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INTRODUCTION 

The City of Encinitas initiated this hydrologic and hydraulic study to analyze inundation of City 

streets and private properties during frequent stonn events (up to 5-year) in the Leucadia area in 

the City of Encinitas. Flooding has historically occurred in this area along and adjacent to 

Highway JOI, between Encinitas Boulevard and La Costa Avenue. The study area is shown on 

the vicinity map on page 2. 

The existing topography within the Leucadia area consists of several sumps west of and parallel 

to Highway 101. Many of these sumps did not historically contain stonn drain systems. In 

addition, many of the streets within the watershed areas do not have curb and gutter, which 

contributes to overland flow to Highway L 0 I and the adjacent sump areas. These drainage 

patterns historically resulted in ponding within the sumps during any stonn events that produced 

runoff until the runoff eventually infiltrated into the ground, evaporated, or was otherwise 

removed from the sump areas. 

A stonn drain system was installed in 2001 U1ai connected these sump areas to the main line in 

Coast Highway 101. Storm events exceeding a I-year storm overtaxed the sysrem. Therefore, the 

City of Encinitas has initiated further enhancement of this system to increase its capacity and 

reduce the extent of flooding along Highway l 0 I. 

Overall improved performance of the storm drain system will be achieved by allowing s torm 

runoff to be stored in the existing sump areas to regulate the rate at which flow enters the storm 

drain system. As storm runoff ponds in existing sump areas, runoff will be released into the 

stom1 drain system at a controlled rate. This storage is essential to the functionality of the 

system. Regulating flow will aid in the prevention of overtaxing the downstream storm drain 

system during frequent storm events, which will result in lower ponded water elevations and 

constant drainage. Although the interim improvements allow some inundation of City streets and 

properties, it is the City's first priority to resolve flooding of these areas when investigating 

potential long-term improvements. 
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This report discusses the historic drainage patterns and the interim enhancements to the storm 

drain system, in place as of November 2003. While priority has been placed on completing the 

interim improvements to minimize ponding during smaller, more frequent, stonns, the City is 

actively pursuing the design of a long-term drainage solution that is focused on alleviating 

inundation of City streets and private properties during larger storm events. 
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HYDROLOGIC ANALYSIS 

The U.S. Anny Corps of Engineers HEC-1 computer program was used for the hydrologic 

analysis of the Leucadia area along Highway I 0 I between Encinitas Boulevard and La Costa 

Avenue. The HEC-1 model is designed to simulate the surface runoff response to precipitation 

within the drainage basin. HEC-1 also has the capability to model the effects of detention and 

storage of runoff within a watershed. 

The HEC-1 analyses were based on the Natural Resources Conservation Service (NRCS) 

hydrologic method (fonnerly known as the Soil Conservation Service [SCS] hydrologic method) 

outlined in the 2003 San Diego County Hydrology Manrml. HEC-1 hydrologic analyses ·Here 

performed for the historic condition (pre-2001 stonn drain improvements) and the improved 

(interim) condition (post-2003 stonn drain enhancements). 

REC-l Parameters 

Rainfall Distribution 

Hydrographs for each basin were developed using a 5-year frequency, 24-hour return period, 

nested rainfall distribution. The nested stonn distribution supersedes both the Type B and Type 

C rainfall distributions outlined in the 1993 San Diego County Hydrology Manual. A limitation 

of the Type B and Type C distributions was that each distribution was applicable to the 6-hour 

and 24-hour durations only, and required separate analyses to be prepared for each duration. In 

most cases, the 6-hour stonn duration produced a higher peak flow rate, while the 24-hour storm 

duration generated a greater runoff volume. Use of the nested storm pattern eliminates the need 

for separate analyses for 6-hour and 24-hour storm durations. 

The total precipitation amounts for the 5-year stom1 event with 6-hour and 24-hour duration 

periods were obtained from the County of San Diego isopluviaJ maps included in Appendix A. 
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Watershed Boundaries 

The watershed areas were delineated from digital topography flown in July 2001, provided by 

the City of Encinitas. Watershed delineations were field verified to improve accuracy. The total 

watershed area tributary to the Leucadia area storm drain system is approximately 0.49 square 

miles. Please refer to the Hydrology Wockmap for Coast Highway 101 located in Map Pocket I 

for the watershed boundaries. 

Curve Number 

The composite curve number (CN) for each basin is based the soil type, land use coverage, and 

precipitation zone number. The CN calculations for each basin and associated support data is 

included in Appendix A. 

Soil Type 

The soil type information was obtained from lhe San Diego Association of Govenunents 

(SANDAG) in Geographic Information System (GIS) format. The soil type is based on 

the United States Department of Agricultural Soil Survey for San Diego County, and 

consists mainly ofTypc A soil The Soil Survey map is shown in Appendix A. 

land Use 

The land use coverage information was·obtained from the SANDAG in GIS format. The 

land use data is 1995 existing land use based on 1995 color infrared satellite imagery, 

1994/1995 black and white digital orthophoto quads, SanGIS Jandbase (registration) and 

miscellaneous sources. The Land Use map is shown in Appendix A. 

To supplement the land use data for the watc.rshed, review of aerial photographs showed 

that the ground cover of the Leucadia area is mostly developed and generally has higher 

imperviousness than is indicated by the land use maps. Therefore, the curve number 

calculation was appropriately adjusted for each basin. 
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Precipitalion Zone Nwnber 

The CN was adjusted for the precipitation zone nlllllber (PZN) condition of 1.5 as 

outlined in the 2003 San Diego Co1111ty Hydrology Manual. The PZN condition is a 

function of the County of San Diego precipitation zone number map, also included in 

Appendix A. 

Lag Time 

The lag time was first calculated based upon criteria developed by the United States Anny Corps 

of Engineers (USACOE). The USACOE lag time is an empirical relationship of the physical 

characteristics of a drainage area in terms of time. The USACOE emperical relationship 

produced uncharacteristically short Jag times for each basin. Therefore, the lag times for each 

watershed were determined based on the Natural Resources Conservation Service (NRCS) 

method using a calculated time of concentration. Lag calculations are included in Appendix A. 

The time of concentration is a function of the composite runoff coefficient of the basin and the 

approximate velocity of the flow though the basin as outlined in the 2003 Sa11 Diego County 

Hydrology Manual. TI1c NRCS lag time, T1. is found by first determining Tp using the following 

equation related to the calculated time of concentration: 

Where: 

Tp = 0.67To 

• Tc is defined as: 1) the time for runoff to travel from the furtbennost point in the 

watershed to one point in question, and 2) the time from the end of excess rainfall to 

the point of inflection of the unit hydrograpb. 

• Tc=T; +T, 

• T, is the time of concentration of street flow 

• T, =DIV, then divide by 60 to convert to minutes 

• D, is the length of street flow (feet) 

• V is velocity of street flow (feet per second) 

• T, is the initial time of concentration of overland flow 
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• T; = 1.8(1.1 - C)SQRT(D)/(s"113) 

[from Figure 3-3 in San Diego County Hydrology Manual) 

• C =Runoff Coefficient 

• D = Length of overland flow (feel) 

• s = Slope of overland flow (%) 

The NRCS lag time of a watershed is then determined by the following equation: 

NRCS T1 = Tp - D/2 

A summary of the hydrologic information for each basin that was used for calculating the 

hydrograph and peak runoff in the HEC- 1 analyses is provided in Appendix A. 
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Historic and Improved (Interim) Drainage Patterns 

Historic Drainage Patterns 

1n the historic condition (pre-2001 improvements), severdl sump areas west of Highway JOI did 

not contain underground storm drain systems. Therefore, during ninoff-producing storm events 

the runoff ponded in the sump areas until it eventually infiltrated into the ground, evaporated, or 

was otherwise removed from the sump area The flooding impacts of the historic ponding were 

estimated by modeling 5-year frequency runoff and detention routing in tile HEC-1 analyses. The 

historic condition HEC-1 hydrologic analysis for the 5-year stOim event is included in Appendix 

B. The following is a brief description of the historic flow patterns that were determined based 

on tile available topographic information and field visits. Please refer to the Hydrology Workmap 

for Coast Highway I 0 l located in Map Pocket I for the watershed basin boundaries. 

Basins 1, la, 2: 

Basins 1 and 2 are located east of Highway 101 approximately between Encinitas 

Boulevard and Riviera Mobile Home Park. Basin la is located east of Stmset Drive and 

north of Encinitas Boulevard. 

Historically, nmoIT from basins l, la, and 2 ponded along Vulcan Avenue and within the 

North County Transit District (NCTD) right-of-way (San Diego Northern Railway) 

between Halcyon Road and Union Street at an elevation of 66.4 feet, remained east of the 

railroad tracks, and eventually infiltrated into the ground, evaporated, or was otherwise 

removed from the sump area. 

Basins 3, 4: 

Basins 3 ·and 4 are located west of Highway I 01 between North Comt and Cadmus 

Street. Historically, runoff from basins 3 and 4 combined and ponded along the alley 

from Basil Street to Cadmus Street at an elevation of 58.2 feet, until runoff eventually 

infiltrated into the ground, evaporated, or was otheiwise removed from the sump area. 
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Basin 6: 

Basin 6 is located east of Vulcan Avenue, north of (and including) the Riviera Mobile 

Home Park and south of Leucadia Boulevard. Historically, runoff from basin 6 ponded 

along the NCTD right-of-way east of the railroad tracks from Leucadia Boulevard to 

approximately 1,900 feet south of Leucadia Boulevard, at an elevation of 63.7 feet, until 

draining to the headwall at Connection I. It is assumed that historically runoff from basin 

6 did not overtop the railroad tracks during a 5-year storni event. 

Basins 5, 7, 8: 

Basins 5, 7, and 8 are located west of Highway I OJ between Daphne Street and Diana 

Street. Historically runoff from basins 5, 7, and 8 combined and ponded along the alley 

approximately from Europa Street to approximately Diana Street at an elevation of 54.6 

feet, and eventually infiltrated into the ground, evaporated, or was otherwise removed 

from the sump area. 

