q    |         |         |        V| 
   24+25     601.2378    182.73  |   Q     |         |         |        V| 
   24+30     602.4179    171.35  |   Q     |         |         |        V| 
   24+35     603.4822    154.54  |   Q     |         |         |        V| 
   24+40     604.3972    132.86  |  Q      |         |         |        V| 
   24+45     605.1594    110.68  | Q       |         |         |        V| 
   24+50     605.7860     90.98  | Q       |         |         |        V| 
   24+55     606.3042     75.24  | Q       |         |         |        V| 
   25+ 0     606.7394     63.19  |Q        |         |         |        V| 
   25+ 5     607.1053     53.13  |Q        |         |         |        V| 
   25+10     607.4101     44.26  |Q        |         |         |        V| 
   25+15     607.6661     37.18  Q         |         |         |        V| 
   25+20     607.8801     31.07  Q         |         |         |        V| 
   25+25     608.0579     25.81  Q         |         |         |        V| 
   25+30     608.2051     21.38  Q         |         |         |        V| 
   25+35     608.3250     17.40  Q         |         |         |        V| 
   25+40     608.4220     14.09  Q         |         |         |        V| 
   25+45     608.4992     11.20  Q         |         |         |        V| 
   25+50     608.5591      8.69  Q         |         |         |        V| 
   25+55     608.6052      6.70  Q         |         |         |        V| 
   26+ 0     608.6395      4.99  Q         |         |         |        V| 
   26+ 5     608.6644      3.61  Q         |         |         |        V| 
   26+10     608.6816      2.50  Q         |         |         |        V| 
   26+15     608.6927      1.62  Q         |         |         |        V| 
   26+20     608.6989      0.90  Q         |         |         |        V| 
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   26+25     608.7013      0.34  Q         |         |         |        V| 
   26+30     608.7019      0.10  Q         |         |         |        V| 
-----------------------------------------------------------------------
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San Diego County Rational Hydrology Program

CIVILCADD/CIVILDESIGN Engineering Software,(c)1991-2004 Version 7.4

Rational method hydrology  program based on
San Diego County Flood Control Division 2003 hydrology manual

Rational Hydrology Study        Date: 09/09/10
------------------------------------------------------------------------
Tule Wind Project
System 1
Proposed Conditions 100 Year
                                                                            

 
------------------------------------------------------------------------
 *********   Hydrology Study Control Information **********

------------------------------------------------------------------------

Program License Serial Number 4055

------------------------------------------------------------------------
Rational hydrology study storm event year is   100.0
English (in-lb) input data Units used

Map data precipitation entered:
6 hour,  precipitation(inches) =  3.500
24 hour precipitation(inches) =  6.000
P6/P24 =    58.3%
San Diego hydrology manual 'C' values used

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        1.100 to Point/Station        1.200
**** INITIAL AREA EVALUATION ****
______________________________________________________________________
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 1.000
[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.410
Initial subarea total flow distance  =  184.120(Ft.)
Highest elevation = 3965.000(Ft.)
Lowest elevation = 3953.000(Ft.)
Elevation difference =   12.000(Ft.) Slope =  6.517 %
INITIAL AREA TIME OF CONCENTRATION CALCULATIONS:
The maximum overland flow distance is 100.00 (Ft)
for the top area slope value of   6.52 %, in a development type of
 1.0 DU/A or Less       
In Accordance With Figure 3-3 
Initial Area Time of Concentration =   6.65 minutes
TC = [1.8*(1.1-C)*distance(Ft.)^.5)/(% slope^(1/3)]
TC = [1.8*(1.1-0.4100)*( 100.000^.5)/(   6.517^(1/3)]=   6.65
Rainfall intensity (I) =      7.673(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for area (Q=KCIA) is C = 0.410
Subarea runoff =      0.736(CFS)
Total initial stream area =        0.234(Ac.)
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++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        1.200 to Point/Station        1.300
**** IMPROVED CHANNEL TRAVEL TIME ****
______________________________________________________________________
Upstream point elevation =  3953.000(Ft.)
Downstream point elevation =  3926.000(Ft.)
Channel length thru subarea  =   709.830(Ft.)
Channel base width =   10.000(Ft.)
Slope or 'Z' of left channel bank =   4.000
Slope or 'Z' of right channel bank =   4.000
Estimated mean flow rate at midpoint of channel =     12.738(CFS)
Manning's 'N'    = 0.040
Maximum depth of channel  =    5.000(Ft.)
Flow(q) thru subarea =     12.738(CFS)
Depth of flow =   0.342(Ft.), Average velocity =   3.272(Ft/s)
Channel flow top width =   12.739(Ft.)
Flow Velocity =    3.27(Ft/s)
Travel time  =    3.62 min.
Time of concentration =   10.26 min.
Critical depth =      0.352(Ft.)
 Adding area flow to channel
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 1.000
[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.410
Rainfall intensity =      5.799(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for total area
(Q=KCIA) is C = 0.410  CA =      4.250
Subarea runoff =     23.909(CFS) for     10.132(Ac.)
Total runoff =     24.645(CFS) Total area =      10.366(Ac.)
Depth of flow =   0.501(Ft.), Average velocity =   4.099(Ft/s)
Critical depth =      0.531(Ft.)
End of computations, total study area =          10.366 (Ac.)
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System2.out

San Diego County Rational Hydrology Program

CIVILCADD/CIVILDESIGN Engineering Software,(c)1991-2004 Version 7.4

Rational method hydrology  program based on
San Diego County Flood Control Division 2003 hydrology manual

Rational Hydrology Study        Date: 08/18/10
------------------------------------------------------------------------
Tule Wind Project
System 2
Proposed 100 Yr 24 Hr
Aug 16, 2010
------------------------------------------------------------------------
 *********   Hydrology Study Control Information **********

------------------------------------------------------------------------

Program License Serial Number 4055

------------------------------------------------------------------------
Rational hydrology study storm event year is   100.0
English (in-lb) input data Units used

Map data precipitation entered:
6 hour,  precipitation(inches) =  3.500
24 hour precipitation(inches) =  6.000
P6/P24 =    58.3%
San Diego hydrology manual 'C' values used

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        2.100 to Point/Station        2.200
**** INITIAL AREA EVALUATION ****
______________________________________________________________________
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 1.000
[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.410
Initial subarea total flow distance  =  147.250(Ft.)
Highest elevation = 4068.000(Ft.)
Lowest elevation = 4015.000(Ft.)
Elevation difference =   53.000(Ft.) Slope = 35.993 %
USER ENTRY OF INITIAL AREA TIME OF CONCENTRATION
Time of Concentration =   5.00 minutes
Rainfall intensity (I) =      9.222(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for area (Q=KCIA) is C = 0.410
Subarea runoff =      0.594(CFS)
Total initial stream area =        0.157(Ac.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        2.200 to Point/Station        2.300
**** IMPROVED CHANNEL TRAVEL TIME ****
______________________________________________________________________
Upstream point elevation =  4015.000(Ft.)
Downstream point elevation =  3931.000(Ft.)
Channel length thru subarea  =   918.230(Ft.)
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Channel base width =   10.000(Ft.)
Slope or 'Z' of left channel bank =   4.000
Slope or 'Z' of right channel bank =   4.000
Estimated mean flow rate at midpoint of channel =     19.681(CFS)
Manning's 'N'    = 0.040
Maximum depth of channel  =    5.000(Ft.)
Flow(q) thru subarea =     19.681(CFS)
Depth of flow =   0.342(Ft.), Average velocity =   5.068(Ft/s)
Channel flow top width =   12.733(Ft.)
Flow Velocity =    5.07(Ft/s)
Travel time  =    3.02 min.
Time of concentration =    8.02 min.
Critical depth =      0.461(Ft.)
 Adding area flow to channel
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 1.000
[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.410
Rainfall intensity =      6.799(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for total area
(Q=KCIA) is C = 0.410  CA =      5.688
Subarea runoff =     38.084(CFS) for     13.717(Ac.)
Total runoff =     38.677(CFS) Total area =      13.874(Ac.)
Depth of flow =   0.504(Ft.), Average velocity =   6.382(Ft/s)
Critical depth =      0.703(Ft.)
End of computations, total study area =          13.874 (Ac.)
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San Diego County Rational Hydrology Program

CIVILCADD/CIVILDESIGN Engineering Software,(c)1991-2004 Version 7.4

Rational method hydrology  program based on
San Diego County Flood Control Division 2003 hydrology manual

Rational Hydrology Study        Date: 09/08/10
------------------------------------------------------------------------
Tule Wind Project
System 3
Proposed 100 Year
Aug 16, 2010
------------------------------------------------------------------------
 *********   Hydrology Study Control Information **********

------------------------------------------------------------------------

Program License Serial Number 4055

------------------------------------------------------------------------
Rational hydrology study storm event year is   100.0
English (in-lb) input data Units used

Map data precipitation entered:
6 hour,  precipitation(inches) =  3.500
24 hour precipitation(inches) =  6.000
P6/P24 =    58.3%
San Diego hydrology manual 'C' values used

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        3.100 to Point/Station        3.200
**** INITIAL AREA EVALUATION ****
______________________________________________________________________
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 1.000
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 0.000
[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.320
Initial subarea total flow distance  =   72.890(Ft.)
Highest elevation = 4062.000(Ft.)
Lowest elevation = 4058.000(Ft.)
Elevation difference =    4.000(Ft.) Slope =  5.488 %
INITIAL AREA TIME OF CONCENTRATION CALCULATIONS:
The maximum overland flow distance is 100.00 (Ft)
for the top area slope value of   5.49 %, in a development type of
 1.0 DU/A or Less       
In Accordance With Figure 3-3 
Initial Area Time of Concentration =   7.96 minutes
TC = [1.8*(1.1-C)*distance(Ft.)^.5)/(% slope^(1/3)]
TC = [1.8*(1.1-0.3200)*( 100.000^.5)/(   5.488^(1/3)]=   7.96
Rainfall intensity (I) =      6.832(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for area (Q=KCIA) is C = 0.320
Subarea runoff =      0.092(CFS)
Total initial stream area =        0.042(Ac.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
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Process from Point/Station        3.200 to Point/Station        3.300
**** IMPROVED CHANNEL TRAVEL TIME ****
______________________________________________________________________
Upstream point elevation =  4058.000(Ft.)
Downstream point elevation =  3963.000(Ft.)
Channel length thru subarea  =  1068.190(Ft.)
Channel base width =   10.000(Ft.)
Slope or 'Z' of left channel bank =   4.000
Slope or 'Z' of right channel bank =   4.000
Estimated mean flow rate at midpoint of channel =      4.803(CFS)
Manning's 'N'    = 0.040
Maximum depth of channel  =    5.000(Ft.)
Flow(q) thru subarea =      4.803(CFS)
Depth of flow =   0.150(Ft.), Average velocity =   3.013(Ft/s)
Channel flow top width =   11.203(Ft.)
Flow Velocity =    3.01(Ft/s)
Travel time  =    5.91 min.
Time of concentration =   13.87 min.
Critical depth =      0.188(Ft.)
 Adding area flow to channel
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 1.000
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 0.000
[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.320
Rainfall intensity =      4.776(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for total area
(Q=KCIA) is C = 0.320  CA =      1.972
Subarea runoff =      9.323(CFS) for      6.119(Ac.)
Total runoff =      9.415(CFS) Total area =       6.161(Ac.)
Depth of flow =   0.224(Ft.), Average velocity =   3.862(Ft/s)
Critical depth =      0.289(Ft.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        3.300 to Point/Station        3.400
**** IMPROVED CHANNEL TRAVEL TIME ****
______________________________________________________________________
Upstream point elevation =  3963.000(Ft.)
Downstream point elevation =  3933.000(Ft.)
Channel length thru subarea  =   482.370(Ft.)
Channel base width =   10.000(Ft.)
Slope or 'Z' of left channel bank =   4.000
Slope or 'Z' of right channel bank =   4.000
Estimated mean flow rate at midpoint of channel =     16.394(CFS)
Manning's 'N'    = 0.040
Maximum depth of channel  =    5.000(Ft.)
Flow(q) thru subarea =     16.394(CFS)
Depth of flow =   0.344(Ft.), Average velocity =   4.194(Ft/s)
Channel flow top width =   12.749(Ft.)
Flow Velocity =    4.19(Ft/s)
Travel time  =    1.92 min.
Time of concentration =   15.79 min.
Critical depth =      0.414(Ft.)
 Adding area flow to channel
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 1.000
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 0.000
[LOW DENSITY RESIDENTIAL                     ] 
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(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.320
Rainfall intensity =      4.393(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for total area
(Q=KCIA) is C = 0.320  CA =      5.305
Subarea runoff =     13.890(CFS) for     10.417(Ac.)
Total runoff =     23.305(CFS) Total area =      16.578(Ac.)
Depth of flow =   0.421(Ft.), Average velocity =   4.735(Ft/s)
Critical depth =      0.516(Ft.)
End of computations, total study area =          16.578 (Ac.)
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San Diego County Rational Hydrology Program

CIVILCADD/CIVILDESIGN Engineering Software,(c)1991-2004 Version 7.4

Rational method hydrology  program based on
San Diego County Flood Control Division 2003 hydrology manual

Rational Hydrology Study        Date: 08/16/10
------------------------------------------------------------------------
Tule Wind Project
System 4
Proposed 100 Yr 24 Hr
Aug 16, 2010
------------------------------------------------------------------------
 *********   Hydrology Study Control Information **********

------------------------------------------------------------------------

Program License Serial Number 4055

------------------------------------------------------------------------
Rational hydrology study storm event year is   100.0
English (in-lb) input data Units used

Map data precipitation entered:
6 hour,  precipitation(inches) =  3.500
24 hour precipitation(inches) =  6.000
P6/P24 =    58.3%
San Diego hydrology manual 'C' values used

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        4.100 to Point/Station        4.200
**** INITIAL AREA EVALUATION ****
______________________________________________________________________
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 1.000
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 0.000
[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.320
Initial subarea total flow distance  =   84.850(Ft.)
Highest elevation = 3978.000(Ft.)
Lowest elevation = 3970.000(Ft.)
Elevation difference =    8.000(Ft.) Slope =  9.428 %
INITIAL AREA TIME OF CONCENTRATION CALCULATIONS:
The maximum overland flow distance is 100.00 (Ft)
for the top area slope value of   9.43 %, in a development type of
 1.0 DU/A or Less       
In Accordance With Figure 3-3 
Initial Area Time of Concentration =   6.65 minutes
TC = [1.8*(1.1-C)*distance(Ft.)^.5)/(% slope^(1/3)]
TC = [1.8*(1.1-0.3200)*( 100.000^.5)/(   9.428^(1/3)]=   6.65
Rainfall intensity (I) =      7.675(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for area (Q=KCIA) is C = 0.320
Subarea runoff =      0.491(CFS)
Total initial stream area =        0.200(Ac.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
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Process from Point/Station        4.200 to Point/Station        4.300
**** IMPROVED CHANNEL TRAVEL TIME ****
______________________________________________________________________
Upstream point elevation =  3970.000(Ft.)
Downstream point elevation =  3943.000(Ft.)
Channel length thru subarea  =   295.280(Ft.)
Channel base width =   10.000(Ft.)
Slope or 'Z' of left channel bank =   4.000
Slope or 'Z' of right channel bank =   4.000
Estimated mean flow rate at midpoint of channel =      1.079(CFS)
Manning's 'N'    = 0.040
Maximum depth of channel  =    5.000(Ft.)
Flow(q) thru subarea =      1.079(CFS)
Depth of flow =   0.061(Ft.), Average velocity =   1.718(Ft/s)
Channel flow top width =   10.490(Ft.)
Flow Velocity =    1.72(Ft/s)
Travel time  =    2.87 min.
Time of concentration =    9.51 min.
Critical depth =      0.070(Ft.)
 Adding area flow to channel
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 1.000
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 0.000
[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.320
Rainfall intensity =      6.091(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for total area
(Q=KCIA) is C = 0.320  CA =      0.264
Subarea runoff =      1.117(CFS) for      0.625(Ac.)
Total runoff =      1.608(CFS) Total area =       0.825(Ac.)
Depth of flow =   0.078(Ft.), Average velocity =   2.005(Ft/s)
Critical depth =      0.092(Ft.)
End of computations, total study area =           0.825 (Ac.)
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San Diego County Rational Hydrology Program

CIVILCADD/CIVILDESIGN Engineering Software,(c)1991-2004 Version 7.4

Rational method hydrology  program based on
San Diego County Flood Control Division 2003 hydrology manual

Rational Hydrology Study        Date: 08/16/10
------------------------------------------------------------------------
Tule Wind Project
System 5
Proposed 100 Yr 24 Hr
Aug 16, 2010
------------------------------------------------------------------------
 *********   Hydrology Study Control Information **********

------------------------------------------------------------------------

Program License Serial Number 4055

------------------------------------------------------------------------
Rational hydrology study storm event year is   100.0
English (in-lb) input data Units used

Map data precipitation entered:
6 hour,  precipitation(inches) =  3.500
24 hour precipitation(inches) =  6.000
P6/P24 =    58.3%
San Diego hydrology manual 'C' values used

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        5.100 to Point/Station        5.200
**** INITIAL AREA EVALUATION ****
______________________________________________________________________
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 1.000
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 0.000
[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.320
Initial subarea total flow distance  =  132.710(Ft.)
Highest elevation = 3908.000(Ft.)
Lowest elevation = 3882.000(Ft.)
Elevation difference =   26.000(Ft.) Slope = 19.592 %
Top of Initial Area Slope adjusted by User to  0.700 %
INITIAL AREA TIME OF CONCENTRATION CALCULATIONS:
The maximum overland flow distance is 50.00 (Ft)
for the top area slope value of   0.70 %, in a development type of
 1.0 DU/A or Less       
In Accordance With Figure 3-3 
Initial Area Time of Concentration =  11.18 minutes
TC = [1.8*(1.1-C)*distance(Ft.)^.5)/(% slope^(1/3)]
TC = [1.8*(1.1-0.3200)*(  50.000^.5)/(   0.700^(1/3)]=  11.18
Rainfall intensity (I) =      5.487(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for area (Q=KCIA) is C = 0.320
Subarea runoff =      0.179(CFS)
Total initial stream area =        0.102(Ac.)
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++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        5.200 to Point/Station        5.300
**** IMPROVED CHANNEL TRAVEL TIME ****
______________________________________________________________________
Upstream point elevation =  3882.000(Ft.)
Downstream point elevation =  3715.000(Ft.)
Channel length thru subarea  =  1743.680(Ft.)
Channel base width =   10.000(Ft.)
Slope or 'Z' of left channel bank =   4.000
Slope or 'Z' of right channel bank =   4.000
Estimated mean flow rate at midpoint of channel =     12.817(CFS)
Manning's 'N'    = 0.040
Maximum depth of channel  =    5.000(Ft.)
Flow(q) thru subarea =     12.817(CFS)
Depth of flow =   0.262(Ft.), Average velocity =   4.420(Ft/s)
Channel flow top width =   12.099(Ft.)
Flow Velocity =    4.42(Ft/s)
Travel time  =    6.57 min.
Time of concentration =   17.76 min.
Critical depth =      0.352(Ft.)
 Adding area flow to channel
Decimal fraction soil group A = 0.650
Decimal fraction soil group B = 0.350
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 0.000
[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.287
Rainfall intensity =      4.072(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for total area
(Q=KCIA) is C = 0.288  CA =      6.231
Subarea runoff =     25.192(CFS) for     21.558(Ac.)
Total runoff =     25.371(CFS) Total area =      21.660(Ac.)
Depth of flow =   0.391(Ft.), Average velocity =   5.618(Ft/s)
Critical depth =      0.539(Ft.)
End of computations, total study area =          21.660 (Ac.)
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San Diego County Rational Hydrology Program

CIVILCADD/CIVILDESIGN Engineering Software,(c)1991-2004 Version 7.4

Rational method hydrology  program based on
San Diego County Flood Control Division 2003 hydrology manual

Rational Hydrology Study        Date: 08/16/10
------------------------------------------------------------------------
Tule Wind Project
System 6
Proposed 100 Yr 24 Hr
August 16, 2010
------------------------------------------------------------------------
 *********   Hydrology Study Control Information **********

------------------------------------------------------------------------

Program License Serial Number 4055

------------------------------------------------------------------------
Rational hydrology study storm event year is   100.0
English (in-lb) input data Units used

Map data precipitation entered:
6 hour,  precipitation(inches) =  3.500
24 hour precipitation(inches) =  6.000
P6/P24 =    58.3%
San Diego hydrology manual 'C' values used

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        6.100 to Point/Station        6.200
**** INITIAL AREA EVALUATION ****
______________________________________________________________________
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 1.000
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 0.000
[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.320
Initial subarea total flow distance  =  311.190(Ft.)
Highest elevation = 3910.000(Ft.)
Lowest elevation = 3894.000(Ft.)
Elevation difference =   16.000(Ft.) Slope =  5.142 %
INITIAL AREA TIME OF CONCENTRATION CALCULATIONS:
The maximum overland flow distance is 100.00 (Ft)
for the top area slope value of   5.14 %, in a development type of
 1.0 DU/A or Less       
In Accordance With Figure 3-3 
Initial Area Time of Concentration =   8.13 minutes
TC = [1.8*(1.1-C)*distance(Ft.)^.5)/(% slope^(1/3)]
TC = [1.8*(1.1-0.3200)*( 100.000^.5)/(   5.142^(1/3)]=   8.13
Rainfall intensity (I) =      6.737(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for area (Q=KCIA) is C = 0.320
Subarea runoff =      1.242(CFS)
Total initial stream area =        0.576(Ac.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
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Process from Point/Station        6.200 to Point/Station        6.300
**** IMPROVED CHANNEL TRAVEL TIME ****
______________________________________________________________________
Upstream point elevation =  3894.000(Ft.)
Downstream point elevation =  3750.000(Ft.)
Channel length thru subarea  =  2700.480(Ft.)
Channel base width =   10.000(Ft.)
Slope or 'Z' of left channel bank =   4.000
Slope or 'Z' of right channel bank =   4.000
Estimated mean flow rate at midpoint of channel =     39.338(CFS)
Manning's 'N'    = 0.040
Maximum depth of channel  =    5.000(Ft.)
Flow(q) thru subarea =     39.338(CFS)
Depth of flow =   0.594(Ft.), Average velocity =   5.355(Ft/s)
Channel flow top width =   14.749(Ft.)
Flow Velocity =    5.35(Ft/s)
Travel time  =    8.40 min.
Time of concentration =   16.54 min.
Critical depth =      0.711(Ft.)
 Adding area flow to channel
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.990
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 0.010
[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.321
Rainfall intensity =      4.263(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for total area
(Q=KCIA) is C = 0.321  CA =     18.152
Subarea runoff =     76.136(CFS) for     55.991(Ac.)
Total runoff =     77.378(CFS) Total area =      56.567(Ac.)
Depth of flow =   0.866(Ft.), Average velocity =   6.636(Ft/s)
Critical depth =      1.063(Ft.)
End of computations, total study area =          56.567 (Ac.)
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San Diego County Rational Hydrology Program

CIVILCADD/CIVILDESIGN Engineering Software,(c)1991-2004 Version 7.4

Rational method hydrology  program based on
San Diego County Flood Control Division 2003 hydrology manual

Rational Hydrology Study        Date: 09/08/10
------------------------------------------------------------------------
Tule Wind Project
System 7
Proposed 100 Year
Aug 16, 2010
------------------------------------------------------------------------
 *********   Hydrology Study Control Information **********

------------------------------------------------------------------------

Program License Serial Number 4055

------------------------------------------------------------------------
Rational hydrology study storm event year is   100.0
English (in-lb) input data Units used

Map data precipitation entered:
6 hour,  precipitation(inches) =  3.500
24 hour precipitation(inches) =  6.000
P6/P24 =    58.3%
San Diego hydrology manual 'C' values used

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        7.100 to Point/Station        7.200
**** INITIAL AREA EVALUATION ****
______________________________________________________________________
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 1.000
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 0.000
[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.320
Initial subarea total flow distance  =   92.070(Ft.)
Highest elevation = 3689.000(Ft.)
Lowest elevation = 3685.000(Ft.)
Elevation difference =    4.000(Ft.) Slope =  4.345 %
Top of Initial Area Slope adjusted by User to  8.640 %
INITIAL AREA TIME OF CONCENTRATION CALCULATIONS:
The maximum overland flow distance is 100.00 (Ft)
for the top area slope value of   8.64 %, in a development type of
 1.0 DU/A or Less       
In Accordance With Figure 3-3 
Initial Area Time of Concentration =   6.84 minutes
TC = [1.8*(1.1-C)*distance(Ft.)^.5)/(% slope^(1/3)]
TC = [1.8*(1.1-0.3200)*( 100.000^.5)/(   8.640^(1/3)]=   6.84
Rainfall intensity (I) =      7.533(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for area (Q=KCIA) is C = 0.320
Subarea runoff =      0.118(CFS)
Total initial stream area =        0.049(Ac.)
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++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        7.200 to Point/Station        7.300
**** IMPROVED CHANNEL TRAVEL TIME ****
______________________________________________________________________
Upstream point elevation =  3685.000(Ft.)
Downstream point elevation =  3585.000(Ft.)
Channel length thru subarea  =  2100.790(Ft.)
Channel base width =   10.000(Ft.)
Slope or 'Z' of left channel bank =   4.000
Slope or 'Z' of right channel bank =   4.000
Estimated mean flow rate at midpoint of channel =     15.257(CFS)
Manning's 'N'    = 0.040
Maximum depth of channel  =    5.000(Ft.)
Flow(q) thru subarea =     15.257(CFS)
Depth of flow =   0.356(Ft.), Average velocity =   3.749(Ft/s)
Channel flow top width =   12.850(Ft.)
Flow Velocity =    3.75(Ft/s)
Travel time  =    9.34 min.
Time of concentration =   16.18 min.
Critical depth =      0.395(Ft.)
 Adding area flow to channel
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 1.000
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 0.000
[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.320
Rainfall intensity =      4.323(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for total area
(Q=KCIA) is C = 0.320  CA =      7.017
Subarea runoff =     30.219(CFS) for     21.879(Ac.)
Total runoff =     30.337(CFS) Total area =      21.928(Ac.)
Depth of flow =   0.529(Ft.), Average velocity =   4.733(Ft/s)
Critical depth =      0.602(Ft.)
End of computations, total study area =          21.928 (Ac.)
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San Diego County Rational Hydrology Program

CIVILCADD/CIVILDESIGN Engineering Software,(c)1991-2004 Version 7.4

Rational method hydrology  program based on
San Diego County Flood Control Division 2003 hydrology manual

Rational Hydrology Study        Date: 09/08/10
------------------------------------------------------------------------
Tule Wind Project
System 8
Proposed 100 Year
Aug 16, 2010
------------------------------------------------------------------------
 *********   Hydrology Study Control Information **********

------------------------------------------------------------------------

Program License Serial Number 4055

------------------------------------------------------------------------
Rational hydrology study storm event year is   100.0
English (in-lb) input data Units used

Map data precipitation entered:
6 hour,  precipitation(inches) =  3.500
24 hour precipitation(inches) =  6.000
P6/P24 =    58.3%
San Diego hydrology manual 'C' values used

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        8.100 to Point/Station        8.200
**** INITIAL AREA EVALUATION ****
______________________________________________________________________
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 1.000
[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.410
Initial subarea total flow distance  =   97.490(Ft.)
Highest elevation = 3720.000(Ft.)
Lowest elevation = 3710.000(Ft.)
Elevation difference =   10.000(Ft.) Slope = 10.257 %
INITIAL AREA TIME OF CONCENTRATION CALCULATIONS:
The maximum overland flow distance is 100.00 (Ft)
for the top area slope value of  10.26 %, in a development type of
 1.0 DU/A or Less       
In Accordance With Figure 3-3 
Initial Area Time of Concentration =   5.72 minutes
TC = [1.8*(1.1-C)*distance(Ft.)^.5)/(% slope^(1/3)]
TC = [1.8*(1.1-0.4100)*( 100.000^.5)/(  10.257^(1/3)]=   5.72
Rainfall intensity (I) =      8.459(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for area (Q=KCIA) is C = 0.410
Subarea runoff =      0.246(CFS)
Total initial stream area =        0.071(Ac.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
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System8.out
Process from Point/Station        8.200 to Point/Station        8.300
**** IMPROVED CHANNEL TRAVEL TIME ****
______________________________________________________________________
Upstream point elevation =  3710.000(Ft.)
Downstream point elevation =  3590.000(Ft.)
Channel length thru subarea  =  2167.800(Ft.)
Channel base width =   10.000(Ft.)
Slope or 'Z' of left channel bank =   4.000
Slope or 'Z' of right channel bank =   4.000
Estimated mean flow rate at midpoint of channel =     15.053(CFS)
Manning's 'N'    = 0.040
Maximum depth of channel  =    5.000(Ft.)
Flow(q) thru subarea =     15.053(CFS)
Depth of flow =   0.338(Ft.), Average velocity =   3.920(Ft/s)
Channel flow top width =   12.706(Ft.)
Flow Velocity =    3.92(Ft/s)
Travel time  =    9.22 min.
Time of concentration =   14.93 min.
Critical depth =      0.391(Ft.)
 Adding area flow to channel
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.990
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 0.010
[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.321
Rainfall intensity =      4.553(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for total area
(Q=KCIA) is C = 0.321  CA =      6.545
Subarea runoff =     29.551(CFS) for     20.304(Ac.)
Total runoff =     29.797(CFS) Total area =      20.375(Ac.)
Depth of flow =   0.502(Ft.), Average velocity =   4.948(Ft/s)
Critical depth =      0.602(Ft.)
End of computations, total study area =          20.375 (Ac.)
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System9.out