Basins 9a, 9, 9b: 

Basin 9a is located west of Highway 101 between Diana Street and Phoebe Street. Basin 

9 is located west of Highway I 0 I between Phoebe Street and Jupiter Street. Basin 9b is 

located west of Highway IOI between Jupiter Street and Avocado Street. 

Historically, nuioff from basins 9a and 9b each ponded, overtopped a crest in the alley 

and combined with basin 9. The combined flows from basins 9a, 9b, and 9 were detained 

at an existing pump station located at Coast Highway 101 and Phoebe Street (Phoebe 

pump station). The inundated area extended from Glaucus Street along Highway I 01 to 

approximately Avocado Street. The ponded water surface elevation was 54.0 feet within 

basin 9a, 56.0 feet within basin 9b, and 53. l within basin 9. The runoff from basins 9a 

and 9b drain to basin 9 after it is detained. 

The pump station consists of 2 pllillps, each with a capacity of 500 gallons per minute 

(gpm), or I. I cubic feet per second (cfs). However the second pump has to overcome the 

first pump's impact to the hydraulic grade line in the downstream storm drain system. 
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Therefore, the second pump was assumed to function at 50% capacity. The peak flow rnte 

of the pumps was assumed to be approximately 750 gpm, or 1.7 cfs. The pumps 

discharge into an exisiing 10" diameter storm drain parallel to Highway I 01, and tie into 

the main line at Connection 3. 

Basins 10, 11: 

Basins I 0 and 11 are located west of Highway 101 between Avocado Street and 

Moorgate Road. It is assumed that basins I 0 and 11 drained east to the original storm 

drain system under Coast Highway 101 and that the original system had capacity. 

Therefore, detention analyses were not prepared for basins 10 and 11 . However, plans for 

the original storm drain system were not available to verify this assumption. 

Historic Hydrologic Analysis Results 

Detained Peak Discharge Rates and Ponded Water Slllface Elevations 

In the historic drainage condition, basins I, 1 a, 1 b, 2, 3, 4, 5, 7, and 8 were not connected 

to an underground stom1 drain system. Therefore, the storm nmoff ponded until it 

eventually infiltrated into the ground, evaporated, or was otherwise removed from the 

sump areas. Stom1 runoff from these basins was in essence detained to 0 cfs, resulting in 

extended periods of flooding. 

Please note that although basins 9, 9a, and 9b were connected to the storm drain system, 

the Phoebe pump station and the restrictions of the downstream system controlled runoff 

from these basins to the storm drain system. 
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Basin 

I 
lo 
3 
3 
4 
s 
6 
7 
8 
9 
9o 
9b 
JO 
I I 

Table 1. Historic 5-ycar Peak Discbarge Rates, 
Detained Discharge Rates, and Ponded WSELs 

Historic Peak Discharge Histor ic Detained 
lcfs) Dlschar.e lcfs) 

7 0 
I 0 

15 0 
7 0 
s 0 
7 0 
16 9 
s 0 
4 0 
t I 
7 1.7 
9 
11 NIA 
t6 NIA 

Improved (Interim) Drainage Patterns 

Histor ic Ponded 
WSELlft) 

66.4 

58.2 

54.6 
63.7 

54.6 

53.1 
54.0 
56.0 
NIA 
NIA 

The existing storm drain system consists of a 24" main line under Coast Highway I 0 I that 

begins near Union Street, flows in the northerly direction, and outlets into two detention basins 

located in series just north of La Costa Avenue. Several laterals tie into the main line, named 

Lines A, B, C, D, B, F, and G, which connect the sump areas to the storm drain system. Four 

additional laterals tie into the main line, known as Connections l, 2, 3, and 4, which were 

constructed prior to the 2001 storm drain improvements. See the Hydrology Workmap for Coast 

Highway 101 located in Map Pocket I for the approximate location of the storm drain system. 

The City of Encinitas enhanced the existing storm drain system (November 2003) to reduce the 

extent of flooding during small, frequent storm events (up to 5-year) when compared with the 

historic condition. The interim improvements will result in lower ponded water elevations, 

reduced flooding in d8tention areas, and constant drainage at a regulated rate. These 

enhancements are achieved by the installation of orifice plates in the laterals to the main stonn 

drain line. By controlling the rate of discharge, the efficiency of the storm drain can be 

maintained for storm events up to 5-year frequency. 
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Eight orifice plates were installed; seven in storm drain laterals, and one at a historic connection 

to the storm drain system (pre-2001 stoan drain improvements). Al.I orifice plates were placed at 

either the most downstream inlet or cleanout prior to the confluence with lhe main line to 

maximize the effects of storage within the storm drain system. The locations of the orifice plates 

are provided in Appendix E. 

The existing storm drain laterals provide drainage to the sump areas west of Highway 101 and 

east of the railroad tracks. These areas historically did not contain underground storm drain 

systems. In the historic condition, runoff ponded in the sump areas until it eventually infiltrated 

into the grow1d, evaporated, or was otherwise removed from the sump areas. Runoff will still 

pond in the sump areas in the improved (interim) condition, however will drain to the storm 

drain system at a controlled rate. This will result in lower ponded water elevations in these sump 

areas for the smaller, more frequent, events up to the 5-year storm. 

The interim improved ponded water elevations were calculated by modeling detention in the 

HEC-1 analysis similar to the historic condition HEC-1 analysis. However, in the improved 

(interim) condition each drainage basin was routed through the storm drain system. The 

improved (interim) condition HEC-1 bydrologic analysis for the 5-year stom1 event is included 

in Appendix C. 

The improved (interinl) flow patterns during a 5-year storm event of each drainage basin are 

discussed in the following subsections. 

Basins 1, la, lb, 2: 

Basins I and 2 are located east of Highway l 01 approximately between Encinitas 

Boulevard and Riviera Mobile Home Park. Basin la is located cast of Sunset Drive and 

north of Encinitas Boulevard. Basin I b is located between Ocean View Avenue and 

Oipheus A venue, near Union Street. 

Storm runoff from basins l, la, and lb drain to the headwall of the 18-inch storm drain 

line {Vulcan Avenue line) located along the western side of Vulcan Avenue. The 2001 
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stonn drain improvements included a storm drain located at Union Street and Orpheus 

Avenue that allows runoff rrom basin lb to drain directly to Orpheus Avenue where it 

combines with runoff fr!Jm basins la and 1, and ultimately drains to the headwall 

entrance of the main line. The hydrograph calculations for basin I b were not included in 

the historic condition hydrologic analyses because runoff from basin lb historically 

ponded in a sump area localed at Union Street and Orpheus Avenue where it eventually 

infiltrdted into the ground, evaporated, or was otherwise removed from the sump area. 

Storm runoff from basin 2 drains to Line A, which extends from the intersection of 

Cereus Street and Hennes Avenue westerly to Vulcan Avenue. Line A joins the Vulcan 

Avenue line within the North County Transit District (NCTD) right-of-way (San Diego 

Northern Railway) approximately due east from the intersection of Basil Street and 

Highway 101. Line A and the VµJcao Avenue line then join the main line due west at 

Highway 101. 

An orifice plate with a design opening area of 7 square inches (in2
), has been installed at 

the junction of Line A and the Vulcan Avenue line. The orifice will regulate flow into the 

main storm drain line to approximately 1 cfs. Rll11off from basins 1, la, lb, and 2 will 

pond along Vulcan Avenue and within the NCTD right-of-way between Halcyon Road 

and Union Street at an elevation of 66.2 feet, until it drains into the headwall or most 

downstream Line A inlets. 

Basins 3, 4: 

Basins 3 and 4 are located west of Highway I OJ between North Court and Cadmus 

Street. Stonn runoff rrom basin 3 drains to Line B, which joins the main line at the 

intersection of Basil Street and Highway 101. Two orifice plates with a design opening 

area of 14 in2 (total) have been installed on Basil Street in Line B. These orifice plates 

will regulate flows into Line B to approximately I cfs. 

Storm runoff from basin 4 drains to Line C, which joins the main line at the intersection 

of Cadmus Street and Highway 10 I. An orifice plate with a design opening area of 13 in2 
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has been instaUed on Cadmus Street in Line C. This orifice will regulate flows into Line 

C to approximately I cfs. 

Runolf from basin 4 will pond in the alley between Basil Street and Cadmus Street at an 

elevation of 56. L feet, until it drains to the Line C inlet in the alley. Localized ponding 

will occur in basin 3 at the Line B inlet al Athena Street. 

Basin 6: 

Basin 6 is located east of Vulcan Avenue, north of (and including) the Riviera Mobile 

Home Park and south of Leucadia Boulevard. The improved (interim) drainage pattern of 

basin 6 is similar to the historic condition. Storm runoff from basin 6 drains to 

Connection l, an 18-inch headwall east of the railroad tracks, just south of Leucadia 

Boulevard. An orifice plate with design opening area of l 04 in2 placed al the headwall 

will restrict flows to approximately 7.4 cfs. Runoff from basin 6 will pond along the 

NCTD right-of-way east of the railroad tracks from Leucadia Boulevard to approximately 

1,900 feet south of Leucadia Boulevard, at an elevation of 63.9 feet, until draining to the 

headwall at Connection l. Although this water surface elevation is 0.2 feet higher than 

the historic condition, the 5-year inundated area remains in the right-of-way and does not 

affect private properties. It is assumed that flows from basin 6 do not overtop the railroad 

tracks during a 5-year storm event. 

Basins 5, 7, 8: 

Basins 5, 7, and 8 are located west of Highway 101 between Daphne Street and Diana 

Street. Storm runoff from basin 5 drains to Line D, which joins the main line at the 

intersection of Europa Street and Highway I 0 I. An orifice plate with a design opening 

area of 24 in2 has been installed on Europa Street in Line D, which will regulate 

discharge to 1 cfs. 

Stonn runoff from basin 7 drains to Line E and Line F. Line F joins Line E at the 

intersection of the alley and Leucadia Boulevard (north of Leucadia Park), and Line E 

joins the main line at the intersection of Leucadia Boulevard and Highway 101 (north of 
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Leucadia Park). An orifice plate with a design opening area of 20 in2 has been installed 

on Leucadia Boulevard in Line E, which will regulate the discharge to 1 cfs. 