San Diego County Rational Hydrology Program

CIVILCADD/CIVILDESIGN Engineering Software,(c)1991-2004 Version 7.4

Rational method hydrology  program based on
San Diego County Flood Control Division 2003 hydrology manual

Rational Hydrology Study        Date: 08/16/10
------------------------------------------------------------------------
Tule Wind Project
System 9
Proposed 100 Yr 24 Hr
Aug 16, 2010
------------------------------------------------------------------------
 *********   Hydrology Study Control Information **********

------------------------------------------------------------------------

Program License Serial Number 4055

------------------------------------------------------------------------
Rational hydrology study storm event year is   100.0
English (in-lb) input data Units used

Map data precipitation entered:
6 hour,  precipitation(inches) =  3.500
24 hour precipitation(inches) =  6.000
P6/P24 =    58.3%
San Diego hydrology manual 'C' values used

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        9.100 to Point/Station        9.200
**** INITIAL AREA EVALUATION ****
______________________________________________________________________
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 1.000
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 0.000
[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.320
Initial subarea total flow distance  =   88.120(Ft.)
Highest elevation = 3611.000(Ft.)
Lowest elevation = 3606.000(Ft.)
Elevation difference =    5.000(Ft.) Slope =  5.674 %
INITIAL AREA TIME OF CONCENTRATION CALCULATIONS:
The maximum overland flow distance is 100.00 (Ft)
for the top area slope value of   5.67 %, in a development type of
 1.0 DU/A or Less       
In Accordance With Figure 3-3 
Initial Area Time of Concentration =   7.87 minutes
TC = [1.8*(1.1-C)*distance(Ft.)^.5)/(% slope^(1/3)]
TC = [1.8*(1.1-0.3200)*( 100.000^.5)/(   5.674^(1/3)]=   7.87
Rainfall intensity (I) =      6.881(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for area (Q=KCIA) is C = 0.320
Subarea runoff =      0.161(CFS)
Total initial stream area =        0.073(Ac.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
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System9.out
Process from Point/Station        9.200 to Point/Station        9.300
**** IMPROVED CHANNEL TRAVEL TIME ****
______________________________________________________________________
Upstream point elevation =  3606.000(Ft.)
Downstream point elevation =  3592.000(Ft.)
Channel length thru subarea  =   411.100(Ft.)
Channel base width =   10.000(Ft.)
Slope or 'Z' of left channel bank =   4.000
Slope or 'Z' of right channel bank =   4.000
Estimated mean flow rate at midpoint of channel =      2.254(CFS)
Manning's 'N'    = 0.040
Maximum depth of channel  =    5.000(Ft.)
Flow(q) thru subarea =      2.254(CFS)
Depth of flow =   0.128(Ft.), Average velocity =   1.680(Ft/s)
Channel flow top width =   11.021(Ft.)
Flow Velocity =    1.68(Ft/s)
Travel time  =    4.08 min.
Time of concentration =   11.95 min.
Critical depth =      0.115(Ft.)
 Adding area flow to channel
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 1.000
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 0.000
[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.320
Rainfall intensity =      5.257(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for total area
(Q=KCIA) is C = 0.320  CA =      0.816
Subarea runoff =      4.131(CFS) for      2.478(Ac.)
Total runoff =      4.292(CFS) Total area =       2.551(Ac.)
Depth of flow =   0.187(Ft.), Average velocity =   2.137(Ft/s)
Critical depth =      0.174(Ft.)
End of computations, total study area =           2.551 (Ac.)
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San Diego County Rational Hydrology Program

CIVILCADD/CIVILDESIGN Engineering Software,(c)1991-2004 Version 7.4

Rational method hydrology  program based on
San Diego County Flood Control Division 2003 hydrology manual

Rational Hydrology Study        Date: 08/16/10
------------------------------------------------------------------------
Tule Wind Project
System 10
Proposed 100 Yr 24 Hr
Aug 16, 2010
------------------------------------------------------------------------
 *********   Hydrology Study Control Information **********

------------------------------------------------------------------------

Program License Serial Number 4055

------------------------------------------------------------------------
Rational hydrology study storm event year is   100.0
English (in-lb) input data Units used

Map data precipitation entered:
6 hour,  precipitation(inches) =  3.500
24 hour precipitation(inches) =  6.000
P6/P24 =    58.3%
San Diego hydrology manual 'C' values used

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station       10.100 to Point/Station       10.200
**** INITIAL AREA EVALUATION ****
______________________________________________________________________
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 1.000
[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.410
Initial subarea total flow distance  =  103.135(Ft.)
Highest elevation = 3728.000(Ft.)
Lowest elevation = 3715.000(Ft.)
Elevation difference =   13.000(Ft.) Slope = 12.605 %
INITIAL AREA TIME OF CONCENTRATION CALCULATIONS:
The maximum overland flow distance is 100.00 (Ft)
for the top area slope value of  12.61 %, in a development type of
 1.0 DU/A or Less       
In Accordance With Figure 3-3 
Initial Area Time of Concentration =   5.34 minutes
TC = [1.8*(1.1-C)*distance(Ft.)^.5)/(% slope^(1/3)]
TC = [1.8*(1.1-0.4100)*( 100.000^.5)/(  12.605^(1/3)]=   5.34
Rainfall intensity (I) =      8.842(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for area (Q=KCIA) is C = 0.410
Subarea runoff =      0.384(CFS)
Total initial stream area =        0.106(Ac.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
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System10.out
Process from Point/Station       10.200 to Point/Station       10.300
**** IMPROVED CHANNEL TRAVEL TIME ****
______________________________________________________________________
Upstream point elevation =  3715.000(Ft.)
Downstream point elevation =  3582.000(Ft.)
Channel length thru subarea  =  2242.890(Ft.)
Channel base width =   10.000(Ft.)
Slope or 'Z' of left channel bank =   4.000
Slope or 'Z' of right channel bank =   4.000
Estimated mean flow rate at midpoint of channel =     15.978(CFS)
Manning's 'N'    = 0.040
Maximum depth of channel  =    5.000(Ft.)
Flow(q) thru subarea =     15.978(CFS)
Depth of flow =   0.343(Ft.), Average velocity =   4.093(Ft/s)
Channel flow top width =   12.746(Ft.)
Flow Velocity =    4.09(Ft/s)
Travel time  =    9.13 min.
Time of concentration =   14.47 min.
Critical depth =      0.406(Ft.)
 Adding area flow to channel
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.930
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 0.070
[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.326
Rainfall intensity =      4.646(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for total area
(Q=KCIA) is C = 0.327  CA =      6.780
Subarea runoff =     31.118(CFS) for     20.645(Ac.)
Total runoff =     31.503(CFS) Total area =      20.751(Ac.)
Depth of flow =   0.508(Ft.), Average velocity =   5.158(Ft/s)
Critical depth =      0.617(Ft.)
End of computations, total study area =          20.751 (Ac.)
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San Diego County Rational Hydrology Program

CIVILCADD/CIVILDESIGN Engineering Software,(c)1991-2004 Version 7.4

Rational method hydrology  program based on
San Diego County Flood Control Division 2003 hydrology manual

Rational Hydrology Study        Date: 08/16/10
------------------------------------------------------------------------
Tule Wind Project
System 11
Proposed 100 Yr 24 Hr
Aug 16, 2010
------------------------------------------------------------------------
 *********   Hydrology Study Control Information **********

------------------------------------------------------------------------

Program License Serial Number 4055

------------------------------------------------------------------------
Rational hydrology study storm event year is   100.0
English (in-lb) input data Units used

Map data precipitation entered:
6 hour,  precipitation(inches) =  3.500
24 hour precipitation(inches) =  6.000
P6/P24 =    58.3%
San Diego hydrology manual 'C' values used

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station       11.100 to Point/Station       11.200
**** INITIAL AREA EVALUATION ****
______________________________________________________________________
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 1.000
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 0.000
[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.320
Initial subarea total flow distance  =   92.720(Ft.)
Highest elevation = 3609.000(Ft.)
Lowest elevation = 3606.000(Ft.)
Elevation difference =    3.000(Ft.) Slope =  3.236 %
INITIAL AREA TIME OF CONCENTRATION CALCULATIONS:
The maximum overland flow distance is 100.00 (Ft)
for the top area slope value of   3.24 %, in a development type of
 1.0 DU/A or Less       
In Accordance With Figure 3-3 
Initial Area Time of Concentration =   9.49 minutes
TC = [1.8*(1.1-C)*distance(Ft.)^.5)/(% slope^(1/3)]
TC = [1.8*(1.1-0.3200)*( 100.000^.5)/(   3.236^(1/3)]=   9.49
Rainfall intensity (I) =      6.099(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for area (Q=KCIA) is C = 0.320
Subarea runoff =      0.142(CFS)
Total initial stream area =        0.073(Ac.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
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System11.out
Process from Point/Station       11.200 to Point/Station       11.300
**** IMPROVED CHANNEL TRAVEL TIME ****
______________________________________________________________________
Upstream point elevation =  3606.000(Ft.)
Downstream point elevation =  3530.000(Ft.)
Channel length thru subarea  =   694.440(Ft.)
Channel base width =   10.000(Ft.)
Slope or 'Z' of left channel bank =   4.000
Slope or 'Z' of right channel bank =   4.000
Estimated mean flow rate at midpoint of channel =      3.026(CFS)
Manning's 'N'    = 0.040
Maximum depth of channel  =    5.000(Ft.)
Flow(q) thru subarea =      3.026(CFS)
Depth of flow =   0.107(Ft.), Average velocity =   2.700(Ft/s)
Channel flow top width =   10.860(Ft.)
Flow Velocity =    2.70(Ft/s)
Travel time  =    4.29 min.
Time of concentration =   13.78 min.
Critical depth =      0.139(Ft.)
 Adding area flow to channel
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 1.000
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 0.000
[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.320
Rainfall intensity =      4.796(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for total area
(Q=KCIA) is C = 0.320  CA =      1.219
Subarea runoff =      5.703(CFS) for      3.736(Ac.)
Total runoff =      5.845(CFS) Total area =       3.809(Ac.)
Depth of flow =   0.159(Ft.), Average velocity =   3.460(Ft/s)
Critical depth =      0.213(Ft.)
End of computations, total study area =           3.809 (Ac.)
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San Diego County Rational Hydrology Program

CIVILCADD/CIVILDESIGN Engineering Software,(c)1991-2004 Version 7.4

Rational method hydrology  program based on
San Diego County Flood Control Division 2003 hydrology manual

Rational Hydrology Study        Date: 08/16/10
------------------------------------------------------------------------
Tule Wind Project
System 12
Proposed 100 Yr 24 Hr
Aug 16, 2010
------------------------------------------------------------------------
 *********   Hydrology Study Control Information **********

------------------------------------------------------------------------

Program License Serial Number 4055

------------------------------------------------------------------------
Rational hydrology study storm event year is   100.0
English (in-lb) input data Units used

Map data precipitation entered:
6 hour,  precipitation(inches) =  3.500
24 hour precipitation(inches) =  6.000
P6/P24 =    58.3%
San Diego hydrology manual 'C' values used

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station       12.100 to Point/Station       12.200
**** INITIAL AREA EVALUATION ****
______________________________________________________________________
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.040
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 0.960
[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.406
Initial subarea total flow distance  =  105.190(Ft.)
Highest elevation = 3712.000(Ft.)
Lowest elevation = 3700.000(Ft.)
Elevation difference =   12.000(Ft.) Slope = 11.408 %
INITIAL AREA TIME OF CONCENTRATION CALCULATIONS:
The maximum overland flow distance is 100.00 (Ft)
for the top area slope value of  11.41 %, in a development type of
 1.0 DU/A or Less       
In Accordance With Figure 3-3 
Initial Area Time of Concentration =   5.55 minutes
TC = [1.8*(1.1-C)*distance(Ft.)^.5)/(% slope^(1/3)]
TC = [1.8*(1.1-0.4064)*( 100.000^.5)/(  11.408^(1/3)]=   5.55
Rainfall intensity (I) =      8.625(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for area (Q=KCIA) is C = 0.406
Subarea runoff =      0.315(CFS)
Total initial stream area =        0.090(Ac.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
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system12.out
Process from Point/Station       12.200 to Point/Station       12.300
**** IMPROVED CHANNEL TRAVEL TIME ****
______________________________________________________________________
Upstream point elevation =  3700.000(Ft.)
Downstream point elevation =  3556.000(Ft.)
Channel length thru subarea  =  2438.640(Ft.)
Channel base width =   10.000(Ft.)
Slope or 'Z' of left channel bank =   4.000
Slope or 'Z' of right channel bank =   4.000
Estimated mean flow rate at midpoint of channel =     27.407(CFS)
Manning's 'N'    = 0.040
Maximum depth of channel  =    5.000(Ft.)
Flow(q) thru subarea =     27.407(CFS)
Depth of flow =   0.469(Ft.), Average velocity =   4.916(Ft/s)
Channel flow top width =   13.755(Ft.)
Flow Velocity =    4.92(Ft/s)
Travel time  =    8.27 min.
Time of concentration =   13.81 min.
Critical depth =      0.570(Ft.)
 Adding area flow to channel
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.920
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 0.080
[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.327
Rainfall intensity =      4.788(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for total area
(Q=KCIA) is C = 0.327  CA =     11.362
Subarea runoff =     54.086(CFS) for     34.613(Ac.)
Total runoff =     54.401(CFS) Total area =      34.703(Ac.)
Depth of flow =   0.692(Ft.), Average velocity =   6.153(Ft/s)
Critical depth =      0.859(Ft.)
End of computations, total study area =          34.703 (Ac.)

Page 2



system13.out

San Diego County Rational Hydrology Program

CIVILCADD/CIVILDESIGN Engineering Software,(c)1991-2004 Version 7.4

Rational method hydrology  program based on
San Diego County Flood Control Division 2003 hydrology manual

Rational Hydrology Study        Date: 08/16/10
------------------------------------------------------------------------
Tule Wind Project
Sytem 13
Proposed 100 Yr 24 Hr
Aug 16, 2010
------------------------------------------------------------------------
 *********   Hydrology Study Control Information **********

------------------------------------------------------------------------

Program License Serial Number 4055

------------------------------------------------------------------------
Rational hydrology study storm event year is   100.0
English (in-lb) input data Units used

Map data precipitation entered:
6 hour,  precipitation(inches) =  3.500
24 hour precipitation(inches) =  6.000
P6/P24 =    58.3%
San Diego hydrology manual 'C' values used

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station       13.100 to Point/Station       13.200
**** INITIAL AREA EVALUATION ****
______________________________________________________________________
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 1.000
[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.410
Initial subarea total flow distance  =  123.400(Ft.)
Highest elevation = 3822.000(Ft.)
Lowest elevation = 3806.000(Ft.)
Elevation difference =   16.000(Ft.) Slope = 12.966 %
INITIAL AREA TIME OF CONCENTRATION CALCULATIONS:
The maximum overland flow distance is 100.00 (Ft)
for the top area slope value of  12.97 %, in a development type of
 1.0 DU/A or Less       
In Accordance With Figure 3-3 
Initial Area Time of Concentration =   5.29 minutes
TC = [1.8*(1.1-C)*distance(Ft.)^.5)/(% slope^(1/3)]
TC = [1.8*(1.1-0.4100)*( 100.000^.5)/(  12.966^(1/3)]=   5.29
Rainfall intensity (I) =      8.896(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for area (Q=KCIA) is C = 0.410
Subarea runoff =      0.689(CFS)
Total initial stream area =        0.189(Ac.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
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system13.out
Process from Point/Station       13.200 to Point/Station       13.300
**** IMPROVED CHANNEL TRAVEL TIME ****
______________________________________________________________________
Upstream point elevation =  3806.000(Ft.)
Downstream point elevation =  3554.000(Ft.)
Channel length thru subarea  =  3804.300(Ft.)
Channel base width =   10.000(Ft.)
Slope or 'Z' of left channel bank =   4.000
Slope or 'Z' of right channel bank =   4.000
Estimated mean flow rate at midpoint of channel =     42.718(CFS)
Manning's 'N'    = 0.040
Maximum depth of channel  =    5.000(Ft.)
Flow(q) thru subarea =     42.718(CFS)
Depth of flow =   0.585(Ft.), Average velocity =   5.918(Ft/s)
Channel flow top width =   14.680(Ft.)
Flow Velocity =    5.92(Ft/s)
Travel time  =   10.71 min.
Time of concentration =   16.00 min.
Critical depth =      0.742(Ft.)
 Adding area flow to channel
Decimal fraction soil group A = 0.040
Decimal fraction soil group B = 0.760
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 0.200
[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.336
Rainfall intensity =      4.355(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for total area
(Q=KCIA) is C = 0.336  CA =     19.446
Subarea runoff =     83.994(CFS) for     57.644(Ac.)
Total runoff =     84.684(CFS) Total area =      57.833(Ac.)
Depth of flow =   0.857(Ft.), Average velocity =   7.354(Ft/s)
Critical depth =      1.117(Ft.)
End of computations, total study area =          57.833 (Ac.)
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San Diego County Rational Hydrology Program

CIVILCADD/CIVILDESIGN Engineering Software,(c)1991-2004 Version 7.4

Rational method hydrology  program based on
San Diego County Flood Control Division 2003 hydrology manual

Rational Hydrology Study        Date: 08/18/10
------------------------------------------------------------------------
Tule Wind Project
System 14
Proposed 100 Yr 24 Hr
Aug 16, 2010
------------------------------------------------------------------------
 *********   Hydrology Study Control Information **********

------------------------------------------------------------------------

Program License Serial Number 4055

------------------------------------------------------------------------
Rational hydrology study storm event year is   100.0
English (in-lb) input data Units used

Map data precipitation entered:
6 hour,  precipitation(inches) =  3.500
24 hour precipitation(inches) =  6.000
P6/P24 =    58.3%
San Diego hydrology manual 'C' values used

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station       14.100 to Point/Station       14.200
**** INITIAL AREA EVALUATION ****
______________________________________________________________________
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 1.000
[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.410
Initial subarea total flow distance  =  233.590(Ft.)
Highest elevation = 3994.000(Ft.)
Lowest elevation = 3949.000(Ft.)
Elevation difference =   45.000(Ft.) Slope = 19.265 %
INITIAL AREA TIME OF CONCENTRATION CALCULATIONS:
The maximum overland flow distance is 100.00 (Ft)
for the top area slope value of  19.27 %, in a development type of
 1.0 DU/A or Less       
In Accordance With Figure 3-3 
Initial Area Time of Concentration =   4.63 minutes
TC = [1.8*(1.1-C)*distance(Ft.)^.5)/(% slope^(1/3)]
TC = [1.8*(1.1-0.4100)*( 100.000^.5)/(  19.265^(1/3)]=   4.63
Calculated TC of    4.633 minutes is less than 5 minutes,
 resetting TC to 5.0 minutes for rainfall intensity calculations
Rainfall intensity (I) =      9.222(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for area (Q=KCIA) is C = 0.410
Subarea runoff =      1.769(CFS)
Total initial stream area =        0.468(Ac.)
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System14.out

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station       14.200 to Point/Station       14.300
**** IMPROVED CHANNEL TRAVEL TIME ****
______________________________________________________________________
Upstream point elevation =  3949.000(Ft.)
Downstream point elevation =  3743.000(Ft.)
Channel length thru subarea  =  3533.690(Ft.)
Channel base width =   10.000(Ft.)
Slope or 'Z' of left channel bank =   4.000
Slope or 'Z' of right channel bank =   4.000
Estimated mean flow rate at midpoint of channel =     45.997(CFS)
Manning's 'N'    = 0.040
Maximum depth of channel  =    5.000(Ft.)
Flow(q) thru subarea =     45.997(CFS)
Depth of flow =   0.632(Ft.), Average velocity =   5.806(Ft/s)
Channel flow top width =   15.059(Ft.)
Flow Velocity =    5.81(Ft/s)
Travel time  =   10.14 min.
Time of concentration =   14.78 min.
Critical depth =      0.781(Ft.)
 Adding area flow to channel
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.860
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 0.140
[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.333
Rainfall intensity =      4.584(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for total area
(Q=KCIA) is C = 0.333  CA =     19.668
Subarea runoff =     88.389(CFS) for     58.556(Ac.)
Total runoff =     90.158(CFS) Total area =      59.024(Ac.)
Depth of flow =   0.919(Ft.), Average velocity =   7.172(Ft/s)
Critical depth =      1.156(Ft.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station       14.300 to Point/Station       14.400
**** IMPROVED CHANNEL TRAVEL TIME ****
______________________________________________________________________
Upstream point elevation =  3743.000(Ft.)
Downstream point elevation =  3620.000(Ft.)
Channel length thru subarea  =  3814.580(Ft.)
Channel base width =   10.000(Ft.)
Slope or 'Z' of left channel bank =   4.000
Slope or 'Z' of right channel bank =   4.000
Estimated mean flow rate at midpoint of channel =    231.883(CFS)
Manning's 'N'    = 0.040
Maximum depth of channel  =    5.000(Ft.)
Flow(q) thru subarea =    231.883(CFS)
Depth of flow =   1.772(Ft.), Average velocity =   7.659(Ft/s)
Channel flow top width =   24.175(Ft.)
Flow Velocity =    7.66(Ft/s)
Travel time  =    8.30 min.
Time of concentration =   23.08 min.
Critical depth =      1.969(Ft.)
 Adding area flow to channel
Decimal fraction soil group A = 0.070
Decimal fraction soil group B = 0.710
Decimal fraction soil group C = 0.000
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System14.out
Decimal fraction soil group D = 0.220
[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.336
Rainfall intensity =      3.439(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for total area
(Q=KCIA) is C = 0.336  CA =    108.625
Subarea runoff =    283.354(CFS) for    264.517(Ac.)
Total runoff =    373.512(CFS) Total area =     323.541(Ac.)
Depth of flow =   2.251(Ft.), Average velocity =   8.732(Ft/s)
Critical depth =      2.531(Ft.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station       14.400 to Point/Station       14.500
**** IMPROVED CHANNEL TRAVEL TIME ****
______________________________________________________________________
Upstream point elevation =  3620.000(Ft.)
Downstream point elevation =  3542.000(Ft.)
Channel length thru subarea  =  2848.900(Ft.)
Channel base width =   10.000(Ft.)
Slope or 'Z' of left channel bank =   4.000
Slope or 'Z' of right channel bank =   4.000
Estimated mean flow rate at midpoint of channel =    402.785(CFS)
Manning's 'N'    = 0.040
Maximum depth of channel  =    5.000(Ft.)
Flow(q) thru subarea =    402.785(CFS)
Depth of flow =   2.432(Ft.), Average velocity =   8.396(Ft/s)
Channel flow top width =   29.455(Ft.)
Flow Velocity =    8.40(Ft/s)
Travel time  =    5.66 min.
Time of concentration =   28.73 min.
Critical depth =      2.625(Ft.)
 Adding area flow to channel
Decimal fraction soil group A = 0.170
Decimal fraction soil group B = 0.250
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 0.580
[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.364
Rainfall intensity =      2.985(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for total area
(Q=KCIA) is C = 0.342  CA =    144.710
Subarea runoff =     58.482(CFS) for     99.216(Ac.)
Total runoff =    431.994(CFS) Total area =     422.757(Ac.)
Depth of flow =   2.516(Ft.), Average velocity =   8.556(Ft/s)
Critical depth =      2.719(Ft.)
End of computations, total study area =         422.757 (Ac.)

Page 3



system15.out

San Diego County Rational Hydrology Program

CIVILCADD/CIVILDESIGN Engineering Software,(c)1991-2004 Version 7.4

Rational method hydrology  program based on
San Diego County Flood Control Division 2003 hydrology manual

Rational Hydrology Study        Date: 09/08/10
------------------------------------------------------------------------
Tule Wind Project
System 15
Proposed Conditions 100 Year

------------------------------------------------------------------------
 *********   Hydrology Study Control Information **********

------------------------------------------------------------------------

Program License Serial Number 4055

------------------------------------------------------------------------
Rational hydrology study storm event year is   100.0
English (in-lb) input data Units used

Map data precipitation entered:
6 hour,  precipitation(inches) =  3.500
24 hour precipitation(inches) =  6.000
P6/P24 =    58.3%
San Diego hydrology manual 'C' values used

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station       15.100 to Point/Station       15.200
**** INITIAL AREA EVALUATION ****
______________________________________________________________________
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 1.000
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 0.000
[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.320
Initial subarea total flow distance  =   59.590(Ft.)
Highest elevation = 3699.000(Ft.)
Lowest elevation = 3694.000(Ft.)
Elevation difference =    5.000(Ft.) Slope =  8.391 %
INITIAL AREA TIME OF CONCENTRATION CALCULATIONS:
The maximum overland flow distance is 100.00 (Ft)
for the top area slope value of   8.39 %, in a development type of
 1.0 DU/A or Less       
In Accordance With Figure 3-3 
Initial Area Time of Concentration =   6.91 minutes
TC = [1.8*(1.1-C)*distance(Ft.)^.5)/(% slope^(1/3)]
TC = [1.8*(1.1-0.3200)*( 100.000^.5)/(   8.391^(1/3)]=   6.91
Rainfall intensity (I) =      7.485(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for area (Q=KCIA) is C = 0.320
Subarea runoff =      0.144(CFS)
Total initial stream area =        0.060(Ac.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
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system15.out
Process from Point/Station       15.200 to Point/Station       15.300
**** IMPROVED CHANNEL TRAVEL TIME ****
______________________________________________________________________
Upstream point elevation =  3694.000(Ft.)
Downstream point elevation =  3645.000(Ft.)
Channel length thru subarea  =   661.420(Ft.)
Channel base width =   10.000(Ft.)
Slope or 'Z' of left channel bank =   4.000
Slope or 'Z' of right channel bank =   4.000
Estimated mean flow rate at midpoint of channel =      5.541(CFS)
Manning's 'N'    = 0.040
Maximum depth of channel  =    5.000(Ft.)
Flow(q) thru subarea =      5.541(CFS)
Depth of flow =   0.173(Ft.), Average velocity =   3.001(Ft/s)
Channel flow top width =   11.382(Ft.)
Flow Velocity =    3.00(Ft/s)
Travel time  =    3.67 min.
Time of concentration =   10.58 min.
Critical depth =      0.207(Ft.)
 Adding area flow to channel
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 1.000
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 0.000
[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.320
Rainfall intensity =      5.685(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for total area
(Q=KCIA) is C = 0.320  CA =      1.910
Subarea runoff =     10.718(CFS) for      5.910(Ac.)
Total runoff =     10.861(CFS) Total area =       5.970(Ac.)
Depth of flow =   0.257(Ft.), Average velocity =   3.836(Ft/s)
Critical depth =      0.316(Ft.)
End of computations, total study area =           5.970 (Ac.)
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Tule Wind Project MUP Drainage Report 

Drainage Study  Iberdrola Renewables 
Tule Wind Project  November 2010 

APPENDIX G 
Standard Crossing Plate 

Figure G-1: Standard Crossing Geometry 
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Rating Table Report
Overtopping

u:\bswift\projects\tule\weir.cvm
10/07/10  01:30:00 PM

ENG-Omaha 134
c Bentley Systems, Inc.    Haestad Methods Solution Center    Watertown, CT 06795 USA    +1-203-755-1666

Project Engineer: bswift
CulvertMaster v3.1 [03.01.010.00]

Page 1 of 2

Range Data:

Minimum Maximum Increment
Discharge 0.00 600.00 10.00 cfs

Discharge (cfs)HW Elev. (ft) TW Elev. (ft)

0.00 0.00 0.00
10.00 0.29 0.13
20.00 0.40 0.20
30.00 0.49 0.25
40.00 0.56 0.30
50.00 0.63 0.34
60.00 0.68 0.38
70.00 0.74 0.42
80.00 0.79 0.45
90.00 0.83 0.48

100.00 0.87 0.52
110.00 0.92 0.55
120.00 0.95 0.58
130.00 0.99 0.60
140.00 1.03 0.63
150.00 1.06 0.66
160.00 1.09 0.68
170.00 1.13 0.71
180.00 1.16 0.73
190.00 1.19 0.76
200.00 1.22 0.78
210.00 1.25 0.80
220.00 1.27 0.83
230.00 1.30 0.85
240.00 1.33 0.87
250.00 1.35 0.89
260.00 1.38 0.91
270.00 1.40 0.93
280.00 1.43 0.95
290.00 1.45 0.97
300.00 1.48 0.99
310.00 1.50 1.01
320.00 1.52 1.03
330.00 1.54 1.05
340.00 1.57 1.07
350.00 1.59 1.09
360.00 1.61 1.11
370.00 1.63 1.13
380.00 1.65 1.15
390.00 1.67 1.16
400.00 1.69 1.18
410.00 1.71 1.20
420.00 1.73 1.22
430.00 1.75 1.23
440.00 1.77 1.25
450.00 1.79 1.27
460.00 1.80 1.28
470.00 1.82 1.30
480.00 1.84 1.32
490.00 1.86 1.33
500.00 1.88 1.35

bswift
Typewritten Text
General Crossings



Rating Table Report
Overtopping

u:\bswift\projects\tule\weir.cvm
10/07/10  01:30:00 PM

ENG-Omaha 134
c Bentley Systems, Inc.    Haestad Methods Solution Center    Watertown, CT 06795 USA    +1-203-755-1666

Project Engineer: bswift
CulvertMaster v3.1 [03.01.010.00]

Page 2 of 2

Discharge (cfs)HW Elev. (ft) TW Elev. (ft)

510.00 1.89 1.36
520.00 1.91 1.38
530.00 1.93 1.40
540.00 1.94 1.41
550.00 1.96 1.43
560.00 1.98 1.44
570.00 1.99 1.46
580.00 2.01 1.47
590.00 2.03 1.49
600.00 2.04 1.50



Rating Table Report
Overtopping

u:\bswift\projects\tule\weir.cvm
10/07/10  01:01:07 PM

ENG-Omaha 134
c Bentley Systems, Inc.    Haestad Methods Solution Center    Watertown, CT 06795 USA    +1-203-755-1666

Project Engineer: bswift
CulvertMaster v3.1 [03.01.010.00]

Page 1 of 2

Range Data:

Minimum Maximum Increment
Discharge 0.00 2,000.00 20.00 cfs

Discharge (cfs)HW Elev. (ft) TW Elev. (ft)

0.00 0.00 0.00
20.00 0.11 0.08
40.00 0.17 0.12
60.00 0.22 0.15
80.00 0.26 0.18

100.00 0.30 0.20
120.00 0.34 0.23
140.00 0.37 0.25
160.00 0.40 0.27
180.00 0.43 0.29
200.00 0.46 0.31
220.00 0.49 0.33
240.00 0.52 0.35
260.00 0.54 0.36
280.00 0.57 0.38
300.00 0.60 0.39
320.00 0.62 0.41
340.00 0.64 0.43
360.00 0.67 0.44
380.00 0.69 0.45
400.00 0.71 0.47
420.00 0.73 0.48
440.00 0.75 0.50
460.00 0.77 0.51
480.00 0.79 0.52
500.00 0.81 0.54
520.00 0.83 0.55
540.00 0.85 0.56
560.00 0.87 0.57
580.00 0.89 0.59
600.00 0.91 0.60
620.00 0.93 0.61
640.00 0.95 0.62
660.00 0.97 0.63
680.00 0.98 0.64
700.00 1.00 0.66
720.00 1.02 0.67
740.00 1.03 0.68
760.00 1.05 0.69
780.00 1.07 0.70
800.00 1.08 0.71
820.00 1.10 0.72
840.00 1.12 0.73
860.00 1.13 0.74
880.00 1.15 0.75
900.00 1.17 0.76
920.00 1.18 0.77
940.00 1.20 0.78
960.00 1.21 0.79
980.00 1.23 0.80

1,000.00 1.24 0.81

bswift
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McCain Crossings



Rating Table Report
Overtopping

u:\bswift\projects\tule\weir.cvm
10/07/10  01:01:07 PM

ENG-Omaha 134
c Bentley Systems, Inc.    Haestad Methods Solution Center    Watertown, CT 06795 USA    +1-203-755-1666

Project Engineer: bswift
CulvertMaster v3.1 [03.01.010.00]

Page 2 of 2

Discharge (cfs)HW Elev. (ft) TW Elev. (ft)

1,020.00 1.26 0.82
1,040.00 1.27 0.83
1,060.00 1.29 0.84
1,080.00 1.30 0.85
1,100.00 1.32 0.86
1,120.00 1.33 0.87
1,140.00 1.34 0.88
1,160.00 1.36 0.89
1,180.00 1.37 0.90
1,200.00 1.39 0.91
1,220.00 1.40 0.92
1,240.00 1.41 0.92
1,260.00 1.43 0.93
1,280.00 1.44 0.94
1,300.00 1.45 0.95
1,320.00 1.47 0.96
1,340.00 1.48 0.97
1,360.00 1.49 0.98
1,380.00 1.51 0.99
1,400.00 1.52 0.99
1,420.00 1.53 1.00
1,440.00 1.55 1.01
1,460.00 1.56 1.02
1,480.00 1.57 1.03
1,500.00 1.59 1.04
1,520.00 1.60 1.04
1,540.00 1.61 1.05
1,560.00 1.62 1.06
1,580.00 1.64 1.07
1,600.00 1.65 1.08
1,620.00 1.66 1.09
1,640.00 1.67 1.09
1,660.00 1.69 1.10
1,680.00 1.70 1.11
1,700.00 1.71 1.12
1,720.00 1.72 1.12
1,740.00 1.73 1.13
1,760.00 1.75 1.14
1,780.00 1.76 1.15
1,800.00 1.77 1.16
1,820.00 1.78 1.16
1,840.00 1.79 1.17
1,860.00 1.80 1.18
1,880.00 1.82 1.19
1,900.00 1.83 1.19
1,920.00 1.84 1.20
1,940.00 1.85 1.21
1,960.00 1.86 1.22
1,980.00 1.87 1.22
2,000.00 1.89 1.23



Rating Table Report
Overtopping

u:\bswift\projects\tule\weir.cvm
10/07/10  01:20:55 PM

ENG-Omaha 134
c Bentley Systems, Inc.    Haestad Methods Solution Center    Watertown, CT 06795 USA    +1-203-755-1666

Project Engineer: bswift
CulvertMaster v3.1 [03.01.010.00]

Page 1 of 2

Range Data:

Minimum Maximum Increment
Discharge 0.00 600.00 10.00 cfs

Discharge (cfs)HW Elev. (ft) TW Elev. (ft)

0.00 0.00 0.00
10.00 0.14 0.13
20.00 0.21 0.20
30.00 0.27 0.25
40.00 0.32 0.30
50.00 0.37 0.34
60.00 0.41 0.38
70.00 0.45 0.42
80.00 0.48 0.45
90.00 0.52 0.48

100.00 0.55 0.52
110.00 0.58 0.55
120.00 0.62 0.58
130.00 0.65 0.60
140.00 0.68 0.63
150.00 0.70 0.66
160.00 0.73 0.68
170.00 0.76 0.71
180.00 0.78 0.73
190.00 0.81 0.76
200.00 0.83 0.78
210.00 0.86 0.80
220.00 0.88 0.83
230.00 0.90 0.85
240.00 0.93 0.87
250.00 0.95 0.89
260.00 0.97 0.91
270.00 0.99 0.93
280.00 1.02 0.95
290.00 1.03 0.97
300.00 1.05 0.99
310.00 1.07 1.01
320.00 1.10 1.03
330.00 1.12 1.05
340.00 1.14 1.07
350.00 1.16 1.09
360.00 1.17 1.11
370.00 1.19 1.13
380.00 1.21 1.15
390.00 1.23 1.16
400.00 1.25 1.18
410.00 1.27 1.20
420.00 1.28 1.22
430.00 1.30 1.23
440.00 1.32 1.25
450.00 1.34 1.27
460.00 1.35 1.28
470.00 1.37 1.30
480.00 1.39 1.32
490.00 1.40 1.33
500.00 1.42 1.35
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Rating Table Report
Overtopping

u:\bswift\projects\tule\weir.cvm
10/07/10  01:20:55 PM

ENG-Omaha 134
c Bentley Systems, Inc.    Haestad Methods Solution Center    Watertown, CT 06795 USA    +1-203-755-1666

Project Engineer: bswift
CulvertMaster v3.1 [03.01.010.00]

Page 2 of 2

Discharge (cfs)HW Elev. (ft) TW Elev. (ft)

510.00 1.44 1.36
520.00 1.46 1.38
530.00 1.47 1.40
540.00 1.49 1.41
550.00 1.50 1.43
560.00 1.52 1.44
570.00 1.53 1.46
580.00 1.55 1.47
590.00 1.56 1.49
600.00 1.58 1.50



Rating Table Report
Overtopping

u:\bswift\projects\tule\weir.cvm
10/07/10  01:18:04 PM

ENG-Omaha 134
c Bentley Systems, Inc.    Haestad Methods Solution Center    Watertown, CT 06795 USA    +1-203-755-1666

Project Engineer: bswift
CulvertMaster v3.1 [03.01.010.00]

Page 1 of 3

Range Data:

Minimum Maximum Increment
Discharge 0.00 11,000.00 100.00 cfs

Discharge (cfs)HW Elev. (ft) TW Elev. (ft)

0.00 0.00 0.00
100.00 0.08 0.07
200.00 0.13 0.10
300.00 0.17 0.13
400.00 0.21 0.16
500.00 0.24 0.18
600.00 0.28 0.20
700.00 0.30 0.22
800.00 0.33 0.24
900.00 0.36 0.26

1,000.00 0.39 0.27
1,100.00 0.41 0.29
1,200.00 0.43 0.30
1,300.00 0.46 0.32
1,400.00 0.48 0.33
1,500.00 0.50 0.35
1,600.00 0.52 0.36
1,700.00 0.55 0.38
1,800.00 0.57 0.39
1,900.00 0.59 0.40
2,000.00 0.61 0.41
2,100.00 0.63 0.43
2,200.00 0.65 0.44
2,300.00 0.66 0.45
2,400.00 0.68 0.46
2,500.00 0.70 0.47
2,600.00 0.72 0.48
2,700.00 0.74 0.50
2,800.00 0.75 0.51
2,900.00 0.77 0.52
3,000.00 0.79 0.53
3,100.00 0.81 0.54
3,200.00 0.82 0.55
3,300.00 0.84 0.56
3,400.00 0.86 0.57
3,500.00 0.87 0.58
3,600.00 0.89 0.59
3,700.00 0.90 0.60
3,800.00 0.92 0.61
3,900.00 0.94 0.62
4,000.00 0.95 0.63
4,100.00 0.97 0.64
4,200.00 0.98 0.65
4,300.00 1.00 0.65
4,400.00 1.01 0.66
4,500.00 1.03 0.67
4,600.00 1.04 0.68
4,700.00 1.06 0.69
4,800.00 1.07 0.70
4,900.00 1.08 0.71
5,000.00 1.10 0.72

bswift
Typewritten Text
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Tule Crossing



Rating Table Report
Overtopping

u:\bswift\projects\tule\weir.cvm
10/07/10  01:18:04 PM

ENG-Omaha 134
c Bentley Systems, Inc.    Haestad Methods Solution Center    Watertown, CT 06795 USA    +1-203-755-1666

Project Engineer: bswift
CulvertMaster v3.1 [03.01.010.00]

Page 2 of 3

Discharge (cfs)HW Elev. (ft) TW Elev. (ft)

5,100.00 1.11 0.73
5,200.00 1.13 0.73
5,300.00 1.14 0.74
5,400.00 1.15 0.75
5,500.00 1.17 0.76
5,600.00 1.18 0.77
5,700.00 1.20 0.78
5,800.00 1.21 0.78
5,900.00 1.22 0.79
6,000.00 1.24 0.80
6,100.00 1.25 0.81
6,200.00 1.26 0.82
6,300.00 1.28 0.82
6,400.00 1.29 0.83
6,500.00 1.30 0.84
6,600.00 1.31 0.85
6,700.00 1.33 0.85
6,800.00 1.34 0.86
6,900.00 1.35 0.87
7,000.00 1.37 0.88
7,100.00 1.38 0.88
7,200.00 1.39 0.89
7,300.00 1.40 0.90
7,400.00 1.41 0.91
7,500.00 1.43 0.91
7,600.00 1.44 0.92
7,700.00 1.45 0.93
7,800.00 1.46 0.94
7,900.00 1.48 0.94
8,000.00 1.49 0.95
8,100.00 1.50 0.96
8,200.00 1.51 0.96
8,300.00 1.52 0.97
8,400.00 1.54 0.98
8,500.00 1.55 0.99
8,600.00 1.56 0.99
8,700.00 1.57 1.00
8,800.00 1.58 1.01
8,900.00 1.59 1.01
9,000.00 1.61 1.02
9,100.00 1.62 1.03
9,200.00 1.63 1.03
9,300.00 1.64 1.04
9,400.00 1.65 1.05
9,500.00 1.66 1.05
9,600.00 1.67 1.06
9,700.00 1.68 1.07
9,800.00 1.70 1.07
9,900.00 1.71 1.08

10,000.00 1.72 1.09
10,100.00 1.73 1.09
10,200.00 1.74 1.10
10,300.00 1.75 1.11
10,400.00 1.76 1.11
10,500.00 1.77 1.12



Rating Table Report
Overtopping

u:\bswift\projects\tule\weir.cvm
10/07/10  01:18:04 PM

ENG-Omaha 134
c Bentley Systems, Inc.    Haestad Methods Solution Center    Watertown, CT 06795 USA    +1-203-755-1666

Project Engineer: bswift
CulvertMaster v3.1 [03.01.010.00]

Page 3 of 3

Discharge (cfs)HW Elev. (ft) TW Elev. (ft)

10,600.00 1.78 1.13
10,700.00 1.80 1.13
10,800.00 1.81 1.14
10,900.00 1.82 1.14
11,000.00 1.83 1.15



Tule Wind Project MUP Drainage Report 

Drainage Study  Iberdrola Renewables 
Tule Wind Project  November 2010 

EXHIBITS 
 

Exhibit A – Existing Conditions Drainage Map 
Exhibit B – Proposed Conditions Drainage Map 

Exhibit C – Tule Creek Drainage Map 
Exhibit D – McCain Valley 1 Drainage Map 
Exhibit E – McCain Valley 2 Drainage Map 

Exhibit F – System 1-2 Drainage Map 
Exhibit G – System 3-4 Drainage Map 
Exhibit H – System 5 Drainage Map 
Exhibit I – System 6 Drainage Map 
Exhibit J – System 7 Drainage Map 

Exhibit K – System 8-13 Drainage Map 
Exhibit L – System 14 Drainage Map 
Exhibit M – System 15 Drainage Map 
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MANAGEMENT SUMMARY 
 
Project Description 
 
For the purposes of this Cultural Resources Technical Report, the “project” refers to the 
Energia Sierra Juarez U.S. Major Use Water Extraction Permit (MUP) Application, 
Jacumba, California. A new access route, approximately 150 feet in length, is proposed 
from Old Highway 80 to an existing well site. All other facilities are existing. 
 
Energia Sierra Juarez U.S. Transmission, LLC (ESJ U.S.), on behalf of Jacumba 
Community Service District (JCSD), is preparing a San Diego County Major Use Water 
Extraction Permit (MUP) Application to allow for the acquisition of water from an existing 
JCSD warm water well and its use at the ESJ U.S. project site to control fugitive dust 
during an approximately 6 month construction schedule. It is estimated that 
approximately 800,000 gallons of water will be purchased for this purpose. The County 
of San Diego is currently reviewing a separate ESJ U.S. MUP for the construction, 
operation, and maintenance of a less than one mile segment of an “electric generator-
tieline” (Gen-Tie) in Eastern San Diego County (KIVA Project: 09-0107420). The 
proposed ESJ Gen-Tie Project consists of a single circuit 500 kV line or double-circuit 
230 kV line supported on three to five 150-foot steel lattice towers or 170-foot steel 
monopoles. It is at this project site where the water will be used for dust control. A 
cultural resources technical report has been previously prepared by AECOM for this 
project (Jordan 2009). 
 
Surveys/Investigations 
 
AECOM staff conducted pedestrian archaeological and historical survey investigations 
on January 25, 2011. This survey covered the proposed access route to the existing 
JCSD water well and 100 ft (30 m) buffer on either side of the proposed 150 ft (45 m) 
linear access route, which total approximately 1.47 acres, defined for the purposes of 
this study as the Project APE.  
 
Prior to conducting the survey investigations, AECOM conducted a literature review of 
at the South Coastal Information Center (SCIC), housed at San Diego State University 
on January 24, 2011. The records search indicated that the proposed project is located 
within the site boundary for site CA-SDI-4455. This site has been previously recorded 
as the village site of Hacúm. Portions of this site, south of the proposed project area, 
have been tested and a substantial subsurface deposit was observed (Joyner and Beck 
1991). The County of San Diego’s Department of Public Works has previously 
recommended this site as eligible for inclusion to the National Register of Historic 
Places (NRHP) (Joyner and Beck 1991). AECOM staff also sent a Sacred Lands file 
search request to the Native American Heritage Commission (NAHC) on January 24, 
2011. To date no response has been received. At the request of the County, Mr. Clint 
Linton, Kumeyaay representative, was contacted by telephone to notify them of the 
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survey and solicit their participation. Mr. Linton was not available at this time to 
participate in the survey effort. 
 
During the survey investigation, no cultural material was observed within the proposed 
project area. Several quartz flakes were observed within the 100 ft (30 m) buffer area, 
north of the proposed access route.  
 
As the proposed project area is located within the site boundary for CA-SDi-4455, a 
limited testing program is recommended prior to any ground disturbing activity in the 
area. Additionally, monitoring by a qualified archaeologist and a Native American 
monitor is recommended during all ground disturbing activities for the proposed project. 
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1.0 INTRODUCTION 
 
1.1 Project Description 
 
For the purposes of this Cultural Resources Technical Report, the “project” refers to the 
Energia Sierra Juarez U.S. Major Use Water Extraction Permit (MUP) Application, 
Jacumba, California. 
 
The proposed project for this San Diego County MUP application is the acquisition of 
water from an existing Jacumba Community Service District (JCSD) warm water well 
#6, use of the water at the ESJ Gen-Tie construction site to control fugitive dust 
emissions, and construction of a new access route. It is estimated that approximately 
800,000 gallons will be purchased and used over a six month period for this purpose. It 
should be noted that this water well has been in operation since 2003, serving the JCSD 
since that time. 
 
The project is located west of downtown Jacumba, in southeastern San Diego County 
(Figures 1 and 2). Water well #6 was drilled in 2003 to a depth of 465 feet below ground 
surface (bgs) and cased to 113 feet bgs. The well was initially intended for use as a 
potable water well; however, during drilling a hot springs aquifer was encountered. Due 
to its elevated temperature, use of the water is limited. The quality of the water is 
appropriate for fugitive dust control. The County of San Diego Department of Planning 
and Land Use (DPLU) has reviewed the water well quality and hydrology information 
and made an initial determination that water quality and quantity are adequate for the 
use of the water for the purpose sought in this application.  
 
Access to the water well will be from Old Highway 80 via the construction of a new dirt 
road approximately 150 feet long by 15 feet wide (Figure 3). Water will be extracted 
from the well using an existing pump and flexible hose configuration. Water trucks will 
drive along the new access route, connect to the flexible hose, and upon filling will exit 
the site. It is estimated that two 2,500 gallon water trucks per day will be filled during a 
six day work week over a six month construction schedule. The speed limit in the 
immediate area where the easement is located on Old Highway 80 is 25 miles an hour, 
which will allow safe ingress and egress of the trucks. Additionally, there is an 
elementary school within 100 yards of the easement entrance. Visual sight lines from 
the exit meet County standards. The water will be transported approximately 3.75 miles 
west on Old Highway 80 to the ESJ Gen-Tie project site. 
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Source: Sempra Energy 2009; SANGIS 2008; USGS 7.5' Topographic Quadrangle In-Ko-Pah Gorge, CA 1975, Jacumba, CA 1975

Figure 2

Project Vicinity Map
Scale: 1 = 36,000; 1 inch = 3,000 feet
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Figure 3

Project Footprint
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Source: Sempra 2010; SANGIS 2010; DigitalGlobe 2008
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The DPLU has requested the preparation of a Minor Stormwater Management Plan 
(minor SWMP). The minor SWMP includes options for standard sediment control 
devices such as silt fences, straw wattles, straw bales and soil stabilizers, as necessary 
to minimize soil erosion. There will be no fueling or hazardous materials at the site 
associated with the JCSD Water Extraction Project.  
 
Construction impacts for the proposed project would include: 
 

• Clearing and grubbing; 
• Access road construction consisting of using fill; 
• Construct drainage in the fill; and 
• Final grading and site clean-up 

 
Vegetation would be cleared and grubbed along the proposed access road. It is 
anticipated that the contractor will use dirt fill to smooth out the elevation transition from 
Old Highway 80 to the well site. A pipe will be build into this fill area to allow water to 
continue to cross underneath. The road will not be paved and will remain a dirt road. It 
is anticipated that limited ground disturbance will be necessary for the construction of 
the proposed access route and that the area of impact would be no more than 150 ft 
(45 m in length and 20 ft (6 m) in width. 
 
1.2 Existing Conditions 
 
1.2.1 Environmental Setting 
 
Natural 
 
The water well is located at the west end of downtown Jacumba in the southeast corner 
of San Diego County, on the north side of Old Highway 80. Two existing dirt roads 
provide access to the proposed project area. Currently the area is a vacant lot. Single 
family residences are located to the south of the project and an elementary school is 
located approximately 0.1 mile west of the project. Extensive pockets of dumping of 
trash and construction debris litter the area. 

Precipitation averages 15.58 inches (in.) per year at Jacumba. Most rain falls from 
November to March. Jacumba experiences its hottest average temperatures in August, 
with an average maximum of 94 degrees Fahrenheit (°F). January is the coldest month, 
with an average high of 62°F (Weather Channel 2009). 
 
Topography 
 
The proposed project is in the Desert Slopes ecological subsection of the Southern 
California Mountains and Valleys ecological subregion in southeastern-most San Diego 
County. Located on the eastern side of the Peninsular Ranges physiographic region, 
formed by the large, intrusive La Posta igneous pluton (Walawender and Hanan 1991), 
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the proposed project is situated south of Table Mountain and the Jacumba Mountains 
and southwest of the In-Ko-Pah Mountains. Generally, the area contains steep to 
moderately steep mountains with narrow to rounded summits and broad valleys 
occupied by alluvial fans. The Table Mountain area provides the highest elevations 
within a 1-mile (1.61-km) radius of the project (3,000 to 4,000 feet [914.4 to 1,219.2 
meters]) above mean sea level [amsl]) with slope gradients of up to 40 percent (Cook 
and Fulmer 1980). Although human uses have been found virtually anywhere in the 
level areas, site locations are concentrated in the Table Mountain Formation Gravels, at 
the escarpments of Table Mountain, and on “beaches” along the shores of well-watered 
drainages at the base of the Southern California Batholith. Concentrations in this area 
form significant patterns and imply that this geomorphic formation was particularly 
desirable for human occupation (May 1976). 
 
Elevation at the project site is approximately 2,840 ft amsl and is located on a slight 
south facing slope into the drainage for Boundary Creek. The project is located at the 
base of hills leading up to Jacumba Peak and at the western edge of Jacumba Valley. A 
small ridge containing granitic outcroppings and boulders is located to the northeast of 
the proposed project. 
 
Geology 
 
The area began with the Mesozoic aged granitic bedrock of the Southern California 
Batholith, which was subsequently buried by Early Miocene-age Table Mountain 
Formation gravels. Subsequently, Late Miocene Jacumba Volcanics erupted to cover 
both earlier formations, distributing porphyritic pyroclastic materials throughout the 
region. Quaternary alluviation and Late Pleistocene erosion converted the Table 
Mountain Formation into ridges and terraces (May 1976). Gray Mountain, in the western 
portion of the Table Mountain area, is an exposure of the Southern California Batholith. 
The gravel-covered ridges in the general area are Table Mountain Formation Gravels, 
with Table Mountain itself composed of more recent intrusive Jacumba Volcanics (May 
1976; Cooley 2006; Strand 1962). Overall, this area is predominantly granitic, with 
scattered zones of gabbro intrusive and mixed granitic-metamorphic rocks (Underwood 
and Gregory 2006). 
 
The geology of the region provided raw materials for everyday life in prehistoric 
San Diego County. The exposed granitic boulders of the Southern California Batholith 
provide a landscape offering shelter from the elements, secluded locations for caches of 
cultural items, and canvasses for rock art. Boulder outcrops in well-watered washes, 
valleys and saddles also served as the raw materials for milling stations to process the 
region’s edible natural resources (May 1976). The ridges, terraces, and benches of the 
Table Mountain Formation gravels contain porphyritic andesites that provided suitable 
raw materials for the production of chipped stone tools, and the gravels contained many 
cobbles that retain heat well for use in roasting pits. Jacumba Volcanics, present in the 
northern region of the project vicinity, also yield materials such as fine-grained basalts 



 
Archaeological and Historical Investigations, Energia Sierra Juarez U.S. Page 7 
Major Use Water Extraction Permit  
09080001 Jacumba Water Well ASR   2/3/2011 

and porphyritic andesite that can be quarried and are suitable for the production of 
stone tools (May 1976). 
 
Soils 
 
Soils within the general area consist of acid igneous rock, Rositas loamy coarse sand, 
rough broken land, and sloping gullied land soil associations. The acid igneous rock soil 
series, deposited during Quaternary alluviation, is present in the southeastern portion of 
the project vicinity and consists of rough, broken terrain. Large boulders and rock 
outcrops of granite, granodiorite, tonalite, quartz diorite, gabbro, basalt, or gabbro diorite 
cover 50% to 90% of the total area of this soil type in San Diego County. The soil 
material is loamy to coarse sand in texture and is very shallow (0 to 4 in.) over 
decomposed granite or basic igneous bedrock (U.S. Bureau of Land Management 
[BLM] 2007; Natural Resources Conservation Service [NRCS] 2007)]. 
 
Rositas loamy coarse sand consists of somewhat excessively drained, variable-depth (0 
to 60 in.) loamy coarse sands derived from Quaternary granitic alluvium (BLM 2007; 
NRCS 2007). Rough broken land, present in the central and northeast portions of the 
project site, is made up of well-drained to excessively drained, steep and very steep 
land dissected by many narrow V-shaped valleys and sharp tortuous divides. Areas of 
exposed raw sediments are common, and there are areas of very shallow soils (0 to 
2 in.). Runoff is rapid to very rapid, and erosion is very high (BLM 2007; NRCS 2007). 
Sloping gullied land occurs in the desert on alluvial fans adjacent to mountains and is 
present in the north-central portion of the project site. It consists of a wide variety of 
material derived from igneous, sedimentary, and metamorphic rocks, with a range of 
depths between 0 and 60 in. The texture ranges from clay loam to gravelly, cobbly 
sand. Limy material has been exposed where gullies have dissected areas of old 
alluvium. Drainage is good to somewhat excessive. Runoff is medium to very rapid, and 
the erosion hazard is moderate to high (BLM 2007; NRCS 2007). 

 
Biota 
 
Plant communities occurring in the project vicinity include desert saltbush scrub and 
southern cottonwood riparian. Desert saltbush scrub is comprised usually of low, 
grayish, microphyllous shrubs, with some succulent species. Total cover is often low, 
with much bare ground between the widely spaced shrubs. Stands typically are strongly 
dominated by a single Atriplex species and found on fine-textured, poorly drained soils 
with high alkalinity and/or salinity, usually surrounding playas on slightly higher ground 
(Holland 1986). The dominant species within the desert saltbush scrub is fourwing 
saltbush (Atriplex canescens). Other species within this habitat included London rocket 
(Sisymbrium irio) and grasses as such wild oats (Avena sp.) and red brome (Bromus 
madritensis). Southern cottonwood willow riparian is comprised of tall, open, 
broadleafed winter-deciduous riparian forests dominated by cottonwoods, and several 
tree willows. Understories usually are shrubby willows. This habitat is usually found in 
sub-irrigated and frequently overflowed lands along rivers and streams. The dominant 
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species require moist, bare mineral soil for germination and establishment. This is 
provided after flood waters recede, leading to uniform-aged stands in this seral type 
(Holland 1986). The dominant species within the habitat on site is cottonwood (Populus 
fremontii), willows (Salix sp.) and mule fat (Baccharis salicifolia). 
 
Habitat in the area supports abundant populations of small mammals and reptiles as 
indicated by frequent sightings of small rodent burrows and lizards. Snake species with 
ranges overlapping the project site include rattlesnake (Crotalus spp.), California 
kingsnake (Lampropeltis getula californiae), coachwhip (Masticophis flagellum), 
nightsnake (Hypsiglena torquata), gopher snake (Pituophis catenifer), and long-nosed 
snake (Rheinocheilus lecontei). Lizard species include western banded gecko 
(Coleonlyx variegatus), side-blotched lizard (Uta stansburiana), and tiger whiptail 
(Aspidoscelis tigris) (California Herps 2008). None of these species were detected 
during the site visits. Several species of birds likely use the area seasonally and during 
the flowering and fruiting season of local vegetation, including red-tailed hawk, common 
raven, house finches, and common yellowthroat. Mammals likely to be found within the 
area of the proposed project include desert cottontail. 
 