Storm runoff !Tom basin 8 drains to Line G, which joins the main line at the intersection 

of Jasper Street and Highway 101. An orifice plate with a design opening area of 16 in2 

has been installed near Jasper Street in Line G, which will regulate discharge to 

approximately 1 cfs. 

Runoff from basins 5 and 7 wi U combine and create a continuous pond in the alley from 

Europa Street through the park al Leucadia Boulevard at an elevation of 52.5 feet, until it 

drains to the Line D inlet on Europa Street and the Line F inlet in the al ley. Localized 

ponding will also occur within basin 7 at the Line F inlet in the alley and within basin 8 at 

the Line G inlet in the alley. 

Basins 9a, 9b, 9: 

Basin 9a is located west of Highway 101 between Diana Street and Phoebe Street. Basin 

9 is located west of Highway I 01 between Phoebe Street and Jupiter Street. Basin 9b is 

located west of Highway I 0 I between Jupiter Street and Avocado Street. Improved 

(interim) drainage patterns of basins 9a, 9b and 9 will not change from the historic 

condition. The 5-year ponded water surfilce elevation was 54.0 feet within basin 9a, 56.0 

feet within basin 9b, and 53. l within basin 9. The runoff from basins 9a and 9b drain to 

basin 9 after it is detained. 

Basins JO, 11: 

Basins 10 and 11 are located west of Highway 101 between Avocado Street and 

Moorgate Road. fmproved (interim) drainage patterns of basins I 0 and 11 will not change 

from the historic condition. 
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Interim (Improved) Hydrologic Analvsis Results 

Detained Peak Discharge Rates 

ln the improved (interim) condition, flows basins 1, la, lb, 2, 3, 4, 5, ?, and 8 are 

detained to a constant rate at each inlet of the existing storm drain system to allow for 

continual drainage. Table 2 shows the detained peak discharge rate for the improved 

(interim) condition. 

Table 2. llnprovcd 5-ycar Peak Dlscbargc Rates, 
Detained Discharge Rates, and Ponded WSELs 

Bas lo Improved (Interim) Peak Improved (Interim) Improved (Interim) 
Discharge (cfs) Detained Discharn (cfs) Ponded WSEL (ft) 

1 7 
la 1 

1.0 66.2 
lb 6 
2 15 
3 7 1.0 

56.1 4 5 1.0 
5 7 1.0 52.5 
6 16 7.4 63.9 
7 5 1.0 

52.5 
8 4 1.0 
9 11 53.1 
9a 7 1.7 54.0 
9b 9 56.0 
10 J 1 N/A N/A 
11 16 NIA NIA 

Comparison of Historic Condition and Improved (Interim) Condition 

Detained Peak Discharge Rates 

In the historic condition, basins 1, la, 2, 3, 4, 5, ?, and 8 were not connected to an 

underground storm drain system. Therefore, the stom1 runoff ponded until it eventually 

infiltrated into the ground, evaporated, or was pumped out. Flows from these basins were 

in essence detained to 0 cfs, however extended periods of flooding occurred. 

In the improved (interim) condition, flows from these basins are detained to a constant 

rate at each inlet of the existing storm drain system to allow for continual drainage. The 

detained peak flows calculated in the improved (interim) condition HEC-1 hydrologic 
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analysis were used for the hydraulic analysis of the improv~d (interim) stonn drain 

system. Table 3 shows the detained peak discharge rate for each basin. 

Table 3. Hi.storlc and Improved (Interim) 5-year Detained Discharge Rates 

Basin Historic Detained Improved (Interim) 
Discharu Ids) Detained Dlschar2c lcfsl 

I. la. lb. 2 0 1.0 
3 0 1.0 
4 0 1.0 
5 0 1.0 
6 9 7.4 
7 0 1.0 
8 0 1.0 

9,9a,9b 1.7 1.7 

Ponded Water Surface Elevations 

Ponded water surface elevations resulting from the detention still occur within the study 

area, however the water surface elevations (WSEL) decreased or remained the same in 

the improved (interim) condition from the historic condition for every basin· except for 

basin 6. Added detention in basin 6 was necessary to maximize the efficiency of the 

downstream storm drain system. lt was determined that the increased inundation 

elevation does not affect private properties in a 5-year storm. Table 4 shows the results of 

the 5-year HEC-1 analyses for the ponded water surface elevations within each basin for 

the historic and improved (interim) condition. Please note that although basins la and lb · 

contribute to the drainage area of basins 1 and 2, these basins are located above the 

ponded water surface elevation, therefore would not be inundated during the 5-year 

storm. The inundated area is contained within basins l and 2. 
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Table 4. Historic. and Improved (Interim) 5-year Ponded 
Water Surface Elevations (WSEL) 

Basin Historic Ponded Improved (Interim) Change in 
WSELlfi\ Ponded WSEL lrtl WSEL(rt\ 

I, la, lb. 2 66.4 66.2 ..0.2 
3, 4 58.2 56.1 -2. l 

5,7 8 54.6 52.S -2.4 
6 63.7 63.9 +-0.2 . 
9 53. l 53.1 0.0 
9a 54.0 54.0 0.0 
9b 56.0 56.0 0.0 

• This mcrease1 will not resull 10 the 1J1undanon of any pnvate properoes, and 1he mundation hmJ~ 
will be contained between the NCfD tracks and Vulcan Avenue for a 5-ycar storm. 

Finis bed Floor Field Survey Data 

A field swvcy was conducted in May 2003 that shows the finished floor elevations of several 

properties that have been subject to flooding. Based on the field survey data, the finished floor 

elevations vary ftom property to property, therefore inundation may be localized in some areas. 

The field swvey data is included in Appendix F. 
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HYDRAULIC ANALYSIS 

The Los Angeles County Flood Control District's Water Surface Pressure Gradient (WSPGW) 

program was used to prepare hydraulic analyses of the storm drain system with the 2003 interim 

improvements (orifice plates). The progtam computes uniform and non-uniform steady flow 

water surface profiles and pressure gradients in open channels or closed conduits with regular or 

irregular sections. The flow in a system may alternate between supercritical, subcritical, or 

pressure flow. 

The storm drain system begins at Union Street, extends north along Coast Highway 101, and 

outlets into two detention basins located in series, west of Highway 101 and just north of La 

Costa Avenue. The storm drain system consists of a 24" main line, as well as several laterals 

named Lines A, B, C, D, E, F, and G. Four additional laterals that tie into the main line, kn.own 

as Connections 1, 2, 3, and 4, were constructed prior to the 2001 storm drain improvements. 

WSPGW analyses were prepared for the main line and Lines A, B, C, D, E/F, and G. The storm 

drain system has been enhanced (2003 interim improvements) with the installation of several 

orifice plates al the laterals. These improvements, as well as improved (interim) drainage 

patterns, are discussed in the Hydrologic Analysis section of this report. The approximate 

locaiion of the storm drain system is shown on the Hydrology Workmap for Coast Highway 101 

located in Map Pocket I . 

The WSPGW stationing and pipe size input is based on the improvement plans entitled, 

"Leucadia Drainage Project" dated August 9, 2001 prepared by W .A. Pasco Engineering, Inc. 

Hydrologic input is based on the improved(interim) HEC-1 (FN: PROSRJ.hcl) described in the 

hydrologic section of this report, as well as subsequent construction change information provided 

by the City of Encinitas. "As-built" plans for Ute storm drain system were not available at the 

authoring of this report. 

Due to the steep slope of the pipe between Co!Ulection 4 and the system outlet, the flow is 

supercritical before discharging into the detention basins. Therefore, the hydraulic analysis of the 

upstream system is independent of the tailwater elevation in U1e basins, and detailed analyses of 
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the detention basins were not included in this study. The tailwater elevation used for the 

WSPGW input of the main line is the I 00-year water surface elevation (WSEL) in detention 

basin I that was calculated in the report entitled, "Detention Basin Evaluation Leucadia Drainage 

Project," dated January 3, 2001 prepared by WEST Consultants, Inc. 

The tailwater elevation used for the WSPGW input of the laterals was based on either the 

hydraulic grade line (HGL) or energy grade line (EGL) in the main line at the junction of each 

lateral. lf the HGL of the main line is below the top of pipe at the junction, the HGL is used as 

the tail water elevation for the lateral. If the HGL of the main line is above the top of pipe at the 

junction, indicating pressure flow, the tailwater elevation for the lateral must be solved based on 

the EGL of the main line at the junction. The equation used to solve for tailwater elevation is: 

TW101ml = EGLmain line - V2
/2gimnl 

Where: 

• EGLm.;n line is the energy grade line in the main line at the junction of the lateral (from 

the WSPGW output) 

• V2
/28fa1cnl is the velocity head in the lateral 

• V;Q/A 

• Q is the flow rate in the lateral (cfs) 

• A is the cross-sectional area of the lateral (fi2) 

• g is the acceleration due to gravity (32.2 fl/s2
) 

The velocity head component in the TW1ucra1 equation was negligible in most cases (Lines C, D, 

E/F, and G) therefore the EGLma;n line was used as the tailwater elevation for the lateral. The 

RGL,n:i;n line was used for the tailwater elevation for Line A and Line B because the flow in the 

main line was not pressurized. 

Orifice C alculations 

The openings for the orifice plates were sized using the orifice equation based on the results from 

both the WSPGW analyses for the main line and individual laterals. The orifice equation is: 

Q = CA(sqrt(2gH)) 
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Where: 

• Q is the flow rate in cubic feet per second (cfs), 

• C is a constant (assumed 0.6 for this study), 

• A is the cross-sectional area of the opening (ft2), 

• g is the acceleration due to gravity (32.2 flls\ and 

• His the dil!erential head (depth). 

The H was calculated as the difference between the HGL in the lateral at the most downstream 

inlet prior lo the confluence with the main line and the ponded water surface elevation at the 

inlet. The orifice equation was rearranged to solve for the area. 

The results of the orifice sizing calculations are shown in Table 5. Support material for the 

ori fiee calculations is provided in Appendix E. Bio Clean Environmental Services, Inc. installed 

the orifice plates at all specified locations in October and November 2003. 

Table 5. Results of Orifice Siziug Calcula tions 

Basin Lateral Q (cfs} A (in') 
I, 2 Line A 1.0 7 

3 Linen l.0 14 
4 LineC 1.0 13 
s LinoD 1.0 24 
7 Line E/F 1.0 20 
8 LineG 1.0 16 
6 Conn. 1 7.4 104 

•Line B bas two orifice plates with a total 
opening area of 14 in2

• 

Capacity of the Storm Drain System 

Without the installation of the orifice plates the capacity of the storm drain system was 

approximately 1-ycar. Tue WSPGW analysis of the main storm drain line verified that the 

capacity of the storm drain system with the 2003 interim improvements is approximately 5-year. 

The City of Encinitas is currently investigating alternatives for ultimate storm drain 

improvements within the Leucadia area to improve drainage patterns and reduce the potential for 

inundation. 
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SUMMARY 

This study was conducted lo address inundation of City streets and private properties during 

frequent storm events (up to 5-year) along and adjacent to Highway 101, between Bnci:iitas 

Boulevard and La Costa Avenue, within the City of Encinitas, California. This report presents 

lhe results of hydrologic and hydraulic analyses lhal compare lhe historic drainage patterns wilh 

the improved (interim) condition. 

The existing topography wilhin lhe Leucadia area consisls of several sumps west of Highway 

101 , many of which did not historically contain storm drain systems. In addition, many of the 

s1reets within the sludy area do 001 have curb and gutter, which contributes to overland flow to 

Highway l 01 and the adjacent sump areas. This historically resulted in ponding within lhe sumps 

during any storm events that produced runoff. 

A stonn drain system was installed in 200 l that connected these sump areas to the main line in 

Coast Highway 101. Storm events exceeding a I-year storm overtaxed the system. Interim 

enhancements to the storm drain system included the installation of eight orifice plates a\ the 

laterals to the main storm drain line. These orifice plates will regulate the rate al which runoff 

enters the storm drain system, which will result in lower ponded water surface elevations 

compared to the historic condition, and improved drainage. The results of the hydrologic 

analyses showed a decrease in ponded water surface elevation of over 2-feet in five of the 

drainage basins, a slight decrease of 0.2-feet in two basins, and an increase of 0.2 feet in one 

basin, where it was determined that the increase in water surface elevation would nol affect 

private properties. 

The hydraulic analysis showed an overa.11 storm drain capacity for approximately the 5-year 

frequency storm event. Hydraulic analyses were also used to size the orifice openings, which 

range in area from 7 in2 to 104 in2
. 
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While priority has been placed on completing the interim improvements, the City is actively 

pursuing the design of a long-tenn solution intended to largely alleviate inundation of City 

streets and private properties during larger storm events. 
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APPENDIX A 

Hydrologic Support Material 
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Summary ofHydrologic Informatiou of Each Basin 
For tbe Hydrograph Calculations 

Basin Area CN Soil Group Time of Concentration, Lag Time, 
(acres) Tc (min) T1 (min) 

1 59.1 61 A 29.02 16.94 
18 6.4 60 A 16.16 8.33 
1b 22.3 65 A 18.3 9.76 
2 39.4 67 A 16.68 8.88 
3 10.0 69 A 12.02 5.55 
4 10.7 64 A 10.21 4.34 
5 15.7 68 A 11.24 5.03 
6 38.4 73 A 32.67 19.39 
7 15.2 66 A 15.33 7.77 
8 7.2 71 A 15.17 7.67 
9 22.5 69 A 21.61 11.98 

9a 15.4 69 A 14.45 7.18 
9b 18.9 68 A 14.79 7.41 
10 10.0 71 A 9.18 3.65 
11 27.2 71 A 15.61 7.96 



Encinltas-COast Highway 
J-14413 
9/4/03 

Composite Curve Number Calculation3 - Revised 
Existing Coodition 

Soil Type A 

Land Use c I MH MU 
CN2 89 89 98 n 

Basin Area (fl') Area (ft') Area (ft') /Vea (ft') 

1 898 80522 484260 
1a 
1b 229894 16414 
2 91027 182119 208222 61796 
3 156336 17823 2978 22942 
4 103790 80 
5 232289 20893 
6 272516 498794 82986 
7 160706 128258 
8 107664 5938 137398 
9 220315 13!5272 127935 
9a 138942 53454 234132 
9b 187326 62112 145529 
10 51861 374182 
11 288301 887653 

R 
57 

/Vea (fl') 

170359 

47819 

2918 

31497 

44641 

15538 
10511 
9256 

SF 
69 

Composite 
Rounded From Table 4-10, 

Interpolated 
/Vea (fl') Area (ft') CN2 

Composite Corresponding 
CN1.1 

Final CN,,. Basin 
CN, CN, 

1838509 2574548 70.6 71 52 61.31 •n - 1 .,..·-· .-. 
366593 366593 69.0 69 50 59.50 60 1a 
698466 944n4 74.0 74 55 64.50 ~ ' 6!5 .,, 1b ~·.:i·.· '.?' ... 

1125749 1716732 75.7 76 58 66.83 67 2 
235713 435792 n.6 78 60 68.81 ·:ss i.:, .. G 

3 .,.,,, .. 
~, ... ~ ' 

360970 464841 73.5 73 54 63.73 64 4 
429961 686061 76.6 77 59 67.80 ··~ 68::, 5: '.-~:.:-
820102 1674398 81.3 81 64 72.6!5 73 6 
340607 681067 74.8 75 57 65.92 "' .6.6-2 1 ~ .7';:ir"ft~!:"·""~:· 

61366 312366 80.0 80 63 71.48 71 8 
449644 978007 78.0 78 60 69.01 ,"." 1' 69~-":.~ .. !):·>-< '-•v.<11:\, 
242152 666680 78.3 78 60 69.14 69 9a 
413271 823ns 76.9 n 59 67.96 .,. ,68,,.: ·. 95;k .;;.:; 

436554 79.0 79 62 70.51 71 10 
1185210 79.8 80 63 71.38 « T1 . :ft' -· ·~'"'°;t.: 
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. ....., 

NRCS Elements 

Undistuibed Natural Terrain 
Low 

Low 
Low 

Medium Density Residential 
Medium Density Residential 

Medium Density Residential 
Medium Density Residential 
Rigb Density Residential 

· Hi,gh Dciisity Residential 
Commercial/lndustrinl 
Collllllercial/lndustria I 

Commercial/Industrial 
Commercial/Industrial 
Comme.rciaVlndustriaJ 

,.'.~ ........ 
·:··, 

Table 3-1 

RUNOFF COEFFICIENTS FOR URBAN AREAS 

Land Use I RunoffCoe.ffieient "C" 

Soil Type 

County Elements %IMP~ A B c 
Pcmumcnt Open Space o• 0.20 0.25 0.30 

Residential, 1.0 DU/A or less 10 0.27 0.32 0.36 

R~idential, 2.0 DU/A or less 20 0.34 . 0.38 0.42 

Residenti31, 2.9 DU/A or less 25 0.38 0.41 0.45 

Residential, 4.3 DU/A or less 30 0.41 0.45 0.48 

Residential, 7.3 DU/A or less 40 0.48 0.51 0.54 
Reside.ntial, 10.9 DU/A or less 45 0.52 0.54 0.57 

Residentia~ 14.5 OU/A or less so 0.55 0.58 0.60 
Residential, 24.0 OU/A or less 65 0.66 0.67 0.69 

Residential, 43.0 DU/ A or less 80 0.76 0.77 0.78 

Neighborhood Commercial 80 0.76 0.77 0.78 
General Commercial 85 0.80 0.80 0.81 

Office Professional/Commercial 90 0.83 0.84 0.84 
Limited Industrial 90 0.83 0.84 0.84 
General Industrial 95 0.95 0.95 0.95 

·.-· 

D 

0.35 

0.41 

0.46 

0.49 

0.52 

0.57 

0.60 

0.63 

0.71 

0.79 

0.79 

0.82 

0.85 
0.85 

0.95 
"The values associa1cd with 0% impervious may be used for direct calculatioo of the runoff coefficient a.• described in Section J.1.2 (representlna the pervious 
runoff coefficient, Cp, for the .oil type), or for arus tlw will remain und~ in peq>etuiry. Justificatloo must be aivm I.Mt the area will retn3in nafural 
forever (c.g~ the area is localed in Cleveland N&1ional forc$1) . . 
OU/A-dwelline units per acre 
NRCS - National Rcscxm:es Cometvltion Service 

l -J 

~ 
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Table 4-2 
RUNOFF CURVE NUMBERS1 FOR PZN CONDITION= 2.0 

Cover Description 

Developing urban areas and newly graded areas 

Cover Trea1mcnt 
or Practice' 

Hydrologic 
Condition1 

Average 
Percent 

Impervious 
Area• 

(pcrvious •reall only, no vegetation) ..................................................................................................................................................... .. 
Impervious areas: Paved parking lots, roofs, and driveways . 

(excluding right-of-way) ...................................................................................................................................................................... .. 
Residential districts by average lot size:' 

1/8 acre or Jess (town houses) ............................... ........................................................................................................ .. 65% 
1/4 acre .......................................................................................................................................................................... .. 38% 
1/3 acre ........................................................................................................................................................................... . 30% 

25% 
20% 

112 acre ........................................................................................................................................................................... . 
I acre .............................................................................................................................................................................. . 
2 acres ........................................................................................................................ ..................................................... 12% 

Streets and roads ....................................................................... Paved; curbs and storm drains 
(excluding right-of-way) .................................................................. .. 

Paved; open ditches (including 
right-of-way) .................................................................................... .. 

Gravel (including right-of-way) .............................................................. .. 
Hard surface (including right-of-way) ...................................................... . 
Dirt (including right-of-way) ................................................................... .. 