Cultural 
 
Regional Prehistory 
 
Paleoindian 
 
The prehistory of the east San Diego County region is generally divided into three major 
periods of occupation: Paleoindian, Archaic, and Late Prehistoric. An earlier pre-
projectile point (pre-Paleoindian) culture was proposed by Malcolm Rogers who used 
the term Malpais – later reclassified as San Dieguito I – to refer to very early materials 
(Rogers 1939). Malpais materials consist of very heavily varnished choppers, scrapers, 
and other core-based tools typically found on old desert pavement areas. Many 
scholars are skeptical of these posited early occupations (e.g., Schaefer 1994). 
 
The first well-documented cultural tradition in southern California is the San Dieguito 
complex (12,000 to 7,000 years before present [B.P.]). The type site is on the 
San Dieguito River in north-coastal San Diego County. The San Dieguito complex has 
been radiocarbon dated here at 9,030 B.P., but most scholars assume that it began a 
few thousand years earlier (Underwood and Gregory 2006). Related materials have 
been found in the Mojave Desert and in the Great Basin, sometimes called the Lake 
Mojave complex (e.g., Campbell et al. 1937; Warren and Ore 1978). Diagnostic artifact 
types and categories associated with the San Dieguito complex include percussion-flaked 
core tools and flake-based tools such as scraper planes; choppers; scrapers; crescentics; 
elongated bifacial knives; and diagnostic Silver Lake, Lake Mojave, and leaf-shaped 
projectile points (Rogers 1939). 
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In areas adjacent to the coast, many Paleoindian period sites are believed to have been 
covered by the rise in sea levels that began at the end of the Pleistocene. In more inland 
regions, alluvial sedimentation in valley areas may have covered these materials. Few 
San Dieguito-Lake Mojave sites in the desert contain subsurface deposits, temporally 
diagnostic artifacts, or datable material (Hayden 1976; Rogers 1939). Temporal 
placement of desert sites is based primarily on degree of weathering and patination, 
and absolute dating has been problematic (Underwood and Gregory 2006). 
 
Archaic 
 
Underwood and Gregory (2006) provide a detailed discussion of the Archaic period in 
the area of the current project, and their research is summarized below. Desert and 
coastal Archaic period sites have generally been dealt with separately, although there 
are clear similarities between the two. In the desert, the Archaic can be divided into the 
Pinto complex (7000 to 4000 B.P.) and the Amargosa or Gypsum complex (4,000 to 
1,500 B.P.). The Pinto complex shows evidence of a shift from big game exploitation to 
a broader-based economy with increased emphasis on the exploitation of plant 
resources, and is thought to be an adaption to erratic climatic drying of the Altithermal 
(Grayson 1993; Warren 1984; Warren and Crabtree 1986). Groundstone artifacts are 
rare; these are typically thin slabs with smooth, highly polished surfaces which “may be 
platforms upon which fibrous leaves or skins were scraped. They are invariably 
associated with pulping planes” (Rogers 1939:52-53). Projectile points are distinctive 
crude, percussion-flaked Pinto series atlatl points. Other lithics include percussion-
flaked scrapers, knives, scraper planes, and choppers (Underwood and Gregory 2006). 
 
The subsequent Amargosa or Gypsum complex is characterized by the presence of 
fine, pressure-flaked Elko, Humboldt, and Gypsum-series projectile points; leaf-shaped 
points; rectangular-based knives; flake scrapers; T-shaped drills; and occasional large 
scraper planes, choppers, and hammerstones (Underwood and Gregory 2006). Manos 
and basin metates became relatively common, and the mortar and pestle were 
introduced late in this period (Warren 1984:416). The florescence of tool types and the 
addition of groundstone hard seed-processing equipment suggest an attempt to adapt 
to drier desert conditions in the greater Southwest. Most examples of this complex have 
been found in the southern Great Basin-Mojave Desert. 
 
Archaic period sites are more commonly found in California in coastal areas. These are 
generally called La Jollan complex sites in coastal San Diego County. As noted in 
Underwood and Gregory (2006): 
 

The assemblage is similar to those of the desert Archaic prompting 
Warren and others (1961:28) and Kowta (1969:68) to suggest that the 
Altithermal (ca. 8000 B.P. to 5000 B.P.) made the deserts largely 
uninhabitable at that time. This induced people to migrate to the coast, 
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beginning at approximately 8000 B.P., where they quickly shifted their 
subsistence strategies to include shellfish and other seashore resources. 

 
Subsistence again shifted to a more intense utilization of hard seeds and other 
terrestrial resources along the coast in the Late Archaic, when siltation is thought to 
have reduced available coastal lagoon resources. Further inland, the similar but 
separately named Pauma complex may represent seasonal inland occupations of 
coastal La Jollan peoples (Moratto 1984; True 1958, 1980). 
 
Late Prehistoric 
 
The incursion of Yuman-speaking people via the Gila/Colorado River drainages of 
western Arizona is apparent by approximately 2,000 years ago, and subsequent 
movements westward had great impact on the people of San Diego County (Moriarty 
1966, 1967, 1968). This Late Prehistoric period (1,500 B.P. to 450 B.P.) is similarly 
characterized by two geographic expressions, the transmontane in the desert east of 
the mountains and the cismontane in the coast and foothill area west of the mountains. 
Both patterns indicate higher population densities and elaborations in social, political, 
and technological systems. Culture traits generally associated with this period include 
increasingly elaborate kinship systems and rock art, including ground figures or 
geoglyphs (McGuire 1982). Extensive trail systems also indicate connections between 
the coast and desert for trade, religious activities, and other interactions, peaceful or 
otherwise (Davis 1961). 
 
The desert manifestation of the Late Prehistoric is broadly referred to as the Patayan 
pattern (e.g., Waters 1982). Paddle and anvil pottery first appears, likely via the Yuman-
speaking Hokan culture of the middle Gila River area (Rogers 1945; Schroeder 1975, 
1979). Tizon brownware appears at approximately A.D. 1000 at Mount Laguna, located 
24 miles northwest of the project site (Underwood and Gregory 2006). Cottonwood 
Triangular series projectile points and Desert side-notched series projectile points used 
in bow and arrow hunting appear at approximately A.D. 800 (1200 B.P). Cremation 
rather than inhumation also became the burial norm. Artifactual material is 
characterized by the presence of arrow shaft straighteners, pendants, comales (heating 
stones), Tizon Brownware pottery, ceramic figurines, ceramic “Yuman bow pipes,” 
ceramic rattles, miniature pottery, various cobble-based tools (e.g., scrapers, choppers, 
hammerstones), bone awls, manos and metates, and mortars and pestles. 
 
Subsistence in desert areas is thought to have focused on acorns and grass seeds, with 
small game serving as a primary protein resource and big game as a secondary 
resource. Vegetation resources included honey mesquite and screwbean mesquite with 
smaller amounts of palo verde, ironwood and native grasses (Underwood and Gregory 
2006). 
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The proposed project sits in an area of small mountains and valleys on the eastern side 
of the Peninsular Ranges. Locally, the project site is situated within the area of the 
Cuyamaca Complex. True (1970) defined Cuyamaca complex based on excavations 
within Cuyamaca Rancho State Park and collections at the San Diego Museum of Man 
to differentiate interior San Diego County assemblages from Meighan’s (1954) San Luis 
Rey complex. It is widely accepted that the Cuyamaca complex is associated with the 
Hokan-based, Yuman-speaking peoples (Diegueño/Kumeyaay) and that the San Luis 
Rey complex is associated with the Takic Shoshonean- speaking peoples (Luiseño). 
 
The region surrounding the proposed project has extensive evidence of the cultural 
elaboration that occurred in the Late Prehistoric. In Baja California’s Sierra de Juárez 
Mountains south of the proposed project is the town of La Rumorosa. Like the Jacumba 
region of the U.S., the La Rumorosa region is one of transition between the mountain 
and desert environments. Within this region is the site of El Vallecito, located 
approximately 3 miles northeast from the town of La Rumorosa. The site is home to La 
Rumorosa-style Late Prehistoric petroglyphs and pictographs, as well as other Late 
Prehistoric artifactual remains like ceramics. This style is associated with the Kumeyaay 
(often spelled Kumiai in Mexico), whose territory straddled both sides of the present-day 
U.S.-Mexico border. The La Rumorosa style, which flourished in southeastern San 
Diego County and northern Baja California, is characterized by rectilinear and 
curvilinear polychrome designs in red, black, yellow and white. Defining elements 
include lizard forms, digitate anthropomorphs, circles, sunbursts, rectangular grids, oval 
grids, simple anthropomorphs, crosses, and rectangles (Hedges 1970). 
 
Ethnographic Background 
 
The project site is in the traditional territory of the Kumeyaay. Also known as Kamia, 
Ipai, Tipai, and Diegueño, the Kumeyaay occupied the southern two-thirds of San Diego 
County. The Kumeyaay spoke a Yuman language belonging to the Hokan language 
family, which includes the lower Colorado River tribes and Arizona groups to whom they 
are closely related. South of the Kumeyaay, in the vicinity of modern-day Ensenada, are 
the closely related Paipai. Desert Kumeyaay or Kamia ranged over the Imperial Valley 
and northeastern Baja California (Underwood and Gregory 2006). As noted in Cooley 
(2006): 

Early chronicler Gifford (1931) designated the Kumeyaay living in the 
Jacumba area as the Kamia, who were distinguished by a desert 
orientation with contacts and travel most frequently between Jacumba and 
the Imperial Valley. This term has generally been replaced with the 
designation of eastern Kumeyaay or Tipai, or sometimes Jacumeño 
(Chace 1980, Cook et al. 1997, Hedges 1975; Langdon 1975; Gifford 
1931:2; Luomala 1978). The Jacumeño or Kamia were closely connected 
to the Quechan on the Colorado River and served as trading partners 
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between the coastal and desert groups using a travel route through the 
Mountain Springs Grade. 

 
The Kumeyaay lived in semi-sedentary, politically autonomous villages or rancherias. 
Most rancherias were the seat of a clan, although it is thought that some clans had 
more than one rancheria and some rancherias contained more than one clan (Bean and 
Shipek 1978). The Kamia or Desert Kumeyaay relied on hunting and gathering, 
supplementing that subsistence base with floodplain horticulture along the New and 
Alamo rivers and at various springs (Underwood and Gregory 2006). 
 
The predominant determining factor for placement of villages and campsites was the 
ready availability of water, preferably on a year-round basis, with seasonal movements 
to exploit available food resources. Inland bands could travel to the coast to fish and 
gather salt, then shift to desert areas in the spring to gather agave (Agave deserti), 
moving to higher altitudes later in the year to gather seasonally available acorns and 
pine nuts (Cline 1984; Shipek 1991). Several large villages have been documented 
within the region through ethnographic accounts and archaeological investigations in 
the area. These include Pa’Mu northeast of Ramona; Tukmak, located near Mesa 
Grande, and Pauba, located between the previous two villages (Cooley and Barrie 
2004; Kroeber 1925:590-591). Most important was likely the village of Hakum or 
Hacúm, the source of the word “Jacumba.” Like many prehistoric villages, its location is 
not certain. However, it has been postulated that the large, complex archaeological site 
CA-SDI-4455, situated in the hills immediately west of Jacumba and within the 
proposed project area, is likely the village of Hakum (Cook et al. 1997:8; Rogers 1920s; 
McGinnis et al. 2003). 
 
Historic Period 
 
The Spanish period in California (1769-1821) represents a time of European exploration 
and settlement. Dual military and religious contingents established the San Diego 
Presidio and the Mission San Diego de Alcalá along the coast. The mission system 
introduced horses, cattle, and other agricultural goods and implements to the area. It 
also disrupted traditional native lifeways, and many Native American populations 
became tied economically to the colonists. Contact with the interior came later, when 
Pedro Fages lead a Spanish expedition through what is now Eastern San Diego County 
in 1785. Despite the lack of early interaction between colonists and interior Native 
Americans, the Jacumeño were already hostile to the Spaniards and in alliance with 
other native groups, actively resisting Spanish rule in the area by the time of Fages’ 
expedition. Still, during their period of governance the Spaniards had little involvement 
in the eastern areas of the county. 
 
The cultural systems and institutions established by the Spanish continued to influence 
the region beyond 1821, when California came under Mexican rule. The Mexican period 
(1821-1848) retained many of the Spanish institutions and laws; the mission system, 
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however, was secularized in 1834. Secularization allowed for increased Mexican 
settlement, with large tracts of land granted to individuals and families, and 
establishment of a rancho system based on cattle grazing (Pourade 1963). 
Secularization also meant that many Native Americans were further dispossessed. The 
Native Americans of the eastern mountain areas began to have hostile interactions with 
the Mexican settlers who began to enter the area. By this time, contact had led the Eastern 
Kumeyaay to incorporate domestic livestock, especially horses and cattle, procured 
through raids. Anglo-European contact also led to the adoption of agriculture, replacing 
the previous subsistence system based on hunting and gathering. 
 
In San Diego County, cattle ranching dominated agricultural activities and the 
development of the hide and tallow trade with the United States increased during the 
early part of this period. The Pueblo of San Diego was established at the former 
Presidio’s settlement along the San Diego River in 1834. Just over a decade after that 
occasion, however, Mexican rule in California ended. The Mexican-American War 
began in 1846, following Texas’ declaration of Republic status, breaking from Mexican 
governance. The conflict expanded to California, and Mexico ceded its California 
territory to the United States as part of the Treaty of Guadalupe-Hidalgo at the war’s 
end in 1848. 
 
At the start of American rule in 1848, gold was discovered in California and American 
immigration began in earnest. Few Mexican ranchos remained intact because of land 
claim disputes. The homestead system encouraged American immigration to the west 
and brought further settlement in the inland mountain areas. Mid-century saw the 
Jacumba area become a focal point of contact. It was situated along a well-travelled 
road from San Diego to Fort Yuma which served as the military mail route. The 
Jacumba station kept horses for the mail carriers who traveled the route, and had come 
under increasing attack by local Native Americans. In the early 1850s, Old Town settler 
James McCoy was sent to Jacumba with 14 men to protect the mail line from Native 
American raids. McCoy and his men constructed a fort there to protect the station 
garrison (Sullivan 1977). The Jacumeño, who had continued to resist European and 
Anglo rule through both the Mexican and American Periods, were finally subdued in 
1880 and evicted from the Jacumba area (Cook et al. 1997). 
 
The San Diego & Arizona Railway arrived in the area in 1919, with a station in 
Jacumba. This transportation innovation was soon followed by the formal establishment 
of Highway 80 for automobile transportation. Following much of the route of the Old 
Plank Road that had been maintained by travelers in eastern San Diego and Imperial 
Counties, the original alignment of the highway was in place by 1919. A “second 
generation” of the highway was built in the 1920 and 1930s, now known as Old Highway 
80 (County of San Diego n.d.). The highway brought new traffic to Jacumba. A hot 
springs spa was established at Jacumba’s natural spring, giving roots to the town. Now 
easily connected to distant markets, stock raising and dairy farming became important 
pursuits for the area’s residents (Cook et al. 1997). The Jacumba Hot Springs Resort 



 
Page 14 Archaeological and Historical Investigations, Energia Sierra Juarez U.S. 
 Major Use Water Extraction Permit 
 09080001 Jacumba Water Well ASR   2/3/2011 

became a local tourist attraction beginning in the 1920s, hosting Hollywood celebrities, 
and spawned hotels, a race track and other recreational facilities in Jacumba (Cooley 
2006). Following World War II, the popularity of the resort began to decline. The 
construction of Interstate 8 in 1967, bypassing Jacumba, marked the end of the town’s 
glory days (Chace 1980). 
 
1.2.2 Records Search Results 
 
A records search was conducted on January 25, 2011, at the South Coastal Information 
Center (SCIC) located at San Diego State University. The archival searches consisted 
of an archaeological and historical records and literature review. The data reviewed 
included historic maps, the California Inventory of Historic Places, the California 
Register of Historic Resources (CRHR), and National Register of Historic Places 
(NRHP) information for the area of the proposed project. The search included a ¼-mile 
radius surrounding the project site. This research provides a background on the types of 
sites that would be expected in the region. The research was also used to determine 
whether previous surveys had been conducted in the area and what resources had 
been previously recorded within the project limits. A records search confirmation letter 
was received from SCIC and is included in Appendix A. 
 
Previous Investigations 
 
Eight cultural resources studies have been conducted within a ¼-mile radius of the 
project site (Table 1). Two studies, Cook et al. (2000) and Rosen (2001) have been 
previously conducted within or adjacent to the study area. These consist of linear 
surveys for a fiber optic line (Cook et al 2000) and a historic property survey for Old 
Highway 80 (Rosen 2001), both through the southern portion of the study area. Two 
additional investigations have been noted in the proposed project area, but are not on 
file at the SCIC. These consist of a survey investigation and monitoring program for the 
Jacumba Water System Rehabilitation Project (McGinnis et al. 2003; McGinnis and 
Baksh 2005). Monitoring of trenching along both the northern and southern shoulders of 
Old Highway 80 was conducted.  
 
Previously Recorded Cultural Resources 
 
The general area and surroundings are very rich in prehistoric cultural resources and 
have some notable historic era resources. This richness is caused by an intersection of 
eco-zones and geological formations resulting in an abundance of food and tool 
resources in the nearby Table Mountain and Jacumba Valley areas. The abundance of 
these resources attracted human populations who used the landscape in a variety of 
ways including long term habitation, short term campsites, agave and other plant 
processing areas, quarries for stone tool materials, and lithic workstations. 
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Table 1. Previous Investigations within a 1-Mile Radius of the Project APE 
 

Author Title Date 

NADB 
Document 

Number 

Chace A Cultural Resources Assessment of Jacumba, San Diego 
County. 

1980 1120479 

Cook and 
Fulmer 

Archaeology and History of the McCain Valley Study Area, 
Eastern San Diego County, California. 

19880 1122760 

Cook et al. Final:  A Cultural Resources Inventory of the Proposed 
AT&T/ PF.Net Fiber optic Conduit Ocotillo to San Diego, 
California. 

2000 1132421 

Johnson An Archaeological Inventory and Assessment of Corridor 
Segments 46 and 49, Preferred Southern Route, San Diego 
County. 

1976 1121267 

McGinnis and 
Baksh 

Archaeological Monitoring Report for the Jacumba Water 
System Rehabilitation Project, San Diego County, California. 

2005 – 

McGinnis et al. Archaeological Survey Report for the Jacumba Water 
System Rehabilitation Project, San Diego County, California.

2003 – 

Rosen Historic Property Survey Report for Old Highway 80, San 
Diego County, California. 

2001 1128282 

Wade Cultural Resource Survey Report Form for the Richard Cox 
Property, Jacumba, California. 

1995 1123014 

Welch Cultural Resource Report:  Lark Canyon Motorcycle Trails 
and Trail Location. 

1982 1125214 

Wirth 
Environmental 
Services 

Archaeological Investigations at SDI-4470. 1987 1121633 

 
 
The results of the records search revealed that 14 resources have been recorded within 
a ¼-mile radius of the project area (Table 2). The project area is located within the site 
boundary for site CA-SDI-4455. Additionally, site P-37-024023 is adjacent to the 
southern portion of the proposed project APE. These resources are discussed below. 
No other resources were previously recorded within or directly adjacent to the proposed 
project APE.  
 
CA-SDI-4455 
 
Site CA-SDI-4455 was originally recorded by Malcolm Rogers (1920s) as a large 
prehistoric village site that extends into Mexico and was partially destroyed by the 
development of the town of Jacumba. In 1976 the site was revisited and determined to 
possibly be the location of the village site of Hacúm (Townsend 1976; Waldron 1976). 
Midden soils along with lithics, lithic tools, multiple milling features, ground stone, 
ceramics sherds as well as historic debris was observed. Backhoe trenching for a new  
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Table 2. Previously Recorded Cultural Resources within a 1/4-Mile Radius of the 
Project APE 
 

Primary 
Number  
(P-37-) 

Permanent 
Trinomial  
(CA-SDI-) Site Description Site Dimensions Reference 

004455 4455 Village site of Hacúm 920 m x 150 m McGinnis 2003; 
Joyner and Beck 
1991; Wilcox and 
Von Werlhof 
1987; Waldron 
1976; Townsend 
1976; Rogers 
1920s 

007015 7015 San Diego and Arizona (Eastern) 
Railroad 

N/A Burkenroad 1979 

008066 8066 Temporary camp 60 m x 51 m Chace1980 
008067 8067 Milling station; lithic and ceramic 

scatter 
128 m x 94 m Wade 1995; 

Chace 1980  
011712 11,712H Vaughn Hotel/ Jacumba Hot 

Springs Hotel 
50 m x 40 m McGinnis 2003; 

Crull and Smith 
1990 

013989 13,947 Historic debris scatter 213 m x 39 m Wade 1995 
013990 13,948 Historic debris scatter 10 m dia. Wade 1995 
013991 13,949 Lithic and ceramic scatter 55 m x 38 m Wade 1995 
014004 13,962 Milling station; lithic scatter 152 m x 73 m Wade 1995 
024023 – Old Highway 80 NA Lorrie 2000 
024943 – Jacumba Casino 35 m x 25 m McGinnis 2003 
024945 – Historic stone structure NA McGinnis 2003 
025185 16,682 Habitation site; milling station 40 m x 25 m McGinnis 2003 
025680 – Union Pacific Railroad (portion of 

the San Diego and Arizona 
(Eastern) Railroad) 

NA Williams 2009; 
Wee and Ferrell 
2000 

 
 
waterline along Railroad Avenue, south of Old Highway 80 and the current study area, 
through Locus A and B in 1987, Soils from the trenching were screened and trench 
profiles were taken, indicating a substation subsurface deposit of approximately 20 cm 
(Wilcox and Von Werlhof 1987).  
 
The site was again revisited by County of San Diego Department of Public Works 
(DPW) archaeologist for a proposed road widening project for the Jacumba Water Tank, 
located south of Old Highway 80. The proposed project impact area for the road 
widening was surveyed and test excavations were conducted in the area south of Old 
Highway 80. While portions of the site were found to be disturbed, the DPW 
recommended the site eligible for inclusion to the National Register of Historic Places 
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(Joyner and Beck 1991). In 2003, the site was once again revisited and confirmed 
Rogers’ initial assessment that this site is the village of Hacúm (McGinnis et al. 2003). 
No evidence of State Historic Preservation Office (SHPO) concurrence with the 
eligibility recommendation was on file at SCIC.  
 
P-37-024023 
 
This site was recorded by Caltrans (Lorrie 2000) as part of a Historic Property Survey 
Report (HPSR) (Rosen 2001). This was recorded as a two-lane undivided highway built 
in the 1910s, connecting San Diego to El Centro and Yuma Arizona. Portions of the 
highway were upgraded between the late 1910s and the early 1930s. The highway was 
designated Highway 80 in the 1920. As a result of the HPSR study conducted by 
Caltrans, several sections of the highway are considered contributing elements to the 
Old U.S. 80 Historic District under Criterion A of the California Register of Historic 
Places eligibility criteria for its “association with San Diego’s efforts to become a 
terminus for a U.S. transcontinental highway and the significance of the highway for the 
regional economy” as well as under Criterion C for its “state of preservation as an 
example of highway engineering and construction techniques before the modern 
freeway era” (Lorrie 2000). Eligible segments include the segment adjacent to the 
Project APE. No evidence of SHPO concurrence with the eligibility recommendation 
was on file at SCIC.  
 
1.3 Applicable Regulations 
 
Various federal, state, and local regulations are applicable to projects located within 
San Diego County. These regulations are used to assess cultural resources, address 
adverse impacts to cultural resources, and identify protection measures for these 
resources. Applicable regulations for addressing these concerns and for determining 
resource significance include CEQA, the San Diego County Local Register of Historical 
Resources (Local Register), and the San Diego County Resource Protection Ordinance 
(RPO). The following sections describe the criteria that a resource must meet to be 
determined a significant resource or an important resource under each guideline. 
 
1.3.1 California Environmental Quality Act 
 
A cultural resource is considered “historically significant” under CEQA if the resource 
meets the criteria for listing in the CRHR. The CRHR was designed to be used by state 
and local agencies, private groups, and citizens to identify existing historical resources 
within the state and to indicate which of those resources should be protected, to the 
extent prudent and feasible, from substantial adverse change. The following criteria 
have been established for the CRHR (Public Resources Code §§5024.1, Title 14 CCR, 
Section 4852). A resource is considered significant if it: 
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 1. Is associated with events that have made a significant contribution to the broad 
patterns of California’s history and cultural heritage; or 

 2. Is associated with the lives of persons important in our past; or 

 3. Embodies the distinctive characteristics of a type, period, region, or method of 
construction, or represents the work of an important creative individual, or 
possesses high artistic values; or 

 4. Has yielded, or may be likely to yield, information important in prehistory 
or history. 

 
1.3.2 San Diego County Local Register of Historical Resources 
 
The County requires that a resource be assessed for importance at the local level as 
well as the state level. If a resource meets any one of the criteria outlined in the Local 
Register, it will be considered important. The criteria are as follows (County of San 
Diego 2007b): 
 
 1. Is associated with events that have made a significant contribution to the broad 

patterns of San Diego County’s history and cultural heritage; 

 2. Is associated with the lives of persons important to the history of San Diego 
County or its communities; 

 3. Embodies the distinctive characteristics of a type, period, San Diego County 
region, or method of construction, or represents the work of an important 
creative individual, or possesses high artistic value; or 

 4. Has yielded, or may likely yield, information important in prehistory or history. 
 
1.3.3 Resource Protection Ordinance 
 
The County’s RPO protects significant cultural resources. The RPO definition of a 
“Significant Prehistoric or Historic Site” is as follows (County of San Diego 2007b): 
 

Location of past intensive human occupation where buried deposits can 
provide information regarding important scientific research questions 
about prehistoric or historic activities that have scientific, religious or other 
ethnic value of local, regional, State or Federal importance. Such locations 
shall include, but not limited to: any prehistoric or historic district, site, or 
object included in or eligible for inclusion in the National Register of 
Historic Places or the State Landmark Register; or included or eligible for 
inclusion, but not previously rejected, for the San Diego County Historical 
Site Board List; any area of past human occupation located on public or 
private lands where important prehistoric or historic activities and/or 
events occurred; and any location of past or current sacred, religious or 
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ceremonial observances protected under Public Law 95-341, the 
American Indian Religious Freedom Act or Public Resources Code 
Section 5097.9, such as burial(s), pictographs, petroglyphs, solstice 
observatory sites, sacred shrines, religious ground figures, and natural 
rocks or places which are of ritual, ceremonial, or sacred value to any 
prehistoric or historic ethnic group. 

 
The RPO does not allow nonexempt activities or uses damaging to significant 
prehistoric or historic lands on properties under County jurisdiction. The only exempt 
activity is scientific investigations authorized by the County. All discretionary projects 
are required to be in conformance with applicable County standards related to cultural 
resources, including the noted RPO criteria on prehistoric and historic sites. 
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2.0 GUIDELINES FOR DETERMINING SIGNIFICANCE 
 
Section 15064.5(b) of the State CEQA Guidelines identifies adverse environmental 
impacts to historical resources. The County has prepared guidelines for determining the 
significance of environmental impacts to cultural resources, based on CEQA and the 
County RPO. Pursuant to the County of San Diego Guidelines for Determining 
Significance – Cultural Resources: Archaeological and Historical Resources (2007b), 
any of the following will be considered a significant impact to cultural resources: 
 
 1. The project, as designed, causes a substantial change in the significance of a 

historical resource as defined in §15064.5 of the State CEQA Guidelines. This 
shall include the destruction, disturbance or any alterations of characteristics or 
elements of a resource that cause it to be significant in the manner not 
consistent with the Secretary of Interior Standards. 

 2. The project, as designed, causes a substantial adverse change in the 
significance of an archaeological resource pursuant to §15064.5 of the State 
CEQA Guidelines. This shall include the destruction or disturbance of an 
important archaeological site or any portion of an important archaeological site 
that contains the potential to contain information important to history or 
prehistory. 

 3. The project, as designed, disturbs any human remains, including those interred 
outside formal cemeteries. 

 4. The project proposes non-exempt activities or uses damaging to, and fails to 
preserve, significant cultural resources as defined by the Resource Protection 
Ordinance and fails to preserve those resources. 
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3.0 ANALYSIS OF PROJECT EFFECTS 
 
3.1 Survey Methods 
 
3.1.1 Survey Methods 
 
Under the direction of Stacey C. Jordan, Ph.D., AECOM staff member Cheryl Bowden-
Renna conducted the pedestrian archaeological and historical survey investigation on 
January 25, 2011. Stacey C. Jordan, Ph.D. prepared the County-format report based on 
the findings of the AECOM survey. Resumes of key AECOM personnel are provided in 
Appendix B. 
 