Urban districts' ......................................................................... Commercial and business................................................... 85% 
Industrial ............................................................................ 72% 

Western desert urban areas: 
Natural desert landscaping (pervious Meas only)' ............................................................................................................................... .. 
Artificial desert landscaping (impc.rvious weed barrier, 
desert shrub with 1- lO 2-inch sand or gravel mulch 
and basin borders) .................. .............................................................................................................................................................. .. 

4-10 

Section: 4 
Page: 10 of60 

Curve Numbers for 
Rydrologlc Soil Groups: 
A B c D 

77 86 91 94 

98 98 98 98 

77 85 90 92 
61 75 83 87 
57 72 81 86 
54 70 80 85 
SI 68 79 84 
46 65 77 82 

98 98 98 98 

83 89 92 93 
76 85 89 91 
74 84 90 92 
72 82 87 89 
89 92 94 95 
81 88 91 93 

63 77 85 88 

96 96 96 96 
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Table 4-10 

Section: 
Page: 

4 
47 of60 

RUNOFF CURVE NUMBERS FOR PZN CONDITIONS 1.0, 2.0, AND 3.0 

CN For: CNFor: 
PZN PZN PZN PZN PZN PZN 

Condition= Condition= Condition= Condition• Condition= Condition= 
1.0 2.0 3.0 1.0 2.0 3.0 
100 100 100 40 60 78 
97 99 100 39 59 77 
94 98 99 38 58 76 
91 97 99 37 57 75 
89 96 99 37 56 75 
87 95 98 34 S5 73 
85 94 98 34 54 73 
83 93 98 33 53 72 
81 92 97 32 52 71 
80 91 97 31 51 70 
78 90 96 31 50 70 
76 89 96 30 49 69 
1S 88 95 29 48 68 
73 87 95 28 47 67 
72 86 94 27 46 66 
70 85 94 26 45 65 
68 84 93 25 44 64 
67 83 93 25 43 63 
66 82 92 24 42 62 
64 81 92 23 41 61 
63 80 91 22 40 60 
62 79 91 21 39 59 
60 78 90 2J 38 58 
59 77 89 20 37 57 
58 76 89 19 36 56 
57 75 88 18 35 SS 
55 74 88 18 34 S4 
54 73 87 17 33 53 
53 72 86 16 32 S2 
52 71 86 16 31 51 
51 70 85 15 30 so 
50 69 84 
48 68 84 12 25 43 
47 67 83 9 20 37 
46 66 82 6 15 30 
45 65 82 4 10 22 
44 64 81 2 s 13 
43 63 80 0 0 0 
42 62 79 
41 61 78 
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KEC- 1 rNPUT 

ID ....... 1 ....... 2 ....... ) ....... 4 ...•... 5 .... . . . 6 . . ... . • ? • ...... B .•... . . 9 ...•.• 10 

•DIAGRAM 

ID • •••••• • • ••• • ••• • • • ••• • •• ••• • ••• • •••• 11 •-.i • ••-.. • ••• ••• ••'!•·•••• 
lD IUiClHl'l'AS• COAST KJUJilfAY lOl JOB If 1'4'41) 09-12·03 

ID nl1 lOlPl_SR.HCl 

to l«>OIFlED PlMP 0 TO 1. 7 CPS , AND ROUTING OP BASINS 9A, 9D. A.){l) 9 

JU t'ROci PUMP S'l'ATJOH 1'HROUCH 10" LATERAL, CONFLUENCING 

ID MITH t"JltN [,tN& AT AT CONHtcTIOtl .) 1NST'6AI> OP CONNECTION 2 

ID ALSO CFW«JED ROUTING THROUGH MAIN LINE' PROM UINE 0 TO C0t<Of£CT10!i 

10 2 TO LIME G TO CONNECTION l 

IO 11 •• 1•••111111•1•••••• · ·••••••• · •••••••••••••11•••••••••• ••• 
ID BNCINl~AS- COAST HtOH'MAY 101 

10 JOB I 14411 

ID 05 - 21 Ol 

ID PRB-IMPROVDtDll' (HISTORIC) CONDITION 
10 5•Y&M., 6-KR STORK BVBNT 

to t.AC CALCUU.TIOH AR& nAS£D OFT-' OF NRCS MEnlOD 

10 AND 1\R£ A Ftn~IOU or KU~~, .... coir:v. A.NU VliWCl'n' 

l D N&STED S'?'ORM PER COUNTY OY SAN t)t r.co HY1)R0t...ocY MANUAL 

ID COPYR.Ictrr 2003 RICK ENGINEERING COMPANY 

IC GH.k RAlHPALiL 19 1.6 INCHES 

ID 2'1HR R.AINPA(.I, IR 2.5 UZO!F'.S 

lD TOTAL DASlN AREA IS .S SOUARS Mrt.£S 

IT 

IO 

KK 

"" IN 

Pl 

PI .. 
Pl 

PI .. 
Pl 

PI .. 
rt 

PI 

Pl 

PI 

PI 
Pl 

PI 
Pl 

Pl 

Pl 
PI 

PI 

rt 

PI 

Pl 

"' PI 

s 01JAN90 

lA 

0 0 

::i 01JAU90 

. 00279 

. 0029 

.00101 

.00)14 

00327 

. 00341 

. 00)61 

. 00381 

.00404 

. 0043 

.00462 

.oos 
. 0054 7 

.00606 

.00&84 

. 00876 

.010'48 

.OU49 

. 0204) 

. 09'144 

.01472 

. 00914 

. OOG25 

.00511 

. 00438 

.0038G 

.0028 

.00291 

.00101 

.00315 

.00)29 

.00145 

-00363 

. 00384 

• 004 07 

. 004lf 

• OOt G·1 

.OOSOt\ 

. 005S4 

.00615 

.00691 

. 00095 

.01078 

. 01407 

. 0222 

.)492, 

.01378 

. 00885 

. 00611 

.00503 

. 004)2 

.00392 

3200 

0 

l:lOO 

.00281 

.00292 

.00303 

.00316 

.0033 

.003'16 

. 00364 

. OOJ8S 

.00~09 

. 00436 

.0046!11 

-00508 

. 00557 

.0062 

.00101 

.00904 

.01094 

. 014)9 

02325 

.O!JS47 

.01297 

. 00858 

.OOS9'1 

.00'49" 

.0042? 

.003'18 

300 

0 

JOO 

-00283 

. 00293 

.00305 

. 0031& 

.00332 

.00149 

. 00367 

. 0030 

• 00412 

, 004.4 

.00474 

. 00514 

. 0056~ 

.0061 

. 001,$ 

.0092S 

.OU28 

. 01507 

. 02Gl2 

.03744 

. 01225 

. 000)) 

.00585 

. 00486 

. 00421 

.00174 

21 

. 00283 

. 00294 

.00305 

. 00)19 

. 00)3) 

.0035 

. 00366 

.00389 

.0041.4 

. 00442 

.00476 

. 00511 

. 00569 

.00635 

00602 

.009ls 

.01145 

. 01545 

. 02761i 

.02945 

. 01164 

. 0081 

.005"/l 

00479: 

.00416 

.0037 

. 00285 

.OOl9S 

.00307 

. 00321 

.00336 

. 00352 

00)71 

.00392 

. no411 

. 004•G 

.00481 

. 0052~ 

. oos~,., 

.00645 

.00811 

.00958 

.OUll 

. 01628 

.OJ.LS9 

. 0244] 

. 0111 

.0071 

.00561 

. 004.71 

.0041 

.00366 

. 00285 

.00296 

.00308 

.00122 

.110l37 

• DO:t5) 

. 00372 

.00374 

. 00419 

. 00449 

.00484 

. 00527 

.0058 1 

.0065 

.0082S 

.00!169 

. 0120) 

, 0 1674 

.0)4 19 

. 02127 

. 01063 

.OOtitl 

.ooss 
. 00464 

.00405 

. 00362 

. 00287 

.00298 

.0031 

. 00.)24 

.00139 

- 00356 

. 00375 

.00397 

00423 

.00453 

. 00489 

.OOSJ.) 

.00589 

. 00661 

.008'41 

.00994 

. 0125 

. 01777 

.04135 

. 0 1898 

.0102 

.00611 

. 0054 

. 004!t? 

.00'1. 

-00358 

. 00287 

.00299 

. 00111 

. 0032S 

.0014 

. 00357 

. 00376 

.00199 

. 00425 

.01145S 

. 004.9~ 

. 00537 

.00591 

. 00661 

.008'49 

. 01001 

, 01273 

.Ol83S 

.0471 

.Ol'7l4 

.00982 

.00656 

005) 

. 004:,} 

.00396 

. OOlSS 

. 00289 

.003 

.00)1) 

.0012 

. 00342 

. 00359 

• 0037 

. 0040 

.0042 

. 0046 

. 0049 

.00~43 

.0060 

.001i?8 

.0086 

. 0101 

. 01 32) 

.0116 

.06,16 

. 0158 

.00946 

.0064 

. 0052 

• 004.4 

-0039 1 

.00351 
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HEC- 1 INPUT 

10 . ••••• • 1 •• ••••• 2 •••••.• J ... . ···• ·······~·······'·······'· ..•... a .... ... 9 ••••• . 10 

PI . 003 48 . 003 44 . 00341 . 00338 003 35 . 00331 . 00328 . 00)26 

Pl . 003 17 .00314 .00312 .00309 .OOJ07 .00304 .OOlO:Z . 0039! 

Pl .00292 . 0029 . 00281\ .0028& . 00284 . 00282 . 0028 0 

PI 0 0 0 0 0 0 0 0 

Pl 0 0 

BA Q.01 

L$ 0 •• 
uo 0.1"39 

KX RTlA 

llM ROU'l'li? IWN01'1' t'ROM HA.SIN l A THROUGH BASlN 1 ( ALONG HW 101 ) 

RS 3 STOR 
_, 

RC 0 02 0 02 0 . 02 )225 O. OOGO 

"" 0 5 LU 15 .. 25 30 JS 

RY 2 2 t.5 t.S 2 2 

• KX lD 

BA O. O:t 

LS 0,6~ 

UD 0 . 025 

• KX RTlB 

I04 R.Ot.rtt RUNOFF FltOM .BASIN lB THltOUOU BASIN 1 (ALONG ORPHEUS ST.) 

RS 1 STOR ·1 
RC o.oi 0.02 0.02 ___ _ 

RX 0 S 10 lS 20 25 30 JS 

RY 2 2 1.s 1 1 1.s 2 2 

K.K RTlB 

• KM ROUTE RUNOFF FROM DA$1ti lD 'I'HROUGH DASIN l (ALOSG HW 101) 

KS 1 S'.t'OK •l 

.. RC 0.02 0.02 0.02 __ 

RX 0 5 10 15 20 25 JO 35 

• Rl 2 2 l.~ l 1 1.S 2 2 

xx 
UA 

LS 

1 

•••• 
0 

UD 0 . 282 

XX l_lA 

., 
KM COMDINE BASIN l.A AND BASIN 

H.C ;i 

k l( RT1 

.0032) 

. 004'97 

0 

0 

KM ROUTE FROM RUNOFF PROM BA.SIN 1 ANt> lA '11iROUQH SASlN 2 (ALONG MW 101) 

• RS 1 s ·roR -1 

RC 0 . 02 0.02 0 . 0.2 _ -­

RX 0 S 10 15 20 2~ 30 lS 

RY 2 2 1 .5 1 i 1 .5 2 2 

KX 

BA 

r,s 

i 

0 . 06 

0 

UD 0.145 

61 

. 0012 

.0029 

0 

0 
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t.TNt 

78 

79 

•• 
81 

82 

83 

•• 
85 

86 

87 

88 

•• 
•o 

91 

92 

93 

•• 
9S 

•• 
97 

.. 
99 

100 

LOl 

102 

103 

10• 

lOS 

lO• 

107 

108 

109 

110 

111 

112 

lll 

U4 

HEC-1 INPUT 

to . . .... 1 • . .• . . . 2 . .. . ... J . . . .. •• • .•.. .. • 5 . •.• .• . 6 ••••• . . i • • • • • a . . .•... 9 ••••• • 10 

KK 2_1_1A 

KM COMBfNe SASlN lA AND BASH~ 1 KITH BASIN 2 

HC 2 

Kl( DST_2 

KM OSTAlN BASINS lJI, l ANO 2 IN THE SUMP NEIJt UNION STREET & 10 1 

RS 1 sroa - 1 

SA 0 0.092 1.11 .... . ... 
SQ 0 0 0 0 20 

SE 63 64 66 68 68.1 

Kl< RTl 

KM ROUTE FROM RUNOFF FROM BASIN 1, l.A, AND 2 TmtOUCH 9ASIN 6 (ALO~"C mt 101) 

RS 1 STOA -1 

RC 0.02 0 .02 0.02 __ ---

RX 0 5 10 15 20 25 30 35 

RY 2 2 1 .S 1 1 l . S 2 2 

Kl( ) 

M 0.02 

LS 0 

tm . 09., 

xx • 
BA 0.02 

LS 0 .. 
UD 0.072 

xx ,_, 
KM COMBINE BASIN 3 WITH BASIN 4 

HC 2 

xx OET4_J 

ICM DETAIN BASINS 3 AND 4 1N T.HB SUMP AT CADMUS AND BASii.. 

RS I S'roll - I 

SA 0 0 . 666 2.50 <t.59 ( . $9 

SQ 0 0 0 • 20 

SE SS 56 >8 60 60.l 

"" 6 

.... 0.06 

LS 0 73 

UD 0 . 323 

KK Dr.T_6 

'°' DETAIN ON THE EAST Sl Dt OF TAACKS Al' 'l'fUZ SUMP NEAR THE M081LE HOMR PAAK 

RS Sl'OR · I 

SA 0 0 .012 0.5S1 1. 561 l . 42 

St 61. S 62 •• •• •• 
SQ 0 0.78 2.a:i 5.67 8 . 26 9 . 91 60 . 7;a 159 . 88 2?7 . 20 •10 .• s 

•• 61. S 62 62:.S 63 63 . S .. 64.l 6 4 . 2 64.l 64.4 

PAOS 3 



HEC'-1 INPUT PACS 4 

I.tN'F. ro ...... • 1 •.. . . .. 2 ....... 1 ....... ~ ....... s ....... 6 ....... 1 ....... a ....... 9 ...... 10 

11! KX 5 

llG DA 0 . 02 

U7 LS • •• 
118 UD 0 . 084 

11• XK ., 
uo NI 0.02 

121 LS 0 •• 
122 UD 0.129 

12) XK • 
"' BA 0.01 

125 LS 0 11 

126 VD 0 .128 

127 KK COHBtNt 

128 "" COMBINE· ~SINS s.1,e. AND OUTFLOW ~OH E>.ST SIDS OF TRACl<S 

129 HC 4 

1)0 KK DETAIN 

131 "" OBTt\lN 81\SINS 5, 7 ,8, AND OUTFLOW FROM EA.ST St DE OF TRACKS 

132 RS l S'l'OR -l 

ll) SA 0 0.296 2. S4 8.28 8.28 

111 so 0 0 0 0 20 

135 SS 51 52 .. 56 56.l 

136 xx .. 
137 "" BASIN 9A ULTIMATELY DRAlNlNO Ttl PUMP STATION 

138 W\ o.o:.:i ,,, l.S 0 ., 
140 UD 0 12 

141 KK OCT9A 
142 "'" DSTAlN BASIN 9A IN THE SUMP 

143 RS 1 STOR -1 

144 SA 0 1.6 l.6 

145 SQ 0 0 20 

146 SB 53 54 5<\ .1 

147 KX ,. 
148 "" BASIN •• ULTIMATELY DRAINING TO PUMP STAT10N ,., SA 0 . 03 

150 LS 0 68 

1S1 uo 0.123 

152 xx DS'T9B 

153 "" DETAlN BASIN •• JN TME SUMP 

\54 RS l S'l'Oa -l 

155 SA 0 l .l S.? S.7 

156 so 0 0 0 20 

157 Str. 53 " 56 S6 . l 
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160 
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ta) 
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192 

"' 194 
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U7 

l ,98 

199 

200 

HEC- 1 I t:PUT !\ A.CE 5 

!D ....... 1 ...••.. 2 ...•••. ) ..•.... 4 ....... S . . , .... 6 ....... "I,, , , ,,, 8 ,,,, , , , w •• , ,, . 10 

XK • 
KM BAS TN • DRAINING TO -~ 
!IA 0 . 04 

1'$ 0 .. 
IJD 0.200 

KK CON_2 

XM 0 DRJ\IHINC TO THE Ptll<P 

HC ) 

xx POMP 

KM DETAIN FOR PUMP STA.TIO!~ / BEOl» 10" PlP'E AT "CO~N£C'l'JON 2 " 

KM PUMP CAPACITY lS 1 , 7 CFS 

XH ASSUMJt M.IMP TU1UlS ON IMM£DtAT£LY ( llL. 50 . l) 

RS l STOR ·1 

SA 0 .001 .061 1.507 2 . .88 2 .38 4 . 66 

so 0 1.1 1. 7 1.7 1. 7 l. 7 1.7 

SB so 50.1 ~· 
>) St 54 . l 56 

xx RT_2) 

KO 0 0 0 0 21 
XH ROUTE "'"'" •coNUECTION 2 TO CONNSCTTON 3" 

KM T11S 0WJN&L CEOM&TRY IS R.6PRB:SENTATIV9 OP AN 0.?4'X 0,74' uox. WHICH HAS 

KM THE SAME X.•SECTtONAW AR.HA AS A 10• PIPS •••HAD TO CRANOR XS ARGA tlUE TO 
XH WARNINGS rn OtJTp(fr 

RS ' $TOR ·l 
RC .Oll .Oll .Oll 24:15 0 . 0025 

RX 2 5 s 6 • 7 • 
RY 1 .14 1 . 74 l.14 l l l. '14 1 . . , .. l . 74 

xx l O_CON'J 

KM DAS IN 10 DRAINI NG TO MCQNNSCTION ) '' 

8A o .o:i 
L.< 0 11 

IJD O.OGl 

xx MAIN_) 

KM 0 IN "°'IN LINE Af"l"~K CUNYLUENCE WITH CONNECTION J 

HC 2 

xx RT_J4 

KO 0 0 0 0 l1 

KM ROUTe FROM CONNECTI ON ) 1'0 CONNECTION 4 THROUGH 24" PlPE 

"" THC CHANNll:L OS.'OM1'1'R¥ lS' REPRESENTATI VE OF AN l .8'X 1. 8 ' BOX:. WHICH HAS 

KM THE SJIMB X-SECTIONAL ARF.A AS A 24" PJPB 

•• 2 STOR · l 

RC .01) .Oll .01) 1:125 0.0025 

"" 1 > 5 ' 6 . 8 6 .8 7 8 
RY 2.e 2.8 2 . 8 l l ... 2.8 ... 
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KK ll_CON4 

I<>< 9'\SI N 11 ClRAI NlOO 10 2 4 • tilH~ 
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nooo HYDROGRAPH PACXAGR (HKC- 1) 

1998 

VERSION 4 . 1 

RUN DATE 18NOV03 TIME 0,102120 

······ ··············· ·················· ·· 

21 IO 

IT 

..•..•• .••. .....•....•••..•.•...•..... ••.•.•....• •••....•.• 
6NCtNITAS· COAST lllGJIWAY 101 
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RUNOFF SUMMARY 