An intensive pedestrian archaeological survey of the 1.47 acres of the Project APE was 
conducted in continuous parallel 10 m transects walked in an east/west direction. The 
project area consists of 150 ft (45 m) linear area, 20 ft (6 m) wide with a 100 ft (30 m) 
buffer around the proposed project area. Visibility was good to fair with approximately 
20–30 percent of the project area partially obscured by ground cover in the form of non-
native grasses, chaparral, and oak trees.  
 
Two previously recorded sites, CA-SDI-4455 (the village site of Hacúm), and P-37-
024023 (Old Highway 80), were relocated and updated during the current survey efforts. 
No newly recorded resources were identified during the current survey effort. 
 
3.1.2 Native American Consultation 
 
As part of this investigation, AECOM contacted the NAHC via fax on January 25, 2011, 
to solicit a Sacred Lands file search and request a list of Native American contacts for 
the proposed project. To date, no response has been received. The NAHC response 
usually indicates if there are known Native American cultural resources within or in the 
vicinity of the project area. At the request of the County, the NAHC response and 
appended Native American Contact list will forwarded to County Archaeologist for the 
purposes of government-to-government consultation under CEQA. Also at the request 
of the County, AECOM staff member Cheryl Bowden-Renna contacted Native American 
representatives Mr. Clint Linton, Kumeyaay, by telephone on January 25, 2011, to notify 
them of the access road alignment alternatives survey and solicit their participation. 
Mr. Clinton was not available to participate at this time. After the survey effort was 
completed. Ms. Bowden-Renna contacted Mr. Linton to apprise him of the survey 
results. 
 
3.2 Survey Results 
 
The field survey effort resulted in the relocation of two cultural resources within the 
proposed Project APE, CA-SDI-4455 and P-37-024023 (Table 3; Figure 4, Confidential 
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Appendix E - bound separately). No other cultural or historic resources were identified 
during the current survey effort. 
 
 
Table 3. Cultural Resources within the Project APE 
 

Trinomial/Primary No. Site Type 
Sites 
CA-SDI-4455 Village of Hacúm 
P-37-024023 Old Highway 80 

 
 
3.2.1 Sites within the APE 
 
CA-SDI-4455 
 
Site CA-SDI-4455 was originally recorded in the 1920s as the ethnographic village site 
of Hacúm (Rogers 1920s). Test excavations (Joyner and Beck 1991) and trenching 
monitoring (Wilcox and Van Werlhof 1987) have been conducted in portions of the 
southern part of the site, which indicated the presence of a substantial subsurface 
deposit in the site area. Based on the results of these survey efforts and subsequent 
testing efforts, the County of San Diego DPW has previously recommended this site as 
eligible for the NRHP (Joyner and Beck 1991). 
 
The current effort confirmed that the project is located within the site boundaries of  
CA-SDI-4455. While no artifactual material was observed within the proposed access 
route for the existing well, several quartz flakes were observed approximately 20 m 
north and west of the existing well, within the 100 ft (30 m) buffer area of the Project 
APE. A small ridgeline of bedrock is located approximately 50 m northeast of the well 
with multiple milling features just outside of the Project APE. Metavolcanic lithic 
debitage was observed in increasing amounts around this milling area. Ceramic sherds 
have been stockpiled into several of the bedrock mortars from the surrounding area, 
though it is unknown whether this is prehistoric or more recent activity. Because the 
area of site CA-SDI-4455 within the Project APE has not been subject to subsurface 
testing, it is unknown whether subsurface deposits are present in this area.  
 
P-37-024023 
 
This site was recorded by Caltrans (Lorrie 2000) as part of a Historic Property Survey 
Report (HPSR) (Rosen 2001). This was recorded as a two-lane undivided highway built 
in the 1910s’, connecting San Diego to El Centro and Yuma Arizona. Portions of the 
highway were upgraded between the late 1910s and the early 1930s. The highway was 
designated Highway 80 in the 1920. The segment of P-37-024023 located at the 
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FIGURE 4 
 

CULTURAL RESOURCES WITHIN THE PROJECT AREA 
(Confidential – Bound Separately) 

See Appendix E 
 
 



 
Page 26 Archaeological and Historical Investigations, Energia Sierra Juarez U.S. 
 Major Use Water Extraction Permit 
 09080001 Jacumba Water Well ASR   2/3/2011 

southern boundary of the Project APE is considered a contributing element to a 
resource recommended eligible to the NRHP. Character-defining features of this 
contributing element consist of the Portland cement concrete road surface, the relatively 
narrow right-of-way, the two-lane undivided roadway, the route including the method of 
construction that “mostly follows the natural contours of the terrain with a minimum of 
cut and fill” done with a low level of earth moving (Lorrie 2000).  
 
Site form updates have been completed on appropriated Department of Parks and 
Recreation (DPR) forms and are attached in Confidential Appendix C (bound 
separately). 
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4.0 INTERPRETATION OF RESOURCE IMPORTANCE AND IMPACT 
IDENTIFICATION 

 
4.1 Resource Importance 
 
The cultural resources survey conducted for the proposed project resulted in the re-
identification of two previously recorded archaeological sites CA-SDI-4455 and P-37-
024023, within the proposed project APE (Table 4). 
 
 
Table 4. Subsurface Potential for Resources within the APE 
 

Trinomial/ 
Primary No. Resource Description 

Subsurface 
Potential? Recommendation 

CA-SDi-4455 Village of Hacúm Medium Limited testing of project APE; 
monitoring 

P-37-024023 Old Highway 80 Low Avoidance 
 
 
Prehistoric cultural uses of the APE are suggested by the observable archaeological 
data. Lithic reduction evidenced with CA-SDI-4455 reflects the use of diverse raw 
materials. Quartz was the predominant lithic material, although no quartz bedrock 
outcroppings are present in the project area, outcroppings of quartz are present in the 
vicinity. While quartz predominated the lithic assemblage, metavolcanic and volcanic 
materials are present. The nearby Table Mountain Archaeological District was used as 
a cobble quarry for volcanic rock cobbles (Laylander 2005a). Alluvium from Table 
Mountain has carried porphyritic andesites into the project area, making fine-grained 
volcanic raw materials available for stone tool production. Multiple locus of milling are 
noted within the site area, consisting of multiple milling elements, including slicks, 
mortars, and basins. The relative depths of these elements are indicative of long tern 
use. While no diagnostic lithic artifacts were found to date the archaeological site, the 
presence of Tizon Brownware indicates its use during the Late Prehistoric. The date of 
the first appearance of ceramics in San Diego County is a debated issue (Laylander 
2005a and 2005b); however it is generally acknowledged that ceramics are a marker of 
the Late Prehistoric period. Test excavations (Joyner and Beck 1991) and trenching 
monitoring (Wilcox and Van Werlhof 1987) have been conducted in portions of the 
southern part of the site, which indicated the presence of a substantial subsurface 
deposit in the site area. The breadth and range of artifactual material, subsurface 
deposits, and long-term us of milling elements, support the original recordation of the 
site as a village site, specifically, the village of Hacúm.  
 
As a village, this site interconnects with other resources in the area, such as the Table 
Mountain District, located approximately 2 miles northeast of the project area, and the 
Jacumba Discontiguous Archaeological District (JDAD). Table Mountain District, was 
first documented in 1976 (May 1976) and nominated for the NRHP in 1980 (BLM 1980). 
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The Table Mountain Historic District was defined based on the recordation of 124 sites, 
11 of which are said to be permanent village sites (May 1976). Rock art panels and 
ethnographic documentation also imply that the Table Mountain area had medicinal or 
religious significance (BLM 1980). The JDAD includes 70 sites and 22 isolated finds in a 
441-acre identified during linear surveys for the Southwest Powerlink 500kV line 
northeast of the project area. Lithic quarrying and stone tool manufacture was a major 
industry in the JDAD; however, temporary camps, base camps, rock cairns, and 
ceramic scatters are also present (Wirth Associates 1981). Jacumba Valley was an area 
of intensive trade between the Quechan peoples, located along the Colorado River, and 
the mountain and desert Kumeyaay who lived in the Peninsular Range and the general 
project area (Wirth Associates 1981). Carrizo and In-Ko-Pah Gorges were used as 
trade routes (BLM 1980).  
 
Historic uses of the APE consist of Old Highway 80 as a transportation corridor, 
connecting San Diego with El Centro and further to Yuma, Arizona. The historic town of 
Jacumba, is located approximately 0.12 mile to the east of the proposed project. This 
site demonstrates large-scale infrastructure efforts and construction techniques during 
the early 20th century and its impact on the regions’ economy (Lorrie 2000). 
 
4.2 Impact Identification 
 
One archaeological site, CA-SDI-4455 has the potential to be directly impacted by the 
proposed project (see Figure 4, Confidential Appendix E – bound separately). The 
footprint of proposed new access route will impact site CA-SDI-4455. Previous testing of 
the southern portion of the site has indicated a substation subsurface deposit is present 
at the site (Joyner and Beck 1991; Wilcox and Von Werlhof 1987. Further, this site has 
been recommended eligible for inclusion to the NRHP (Joyner and Beck 1991),   
 
As a disturbance to an important archaeological site that has the potential to contain 
information important to prehistory, project activities related to the construction and use 
of the access road within the Project APE will cause a substantial adverse change in the 
significance of this archaeological resource pursuant to §15064.5 of the State CEQA 
Guidelines and County significance guidelines. This direct impact is significant and 
mitigable to below a level of significance. 
 
The project as planned does not proposed to alter any of the character defining features 
of the segment of P-37-024023, Old Highway 80, located directly south of the Project 
APE. As such, project construction or operation activities do not pose a significant 
impact to this resource.  
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5.0 MANAGEMENT CONSIDERATIONS – MITIGATION MEASURES AND 
DESIGN CONSIDERATIONS 

 
Archaeological sites are nonrenewable resources. The ideal treatment for cultural 
resources is avoidance of impacts, and measures to ensure avoidance can be 
incorporated into project design. If a project is determined to cause damage to a 
significant cultural resource, reasonable efforts must be made to mitigate the impact to 
a level below significant. 
 
5.1 Mitigable Impacts 
 
Unless the proposed project can be redesigned to avoid site CA-SDI-4455, which would 
likely prove unfeasible, impacts to this site would be considered significant and a testing 
program would need to be conducted within the project footprint to determine whether 
subsurface deposits are present. Should such testing exhaust the data potential of this 
portion of the site, impacts from the proposed project would be reduced to less than 
significant. Upon completion of this phase it may be determined, in consultation with the 
County, that further testing and/or data recovery will be needed. All testing and data 
recovery efforts would be implemented prior to construction or ground-disturbing 
activities. 
 
5.2 No Significant Adverse Effects 
 
P-37-024023, Old Highway 80, will not be impacted by the construction or operation of 
the proposed project. In the event of incidental discoveries during construction activities, 
each discovery would require significance testing as outlined in the County’s Guidelines 
for Determining Significance (2007b). Any new facility, infrastructure, roadway or 
staging area for construction or maintenance not shown on the current site plan may 
require additional survey or, if within previous survey boundaries, further analysis of 
impacts to cultural resources.  
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7.0 LIST OF PREPARERS AND PERSONS AND ORGANIZATIONS CONTACTED 
 
Stacey C. Jordan, Ph.D. 
Senior Archaeologist 
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8.0 LIST OF MITIGATION MEASURES AND DESIGN CONSIDERATIONS 
 

Cultural Resource Design Consideration Mitigation Measure 

Less than 
Significant 

Impact? 

CA-SDI-4455 Construction of new access 
route 

Site Evaluation/Data Recovery 
program 

Yes 

  Construction monitoring Yes 
P-37-024023 Construction of new access 

route 
Avoidance, construction monitoring Yes 
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Education 

PhD, Anthropology, Rutgers University, New Brunswick, NJ,2000 

MPhil, Anthropology, Rutgers University, New Brunswick, NJ, 1995 

MA, Anthropology, Rutgers University, New Brunswick, NJ, 1994 

BA with High Distinction, Anthropology, University of California, Berkeley, 1991 

 

Professional Affiliations 

Member, Society for American Archaeology 

Member, Register of Professional Archaeologists 

 

Certifications + Approvals 

County of San Diego Approved Consultant List for Archaeological Resources 

County of San Diego Approved Consultant List for Historic Resources 

County of Riverside Approved Cultural Resources Consultant (No. 222) 

 

Awards 

2009 - San Diego Archaeological Center Excellence in Archaeology Award, Excellence in Cultural Heritage, 

Archaeological Data Recovery at CA-SDI-10,920 and Site Stabilization at Sites CA-SDI-586 and CA-SDI-10,920 

Along the Southern Shore of Lake Hodges 

2008 - San Diego AEP Outstanding Environmental Resource Document Finalist, Boulder Oaks Open Space Preserve 

(winner Honorable Mention at September 25 AEP Awards) 

2008 - Riverside County Planning Department, Certificate of Appreciation for the Cultural Resources Working 

Group 

 

Grants + Fellowships 

2003, Wenner-Gren Foundation for Anthropological Research Individual Research Grant Team Member: “Analysis 

and Interpretation of Archaeological Residues from Excavations at the Castle of Good Hope, Cape, South Africa'”  

1996-1997, Wenner-Gren Foundation for Anthropological Research, Predoctoral Research Grant #6021 

1994-1995, Wenner-Gren Foundation for Anthropological Research, Predoctoral Research Grant #5739 

1992-1996, Rutgers University Excellence Fellowship  

 

Publications 

Jordan, Stacey. 2002. Classification and Typologies. In: Encyclopedia of Historical Archaeology, Charles E. Orser, 

Jr. (ed.). Routledge. London. 

Jordan, Stacey and Carmel Schrire. 2002. Material Culture and the Roots of Colonial Society at the South African 

Cape of Good Hope. In: The Archaeology of Colonialism, Claire Lyons and John Papadopoulos (eds.). Getty Research 

Institute. Los Angeles. 
 
 
 
 

 
 
Dr. Stacey Jordan has been professionally involved in the fields of archaeology and 

history for over a decade. Her specialty in historical archaeology combines the use of 
material culture and the archival record in anthropologically driven analyses of cultural 

resources. Dr. Jordan was the recipient of the Excellence Fellowship at Rutgers 
University, as well as multiple research grants from the Wenner-Gren Foundation for 

Anthropological Research. She is the author of various publications as well as numerous 
papers that have been presented at national and international conferences. Dr. Jordan is 

particularly well versed in the analysis of historical ceramics and has taught courses in 

the method and theory of historical archaeology as well as in the identification and 
analysis of historical ceramics and glass. She has extensive experience in archival 

research and historical writing, and has worked on projects spanning from early colonial 
contact to the recent past. In addition, Dr. Jordan has served on a variety of prehistoric 

and historic excavations both in the United States and abroad. Supplementing her work in 

cultural resources management, she conducts research on ceramics, community 

development, and identity construction in colonial South Africa. 

 

Project Experience 

 

Solar Millennium Ridgecrest Solar Power Project, Ridgecrest, CA 

Project Manager of ongoing BLM Class III intensive pedestrian survey, resource 

documentation, and site evaluation efforts for an approximately 2000-acre solar power 

project on BLM land in the western Mojave Desert under a Fast-Track ARRA funding 

schedule. This project includes extensive records searches and data management, multi-

agency coordination and consultation involving BLM and the California Energy 

Commission, an ongoing Native American contact and outreach program.  

 

Solar Millennium Blythe Solar Power Project, Blythe, CA 

Project Coordinator of ongoing BLM Class III intensive pedestrian survey, resource 

documentation, and site evaluation efforts for an approximately 2000-acre solar power 

project on BLM land in the western Mojave Desert under a Fast-Track ARRA funding 

schedule. This project includes extensive records searches and data management, multi-

agency coordination and consultation involving BLM and the California Energy 

Commission, an ongoing Native American contact and outreach program.  

 

Solar Millennium Palen Solar Power Project, Palen, CA 

Project Coordinator of ongoing BLM Class III intensive pedestrian survey, resource 

documentation, and site evaluation efforts for an approximately 2000-acre solar power 

project on BLM land in the western Mojave Desert under a Fast-Track ARRA funding 

schedule. This project includes extensive records searches and data management, multi-

agency coordination and consultation involving BLM and the California Energy 

Commission, an ongoing Native American contact and outreach program.  

 

San Diego Gas & Electric On-Call Cultural Services,  
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Practice Leader, Cultural Resources Group 

Senior Archaeologist 
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San Diego and Imperial Counties, CA 

Director of on-call inventory, survey, monitoring and reporting work as part of SDGEs 

infrastructure operations and maintenance activities on both private and public lands. 

Tasks include records searches, construction monitoring, archaeological survey and 

documentation,  completion of State of California DPR forms, and management 

recommendations.  

 

Southern California Edison As-Needed Archaeological Services, CA 

Director of on-call survey, resource identification, documentation, testing, and 

evaluation efforts related to Southern California Edison infrastructure replacements and 

development throughout the state on both private and public lands, including BLM, 

USACE, and USFS. Product involves completion of State of California DPR forms, 

assessment of resource significance according to NRHP eligibility and CEQA significance 

criteria, and management recommendations. Work done before joining this firm. 

 

Bureau of Land Management National Historic Trails Cultural and Visual Inventory, 

Multiple States 

Cultural resources task manager for ongoing archival research and Phase I cultural 

resources inventories of National Historic Trails and trail-associated resources on 

Bureau of Land Management lands in New Mexico, Colorado, Utah, Arizona, California, 

Nevada and Wyoming. Inventories include pedestrian survey for the identification of trail 

traces of the Old Spanish, El Camino Real de Tierra Adentro, California, Oregon, Mormon 

Pioneer, and Pony Express National Historic Trails, documentation of sites and features 

associated with the trails during their period of significance, and conditions 

assessments of observable trail traces. Results of the inventory will be combined with 

visual and cultural landscape analysis to support BLM’s management and protection of 

high potential route segments and historic sites.  

 

City of San Diego City Planning and Community Investment As-Needed 

Archaeological Services, City of San Diego, CA 

Project Manager of ongoing cultural resources consulting services in support of 

community plan updates under the newly adopted City of San Diego General Plan.  

Services include records searches, Native American contact programs, background 

information syntheses, and assessments of archaeological potential as part of the 

community plan update Historic Preservation Elements.   

 

San Nicolas Island Archaeological Evaluations,  

Ventura County, CA 

Project Manager for ongoing archaeological evaluation of prehistoric sites CA-SNI-316, 

361 and 550 on San Nicolas Island in the Channel Islands of the California Bight. This 

project involves the significance testing and analysis of Middle and Late Holocene sites 

and synthesis of results with existing island-wide archaeological data.  

 

County of San Diego Department of Parks and Recreation Sage Hill Preserve 

Cultural Surveys, San Diego County, CA 

Cultural resources task manager for Phase I pedestrian survey and cultural resource 

inventories of the Sage Hill Preserve in unincorporated northern San Diego County. This 

project involved the identification and documentation of prehistoric and historic 

resources, built environment features, and existing infrastructure to assist the 

Department of Parks and Recreation in resource management through development of a 

Resource Management Plan including Area Specific Management Directives. Extensive 

archival and background research, including a contact program with local historic 

societies, was conducted to develop a historical context for the property. Methods and 

results of the intensive pedestrian survey were reported in a County of San Diego format 

technical report which included extensive cultural histories, a descriptive inventory of 

identified sites, and management guidelines for potentially significant cultural resources. 

All resources were documented on DPR 523 forms, and field work was conducted in 

coordination with a Native American monitor. 

 

Emergency Storage Project Cultural Resources,  

Lake Hodges, San Diego County, CA 

Senior Archaeologist and report co-author for data recovery project at site CA-SDI-

10,920 along Lake Hodges. The project involves integration of regional data to provide 

context for the analysis of CA-SDI-10,920 and examination of the Late Prehistoric 

occupation of the San Dieguito River Valley around present-day Lake Hodges. 

 

Jefferson National Expansion Memorial Environmental Impact Study, St. Louis, MO 

Co-author for prehistoric and historical archaeology background and impact analysis 

sections related to the proposed expansion of the Jefferson National Expansion Memorial 

(Gateway Arch) in St. Louis, Missouri and East St. Louis, Illinois.  

 

Old Town State Historic Park Jolly Boy Project,  

San Diego, CA 

Contributor to the archaeological data recovery report for the Jolly Boy Saloon site in 

Old Town San Diego State Historic Park. Contributions to this project involve the 

synthesis of existing data on Old Town San Diego and development of an archaeological 

and historic context for the analysis and interpretation of recovered material. 

 

Ocotillo Wells SVRA General Plan & Environmental Impact Report Cultural 

Resources, Imperial County, CA 

Ongoing Cultural Resources analyses of Ocotillo Wells State Vehicular Recreation Area. 

This project involves the analysis of existing cultural resources conditions, and 

recommendations for the treatment of cultural resources. 

County Department of Public Works, Bear Valley Parkway Cultural Resources 

Inventory and Assessment, San Diego County, CA 

Task Manager for the survey, documentation and evaluation of archaeological and 

historical resources related to the expansion of Bear Valley Parkway in unincorporated 

San Diego County. Project conducted for the County Department of Public Works 

according to County of San Diego guidelines. 

 

Banning State Water Transmission Line,  

Riverside County, CA 

Task Manager for cultural resources sensitivity analysis for the construction of an 

approximately 2.4-mile long pipeline within the rights-of-way of paved streets within the 

unincorporated area of the county. As part of this analysis a records search of the 

Eastern Information Center was conducted to identify cultural resources studies and 

identified resources within a one-mile radius of the Banning State Water Transmission 
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Line’s proposed alignment. A sacred lands file search was also requested from the 

Native American Heritage Commission.  

 

Heber Dunes SVRA General Plan & Environmental Impact Report Cultural 

Resources, Imperial County, CA 

Ongoing Cultural Resources Phase I Survey and Inventory of Heber Dunes State 

Vehicular Recreation Area. This project involves the analysis of existing cultural 

resources conditions, assessment of proposed facilities maintenance and development 

impacts, and recommendations for the treatment of cultural resources. 

 

El Camino Real Bridge Historical Evaluation—City of San Diego, California  

Senior Archaeologist and Historian for a historical resources assessment of the historic 

El Camino Real Bridge over the San Dieguito River in accordance with CEQA and City of 

San Diego significance guidelines.  Conducted archival research on the bridge’s 

construction history and alterations using historic photographs and original engineering 

drawings. Work done before joining this firm. 

 

El Camino Real Historic Properties Survey and Evaluation Reports—Tierra 

Environmental Services, City of San Diego, California   

Senior Archaeologist and Historian for archival and archaeological investigations along a 

segment of El Camino Real.  Prepared Caltrans-format Historic Properties Survey 

Report and Historic Resources Evaluation Report for a segment of the historic El Camino 

Real through the San Dieguito River Valley, as well as a turn of the century bungalow and 

an early-20th century Craftsman residence.   Conducted extensive research on the San 

Dieguito River Valley’s land use and occupational history. Work done before joining this 

firm. 

 

SWPL 500kV Line Wetland Delineation , 

San Diego County, CA 

Project Director for Phase I pedestrian surveys, resource documentation, Section 106 

resource evaluation, findings of effect and management recommendations in support of 

USACE wetland permitting associated with proposed jurisdictional water crossing 

improvement projects in southern San Diego County. Work done before joining this firm. 

 

Boulder Oaks, Sycamore/Goodan, El Capitan/Oakoasis/ 

El Monte/Steltzer Open Space Preserve and Regional Park Cultural Resources 

Inventories, San Diego County, CA 

Project director for Phase I pedestrian survey and cultural resource inventories of Open 

Space Preserves and Regional Parks in unincorporated central San Diego County. The 

projects involved the identification and documentation of prehistoric and historic 

resources, built environment features, and existing infrastructure to assist the 

Department of Parks and Recreation in resource management. Inventory reports 

included extensive archival research and historical narrative, an inventory of identified 

sites, and management guidelines for potentially significant cultural resources 

developed in consultation with Native Americans where appropriate. Work done before 

joining this firm. 

 

State Route 94 Operational Improvements Inventory and Evaluation, San Diego 

County, CA 

Director of cultural resources efforts and Caltrans coordination for survey, 

documentation, and evaluation related to proposed operational improvements along an 

18-mile stretch of State Route 94 in San Diego County. Development of Caltrans-format 

documentation for archaeological and built environment resources. Work done before 

joining this firm. 

 

BLM Santa Rosa San Jacinto Mountains National Monument Trails Inventory, 

Riverside County, CA 

As Project Director, directed cultural resources inventory of trail systems within the 

Santa Rosa San Jacinto Mountains National Monument, including documentation of 

prehistoric and historic routes and associated resources within trail corridors. 

Completed cultural resources inventory report for BLM, including BLM-format GIS 

database. Work was performed before joining this firm. 

 

High Winds Wind Farm Project, Solano County, CA 

Conducted archival and historical research on the settlement and development of 

southern Solano County. Evaluated nine historic resources and surrounding landscape 

significance according to CEQA criteria. Completed historical background and 

assessment report, photographically documented resources and landscape, and updated 

State DPR forms for previously identified resources. Work done before joining this firm. 

 

U.S. Fish & Wildlife Service Hercules Gunpowder Point Historical Resources 

Evaluation, Chula Vista, CA 

Project director for the historical evaluation of the Hercules Powder Company 

Gunpowder Point facility in Chula Vista. Supervised archival and historical research, 

directed field survey and documentation efforts, and provided National Register eligibility 

evaluation for the site. Work was performed before joining this firm. 

 

CCDC Downtown San Diego African-American Heritage Study, San Diego, CA 

As Senior Historian, documented the development and growth of the African-American 

community in downtown San Diego through the 19th and 20th centuries. Archival 

information, oral histories, architectural evaluations, and recognition of potential 

archaeological sites were used to document the African-American community’s 

economic, social, and political history in the downtown area, and to identify an African-

American Thematic Historic District. Work was performed before joining this firm. 

 

Mannasse’s Corral/Presidio Hills Golf Course, San Diego, CA 

Directed and managed archaeological excavation and interpretation of historic refuse 

and features related to Old Town San Diego located within the city-owned Presidio Hills 

Golf Course property. Conducted analysis of excavated material, researched and 

interpreted site history and use, and assessed resource significance, broadening the 

understanding of Old Town’s archaeological signature and historic lifeways. Work was 

performed before joining this firm. 

 

California State Parks Old Town San Diego State Historic Park Archaeological 

Excavations, San Diego, CA 

Managed excavation and analysis of 19th-century deposits recovered from two locations 

within Old Town State Historic Park, representing roadbed flood wash and tavern refuse, 

respectively. Oversaw ceramic and glass cataloguing, and conducted historical research 
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and interpretation on specific site uses and depositional processes. Prepared State of 

California DPR forms, and assessed resource significance according to NRHP eligibility 

criteria. Work was performed before joining this firm. 

 

City of El Centro Cole Road and Dogwood Road Widening Projects, Imperial County, 

CA 

Project management of field survey and documentation efforts related to the widening of 

Dogwood Road and Cole Road in unincorporated Imperial County. Produced CEQA and 

Caltrans-format documentation related to identified resources and proposed project 

impacts. Work was performed before joining this firm. 

 

Blackwater West Cultural Resources Phase I and Phase II Studies, Potrero, CA 

Project director overseeing the survey of an approximately 850-acre area in eastern 

San Diego County and test excavation of identified prehistoric sites. Directed 

archaeological and built environment documentation, Extended Phase I testing, and 

Phase II testing efforts under the new County of San Diego Guidelines implemented 

September 2006. Work was performed before joining this firm. 

 

Vine/Carter Hotel Historical Assessment, San Diego, CA 

As Project Manager, conducted extensive archival research and historical assessment of 

the African-American-owned Vine/Carter Hotel building in San Diego’s East Village. 

Conducted historical research on the building’s ownership history and development; its 

historical uses, managers, and residents; and its place in San Diego’s historical African-

American community. Photographed and documented the building according to Office of 

Historic Preservation guidelines, prepared State of California DPR forms, and assessed 

the building’s significance according to local, state, and federal significance criteria. As a 

result of the project, the Vine/Carter Hotel was nominated as a significant historical 

resource by the City of San Diego Historical Resources Board. Work was performed 

before joining this firm. 

 

Mission San Gabriel Gardens Excavation, Jump Start Project, San Gabriel, CA 

As Project Manager, conducted monitoring and excavation of Spanish colonial and 

American-era deposits associated with the construction of the original Mission San 

Gabriel and later 19th-century occupations. Documented the sites according to State 

Office of Historic Preservation guidelines, and assessed the resources according to 

NRHP and CEQA significance criteria. Work was performed before joining this firm. 

 

Lillian Grant Property Public Art Project, San Diego, CA 

As Project Manager, provided historical research services and written text incorporated 

into the public art commissioned for the redevelopment of the historical Lillian Grant 

Property in the East Village of San Diego. The public art, located at 14th and J streets at 

the Lillian Place affordable housing complex, commemorates the histories, experiences, 

and contributions of African-Americans to the development of San Diego and the East 

Village area in particular. Work was performed before joining this firm. 

 

Lillian Grant Property Historic American Building Survey (HABS), San Diego, CA 

As Project Manager, supervised HABS of the Lillian Grant properties in the East Village 

community of San Diego, submitted to the City of San Diego. Oversaw archival quality 

photographic documentation, and architectural line and plan drawings, as well as 

completed required HABS historical narrative on the subject buildings. Work was 

performed before joining this firm. 

 

San Gabriel Mission Trench Excavation, San Gabriel, CA 

As Senior Archaeologist, conducted historical and archival research on the prehistory 

and history of the San Gabriel Mission and surrounding areas to assess potential impacts 

of proposed below-grade railway trench. Compiled historical narrative, identified 

potential subsurface features, and recommended appropriate mitigation strategies. 

Work was performed before joining this firm. 

 

LA Department of Parks and Recreation Camp Seely National Register Evaluation, 

San Bernardino National Forest, San Bernardino County, CA 

As Senior Historian, conducted NRHP evaluation of the early-20th-century Camp Seely 

recreational camp facility leased by the City of Los Angeles in the San Bernardino 

National Forest. Conducted historical and archival research on the Camp’s history and 

development; its individual buildings; and its architects, including Sumner P. Hunt and 

Silas R. Burns. Photographed and documented the building according to Office of Historic 

Preservation guidelines, prepared State DPR forms, and assessed resource significance 

according to NRHP eligibility criteria. Work was performed before joining this firm. 

 

Camp Radford National Register Evaluation, San Bernardino National Forest, San 

Bernardino County, CA 

As Senior Historian, conducted NRHP evaluation of the early-20th-century Camp Radford 

recreational camp facility leased by the City of Los Angeles in the San Bernardino 

National Forest. Conducted historical and archival research on the Camp’s history and 

development; its individual buildings; and its architects, Sumner P. Hunt and Silas R. 

Burns. Photographed and documented the building according to Office of Historic 

Preservation guidelines, prepared State DPR forms, and assessed resource significance 

according to NRHP eligibility criteria. Work was performed before joining this firm. 

 

Papers and Presentations 

 

The Development of Colonial Culture at the South African Cape of Good Hope: Examining 

the many “functions” of utilitarian ceramics. Paper presented at the Archaeology of 

Colonialism Symposium, Archaeological Institute of America Annual Meetings, January 

2001. 

 

Urban Archaeology and the Focus of Memory: a study in the history and narrative of 

South Central Los Angeles. Paper Presented at the Society for American Archaeology 

Annual Meeting, March 2002. 

 

Historical Archaeology as Anthropology:  Artifacts, Identities, and Interpretations in the 

Study of the Recent Past. Presented at World Archaeological Congress, January 2003. 

 

Old Town Made New Again:  The Archaeology of San Diego's First Settlement. Paper 

presented at the Society for California Archaeology Annual Meeting, April 2005. 

 

Past as Present: Tourism and Archaeology in Old Town San Diego. Presented at the 

Society for Applied Anthropology Annual Meeting, April 2005. 
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The Face of Mercantilism at the South African Cape of Good Hope:  Ceramics and the 

Hesitant Empire. Presented at the Society for Historical Archaeology Annual Meeting, 

January 2006. 

 

A Patchwork History:  Interweaving Archaeology, Narrative and Tourism in Old Town San 

Diego. Paper presented at the Society for American Archaeology Annual Meeting, March 

2007. 

 

Mannasse’s Corral:  The Life History of a Piece of Old Town. Presented to the Presidio 

Council, January 2008. 

 

Making the Past Present:  Archaeology, Heritage and Tourism in Old Town San Diego. 

Paper presented at the Society for California Archaeology Annual Meeting, April 2008. 

CEQA and Historical Resources. Guest Lecturer, California Environmental Quality Act, 

UCSD Extension Course, 2008-2010. 
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Education 

BA, Anthropology, San Diego State University, 1987 

Square supervisor and Field School Instructor, at Tel Dor, Israel, U.C. Berkeley 

 

Affiliations 

Member, Society for California Archaeology 

 

Certifications 

40-Hour Hazardous Waste Operations and Emergency Response  

(HAZWOPER Course maintained since 1996) 

 

Lectures + Instruction 

Sandstone Features Adjacent to Lake Cahuilla (with S. Rose), Volume 12, Society of California Archaeology, 1999 
The Cultural Resources of the Chocolate Mountains (with R. Apple), Society of California Archaeology, 2004

Cheryl Bowden-Renna has served as archaeologist and assistant laboratory director for 
several cultural resource firms in San Diego. With 15 years of archaeological experience, 

Ms. Bowden-Renna has worked at sites throughout the southwestern United States. She 
also has a background in accounting, database management, and has developed solid 

management and supervisory skills. 

 

Ms. Bowden-Renna has extensive archaeological monitoring experience of ordnance 

removal at the Salton Sea Test Base in Imperial County. She has also served as 

archaeological monitor of the test excavation for the Inmate Reception Center in 

downtown San Diego. In that role, she was responsible for monitoring excavations, 

including the use of backhoes, during the data recovery of features from an urban 

historic site. 

 

Project Experience 

 

Department of General Services Federal Services Caltrans District 11 New 

Headquarters, San Diego, CA 

Performed cultural monitoring for historic and prehistoric resources during 

preconstruction and construction for Caltrans 11 new headquarters building. 

 

County of San Diego Camp Lockett Monitoring, Campo, CA 

Performed monitoring during construction of a sewage treatment facility in Campo, 

San Diego County. 

 

NAVFAC Southwest and MCAS Miramar East Miramar Housing Alternative, San 

Diego, CA 

As Project Archaeologist, conducted cultural resources survey, excavation, and 

evaluation of several sites located on MCB Miramar. 

 

NAVFAC Southwest and MCAS Miramar Jet Fuel Line, San Diego, CA 

As Crew Chief, conducted cultural resources survey for proposed fuel line for the Marine 

Corps, San Diego County. 

 

Riverside County Economic Development Authority OHV Project, Riverside County, 

CA 

As Crew Chief, conducted cultural resources survey of over 1,000 acres in Riverside 

County, California. 

 

Cheryl Bowden-Renna 

Archaeologist/Associate  

Assistant Laboratory Director 
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Sempra Utilities Coronado Monitoring Project, Coronado, CA 

Monitoring of powerline trenching on Coronado Island, California. 

 

City of Santa Clarita and Caltrans District 7 Cross Valley Survey, Los Angeles 

County, CA 

As Crew Chief, conducted cultural resources survey in Los Angeles County, California. 

 

City of San Diego McAuliffe (Winterwood) Community Park, San Diego, CA 

Crew Chief for cultural resources survey of a proposed park. 

 

NAVFAC Southwest and MCAS Yuma Two Crash Sites on The Barry M. Goldwater 

Range, Yuma, AZ 

Crew Chief for cultural resources survey of two helicopter crash sites. 

 

NAVFAC Southwest Cultural Resources Inventory For the Infantry Squad Battle 

Course (P-633), Marine Corps Base Camp Pendleton, CA 

Crew Chief for cultural resources survey and site recordation. 

 

San Diego County Water Authority Emergency Storage Project, San Diego County, 

CA 

As Project Archaeologist, Crew Chief, Field Technician and Laboratory Analysis, 

conducted cultural resources survey, testing and evaluation of several large project 

sites within San Diego County. 

 

San Diego Gas & Electric Valley Rainbow Transmission Line Project, Riverside and 

San Diego Counties, CA 

Crew Chief for cultural resources survey and site recordation for major portions of a 

large transmission line project. 

 

LMXU Village Center 

Crew chief for cultural resources excavation and water screening. 

 

Los Angeles Department of Parks and Recreation Plum Canyon Park Project, Los 

Angeles County, CA 

As Crew Chief, conducted cultural resources survey for a community park in Saugus, 

Los Angeles County, California. 

 

City of Escondido Tract 207A 

As Project Archaeologist, conducted cultural resources survey of 1.13 acres in the City of 

Escondido. 

 

Tactical Aircrew Combat Training System Range Upgrade, MCAS Yuma, Yuma 

County, AZ 

Phase I cultural resource survey of proposed transmission line and 17 threat emitter 

stations.  

 

North Baja Gas Pipeline Project, Riverside and Imperial Counties, CA 

Conducted cultural resources survey and monitoring for large pipeline project in 

Riverside and Imperial counties, California. 

 

Archaeological Testing and National Register Evaluation of Site CA SDI-16,002 

Near Range 210 Marine Corps Base Camp Pendleton, CA 

Field Director for test excavation of CA-SDI-16,002. 

 

Ballpark Infrastructure, San Diego, CA 

As Field Monitor, performed historic monitoring and testing of downtown east village 

area for the proposed Ballpark.  

 

Ballpark Remediation, San Diego, CA 

As Field Monitor, performed historic monitoring and testing of downtown east village 

area for the proposed Ballpark. Required hazardous materials certification.  

 

Nobel Drive, San Diego County, CA 

As Field Monitor, performed prehistoric monitoring of road extension to I-805 

interchange.  

 

Sempra Utilities On-call Cultural Services, San Diego, CA 

As Field Monitor, historic monitoring and testing of downtown east village area for the 

proposed Ballpark. Required hazardous materials certification.  

 

County of San Diego Inmate Reception Center Project, San Diego County, CA 

As Laboratory Supervisor, conducted field monitoring of large machinery, including 

backhoes, during the data recovery of features from an urban historic site in downtown 

San Diego. Catalog and database management for project. 

NAVFAC Southwest Levee Bridge, San Diego County, CA 

As Crew Chief/Laboratory Supervisor, was responsible for catalog, database 

management, table creation for CA-SDI-10,156, and discovery sites.  

 

U.S. Navy Salton Sea Test Base Project, Imperial County, CA 

As Crew Chief, was responsible for site recordation, test excavation, and monitoring of 

130 prehistoric sites in the County.  

 

City of San Diego and Caltrans SR-56 EIR, Cultural Investigations, San Diego 

County, CA 

As Laboratory Technician, cataloged 12 prehistoric sites during preparation of EIR.  

 

City of San Diego and Caltrans SR-56 Cultural Resources Testing, San Diego 

County, CA 

As Crew Chief, performed testing at 12 prehistoric sites.  

 

P-527 Santa Margarita/San Onofre Cultural Resources Testing and Monitoring, 

MCB Camp Pendleton,  

San Diego County, CA 

Performed monitoring of water treatment pond and pipeline construction in the County. 
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NAVFAC Southwest San Clemente Island Existing Conditions Study for Pumped 

Hydrostorage/Wind Farm Project, Los Angeles County, CA 

As Field Technician, responsible for recording 80 sites on San Clemente Island.  

 

NAVFAC Southwest Tactical Aircrew Combat Training System Range Upgrade, 

MCAS Yuma, Yuma County, AZ 

As Field Technician, responsible for Phase I cultural resource survey of proposed 

transmission line and 17 threat emitter stations.  

 

Boulder Valley Project, San Diego County, CA 

Cultural resource survey of proposed reservoir and pipeline tunnels in the County.  

 

Kern River Project, San Bernardino County, CA, Beaver, Miller, and Utah Counties, 

UT, and Clark County, NV 

Excavated, surveyed, and monitored along pipeline right-of-way. Analyzed artifacts from 

all phases of project in Las Vegas, Nevada. 

 

Pacific Rim Laboratory Analysis, San Diego County, CA 

As Field Technician, analyzed CA-SDI-691, a prehistoric site on Batiquitos Lagoon.  

 

County of San Diego Cal Terraces Laboratory Analysis, San Diego County, CA 

As Laboratory Technician, analyzed one prehistoric site, and reanalyzed two prehistoric 

sites, in Otay Mesa.  

 

Elsmere Corporation Cultural Resource Survey,  

Los Angeles County, CA 

As Field Technician, conducted cultural resource survey of 2,200 acres in the San 

Gabriel Mountains.  

 

Caltrans Coursegold Excavation, Madera County, CA 

As Field Technician, excavated site for Caltrans road widening.  

 

U.S. Navy Vandenberg Laboratory Analysis,  

Santa Barbara County, CA 

As Laboratory Technician, sorted artifacts and wet-screened column samples. 

 

Camelot Cultural Resource Survey, Kern County, CA 

As Crew Chief, conducted a cultural resource survey of a 200-acre lot split in the Mojave 

Desert. 

 

Caltrans SR-86 Cultural Resource Survey,  

Imperial County, CA 

As Crew Chief, conducted a cultural resource survey of SR-86 road widening in the 

County.  

 

Black Mountain Ranch Excavation, San Diego County, CA 

As Laboratory Supervisor, excavated and analyzed 15 prehistoric sites in the La Jolla 

Valley.  

 

City of Carlsbad Cannon Ranch Reaches 3 and 4,  

San Diego County, CA 

As Crew Chief, excavated and analyzed two prehistoric sites in Carlsbad.  

 

San Diego Gas & Electric Rancho San Miguel Project, San Diego County, CA 

As Field Technician/laboratory Supervisor, excavated and analyzed nine sites and 

conducted extensive surface collections in the County.  

 

Cottonwood Canyon Laboratory Analysis,  

Riverside County, CA 

As Laboratory Supervisor, analyzed two prehistoric sites in the County.  

 

Rancho del Rey (Spa III) Excavation, San Diego County, CA 

As Field Technician/laboratory Supervisor, excavated and analyzed a prehistoric site in 

Chula Vista.  

 

Stallions Crossing Laboratory Analysis,  

San Diego County, CA 

As Laboratory Supervisor, analyzed five prehistoric sites in Del Mar.  

 

Valley Ranch Cultural Resource Survey, Palmdale, CA 

Conducted cultural resource survey of 350 acres in Palmdale. 

 

Fairbanks Highland Cultural Resource Survey,  

San Diego County, CA 

Conducted cultural resource survey, excavation, and analysis. 

 

Eagle Mountain Cultural Resource Survey,  

Riverside County, CA 

Conducted cultural resource survey of the Eagle Mountain mine and railroad to Salton 

Sea. 

 

Santa Margarita River Cultural Resource Survey,  

San Diego and Riverside Counties, CA 

Conducted cultural resource survey of Santa Margarita River from Temecula to the 

Pacific Ocean. 

 

Scripps Ranch North Excavation, San Diego County, CA 

Excavated and analyzed two prehistoric sites and one historic site in Poway. 

 

Sycamore Canyon Excavation, San Diego County, CA 

Excavated and analyzed two prehistoric sites east of Poway. 

 

Los Campanos Excavation, San Diego County, CA 

Excavated and analyzed four prehistoric sites and one historic site in Valley Center. 

 

American Girl Mine Cultural Resource Survey,  

Imperial County, CA 



           

 

 

Cheryl Bowden-Renna Resume 

Conducted cultural resource survey, excavation, and analysis of historic artifacts from a 

historic gold mining town in the Cargo Muchacho Mountains. 

Railroad Canyon Cultural Resource Survey,  

Riverside County, CA 

Conducted cultural resource survey, excavation, and analysis of a road realignment in 

Temecula. 

 

U.S. Air Force Edwards Air Force Base Cultural Resource Survey, Excavation, 

and Analysis, Kern County, CA 

As Field Technician/Laboratory Technician, conducted cultural resource survey, 

excavation, and analysis of 1,000-acre area on Edwards Air Force Base.  

 

County of San Diego Parks and Recreation Department Johnson-Taylor Adobe 

Excavation, San Diego County, CA 

As Field Technician/Laboratory Technician, excavated and analyzed the area around the 

Johnson-Taylor Adobe and C wing. 

 

Pacific Rim Laboratory Analysis, San Diego County, CA 

As Field Technician/Laboratory Technician, conducted extensive shell and lithic analysis 

of prehistoric sites on Batiquitos Lagoon.  
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1420 Kettner Boulevard, Suite 500, San Diego, California 92101 
T 619.233.1454  F 619.233.0952  www.edaw.com 
 
 
 
 
  
 

Facsimile 
 

Please deliver to From 

Name  Name   Cheryl Bowden-Renna 

Firm Native American Heritage 

Commission 

Direct line 619-233-1454 x 6815 

Fax number 916-657-5390 Date transmitted 2/3/2011 

Phone number  Total pages  04 

Subject Jacumba Water Well 

Project number 09080001 

 
 
We are contacting you to request a sacred lands file check for the proposed Jacumba Water Well Access Road 
Project, located in eastern San Diego County.   The proposed areas incorporates a 1/4-mile radius each area, 
located on the following quadrangle: 
 

 Jacumba  T17S    R8E    Section 7 
    

If you have any questions, please do not hesitate to call me at (619) 233-1454. 
 
Sincerely, 
 
 
Cheryl Bowden-Renna 
Archaeologist/Associate    
 
 
 
 
Document1 
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JCSD Water Purchase Project

Source: USGS 7.5' Topo Quad Jacumba, CA 1975; ESRI 2011; Sempra 2010;

Scale: 1 = 24,000; 1 inch = 2000 feet
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 AECOM 
1420 Kettner Boulevard  
Suite 500 
San Diego, CA  92101 
www.aecom.com 

619.233.1454   tel 
619.233.0952   fax 

February 3, 2011 
 
Mr. Patrick Brown 
Project Manager 
San Diego County Department of Planning and Land Use 
5201 Ruffin Road, Suite B 
San Diego, CA 92123 
 
Subject: Energia Sierra Juarez (ESJ) Well Access Road - Project Number 09-0107420 
 
Dear Mr. Brown: 
 
AECOM has prepared this biological letter report in accordance with County of San Diego 
Guidelines (2010) for the analysis of a proposed access road for San Diego Gas and 
Electric (SDG&E) to access an existing water well owned and operated by the Jacumba 
Community Services District.  
 
SUMMARY 
 
The proposed project is the construction of an access road to an existing water well on 
property owned by the Jacumba Community Services District (APN 660-040-32-00) through 
a privately owned parcel (APN 660-040-33-00) that is also owned by the Jacumba 
Community Services District. The potential access road and a 100-foot buffer was surveyed 
by AECOM on January 26, 2011. Habitats within the survey area consisted of desert 
saltbush scrub and southern cottonwood-willow riparian forest. Several dirt roads are 
located within the survey area and would be classified as a disturbed cover type. The 
eastern portion of the survey area has been mapped as a lake/wetland on the Jacumba U.S. 
Geological Survey (USGS) map and as a freshwater emergent wetland on the U.S. Fish and 
Wildlife Service (FWS) National Wetland Inventory. An investigation of the site found that 
area to the east of the access road site would be regulated by the U.S. Army Corps of 
Engineers (USACE). The access road would not require a streambed Alteration Agreement 
from California Department of Fish and Game (CDFG) or authorization under the USACE as 
the proposed project is not located within the wetland.  
 
No sensitive plant or wildlife species were detected on-site.  
 
Per County guidelines, impacts to desert saltbush scrub require mitigation at a 2:1 ratio and 
impacts to southern cottonwood willow riparian forest habitat require mitigation at a ratio of 
3:1. The southern cottonwood willow riparian forest would be protected by the County of 
San Diego as a wetland habitat as defined by the Resource Protection Ordinance (RPO).  
 
The proposed access road is allowed under the RPO as the parcel is surrounded by 
privately owned parcels and the only access to the site is from Old Highway 80 on the 
southern boundary.  
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INTRODUCTION, PROJECT DESCRIPTION, LOCATION, AND SETTING 
 
The project proposes to construct a 150-foot by 20-foot access road from Old Highway 80 
north to an existing well owned and operated by the Jacumba Community Services District 
(APN 660-040-32-00), located on a privately owned parcel (APN 660-040-33-00). The site is 
bounded by other privately owned parcels and the access road is required to legally access 
the well from the public road. The access road would be constructed of fill material and 
would incorporate a culvert to allow drainage beneath the access road.  
 
The project is located to the east of the town of Jacumba in eastern San Diego County, 
north of Old Highway 80 (Figures 1 and 2). The project is bordered to the north by 
undeveloped land and rural residential to the east, west, and south. The project is located 
on the Jacumba USGS 7.5’ quadrangle map, Range 8 East and Township 18 South. The 
project is approximately 2,840 feet above mean sea level and relatively flat. Soils on-site 
consist of Rositas loamy coarse sand 2–9 percent slopes (RsC).  
 
The proposed access road and a 100-foot buffer was surveyed on foot on January 25, 2011, 
by AECOM biologist Victor Novik. Plant species were identified on-site or were collected for 
later identification. Wildlife were identified directly by sight and indirectly by scat, tracks, or 
burrows. A wetland assessment and delineation was conducted using the guidelines 
provided by the Army Corps of Engineers Arid West supplement.  
 
REGIONAL CONTEXT 
 
This project is located within the County of San Diego’s Mountain Empire Subregional 
Planning Area and is covered by the Multiple Habitat Conservation and Open Space Plan. 
The project would be regulated by the County of San Diego Guidelines for Determining 
Significance for Biological Resources, as updated in September 2010. 
 
HABITATS/VEGETATION COMMUNITIES 
 
Two habitats were observed within the survey area: desert saltbush scrub and southern 
cottonwood willow riparian forest. Also present were dirt roads and an existing pump house; 
these are mapped as disturbed (Figure 3). Table 1 shows the vegetation communities and 
cover types. A complete list of all plant species observed is located in Appendix A. 
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Table 1 
Vegetation Communities and Cover Types 

Vegetation Community 
Acreage within

Survey Area 
Acreage within 

Proposed Access Road 
Desert Saltbush Scrub (Holland 
Code 36110) 

0.58 0.019 

Southern Cottonwood Willow 
Riparian Forest (Holland Code 
61330) 

0.37 0.014 

Disturbed (Holland Code 11300) 0.42 0.03 
Total 1.37 0.063 
 
 
Desert Saltbush Scrub (Holland Code 36110) 
 
Desert saltbush scrub is composed usually of low, grayish, microphyllous shrubs, 0.3–1 
meter tall, with some succulent species. Total cover is often low, with much bare ground 
between the widely spaced shrubs. Stands typically are strongly dominated by a single 
Atriplex species and found on fine-textured, poorly drained soils with high alkalinity and/or 
salinity, usually surrounding playas on slightly higher ground (Holland 1986). On-site, the 
desert saltbush scrub is found on the higher ground surrounding the southern cottonwood 
willow riparian forest habitat. The dominant species within the desert saltbush scrub is 
fourwing saltbush (Atriplex canescens). Other species within this habitat include London 
rocket (Sisymbrium irio) and grasses as such wild oats (Avena sp.) and red brome (Bromus 
madritensis). 
 
Southern Cottonwood Willow Riparian Forest (Holland Code 61330) 
 
Southern cottonwood willow riparian forest is composed of tall, open, broadleafed winter-
deciduous riparian forests dominated by cottonwoods, and several tree willows. 
Understories usually are shrubby willows. This habitat is usually found in sub-irrigated and 
frequently overflowed lands along rivers and streams. The dominant species require moist, 
bare mineral soil for germination and establishment. This soil is provided after floodwaters 
recede, leading to uniformly aged stands in this seral type (Holland 1986). The dominant 
species within habitat on-site are cottonwood (Populus fremontii), willows (Salix sp.) and 
mule fat (Baccharis salicifolia). 
 
Disturbed (Holland Code 11300) 
 
The disturbed areas of the survey area include the dirt roads that access the site from the 
east and west and the well head and pump house. The dirt roads are compacted and do not 
support vegetation. 
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WILDLIFE 
 
The following wildlife species were observed during the site visit. Bird species detected near 
the surveys area were common raven (Corvus corax), house finch (Carpodacus mexicanus), 
and common yellowthroat (Geothlypis trichas). Mammal tracks within the survey area were 
identified as rabbit, most likely desert cottontail (Sylvilagus audubonii). 
 
SPECIAL-STATUS SPECIES 
 
No special-status plant or animal species were observed within the survey area during the 
site visit. Large trees were scanned to determine if any raptor nests were present; however, 
none were seen. No sign of large mammals were observed within the survey area. Various 
wide-ranging wildlife species could utilize the site; potential sensitive species that could 
occur on-site are listed in Appendix B. The survey area was visited in the winter, which could 
have inhibited the surveyor’s ability to detect spring or summer blooming sensitive plants 
though the area is small in nature and no species are listed as having a moderate or high 
potential for occurrence. For a full list of sensitive plant species with potential to occur 
on-site see Appendix C.  
 
JURISDICTIONAL WETLANDS AND WATERS 
 
The area to the east of the proposed access road is mapped as a fresh water emergent 
wetland by the FWS National Wetlands Inventory and as a lake/wetland on the Jacumba 
USGS map. This wetland is directly adjacent Boundary Creek to the north, which connects 
to Carrizo Creek. Carrizo Creek becomes San Felipe Creek, which flows into the Salton 
Sea. The proposed access road is located at the western extent of the wetland with the 
eastern and northern portions of the wetland being deeper. Several soil pits were dug 
throughout the survey area to determine the extent of wetland. Based on the soils, hydric 
conditions begin just east of the pump house and the proposed access road (Figure 4, 
Appendix D). The access road is located within an area that would not qualify as a wetland 
based on the lack of hydric soils, lack of hydric vegetation, and lack of hydrology. The 
cottonwood willow riparian forest surrounding the proposed access road does not exhibit an 
ordinary high water mark and therefore would not be considered a wetland nor a non-
wetland waters. 
 
OTHER UNIQUE FEATURES/RESOURCES 
 
Wildlife corridors and linkages between significant wildlife areas are important because of 
their role in preserving species diversity and viability. Without some connection or corridor to 
other areas, wildlife areas become virtual islands surrounded by development. The 
construction of the access road would not fragment undeveloped lands as the areas to the 
north east and west will remain undeveloped. The surrounding undeveloped lands will 
continue to allow wildlife to move freely throughout the area.  
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SIGNIFICANCE OF PROJECT IMPACTS AND PROPOSED MITIGATION 
 
Impacts to biological resources can be categorized as direct, indirect, or cumulative. Direct 
impacts are a result of project implementation and generally include the loss of vegetation, 
sensitive habitats, and plant and animal populations. Indirect impacts occur as a result of 
human activities and may include increases in light, noise, dust, human incursion, and 
introduction of nonnative plants and wildlife. Cumulative impacts occur as a result of 
ongoing direct and indirect impacts for unrelated projects within a geographic area. 
Cumulative impacts are assessed on a regional basis and determine the overall effect of 
numerous activities on a sensitive resource over a larger area. 
 
Direct Impacts 
 
The proposed project will directly impact the desert saltbush scrub and southern cottonwood 
willow riparian forest that coincide with the access road. Per County guidelines, impacts to 
these habitats require mitigation (Figure 3). 
 
The project will impact 0.019 acre of desert saltbush scrub. This will require mitigation at a 
ratio of 2:1 or 0.038 acre.  
 
The project will impact 0.014 acre of southern cottonwood willow riparian forest. This will 
require mitigation at a ratio of 3:1 or 0.042 acre. 
 
The loss of 0.03 acre of disturbed habitat would not require mitigation.  
 
The RPO would allow the access road as it is the only feasible legal access to the well. 
 
Indirect Impacts 
 
Indirect impacts result from changes in land use adjacent to natural habitats and primarily 
result from adverse “edge effects”—either short-term indirect impact related to construction, 
or long-term indirect impacts associated with urban development. During construction, short-
term indirect impacts include dust and noise, which could temporarily disrupt habitat and 
species vitality. Long-term indirect impacts may include intrusions by humans, soil erosion, 
litter, fire, and hydrological changes. The survey area contains sensitive habitats that could 
support sensitive species. The implementation of the project could result in indirect impacts 
to these resources. Implementation of the avoidance, minimization, and mitigation measures 
would reduce these to below a level of significance. 
 
Avoidance, Minimization, and Mitigation Measures 
 
The following avoidance, minimization, and mitigation measures should be implemented 
during construction to minimize or eliminate potential direct and indirect impacts on 
biological resources within the survey area. 
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 The limits of work should be demarcated with construction fencing or flagging to 
ensure that no impacts to native habitats occur outside of the work areas.  

 No raptor nests were observed during the survey of the project site. However, to 
avoid direct and indirect impacts to raptors and migratory birds, removal of habitat 
that may support active nests and construction should occur outside of the avian 
breeding season (February 15–August 15). If habitat removal and construction 
activities cannot be avoided during the avian breeding season, a qualified biologist 
should conduct a preconstruction survey to determine the presence/absence of 
nesting birds on the site and within 300 feet. The preconstruction survey should be 
conducted within 10 days prior to the start of construction. If nests are detected, work 
should be delayed until it is determined that the birds have fledged or the nest is 
abandoned.  

 If active nest are found within 300 feet of the proposed project sound attenuation 
devices should be installed to ensure that the noise level does not exceed 60 dB. 
Noise monitoring should occur near the nest to confirm noise levels do not exceed 
60 dB.  

 Proposed mitigation for impacts to 0.019 acre of desert saltbush scrub and 0.014 
acre of southern cottonwood willow riparian forest will be mitigated through the 
purchase of mitigation credits from a County-approved mitigation bank in the amount 
of 0.038 acre of desert saltbush scrub and 0.042 acre of southern cottonwood willow 
riparian forest.  