FLO• IN CUBIC FEET PER SECOND 

1'tM'£ IN HOURS • AR.BA tN SOUARF! Mtt,ES 

PEAK TIMK OF AVERAGE FLOW FOR MAXIMUM PHKlOU llASlN KMlKUM 1'1M8 OP 

OPBRATION liTATlOU FLO>! PSAK 6· HOU1! 24 - MOUJ\ 7:1;-ROOR AREA STAG& MAX STAGE 

KYOROG_RAPK AT "' l. 16.08 •• •• •• .01 

R011I'ED TO RTl A o. 16.92 o. o. o. .01 l.OG 16.92 

HYDROGAAPH AT l 7 . 16.25 2. o. o. . o~ 

~ COMBINSO Ai \_1A 7 . 16 .33 >.. 1. o. .10 

Hl'.DROGRAPH AT • 15. 16 . 0 tl 2 . l. 1 . .o, 

2 CQMBINED AT 2_1_1A 20 . 16.1'1 •• 1. 1. . 16 

POU':r1:D TO 1)6')'_2 o. . oo o. o. o . . 16 66.37 21' . ,2 

KYDROGRAPH AT 3 7. 16.08 l. •• •• ••• 

HYDROQ.:AAP'H AT • s. 16.00 1. o. o. .02 

2 C'OM.BtNtD AT . _, 12 • 16.08 1. o. o. . 04 

ROOTED TO DET4_3 o. . oo o. •• • • .oo 511. 21 24.42 

HYDNOOAAPH A'I' 6 16. 16.2::. 3 . l. 1. .06 

R01Jl'£0 'IO DET_G •• 16.58 3. 1. l. .OG 63.66 16.SO 

H'YOR.OCRA rH AT ' 7. 16-08 1. o. o. . 02 

HYDROGRAPH AT 7 5. 16.08 l. o. o. .02 

HYDROGRA.PH .. • •• 16.09 o. o. o. .01 

4 COM91NSO 1'.T OOMSIN& 20 . 16 .08 s. I. l . .u 

ROtn'BO TO DETAIN o. .oo •• o. •• . 11 Stl .55 24 .,l 

H'iOROQRA.PH AT 9A 7. ,, ,o. l. o. o. . 02 

ROIJT£0 TO DET!>A s . 16 . 17 1 . 0. o. .02 S4 .03 16. l? 

KYDROGRAPH AT •• •• 16 .08 t. o. o. . 0) 

ROUTSD TO DET •• 16. 2!> " o. •• , OJ 56.02 1 6 .25 

H'VOROCAA.PH AT • 11 • 16 . 11 2 . o. o. .o. 

J COMBINED AT CON_2 20. 16.17 J . " I • ••• 
ROUTBD TO PUMP 2. .lS.6? 2 . 1. 1. .09 SJ . 12 18.83 

ROtJTgn TO ~T_23 2. 16 . )) 2 . 1. I. .09 l .fi8 1 6 . 91: 



R\INOPP ~'t 

Ft.OW TN CUBIC FEET Ps:R S-ECOND 

TIME lN HOURS, AAIA IN SQU>.JU: HILSS 

rRAK Tl:Me OF AVERAGE Pl.OM FOil MAXJMUM PERlOD UASlN l"'.AXJ..MUM TIH.111 OP 

OPERATION STATION ~LOW PllAJ< 6-HOUll 24wHOIJR 12.• HOUR AJU!A ST-ACS MAX STAGE 

H)'l)OOCJU\l'll AT IA l. 16 . 08 •• o. •• .01 

ltOtrrlm TO RTIA o. 16,,2 •• o. o. .01 l.06 1Ci.t2 

HYOROGRAPH AT l 1. 1(; . 2S ,_ o. o. . 09 

2 COK&fN!D AT l_lA " 16. ll 2 t . o. .10 

HYOROGRAPH AT 2 ts. 16.08 2. l. 1 . . 06 

2 COMB1H'ED AT ~_l_lA 20 . lG.11 •• l. l. • lG 

llOUTED TO D6T_2 o. . oo o. o. o . . 16 66 . 37 24 . t2 

KYDROGRAPH AT J 1 . 16 . 08 1. o. o. .02 

Hn>ROOAA.~ AT • s. 16.00 1. o. o. .02 

2 C'OMBtNUD Al' 
._) 

12. 16 . 08 1. o. o. . 04 

JtWnm TO DET4_3 o. . 00 o. o. o . .04 .sa.21 24 . 42 

HYDROGRAPH l\.T • 16. l6.:1'5 J. I . 1. .06 

Roonro TO ""1'_6 •• 16 . se ) . l. 1. . 06 6) . 66 16 . 58 

HYDROGRAPB AT • 1. 16.08 1. o. o. . 02 

MYOROGAA.PH AT ' s. 16-08 l. o. o. . 02 

HYnROCAA PH AT 8 •• 10 . oe o. o. o. . 01 

t COKBlNBD AT ClltlBtNB 20. 16.08 •• 1. 1. . n 

RwnJl) TO O;;'TA1N o. • oo •• o . •• • ll 54.55 24 . i:J 

HYDROCRAPH AT ,. 7 . 16. 08 I . o. o. . 02 

ROUTBD TO DKT'A •• 16.11 l . o. o . . 02 5 4 . 03 16 . 17 

H~l>ROORAPK AT 9a 9. 16.08 1. o. o. . O! 

ROUTED TO DET •• 16 . 25 I. o. o . . OJ 56.02 1,,25 

HYDROGRAPH AT • 11. 16. 17 2 . o. o. .O• 

l COMB! NSD AT cow_2 20. 16.!'I ) . l. 1. .o• 

llOllTSO TO PUMP 2. 15. 67 2 . l. I. . 09 Sl.12 18.83 

ROt.n'ED TO RT_ :ilJ 2. 16.33 •• l. l. . 09 l.GS lG.512 



JTYDROORAPll AT 10_CON3 11. lti.00 l . o. o. .02 

2 COMl'\tN8D •1 MAJN_l 12 . \6 . 00 " l. l. . 11 

ROU'J.'llO TO RT_J4 10. 16.08 l. t. L . ll 2 .45 lG.08 

HYDROGRAPH AT ll_CON4 l<. 1&.08 2. l. l. • •• 
2 COMBI NED AT MAfN_END 26. 16 . 08 .. l. l . • L> 

••' NORMAL EHD OP ICEC:- 1 ••• 
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KM THE RD CARD WAS NOT U91'0 t'OR 'fH~ ROUTt·NCJ ANALYSIS 

RS 1 S'roR - 1 

• R.D 1225 . 0025 . Oll O CIRC 2 

RC . 0 13 . Oll . 013 12.25 0 . 0025 

RX 2 5 5 1.2 1 . 2 8 • 
RY 121 . 8 121 . 0 121.8 120 120 121.8 121.&1 131 . 8 

KK ll_ CON• 

""' BASIN 11 DRAINlNO TO CONNecrI ON 4 

UA 0 . 04 

l.S 0 " UD O. lll 

ICJ) 0 0 0 0 21 

KM Q lN MA.IN WNE AFTER CONPLlr&NC& lftTH C:Oll?:&Cl'ION 4 

HC 2 

zz 



SCH.EMA.TIC DIACRl\M OF STRUM tl~'IUC 

lNPUT 

LINE (Y) ROVl'INO 

NO. (.) CONl-'.eC'TO~ (<---) RBT\.IP.N OF DIVBR'l"ED OR PUMPED f'U)W 

,, lA 

v 
v ,. RrlA 

80 18 

v 
v 

8< RTlB 

v 
v 

90 RTlB 

n 1 

100 l_lA . .. . ...••.•.•.. , •••••••• 

103 

109 

v 
v 

RTl 

2 

113 2_1_1A . . . . . ••••• •, 

v 
v 

116 DET_2 

122 l_LINED 

127 4_LlNE~ 

112 ._, . . .. .....•.. 

us 

143 

152 

15& 

v 
v 

• 
v 
v 

OET_6 



16• 

161 

176 

181 

186 

101 

194 

202 

20G 

214 

219 

22$ 

2)0 

2)6 

2<1 

244 

252 

26'1 

272 

MAIN_l .....•..•.•. 

v 
v 

RT_lG 

7_LlNEE&-

8_1.INEG 

COMB.lr-111: .,,,, •• , • • ,,,, .. , _, .. •.•• 

v 
v 

o_s·111 

MA.1N_U., ,,, ,, · ,,,, 

v 
v 

R"l'_Gl 

9A 

v 
v 

DE'1'9A 

9B 
y 

v 
l>E'r 

CON_2 ., ,,, , , ,,,. · •• · ••·••., .• 

v 
v . .,,... 
v 
v 

RT_P_23 

lO_CON) 

M/\ttl_3 .•.. ••..••.•• ..• •• . • •• .. 

v 

v 
RT_ 34 
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Ft.COO IIYDROGRAPR PAClWJS 0U.'C·l) 

JW 1.99& 

16 ro 

I'!' 

VMSlON 4 . 1 

lHNOVOJ TIKR 09110104 

................................ ................. .......... 
EHC1Nt1'AS CDAST Hlf'i 101 

J - 1441) 

SS:PT 2S, 2001 

HOOtFt.KD S:X1ST1t."C RUN TO HODF.'L PltOPOSf:D Dln'!J:'rtON OF l:\A.StNS 

lA, lD. l, 2, ) , 4, 5, 6 , Alm 8 

Otn'£Nl'JO:f C\8.0S SA/SV. SO, SA 0BTAIN2D f'ROM F'N; 091_!.il.HCl ........................................................... 
SNC'lNlTAS· COAST IllGiinl' 101 

..JOB W l tt ll 

09· 12 -0l 

MOOJPtto PUMP 0 TO 1. 7 CPS. llND ROUTING or BASl~S 9A, 99, AND SI 

FM.OM PUMP STATION THROUGH 10" l.ATE:RAL, OONFLUE!<:Cl t."G 

1ftnt M.At>t LfN'& AT AT C'OmlSiCTJO!I J UlST&AD or CO~'?'Bct'ION 2 

ALSO CH.ANOSD ROUTING TKROUDK MAIN LlNB f"R0¢4 LlNe 0 TO COt:.NECTlON 

2, 'IO LlffK 0 TO COKNECTlOH l 

•.••..........••.....••...........•..•.......•.•...•....... 
EHCINlTAS· COAST fflORWAY 101 

.)01;) • 1.44 1) 