 
CUMULATIVE IMPACTS 
 
When considered together, the impacts of past and present projects, along with foreseeable 
future projects, may significantly impact the region’s resources. To further understand the 
cumulative impacts of this project all discretionary projects within the area were considered. 
 
Based on discussions with the County, the following list of projects has been identified for 
consideration as part of the cumulative impact analysis. 
 

 Ketchum Ranch: a proposed development of a master planned community on a 
1,250-acre site adjacent to the town of Jacumba. Approximately 294 acres of the 
property support significant biological or cultural resources and are proposed as 
permanent open space. 

 Elder TPM 4+: a proposed minor residential subdivision within the Boulevard 
Community Planning Area. 

 Iberdrola – Tule Wind Project: a proposed renewable energy development 
approximately 10 miles northwest of the ESJ Gen-Tie project. 
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 San Diego Gas & Electric East County Substation: a proposed substation, located 
immediately north of the ESJ Gen-Tie project. 

 U.S.-Mexico International Border Fence: ongoing federal project to construct a single 
and double-layer hardened fence along the International Border. 

 
The proposed project will result in minimal impacts (0.033 acre) to desert saltbush scrub and 
southern cottonwood willow riparian forest. The impacts will be mitigated as listed in the 
mitigation section above. With this mitigation the project would not contribute to the 
cumulative loss of habitats within the region.  
  
Please contact me if you have any questions. 
 
Sincerely,  
 
 
 
 
Paula Jacks Victor Novik 
Senior Biologist Biologist 
 
Attachments: 
   Figures: 
 1 Regional Location Map 
 2 Vicinity Map 
 3 Existing Vegetation and Project Overlay 
 4 Potential Jurisdictional Areas 
   Appendices: 
 A Floral Species Documented on and adjacent to the Project Site 
 B Sensitive Wildlife Species Observed or Potentially Occurring within the Project 

Site 
 C Sensitive Plant Species Potentially Occurring within the Proposed Project Site 
 D Preliminary Jurisdictional Determination/Data Forms and Photos  
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Figure 1
Regional Location Map

ESJ Well Driveway Project Number 09-0107420

Source: SANGIS 2008; ESRI 2011
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Source: Sempra Energy 2009; SANGIS 2008; USGS 7.5' Topographic Quadrangle In-Ko-Pah Gorge, CA 1975, Jacumba, CA 1975

Figure 2
Vicinity Map
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APPENDIX A 

 

FLORAL SPECIES DOCUMENTED ON AND ADJACENT  

TO THE PROJECT SITE 
 

Scientific Name Common Name 

Amsinckia menziesii var. intermedia Rancher’s fiddleneck 
Artemisia dracunculus Mugwort 
Atriplex canescens Four-wing saltbush 
Avena sp. (non-native) Wild oats  
Baccharis salicifolia Mule fat 
Brassica sp. Mustard 
Bromus madritensis Brome 
Bromus rubens (nonnative invasive) Red brome 
Cirsium vulgare Thistle 
Conyza canadensis Horsetail 
Corethrogyne filaginifolia Sand aster 
Eriastrum densiflorum Woollystar 
Erodium cicutarium (nonnative) Filaree 
Isocoma menziesii Goldenbush 
Oxalis latifolia Wood sorrel 
Phoradendron californicum Desert mistletoe  
Populus fremonti Cottonwood 
Salix sp.  Willow 
Sisymbrium irio (nonnative) London rocket 
Solidago confinis  Goldenrod 
Tamarix sp. Tamarisk 
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APPENDIX B 

 

SENSITIVE WILDLIFE SPECIES OBSERVED OR POTENTIALLY OCCURRING  

WITHIN THE PROJECT SITE 
 

Scientific Name Common Name 

Federal 

Status 

State 

Status BLM 

County of 

San Diego Habitat 

Potential to Occur 

On-site 

Birds               
Accipiter cooperii Cooper's hawk -- SSC   Group 1 Forests and open woodland 

habitats 
Low (foraging); no 
nests detected. 

Aquila chrysaetos 

canadensis 

Golden eagle BEGEPA CFP   Group 1 Requires vast foraging areas in 
grasslands, broken chaparral or 
sage scrub.  Secluded cliffs 
with overhanging ledges and 
large trees for nesting and 
cover. 

Low (foraging); not 
expected to nest, due 
to lack of habitat. 

Agelaius tricolor Tricolored blackbird -- SSC BLM 
Sensitive 

Group 1 Dairies and ripening grain 
heads, rice districts, cattail 
marshes 

Moderate. 

Athene cunicularia Western burrowing 
owl 

-- SSC BLM 
Sensitive 

Group 1 Deserts with burrowing animals Low, habitat not 
appropriate. 

Cathartes aura 

meridionalis 

Turkey vulture --     Group 1 Open stages of habitats that 
provide cliffs and large trees. 

Not expected due to 
lack of habitat. 

Circus cyaneus Northern harrier 
(nesting) 

-- SSC   Group 1 Coastal lowland, marshes 
grassland, agricultural fields 

Low (foraging); not 
expected to nest, due 
to lack of habitat. 

Eremophila alpestris actia California horned lark -- SSC   Group 2 Sandy shores, mesas, disturbed 
areas, grasslands, agricultural 
lands, sparse creosote bush 
scrub 

Low, habitat is of 
marginal quality. 

Falco mexicanus Prairie falcon -- SSC   Group 1 Open country Low (foraging); not 
expected to nest, due 
to lack of habitat. 

Falco peregrinus anatum American peregrine 
falcon 

D E   Group 1 Open country, especially along 
rivers; also near lakes, along 
coasts, and in cities 

Low (foraging); not 
expected to nest, due 
to lack of habitat. 

Lanius ludovicianus Loggerhead shrike -- SSC   Group 1 Open foraging areas near 
scattered bushes and low trees 

Moderate, not 
observed during 
surveys.  
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Scientific Name Common Name 

Federal 

Status 

State 

Status BLM 

County of 

San Diego Habitat 

Potential to Occur 

On-site 

Parabuteo unicinctus Harris' hawk -- SSC     River woods, mesquite, brush, 
cactus deserts 

Low (foraging); not 
expected to nest, due 
to lack of habitat. 

Piranga rubra Summer tanager   SSC   Group 2 Desert riparian habitat 
dominated by cottonwood and 
willow. 

Moderate, not 
observed.  

Toxostoma crissale Crissal thrasher -- SSC   Group 1 Dense thickets of shrubs or low 
trees in desert riparian and 
desert wash habitats 

Moderate, not 
observed.  

Toxostoma lecontei 

lecontei 

Leconte's thrasher --   BLM 
Sensitive 

Group 2 Desert scrub habitats; prefers 
breeding in saltbush/shadscale 
vegetation or cholla cacti in 
sandy substrate. 

Moderate 

Vireo bellii pusillus Least Bell's vireo E E   Group 1 Riparian Low, habitat is 
marginal.  

Vireo vicinior Gray vireo -- SSC BLM 
Sensitive 

Group 1 Hot, semi-arid, shrubby 
habitats, especially mesquite 
and brushy pinyon-juniper 
woodlands; also chaparral, 
desert scrub. Thorn scrub, oak-
juniper woodland, pinyon-
juniper, juniper-cholla, 
mesquite, dry chaparral. Nests 
in mature, closed vegetation.  
Dependent upon elephant tree 
in the winter. 

Low 

Reptiles               

Coleonyx switaki Barefoot banded 
gecko 

-- T   Group 2 Arroyos and rocky hillsides, 
especially near large boulders 
or rocky outcrops 

Not expected due to 
lack of habitat. 

Phrynosoma mcalli Flat-tailed horned 
lizard 

-- SSC BLM 
Sensitive 

Group 1 Dunes and sandy flats of low 
desert 

Not expected due to 
lack of habitat. 

Salvadora hexalepis 

virgultea 

Coast patch-nosed 
snake 

-- SSC   Group 2 Grasslands, chaparral, 
sagebrush, desert scrub in sandy 
and rocky areas 

Low 
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Scientific Name Common Name 

Federal 

Status 

State 

Status BLM 

County of 

San Diego Habitat 

Potential to Occur 

On-site 

Crotalus ruber ruber Red diamond 
rattlesnake 

-- SSC   Group 2 Desert scrub and riparian, 
coastal sage scrub, open 
chaparral, grassland, and 
agricultural fields 

High 

Phrynosoma coronatum 

blainvillei  

San Diego horned 
lizard 

--- SSC   Group 2 Coastal sage, annual grassland, 
chaparral, oak woodland, 
riparian woodland, and 
coniferous forest; loose, fine 
soils with a high sand fraction, 
an abundance of native ants or 
other insects, and open areas 
with limited overstory for 
basking and low but relatively 
dense shrubs for refuge 

Moderate 

Uma notata notata Colorado Desert 
fringe-toed lizard 

-- SSC BLM 
Sensitive 

Group 1 Desert dunes, flats, riverbanks, 
and washes with loose sand and 
scant vegetation 

Not expected due to 
lack of habitat. 

Mammals               
Chaetodipus californicus 

femoralis 

Dulzura California 
pocket mouse 

-- SSC   Group 2 Chaparral, desert grassland. Low 

Corynorhinus townsendii 

pallescens 

Townsend's big-eared 
bat 

-- SSC BLM 
Sensitive 

Group 2 Caves, mines, buildings.  
Variety of habitats, arid to 
mesic.  Individual or colonial.  
Sensitive to disturbance. 

Not expected due to 
lack of habitat. 

Eumops perotis 

californicus 

Great western mastiff 
bat 

-- SSC BLM 
Sensitive 

Group 2 Woodlands, rocky habitat, arid 
and semiarid lowlands, cliffs, 
crevices, buildings, tree 
hollows. 

Low 

Felis concolor Mountain lion -- CFP   Group 2 Many habitats, wherever deer 
are found. 

Low 

Lasiurus blossevillii Western red bat -- SSC   Group 2 Forests and woodlands from sea 
level up through mixed conifer 
woodlands.  Not found in desert 
areas. 

Not expected due to 
lack of habitat. 

Myotis ciliolabrum Small-footed myotis --   BLM 
Sensitive 

Group 2 Arid wooded and brushy 
uplands near water. 

Low 

Nyctinomops macrotis Big free-tailed bat -- SSC   Group 2 Prefers rugged rocky canyons.  
Buildings, caves, holes in trees. 

Not expected due to 
lack of habitat. 
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Scientific Name Common Name 

Federal 

Status 

State 

Status BLM 

County of 

San Diego Habitat 

Potential to Occur 

On-site 

Ovis canadensis 

cremnobates 

peninsular bighorn 
sheep 

E T   Group 1 Dry, rocky, low-elevation 
desert slopes 

Low, per discussions 
with USFWS. 

Onychomys torridus 

ramona 

southern grasshopper 
mouse 

-- SSC   Group 2 Alkali desert scrub and desert 
scrub preferred; also succulent 
scrub, wash, and riparian areas; 
coastal sage scrub, mixed 
chaparral, sagebrush, low sage, 
and bitterbrush; low to 
moderate shrub cover preferred 

Moderate 

Neotoma lepida 

intermedia 

San Diego desert 
woodrat 

-- SSC   Group 2 Coastal sage scrub, chaparral, 
most desert habitats 

Moderate; no 
woodrat middens 
documented on-site 

Perognathus 

longimembris 

internationalis 

Jacumba little pocket 
mouse 

-- SSC   Group 2 Desert scrub and grasslands on 
loosely packed or sandy soils 
with sparse to moderately dense 
vegetation.  

Low 

Lepus californicus 

bennettii 

San Diego black-
tailed jackrabbit 

-- SSC   Group 2 Semi-open scrub habitats 
throughout southern California 

High 

Taxidea taxus American badger -- SSC   Group 2 Grasslands, Sonoran Desert 
scrub 

Moderate 

Macrotus californicus California leaf-nosed 
bat 

-- SSC BLM 
Sensitive 

Group 2 Low deserts, caves, mines, 
buildings. 

Moderate foraging, 
no roosting 

Antrozous pallidus Pallid bat -- SSC BLM 
Sensitive 

Group 2 Arid deserts and grasslands; 
shallow caves, crevices, rock 
outcrops, buildings, tree 
cavities, esp. near water 

Moderate foraging, 
no roosting 

Euderma maculatum Spotted bat -- SSC BLM 
Sensitive 

Group 2 Wide variety of habitats: caves 
crevices, trees; prefers sites 
with adequate roosting sites 

Low 

Corynorhinus townsendii 

pallescens 

Pale big-eared bat -- SSC BLM 
Sensitive 

Group 2 Caves, mines, buildings; variety 
of habitats, arid and mesic 

Low 

Nyctinomops 

femorosaccus 

Pocketed free-tailed 
bat 

-- SSC   Group 2 Crevices in rocks, slopes, cliffs; 
lower elevations 

Moderate foraging, 
no roosting 

Chaetodipus fallax 

pallidus 

pallid San Diego 
pocket mouse 

-- SSC   Group 2 Chaparral, open, sandy areas Low 
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Scientific Name Common Name 

Federal 

Status 

State 

Status BLM 

County of 

San Diego Habitat 

Potential to Occur 

On-site 

Invertebrates               
Euphydryas editha quino Quino checkerspot 

butterfly 
E --   Group 1 Coastal sage scrub Low 

 Status Codes: 
 State/Federal Status 

       BEGEPA = protected under the federal Bald Eagle and Golden Eagle Protection Act. 
BLM Sensitive = species that may require federal T/E listing, or with small and widely dispersed populations, or inhabiting ecological refugia or unique habitats. 
CFP = California Fully Protected species. 
D = Delisted. 
E = Endangered. 
SSC = California Species of Special Concern. 
T = Threatened. 
        County of San Diego Status 
Group I = animal species that are listed as threatened or endangered or have very specific natural history requirements that must be met. 
Group II = animal species that are becoming less common, but are not yet so rare that extirpation or extinction is imminent without immediate action. 

 





 

 

APPENDIX C 
 

SENSITIVE PLANT SPECIES 
POTENTIALLY OCCURRING WITHIN 

THE PROPOSED PROJECT SITE 





 

C-1 

APPENDIX C 

 

SENSITIVE PLANT SPECIES POTENTIALLY OCCURRING  

WITHIN THE PROPOSED PROJECT SITE 

 

Scientific Name 

Common Name 

State/ 

Federal 

Status 

CNPS 

List 

County of San 

Diego 

 

Habitat/Blooming Period 

 

Comments 

Astragalus douglasii var. perstrictus 

Jacumba milk-vetch 
–/– 1B Group A Chaparral, cismontane woodland, 

valley and foothill grassland/rocky; 
blooms Apr-May. 

Not expected to occur, as there is a lack of 
suitable habitat on-site. 

Astragalus magdalenae var. 
peirsonii 

     Peirson’s milk-vetch 
      

SE/FT 1B Group A Perennial herb; desert dunes; blooms 
Dec-Apr; elevation 180-820 ft. 

Not expected to occur as project site is well 
out of species known elevation range. 

Ayenia compacta 

Ayenia 
–/– 4 Group B Mojave desert scrub, Sonoran desert 

scrub/rocky. 
Not observed.  Not expected to occur, as 
habitat is not appropriate. 

Berberis fremontii 

   Fremont barberry 

--/-- 3 Group C Chaparral, Joshua tree woodland, 
piñon and juniper woodland/rocky; 
blooms Apr-June. 

Not observed.  Not expected to occur, as this 
species would have been detected during 
survey. Furthermore, there is a lack of suitable 
habitat on-site. 

Bursera microphylla 

Elephant tree 

--/-- 2 Group B Deciduous tree; Sonoran Desert scrub 
(rocky); blooms June-July, elevation 
656-2,296 feet. 

Not observed. Not expected to occur, as this 
species would have been detected during the 
survey.  

Calliandra eriophylla 

Fairyduster 
--/-- 2 Group B Sonoran Desert scrub (sandy or 

rocky); blooms Mar-Apr. 
Not observed.  Not expected to occur, habitat 
is inappropriate.  

Caulanthus simulans 

     Payson’s jewelflower 
--/-- 4.2 Group D Annual herb; chaparral, coastal scrub 

on sandy, granitic substrate; blooms 
(Feb) Mar-May (June); elevation 295-
7,282 ft. 

Low to moderate potential to occur based on 
habitat preference; CNDDB search did not 
show known occurrences within the vicinity of 
the project. 

Chamaesyce platysperma 

      Flat-seeded spurge 
--/-- 1B Group A Sonoran Desert (Coachella Valley) on 

sandy soils; blooms in May. 
Low potential to occur. There is a known 
occurrence in Coachella valley, approximately 
23 miles away from the project site directly. 
Widespread in southwest Arizona. 

Croton wigginsii 

     Wiggin’s croton 
--/-- 2 n.a. Sand dunes; blooms Mar-May. Not observed.  Not expected to occur, as 

habitat is not present on-site.  
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Common Name 

State/ 

Federal 

Status 

CNPS 

List 

County of San 

Diego 

 

Habitat/Blooming Period 

 

Comments 

Cynanchum utahense 

     Utah vine milkweed 
--/-- 4.2 Group D Perennial herb; Mojavean desert 

scrub, Sonoran desert scrub on sandy 
or gravelly substrate; blooms Apr-
June, elevation 492-4,707 ft. 

Low potential to occur based on habitat 
preferences; CNDDB search did not show 
known occurrences within the vicinity of the 
project.  

Deinandra floribunda 

 Tecate tarplant 
--/-- 1B Group A Chaparral, coastal scrub; blooms Aug-

Oct. 
Not expected to occur on-site due to lack of 
suitable habitat. 

Delphinium parishii ssp. 
subglobosum 

     Colorado Desert larkspur 

--/-- 4.3 Group D Perennial herb; Chaparral, cismontane 
woodland, pinyon and juniper 
woodland, Sonoran desert scrub; 
blooms Mar-June; elevation 1,968-
5,904 ft. 

Low potential to occur based on habitat 
preferences; CNDDB search did not show 
known occurrences within the vicinity of the 
project.  

Dieteria asteroids var. lagunensis

 Mount Laguna aster 
–/– 2 n.a. Cismontane woodland, lower montane 

coniferous forest; blooms Aug-Oct. 
Not expected to occur on-site due to lack of 
suitable habitat. 

Eryngium aristulatum ssp. parishii 

     San Diego button-celery 
SE/FE 1B Group A Annual/perennial herb; coastal scrub, 

valley and foothill grassland, vernal 
pools/mesic; blooms Apr-June; 
elevation 66-2,034 ft. 

Low potential. Not observed on-site.  

Eucnide rupestris 

(=Hemizonia conjugens) 
 Rock nettle 

--/-- 2 Group B Sonoran Desert scrub; blooms Dec-
Apr.  

Not observed.  Not expected to occur, as this 
habitat is marginal and would have been 
detected.  

Geraea viscida 

Sticky geraea 
–/– 2 Group B Chaparral (often in disturbed areas); 

blooms May-June. 
Not observed.  Not expected to occur due to 
lack of suitable habitat 

Harpagonella palmeri 

     Palmer’s grappling hook 
--/-- 4.2 Group D Annual herb; Chaparral, coastal scrub, 

valley and foothill grassland on clay 
substrates; blooms Mar-May; 
elevation 65-3,132 ft. 

Low potential to occur based on habitat 
preferences; CNDDB search did not show 
known occurrences within the vicinity of the 
project.  

Helianthus niveus 

Variegated dudleya 
--/E 1B n.a. Open sandy places; blooms Sept-May. Not observed.  Not expected to occur, as this 

species would have been detected during 
survey. 

Herissantia crispa 

Curly herissantia  
--/-- 2 Group B Annual/perennial herb; Sonoran 

Desert scrub; blooms Apr 
(uncommon)/Aug-Sept; elevation 
2,296-2,378 ft. 

Low potential to occur. Suitable habitat does 
not occur on-site. The project site is out of the 
species’ known elevation range. 

Heuchera brevistaminea 

Laguna Mountains alumroot 
--/-- 1B Group A Riparian, chaparral, foothill 

woodland, mixed evergreen forest; 
blooms Apr-Jul/Sept. (uncommon). 

Low potential. Not observed. 
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CNPS 

List 

County of San 

Diego 

 

Habitat/Blooming Period 

 

Comments 

Hulsea californica  
San Diego sunflower 

–/– 1B Group A Openings in yellow pine forest; 
blooms Apr-Jun. 

Not observed.  Not expected to occur due to 
lack of suitable habitat 

Hulsea mexicana 

     Mexican hulsea 
--/-- 2.3 Group B Annual/perennial herb; chaparral 

(volcanic, often on burns or disturbed 
areas); blooms Apr-June; elevation 
3,936 ft. 

Low potential to occur based on habitat 
preferences; CNDDB search did not show 
known occurrences within the vicinity of the 
project. 

Ipomopsis tenuifolia 

Slender-leaved ipomopsis 

--/-- 2 Group B Chaparral, piñon and juniper 
woodland, Sonoran Desert 
scrub/gravelly or rocky soils; blooms 
Mar-May. 

Low potential. Habitat is marginal.  

Linanthus bellus 

    Desert beauty 
--/-- 2 Group B Chaparral (sandy); blooms Apr-May. Not observed.  Not expected to occur, as 

habitat is not present.  
Lotus haydonii 

Pygmy lotus 
--/-- 1B Group A Piñon and juniper woodland, Sonoran 

Desert scrub (rocky); blooms Mar-
Jun. 

Not observed.  Not expected to occur, as this 
species would have been detected during 
surveys. 

Lupinus excubitus var. medius 

 Mountain Springs bush lupine 

–/– 1B Group A Piñon and juniper woodland, Sonoran 
Desert scrub; blooms Mar-Apr. 

Not observed.  Habitat is not present for this 
species.  

Mentzelia hirsutissima 

Hairy stickleaf  
--/-- 2 Group B Annual herb; Sonoran Desert scrub 

(rocky); blooms Apr-May; elevation 
0-2,296 ft. 

Not observed.  Habitat is not present for this 
species. 

Mentzelia tridentata 

Creamy blazing star 
–/– 1B n.a. Mojave Desert scrub/rocky, gravelly, 

sandy; blooms Apr-May. 
Low potential to occur.  Marginally suitable 
habitat does occur on-site. 

Mimulus aridus 

    low bush  monkeyflower 
--/-- 4.3 Group D Evergreen shrub; chaparral; blooms 

Apr-July; elevation 2,460-3,608 ft. 
Not expected.  Habitat is not present for this 
species. ; CNDDB search did not show known 
occurrences within the vicinity of the project. 

Nemacaulis denudata var. gracilis 

Slender woolly-heads 
--/-- 2 Group B Dunes; coastal strand, creosote bush 

scrub; blooms Mar-May. 
Not expected.  Habitat is not present for this 
species. 

Opuntia munzii 

Munz’s cholla 
--/-- 1B Group A Stem succulent; Sonoran Desert, flats, 

hills, sandy to rocky soils; blooms in 
May; elevation 492-1,968 ft. 

Not observed.  Habitat is not present for this 
species. Would have been observed on-site.  

Penstemon thurberi 

     Thurber's beardtongue 
--/-- 4.2 Group D Perennial herb; chaparral, Joshua tree 

woodland, pinyon and juniper 
woodland, Sonoran desert scrub; 
blooms May-July; elevation 3,936-
4,002 ft. 

Low potential to occur based on habitat 
preferences; CNDDB search did not show 
known occurrences within the vicinity of the 
project.  
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Comments 

Rhus trilobata var. simplicifolia 

     Single-leaved skunk bush 
--/-- 2.3 Group B Deciduous shrub; pinyon and juniper 

woodland; blooms Mar-Apr; elevation 
4,002-4,494 ft. 

Not expected to occur. Would have been 
detected on-site if present. Also out of 
elevation range.  

Selaginella eremophila 

Desert spikemoss 
--/-- 1B Group B Rhizomatous herb; Sonoran Desert 

scrub (gravelly or rocky); blooms 
June/May and July (uncommon); 
elevation 656-2,952 ft. 

Low potential to occur. However, the project 
site is out of the species’ known elevation 
range. 

Senecio aphanactis 

     Chaparral ragwort 
--/-- 2.2 Group B Annual herb; chaparral, cismontane 

woodland; coastal scrub/sometimes 
alkaline: blooms Jan-Apr; elevation 
49-2,624 ft. 

Not expected to occur. Marginal habitat on-
site, project is slightly out of the species’ 
known elevation range. 

Senna covesii 

     Cove’s cassia 
--/-- 2.2 Group B Perennial herb; Sonoran desert scrub; 

blooms Mar-June; elevation 1,000-
3,510 ft. 

Low potential to occur based on habitat 
preference; CNDDB search did not show 
known occurrences within the vicinity of the 
project. 

Tetrococcus dioicus 

Parry’s tetracoccus 
--/-- 1B Group A Chaparral, coastal scrub; blooms Apr-

May. 
Not observed.  Not expected to occur due to 
lack of suitable habitat 

Texosporium sancti-jacobi 

     woven-spored lichen 
ST/-- n.a. n.a. Lichen; organic matter and organic 

soil in sagebrush, old fenceposts, or 
other wood 

Low to moderate potential.  

STATUS CODES 

 
State/Federal Status 
FE = federally listed endangered 
FT = Federally listed threatened 
SE = State listed endangered 
ST = State listed threatened 
SR =  State listed rare 
 
County of San Diego Status 
Group A =  Plants rare, threatened, or endangered in California and elsewhere. 
Group B =  Plants rare, threatened, or endangered in California but more common 

elsewhere. 
Group C =  Plants which may be quite rare, but need more information to determine 

true rarity status. 
Group D =  Plants limited in distribution and uncommon but not presently rare or 

endangered. 

 
 
 
California Native Plant Society Status 
1A = Species presumed extinct. 
1B = Species rare, threatened, or endangered in California and elsewhere.  These 

species are eligible for state listing. 
2 = Species rare, threatened, or endangered in California but more common 

elsewhere. These species are eligible for state listing. 
3 = Species for which more information is needed.  Distribution, endangerment, 

and/or taxonomic information is needed. 
4 = A watch list of species of limited distribution.  These species need to be 

monitored for changes in the status of their populations. 



 

 

APPENDIX D 
 

PRELIMINARY JURISDICTIONAL 
DETERMINATION/DATA 
FORMS AND PHOTOS 

 
 
 
 





US Army Corps of Engineers
                     Arid West - Version 11-1-2006

WETLAND DETERMINATION DATA FORM - Arid West Region

Project/Site:   City/County:   Sampling Date:

Applicant/Owner:   State:   Sampling Point:

Investigator(s):   Section, Township, Range:

Landform (hillslope, terrace, etc.):   Local relief (concave, convex, none):   Slope (%):

Subregion (LRR):   Lat:   Long:   Datum:

Soil Map Unit Name:   NWI classification:

Are climatic / hydrologic conditions on the site typical for this time of year?  Yes   No   (If no, explain in Remarks.)

Are Vegetation  Soil or Hydrology  significantly disturbed?            Are "Normal Circumstances" present?   Yes   No

Are Vegetation  Soil or Hydrology  naturally problematic?             (If needed, explain any answers in Remarks.)

SUMMARY OF FINDINGS -  Attach site map showing sampling point locations, transects, important features, etc.

Hydrophytic Vegetation Present? Yes    No
Hydric Soil Present? Yes    No
Wetland Hydrology Present? Yes    No

Is the Sampled Area
within a Wetland?                   Yes    No

Remarks:

VEGETATION
Dominance Test worksheet:
Number of Dominant Species
That Are OBL, FACW, or FAC:    (A)

Total Number of Dominant
Species Across All Strata:    (B)

Percent of Dominant Species
That Are OBL, FACW, or FAC:    (A/B)

Prevalence Index worksheet:
       Total % Cover of:          Multiply by:

OBL species    x 1 =
FACW species    x 2 =
FAC species    x 3 =
FACU species    x 4 =
UPL species    x 5 =

Column Totals:   (A)     (B)

         Prevalence Index  = B/A =
Hydrophytic Vegetation Indicators:

  Prevalence Index is ≤3.01

  Morphological Adaptations1 (Provide supporting
            data in Remarks or on a separate sheet)

  Problematic Hydrophytic Vegetation1 (Explain)

1Indicators of hydric soil and wetland hydrology must
be present.

                          Absolute    Dominant  Indicator
Tree Stratum    (Use scientific names.)  % Cover  Species?   Status
1.
2.
3.

4.

Sapling/Shrub Stratum
1.
2.
3.
4.
5.
                                                                          Total Cover:
Herb Stratum
1.
2.
3.
4.
5.
6.
7.
8.

                                                                          Total Cover:
Woody Vine Stratum
1.
2.
                                                                          Total Cover:

% Bare Ground in Herb Stratum      % Cover of Biotic Crust

Hydrophytic
Vegetation
Present?                 Yes     No

Remarks:

  Dominance Test is >50%

%%                                                                          Total Cover:

%

%

%

% %

ESJ Well Site Jacumba/San Diego 1/26/11
Sempra Energy 1

VCN  T18S, R8E
Bowl bowl  2

CA

2

4

50.0

40

100

60

 Soil pit is located within the alignment for the access road

Salix sp, 40 Yes FACW

Populus fremontii Yes60

100

FAC*

   
   

Yes
Yes20

80
Bromus rubens
Avena sp.

100

Not Listed

UPL

The habitat onsite is southern cotton wood willow riparian forest. 