09- 04 - 0J 

MOOI PIBD CURVE NOMDER AND REHOVSD ' IMPERVIOUS 

·•···••··•••·•·•··••·••··•·•·························•····· 
ENCINtTAG• COA$T NfCHWAY 101 

JOB • lftll 

06•0) .. 0l 

POST· tHPlOvtHSNT CttXTSTtt~) COtlDtTlON 

S · Y!AA. 24 · HR S"I'ORH £V£NT 

FN 1 lOlEX_S. llCl 

IACJ CAl.CUllAT'ION ARB BASED OPP OY !\'RCS MKTHOD 

AN'O ARS " FU'NCTlON'. or Rl.mOff COBP. AND VSLOCJTY 

N£S1's.tl STOP.IC PER COUNTY OP SAN 01£00 HYOROJ.OOY MA.NUALi 

COPYRIOKT 2003 RICK ENGINEBRJNG CO."«PANY 

6HI\ Sl.AtNPALJ~ TS 1 . 6 INCHBS 

24KR RAINPA.Ll,. IS 2. S INCHES 

TOTAL BABIN AREA 18 . 5 SQUARE MfLES 

OUTPUT COtll'ROL VAAt ABLBS 

I AA.'IT 

!PLOT 

OSC\L 

PRl..HT CONTROL 

O Pt.or CO?lt'ROL 

0 . ln'DROGRAPH PLOT $'CA.LE 

HYOROGRAPlt TlKS DATA 

!OUN s 
IDA.Tt 

tTtMK 

•'O 
f'IDW.1'£ 

1.:JANIO 

1200 

)00 

2\JM90 

MlNU11!S JN ~P'tll'A.T'JON Il'n'£RVA.L 

STARTING DATE 

STAATlNG 'TIME 

1'4Utd9S~ OP HlOROGRAPH O~OINATQS 
iOOJING Di\Tg 

. .................................... . 
U . S. ARMY co.R.PS OP £NOINRSRS 

HY-DROLOOIC' ENCJlHBBRJ:NG C:IOfJ'ill 

609 SSC'Ol:O STREST 

D>.VIS, CALIFORNIA 95616 

(9 16 } 756-llOt 

.....................••...•.......... . 



NOO'IM6 

I CENT 

1255 Sl:DI,_'C TIME 

19 CEN'l'\MY MARK 

COMNJTATION lNTBRVA.L , 08 rtOURS 

'l'O'l'A~ TIME BASE 24.92 HOURS 

ENGLJSH UNJTS 

DRAfNAGB AREA 

"~C1 Pl 'rA'rlON DEPTH 

LENGTH, IH.F.VA.TlON' 

PLOW 

&-roRAGE VOLUMB 

$\mPACE Alt.EA 

T£MP£RA.TUR£ 

SOUAAE M.I LES 

INCHES 

FEET 
CUBIC FEET ~£~ S~CONU 

ACRE-FEET 

ACRBS 

O~'G~~~S FAHRENHEIT 

... .............................. .........................•.... ...............••.................. 

37 l<X 

38 KO 

39 IN 

71 8A 

40 PB 

40 PI 

.. . . . . . . . . . . . . 
v. 

.............. 
OUTPltr CO>:TRnI. VART A9L6.$ 

IPJU<T l 

l il'L.O'r D 

Q<>CAL D. 

I"PNC11 0 

lOU'r >l 

1SAV1 l 

ISAV2 lDO 

'l'lMlNT .083 

PRINT COtrrROL 

PlDT CON'I'JlO.L 

HYDROCM.Plt PLOT SCALE 

'PUNCH COMWrBD HYDROGRA.PH 

SAVE HYDllOGRAPH ON' TMIS UNIT 

PIRST ORDINATB PUNCHBD .OR SAVED 
LAS'l' ORi>lNA'l"E PUNCHED OR SAVED 

TJME INTJ:RVAL IN HOURS 

Tl HE DATA FOR INPUT TIMS SP.R.ISS 

JXMIN 5 TIME TN'TERVAL 1N MlNU'TES 

JXDATC lJAN90 S"'J'ART.I NG DATB 

JXTIME 1200 S-TAR1'1NC TIMS 

SVBSASIN RVNOtF DATA 

SUBDASIN CJLAAACT&RISTICS 

1'ARiA .Dl SUB.BASIN M~.A 

PRECIPI TATION DATA 

STOR1'!: ~ .4!) BASIN TOTAL PRSCIPITATION 

INCRBMEN'l'AL PRBC1PITATION PATTERN 

.DD .oo .oo .oo .oo .oo 

.oo .oo .oo .oo . OD .oo 

.oo .oo . OD .oo .oo .oo 

.OD . 00 .oo .oo .OD .oo 

.oo .oo .oo .oo .DO . OD 

.oo .OD .oo .ao .oo 00 

.oo .oo .oo . 00 .oo .oo 

.oo . 00 .oo .OD . DD .oo 

. OD .oo . oo . oo 

.oo . oo .oo .DD 

.oo .oo .OD .oo 

. OD . DO . DO . 00 

.oo .oo .oo .OD 

.oo .OD .oo 00 

.OD .oo .00 .oo 

.oo .00 .OD .OD 
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. 10 
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. 01 
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.oc 

.co 

. oo 

$C$ LOSS IVITt 

STRT~ 

CRV>mR 

RTJHP 

.00 

.oo 

.oo 
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. 01 
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.01 

.oz 
• )! 
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.oo 
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. Cl 
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. 03 
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.oo 
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. OO PERC&NT tMPJ:R.VlOUS MF.A 
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.Ol 
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. 0 1 
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. 0 1 

.01 
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.oo 

.oo 
••• 
.00 

KC.S OIMKNSIONLKBS UNITCRAPH 

TLAC . 14 LAC 

... 

UNIT HYDftOGRAPH 
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11. 27. 21. 10. ~. 2. l. 
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o. 

. 00 
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DA MON HR.MN ORI> 

l "~ 1200 

JA."' 1205 

t JAX 1210 

l JAJl 1115 

1 JAN 1220 

l JAN 1225 

1 J"AJJ 1230 

JAN 1235 

JAN 12'4 0 

JAN 12C.9 

1 JAN 1250 

1 .JAN 12S5 

1 JAN 1300 

l .,~ 1305 

l 

2 

) 

• 
> 
• 
7 

8 

• 
10 

11 

12 

I) .. 

RAIU 

. oo 

.oo 

.oo 

.oo 

.oo 
• oo 
00 

.oo 

.oo 

. oo 

. oo 
••• 
.oo 
. oo 

l.OSS l!XCiS S 

.oo 

.oo 

. 00 

.oo 

.oo 

. oo 
00 

.oo 

.oo 

.oo 

.oo 

••• 
.oo 
. oc 

. oo 

.oo 

. oc 

.oo 

••• 
••• 
.oo 
. oo 
. oo 
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. oc 
• oo 
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o . 
o. 
o. 
o . 
o. 
o . 
o. 
o. 
o • 
o. 
o. 
o . 
o. 
o • 

DA HON KIU-iN ORD 

2 JAN 0030 151 

:Z JAM 0015 l.Sl 

2 JJUJ 0040 lSJ 

2 J)IJl 0045 154 

l JAN 0050 155 

2 .TAN 0055 156 

2 JAN 0100 15? 

2 J AN 0 105 158 

:Z JAN 0110 159 

2 JAN 0115 160 

2 JAJ:' 0120 16 1 

2 JAN 0125 162 

2 J AN 01)0 16) 

:I JAN OlJS 164. 

RAIN 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.Ol 

.01 

. 01 

.01 

.01 

.Oi 

.01 

J.D88 EXCESS 

. 01 

. 0 1 

.01 

. 01 

.01 

.01 

. 01 

.01 

.01 

.01 

.01 

.01 

. 01 

.01 

. oo 

. oo 

. oo 
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l JAH 1110 15 

l JNI lll-5 l.6 

JAM ll20 17 

.J"llK llZS 18 

JAN 1130 19 

JAN lllS 20 

JAN 1140 21 

JA'JZ 13-t 5 22 

1 JAN llSO 2l 

l JM llSS ;i4 

JN: i•oo 2s 
l JAN ltOS 26 

l .JAlf 1410 27 

JAJI 141 !! 26 

JAJI 1420 29 

tJAJI lCIS 10 

JAii 1430 31 

J~ l•lS l2 

.JAN 1440 33 

JAN l Ct1!5 lt 

l JAN 1450 lS 

.JAK 1455 16 

l JAN 1.500 Ji 

JA.~ 1505 18 

JAN 1510 19 

JAN 1515 '40 

1 .JA:H 1~20 41 

JAJ: 15:?5 42 

1 JAJl 1530 •l 

JNl l!:.l!:. 44 

Jl\N 15CO 45 

J»l lS·CS tti 

1 JAN 1550 f.7 

l JAJJ l :tS!:i 48 

JllN 1600 "' 

JAN 1605 50 

,JAJI 1610 51 

JI\){ 1615 52 

J'AN 1620 53 

1 JAN 16:ZS 54 

l JAn 1630 55 

JJUI lGJS 56 

JA.~ 16t0 57 

JAN 16-f5 56 

l JA)I. 1650 !;;9 

JAN 1655 60 

JA?I 1700 Gl 

JM l'/05 62 

J~ lilO 63 

JAN 1715 Gt 

JAM 17:ZO 65 

.J/\N 1725 66 

JAN 1730 67 

1 JAR 1135 68 

.JAH 1740 69 

JAN 1715 10 

l JAJl 1750 ?l 

JAN 1755 72 

JAN 1800 71 

JA!l 1805 74 
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2 .JAM 0 14 0 15 5 
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2 J»J 0 150 167 

2 JAN 0155 1,. 
2 J1\N 0200 169 

2 JAN 0205 170 

2 JAN 0210 171 

2 JAN 021S 172 

2 JAA 0220 11l 

2 JAN 0225 114 

l JAN 0230 175 

2 JAN 02JS 176 

2 JAN 0210 177 

2 J'A}l 0215 110 

2 JA*l 0250 1'19 
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1 JAH 1810 7S 

JAN 1115 76 

l JAN 1820 77 

l J A..'4 1825 78 

J JAJI 1930 .,., 

1 JAN 1815 BO 

l J/111 l.840 81 

J-.n 184! 82 

JAJf 1850 8) 

JAN 1855 84 
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