200 760
500
0

180
80
0

3.80



                     Arid West - Version 11-1-2006

SOIL Sampling Point:

Profile Description:  (Describe to the depth needed to document the indicator or confirm the absence of indicators.)
 Depth                  Matrix                          Redox Features
 (inches)        Color (moist)        %        Color (moist)        %     Type1      Loc2        Texture                          Remarks

1Type:  C=Concentration, D=Depletion, RM=Reduced Matrix. 2Location: PL=Pore Lining, RC=Root Channel, M=Matrix.

Hydric Soil Indicators:  (Applicable to all LRRs, unless otherwise noted.) Indicators for Problematic Hydric Soils4:
  Histosol (A1)   Sandy Redox (S5)   1 cm Muck (A9) (LRR C)
  Histic Epipedon (A2)   Stripped Matrix (S6)   2 cm Muck (A10) (LRR B)
  Black Histic (A3)   Loamy Mucky Mineral (F1)   Reduced Vertic (F18)
  Hydrogen Sulfide (A4)   Loamy Gleyed Matrix (F2)   Red Parent Material (TF2)
  Stratified Layers (A5) (LRR C)   Depleted Matrix (F3)   Other (Explain in Remarks)
  1 cm Muck (A9) (LRR D)   Redox Dark Surface (F6)
  Depleted Below Dark Surface (A11)   Depleted Dark Surface (F7)
  Thick Dark Surface (A12)   Redox Depressions (F8)
  Sandy Mucky Mineral (S1)   Vernal Pools (F9) 4Indicators of hydrophytic vegetation and
  Sandy Gleyed Matrix (S4)      wetland hydrology must be present.

Restrictive Layer (if present):
     Type:
     Depth (inches): Hydric Soil Present?     Yes     No
Remarks:

HYDROLOGY
Wetland Hydrology Indicators: Secondary Indicators (2 or more required)
Primary Indicators (any one indicator is sufficient)   Water Marks (B1) (Riverine)

  Surface Water (A1)   Salt Crust (B11)   Sediment Deposits (B2) (Riverine)
  High Water Table (A2)   Biotic Crust (B12)   Drift Deposits (B3) (Riverine)
  Saturation (A3)   Aquatic Invertebrates (B13)   Drainage Patterns (B10)
  Water Marks (B1) (Nonriverine)   Hydrogen Sulfide Odor (C1)   Dry-Season Water Table (C2)
  Sediment Deposits (B2) (Nonriverine)   Oxidized Rhizospheres along Living Roots (C3)   Thin Muck Surface (C7)
  Drift Deposits (B3) (Nonriverine)   Presence of Reduced Iron (C4)   Crayfish Burrows (C8)
  Surface Soil Cracks (B6)   Recent Iron Reduction in Plowed Soils (C6)   Saturation Visible on Aerial Imagery (C9)
  Inundation Visible on Aerial Imagery (B7)   Other (Explain in Remarks)   Shallow Aquitard (D3)
  Water-Stained Leaves (B9)   FAC-Neutral Test (D5)

Field Observations:
Surface Water Present? Yes   No   Depth (inches):
Water Table Present? Yes   No   Depth (inches):
Saturation Present? Yes   No   Depth (inches):
(includes capillary fringe) Wetland Hydrology Present?    Yes     No
Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:

Remarks:

US Army Corps of Engineers

Soil Textures:  Clay, Silty Clay, Sandy Clay, Loam, Sandy Clay Loam, Sandy Loam, Clay Loam, Silty Clay Loam, Silt Loam, Silt, Loamy Sand, Sand.3

3

1

0-18 10YR 2/2 Coarse Sandy mixture

The soil is coarse and has a sandy like feel to it. 

 This sampling point is beneath the cottonwoods, this area appears to be the beginning of the flow area. Water would runoff 
from the surrounding uplands into this area and flow to the east.  



US Army Corps of Engineers
                     Arid West - Version 11-1-2006

WETLAND DETERMINATION DATA FORM - Arid West Region

Project/Site:   City/County:   Sampling Date:

Applicant/Owner:   State:   Sampling Point:

Investigator(s):   Section, Township, Range:

Landform (hillslope, terrace, etc.):   Local relief (concave, convex, none):   Slope (%):

Subregion (LRR):   Lat:   Long:   Datum:

Soil Map Unit Name:   NWI classification:

Are climatic / hydrologic conditions on the site typical for this time of year?  Yes   No   (If no, explain in Remarks.)

Are Vegetation  Soil or Hydrology  significantly disturbed?            Are "Normal Circumstances" present?   Yes   No

Are Vegetation  Soil or Hydrology  naturally problematic?             (If needed, explain any answers in Remarks.)

SUMMARY OF FINDINGS -  Attach site map showing sampling point locations, transects, important features, etc.

Hydrophytic Vegetation Present? Yes    No
Hydric Soil Present? Yes    No
Wetland Hydrology Present? Yes    No

Is the Sampled Area
within a Wetland?                   Yes    No

Remarks:

VEGETATION
Dominance Test worksheet:
Number of Dominant Species
That Are OBL, FACW, or FAC:    (A)

Total Number of Dominant
Species Across All Strata:    (B)

Percent of Dominant Species
That Are OBL, FACW, or FAC:    (A/B)

Prevalence Index worksheet:
       Total % Cover of:          Multiply by:

OBL species    x 1 =
FACW species    x 2 =
FAC species    x 3 =
FACU species    x 4 =
UPL species    x 5 =

Column Totals:   (A)     (B)

         Prevalence Index  = B/A =
Hydrophytic Vegetation Indicators:

  Prevalence Index is ≤3.01

  Morphological Adaptations1 (Provide supporting
            data in Remarks or on a separate sheet)

  Problematic Hydrophytic Vegetation1 (Explain)

1Indicators of hydric soil and wetland hydrology must
be present.

                          Absolute    Dominant  Indicator
Tree Stratum    (Use scientific names.)  % Cover  Species?   Status
1.
2.
3.

4.

Sapling/Shrub Stratum
1.
2.
3.
4.
5.
                                                                          Total Cover:
Herb Stratum
1.
2.
3.
4.
5.
6.
7.
8.

                                                                          Total Cover:
Woody Vine Stratum
1.
2.
                                                                          Total Cover:

% Bare Ground in Herb Stratum      % Cover of Biotic Crust

Hydrophytic
Vegetation
Present?                 Yes     No

Remarks:

  Dominance Test is >50%

%%                                                                          Total Cover:

%

%

%

% %

ESJ Well Site Jacumba/San Diego 1/26/11
Sempra Energy 2

VCN  T18S, R8E
 sloped sloped  2

CA

2

3

66.7

25

40

1

 Sampling point is located jus north east of the existing pump house. 

Salix sp, 10 Yes FACW

Populus fremontii No1
Bacchris salicifolia Yes15

26

FAC*

FACW

   
   

Yes
No15

25
Oxalis latifolia
Sisymbrium irio

40

Not Listed

Not Listed

The habitat onsite is southern cotton wood willow riparian forest. Though this sampling point is located just outside the 
tree line. 

66 253
200
0
3
50
0

3.83



                     Arid West - Version 11-1-2006

SOIL Sampling Point:

Profile Description:  (Describe to the depth needed to document the indicator or confirm the absence of indicators.)
 Depth                  Matrix                          Redox Features
 (inches)        Color (moist)        %        Color (moist)        %     Type1      Loc2        Texture                          Remarks

1Type:  C=Concentration, D=Depletion, RM=Reduced Matrix. 2Location: PL=Pore Lining, RC=Root Channel, M=Matrix.

Hydric Soil Indicators:  (Applicable to all LRRs, unless otherwise noted.) Indicators for Problematic Hydric Soils4:
  Histosol (A1)   Sandy Redox (S5)   1 cm Muck (A9) (LRR C)
  Histic Epipedon (A2)   Stripped Matrix (S6)   2 cm Muck (A10) (LRR B)
  Black Histic (A3)   Loamy Mucky Mineral (F1)   Reduced Vertic (F18)
  Hydrogen Sulfide (A4)   Loamy Gleyed Matrix (F2)   Red Parent Material (TF2)
  Stratified Layers (A5) (LRR C)   Depleted Matrix (F3)   Other (Explain in Remarks)
  1 cm Muck (A9) (LRR D)   Redox Dark Surface (F6)
  Depleted Below Dark Surface (A11)   Depleted Dark Surface (F7)
  Thick Dark Surface (A12)   Redox Depressions (F8)
  Sandy Mucky Mineral (S1)   Vernal Pools (F9) 4Indicators of hydrophytic vegetation and
  Sandy Gleyed Matrix (S4)      wetland hydrology must be present.

Restrictive Layer (if present):
     Type:
     Depth (inches): Hydric Soil Present?     Yes     No
Remarks:

HYDROLOGY
Wetland Hydrology Indicators: Secondary Indicators (2 or more required)
Primary Indicators (any one indicator is sufficient)   Water Marks (B1) (Riverine)

  Surface Water (A1)   Salt Crust (B11)   Sediment Deposits (B2) (Riverine)
  High Water Table (A2)   Biotic Crust (B12)   Drift Deposits (B3) (Riverine)
  Saturation (A3)   Aquatic Invertebrates (B13)   Drainage Patterns (B10)
  Water Marks (B1) (Nonriverine)   Hydrogen Sulfide Odor (C1)   Dry-Season Water Table (C2)
  Sediment Deposits (B2) (Nonriverine)   Oxidized Rhizospheres along Living Roots (C3)   Thin Muck Surface (C7)
  Drift Deposits (B3) (Nonriverine)   Presence of Reduced Iron (C4)   Crayfish Burrows (C8)
  Surface Soil Cracks (B6)   Recent Iron Reduction in Plowed Soils (C6)   Saturation Visible on Aerial Imagery (C9)
  Inundation Visible on Aerial Imagery (B7)   Other (Explain in Remarks)   Shallow Aquitard (D3)
  Water-Stained Leaves (B9)   FAC-Neutral Test (D5)

Field Observations:
Surface Water Present? Yes   No   Depth (inches):
Water Table Present? Yes   No   Depth (inches):
Saturation Present? Yes   No   Depth (inches):
(includes capillary fringe) Wetland Hydrology Present?    Yes     No
Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:

Remarks:

US Army Corps of Engineers

Soil Textures:  Clay, Silty Clay, Sandy Clay, Loam, Sandy Clay Loam, Sandy Loam, Clay Loam, Silty Clay Loam, Silt Loam, Silt, Loamy Sand, Sand.3

3

2

0-8 10YR 2/2 Coarse Large pieces
DG like feelCoarse7.5 4/68-10
Sand like feelCoarse10YR 2/210-20

The soil here appears to be layered. Coarse sand like soil.

 This sampling point is adjacent to the existing pump house adjacent to to the willow riparian habitat. Appears that water 
would flow to the east. 



US Army Corps of Engineers
                     Arid West - Version 11-1-2006

WETLAND DETERMINATION DATA FORM - Arid West Region

Project/Site:   City/County:   Sampling Date:

Applicant/Owner:   State:   Sampling Point:

Investigator(s):   Section, Township, Range:

Landform (hillslope, terrace, etc.):   Local relief (concave, convex, none):   Slope (%):

Subregion (LRR):   Lat:   Long:   Datum:

Soil Map Unit Name:   NWI classification:

Are climatic / hydrologic conditions on the site typical for this time of year?  Yes   No   (If no, explain in Remarks.)

Are Vegetation  Soil or Hydrology  significantly disturbed?            Are "Normal Circumstances" present?   Yes   No

Are Vegetation  Soil or Hydrology  naturally problematic?             (If needed, explain any answers in Remarks.)

SUMMARY OF FINDINGS -  Attach site map showing sampling point locations, transects, important features, etc.

Hydrophytic Vegetation Present? Yes    No
Hydric Soil Present? Yes    No
Wetland Hydrology Present? Yes    No

Is the Sampled Area
within a Wetland?                   Yes    No

Remarks:

VEGETATION
Dominance Test worksheet:
Number of Dominant Species
That Are OBL, FACW, or FAC:    (A)

Total Number of Dominant
Species Across All Strata:    (B)

Percent of Dominant Species
That Are OBL, FACW, or FAC:    (A/B)

Prevalence Index worksheet:
       Total % Cover of:          Multiply by:

OBL species    x 1 =
FACW species    x 2 =
FAC species    x 3 =
FACU species    x 4 =
UPL species    x 5 =

Column Totals:   (A)     (B)

         Prevalence Index  = B/A =
Hydrophytic Vegetation Indicators:

  Prevalence Index is ≤3.01

  Morphological Adaptations1 (Provide supporting
            data in Remarks or on a separate sheet)

  Problematic Hydrophytic Vegetation1 (Explain)

1Indicators of hydric soil and wetland hydrology must
be present.

                          Absolute    Dominant  Indicator
Tree Stratum    (Use scientific names.)  % Cover  Species?   Status
1.
2.
3.

4.

Sapling/Shrub Stratum
1.
2.
3.
4.
5.
                                                                          Total Cover:
Herb Stratum
1.
2.
3.
4.
5.
6.
7.
8.

                                                                          Total Cover:
Woody Vine Stratum
1.
2.
                                                                          Total Cover:

% Bare Ground in Herb Stratum      % Cover of Biotic Crust

Hydrophytic
Vegetation
Present?                 Yes     No

Remarks:

  Dominance Test is >50%

%%                                                                          Total Cover:

%

%

%

% %

ESJ Well Site Jacumba/San Diego 1/26/11
Sempra Energy  3

VCN  T18S, R8E
 Flat Flat   1

CA

0

2

0.0

160

 Sampling point is located just to the east of the site within the channel. Appears to be a weland. 

       

   
   

   

   

Artemisia dracunculus Yes
   

80

80

Not Listed

No
Yes60

20
Avena sp.
Sisymbrium irio

80

Not Listed

Not Listed

The habitat onsite is southern cotton wood willow riparian forest. Though this sampling point is located just outside the 
tree line. The dominant species appears to be tarragon though it likely that other wetland species exist onsite. 

160 800
800
0
0
0
0

5.00



                     Arid West - Version 11-1-2006

SOIL Sampling Point:

Profile Description:  (Describe to the depth needed to document the indicator or confirm the absence of indicators.)
 Depth                  Matrix                          Redox Features
 (inches)        Color (moist)        %        Color (moist)        %     Type1      Loc2        Texture                          Remarks

1Type:  C=Concentration, D=Depletion, RM=Reduced Matrix. 2Location: PL=Pore Lining, RC=Root Channel, M=Matrix.

Hydric Soil Indicators:  (Applicable to all LRRs, unless otherwise noted.) Indicators for Problematic Hydric Soils4:
  Histosol (A1)   Sandy Redox (S5)   1 cm Muck (A9) (LRR C)
  Histic Epipedon (A2)   Stripped Matrix (S6)   2 cm Muck (A10) (LRR B)
  Black Histic (A3)   Loamy Mucky Mineral (F1)   Reduced Vertic (F18)
  Hydrogen Sulfide (A4)   Loamy Gleyed Matrix (F2)   Red Parent Material (TF2)
  Stratified Layers (A5) (LRR C)   Depleted Matrix (F3)   Other (Explain in Remarks)
  1 cm Muck (A9) (LRR D)   Redox Dark Surface (F6)
  Depleted Below Dark Surface (A11)   Depleted Dark Surface (F7)
  Thick Dark Surface (A12)   Redox Depressions (F8)
  Sandy Mucky Mineral (S1)   Vernal Pools (F9) 4Indicators of hydrophytic vegetation and
  Sandy Gleyed Matrix (S4)      wetland hydrology must be present.

Restrictive Layer (if present):
     Type:
     Depth (inches): Hydric Soil Present?     Yes     No
Remarks:

HYDROLOGY
Wetland Hydrology Indicators: Secondary Indicators (2 or more required)
Primary Indicators (any one indicator is sufficient)   Water Marks (B1) (Riverine)

  Surface Water (A1)   Salt Crust (B11)   Sediment Deposits (B2) (Riverine)
  High Water Table (A2)   Biotic Crust (B12)   Drift Deposits (B3) (Riverine)
  Saturation (A3)   Aquatic Invertebrates (B13)   Drainage Patterns (B10)
  Water Marks (B1) (Nonriverine)   Hydrogen Sulfide Odor (C1)   Dry-Season Water Table (C2)
  Sediment Deposits (B2) (Nonriverine)   Oxidized Rhizospheres along Living Roots (C3)   Thin Muck Surface (C7)
  Drift Deposits (B3) (Nonriverine)   Presence of Reduced Iron (C4)   Crayfish Burrows (C8)
  Surface Soil Cracks (B6)   Recent Iron Reduction in Plowed Soils (C6)   Saturation Visible on Aerial Imagery (C9)
  Inundation Visible on Aerial Imagery (B7)   Other (Explain in Remarks)   Shallow Aquitard (D3)
  Water-Stained Leaves (B9)   FAC-Neutral Test (D5)

Field Observations:
Surface Water Present? Yes   No   Depth (inches):
Water Table Present? Yes   No   Depth (inches):
Saturation Present? Yes   No   Depth (inches):
(includes capillary fringe) Wetland Hydrology Present?    Yes     No
Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:

Remarks:

US Army Corps of Engineers

Soil Textures:  Clay, Silty Clay, Sandy Clay, Loam, Sandy Clay Loam, Sandy Loam, Clay Loam, Silty Clay Loam, Silt Loam, Silt, Loamy Sand, Sand.3

3

 3

0-20 10YR 2/1 Coarse Sandy feel 

The soil here appears to be low chroma. 

0
18
0

 This sampling point is adjacent to the east of the site. This point is located within the flat area that seems to flow to the east 
from the well pump house area. This area was saturated at the surface, and the pit filled with water. 



February 2, 2011  Preliminary JD Form 

PRELIMINARY JURISDICTIONAL DETERMINATION FORM 

U.S. Army Corps of Engineers 

Sempra Energy Well Access 
Jacumba, California 

 
This form should be completed by following the instructions provided in Section IV of the JD Form Instructional Guidebook. 
 
SECTION I: BACKGROUND INFORMATION 

A. REPORT COMPLETION DATE FOR PRELIMINARY JURISDICTIONAL DETERMINATION (JD):  January 31, 2011 
 
B. NAME AND ADDRESS OF PERSON REQUESTING PRELIMINARY JD:   

 
Sempra Energy 
101 Ash Street 
San Diego, California  92101 
Phone:  (619)  
Point of Contact:  Alberto Abreu 

 
C. DISTRICT OFFICE, FILE NAME, AND NUMBER: Los Angeles District Regulatory Division, Los Angeles Section, South 

Coast Branch, San Diego Section 
 
D.    PROJECT LOCATION(S) AND BACKGROUND INFORMATION:  

        Sempra energy would like to construct an approximately 150 foot by 20 foot wide access driveway to access an existing well 
north of Old Highway 80 just west of the town of Jacumba. A portion of the survey area has been mapped as a fresh water 
emergent wetland by the USFWS National Wetlands Inventory.  

 

 (Use the attached table to document multiple waterbodies at different sites) 

 State: CA     County/parish/borough: San Diego  City: N/A (Jacumba) 
 Center coordinates of site (lat/long in degree decimal format):  Lat: 32.616015 Long: -116.192995 
   UTM: 11S 575735.97 m E  3609017.27 m N 
 Name of nearest waterbody: Boundary Creek 
 Identify (estimate) amount of waters in the review area:  
  Non-wetland waters:  
  Cowardin Class:  
  Stream Flow:  
  Wetlands: 0.13 acre 
  Cowardin Class: Palustrine 
 Name of any waterbodies on the site that have been identified as Section 10 waters: None   
  Tidal:       
  Non-Tidal:       
 
E. REVIEW PERFORMED FOR SITE EVALUATION (CHECK ALL THAT APPLY): 

  Office (Desk) Determination.  Date:  
  Field Determination.  Date(s): January 26,2011 
 
1.  The Corps of Engineers believes that there may be jurisdictional waters of the United States on the subject site, and the permit applicant or other affected party 
who requested this preliminary JD is hereby advised of his or her option to request and obtain an approved jurisdictional determination (JD) for that site.  
Nevertheless, the permit applicant or other person who requested this preliminary JD has declined to exercise the option to obtain an approved JD in this instance 
and at this time. 
 
2.  In any circumstance where a permit applicant obtains an individual permit, or a Nationwide General Permit (NWP) or other general permit verification 
requiring “pre-construction notification” (PCN), or requests verification for a non-reporting NWP or other general permit, and the permit applicant has not 
requested an approved JD for the activity, the permit applicant is hereby made aware of the following: (1) the permit applicant has elected to seek a permit 
authorization based on a preliminary JD, which does not make an official determination of jurisdictional waters; (2) that the applicant has the option to request an 
approved JD before accepting the terms and conditions of the permit authorization, and that basing a permit authorization on an approved JD could possibly result 
in less compensatory mitigation being required or different special conditions; (3) that the applicant has the right to request an individual permit rather than 
accepting the terms and conditions of the NWP or other general permit authorization; (4) that the applicant can accept a permit authorization and thereby agree to 
comply with all the terms and conditions of that permit, including whatever mitigation requirements the Corps has determined to be necessary; (5) that 
undertaking any activity in reliance upon the subject permit authorization without requesting an approved JD constitutes the applicant’s acceptance of the use of 
the preliminary JD, but that either form of JD will be processed as soon as is practicable; (6) accepting a permit authorization (e.g., signing a proffered individual 
permit) or undertaking any activity in reliance on any form of Corps permit authorization based on a preliminary JD constitutes agreement that all wetlands and 
other water bodies on the site affected in any way by that activity are jurisdictional waters of the United States, and precludes any challenge to such jurisdiction in 
any administrative or judicial compliance or enforcement action, or in any administrative appeal or in any Federal court; and (7) whether the applicant elects to 
use either an approved JD or a preliminary JD, that  JD will be processed as soon as is practicable.  Further, an approved JD, a proffered individual permit (and all 
terms and conditions contained therein), or individual permit denial can be administratively appealed pursuant to 33 C.F.R. Part 331, and that in any 
administrative appeal, jurisdictional issues can be raised (see 33 C.F.R. 331.5(a)(2)). If, during that administrative appeal, it becomes necessary to make an 
official determination whether CWA jurisdiction exists over a site, or to provide an official delineation of jurisdictional waters on the site, the Corps will provide 



February 2, 2011  Preliminary JD Form 

an approved JD to accomplish that result, as soon as is practicable. This preliminary JD finds that there “may be” waters of the United States on the subject 
project site, and identifies all aquatic features on the site that could be affected by the proposed activity, based on the following information: 
 

A. SUPPORTING DATA.  Data reviewed for JD (check all that apply - checked items shall be included in case file and, where 
checked 
and requested, appropriately reference sources below): 

  Maps, plans, plots or plat submitted by or on behalf of the applicant/consultant: See Biological Letter Report 
  Data sheets prepared/submitted by or on behalf of the applicant/consultant. (2008 Supplement Wetland Determination Data 

Forms — Arid West Region [Version 2.0]). 
   Office concurs with data sheets/delineation report. 
   Office does not concur with data sheets/delineation report. 
  Data sheets prepared by the Corps:      . 
  Corps navigable waters’ study:      . 
  U.S. Geological Survey Hydrologic Atlas:      . 
     USGS NHD data. 
     USGS 8 and 12 digit HUC maps. 

   U.S. Geological Survey map(s).  Cite scale & quad name: 7.5' U.S. Geologic Service (USGS) Jacumba 
 

  USDA Natural Resources Conservation Service Soil Survey.  Citation: Web Soil Survey. 
  National wetlands inventory map(s).  Cite name: NWI Website. 
  State/Local wetland inventory map(s):      .  

 FEMA/FIRM maps:  
 100-year Floodplain Elevation is:       (National Geodetic Vertical Datum of 1929) 
    Photographs:    Aerial (Name & Date): 2010 Aerial Maps of the survey area (Digital Globe 2010) 

   Other (Name & Date):.                                                   
  Previous determination(s).  File no. and date of response letter:     . 
  Other information (please specify):  
 
 
IMPORTANT NOTE:  The information recorded on this form has not necessarily been verified by the Corps and should not be relied 

upon for later jurisdictional determinations. 

 
 
 
 
 
 
              
Signature and date of  Signature and date of 
Regulatory Project Manager  person requesting preliminary JD 
(REQUIRED)  (REQUIRED, unless obtaining 
  the signature is impracticable) 
 
 
 
 
 
 
 
 



February 2, 2011  Preliminary JD Form 

 

PRELIMINARY JURISDICTIONAL DETERMINATION FORM 
 

This preliminary JD finds that there "may be" waters of the United States on the subject project site, and identifies all aquatic 
features on the site that could be affected by the proposed activity, based on the following information: 

 
Appendix A – Sites 

 
District Office: Los Angeles District   File/ORM #        PJD Date: January 31, 2000 
State: CA    City/County: San Diego County    

 
Person Requesting PJD: Alberto Abreu 
 

 

Holland Code Cowardin Class Class 
Area 

(acres) Latitude Longitude 

Southern 
cottonwood 

riparian forest 
61330 

Palustrine Fresh water emergent Wetland 0.13 32.616015 -116.192995 

      

Note:  All acreages are rounded to the nearest hundredth (which may account for minor rounding error). 
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Sample pit one. 
 

 
 
Sample pit two. 
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Sample pit two and surrounding habitat.  
 

 
 
Sample pit three. 
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Habitat around pit one. 
 

 
 
Adjacent Habitats. 



tu80

Railro
ad Av

Old Highway 80

Calexico Av
Jacum

ba 
St

Private Rd

National Wetlands Inventory Map

ESJ Well Driveway Project Number 09-0107420

Source: Sempra 2010; SANGIS 2010; AerialsExpress 2009; ESRI 2011; NWI 2010

Scale: 1 = 2,400; 1 inch = 200 feet

Path: P:\2009\09080001 ESJ Gen-Tie\6.0 GIS\6.3 Layout\Bio\Well_Bio\Aerial_attachment.mxd,  02/02/11,  SorensenJ

200 0 200100 Feet

I

!> Water Well
Parcels
Access Road

Wetlands
Freshwater Emergent Wetland
Freshwater Forested/Shrub Wetland
Freshwater Pond

LEGEND



!>tu80

U.S. Geological Survey Map
USGS 7.5' Jacumba, CA 1975

ESJ Well Driveway Project Number 09-0107420

Source: Sempra 2010; SANGIS 2010; ESRI 2011; USGS 7.5' Topo Quad Jacumba, CA 1975

Scale: 1 = 24,000; 1 inch = 2,000 feet

Path: P:\2009\09080001 ESJ Gen-Tie\6.0 GIS\6.3 Layout\Bio\Well_Bio\Aerial_attachment.mxd,  02/02/11,  SorensenJ

2,000 0 2,0001,000 Feet

I

!> Water Well
Parcels

Access Road

LEGEND



!>

tu80

Railro
ad Av

Old Highway 80

Calexico Av
Jacum

ba 
St

Private Rd

2009 Aerial Map of the 
Survey Area (Aerials Express 2009)

ESJ Well Driveway Project Number 09-0107420

Source: Sempra 2010; SANGIS 2010; AerialsExpress 2009; ESRI 2011

Scale: 1 = 2,400; 1 inch = 200 feet

Path: P:\2009\09080001 ESJ Gen-Tie\6.0 GIS\6.3 Layout\Bio\Well_Bio\Aerial_attachment.mxd,  02/02/11,  SorensenJ

200 0 200100 Feet

I

!> Water Well
Parcels

Access Road

LEGEND



1

Lauren Coartney

From: Cindy Eldred <cindy@eldredlaw.com>
Sent: Friday, March 04, 2011 4:04 PM
To: iain.fisher@cpuc.ca.gov; ECOSUB
Cc: 'Brown, Patrick'; Ryan.Waterman@lw.com; 'Miller, Taylor'; 'Abreu, Alberto'
Subject: DOI-BLM-CA-D070-2010-0027-EIS (ECO Sub)/DOI-BLM-CA-D070-2008-0040-EIS (Tule 

Wind)
Attachments: DEIR-DEIS Comment Letter (030411).pdf

Cynthia L. Eldred, Esq.
The Law Office of Cynthia L. Eldred  
2481 Congress Street  
San Diego, CA 92110  
Telephone: (619) 233-7366  
Cell: (619) 277-7388 
Fax: (619) 233-7390 
cindy@eldredlaw.com

This email is intended for the party addressed and may contain privileged and confidential information. If you are not the 
intended recipient, any use, dissemination, or copying of this transmission is prohibited. Thank you. 

************************************************************************************
This footnote confirms that this email message has been scanned by 
PineApp Mail-SeCure for the presence of malicious code, vandals & computer viruses. 
************************************************************************************
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