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NAPA OAKS
HYDROLOGY & HYDRAULIC ANALYSIS

This report has been prepared to show the proposed runoff flows that can be anticipated upon completion
of this development. The hydrology and hydraulic calculations and the methods used to size the basins
have been prepared using the standard methods approved by the City of Napa.

For ease of reference, a location map (Appendix H), as well as hydrology maps for existing conditions and
proposed improvements (Appendix I), have been included in this report.

Introducton

Napa Oaks is an 80.6 acre project site. This planned development is for 54 single-family residential homes.
The main access point for the project will be on Old Sonoma Road near Casswall Street. The site is
bordered by Old Sonoma Road to the north, residential development to the east and vineyards to the south
and west. The development is set on a hillside site, with three existing peaks, with some relatively steep
slopes. The site is currently pasture land.

Four primary storm drain systems will be constructed within the streets to convey the 10-year storm.
Residential lots will drain into private yard drains. The yard drains will be directed to the streets via sheet
flow and through curb drains. The runoff from the lots will ultimately drain to the primary storm drains
within the streets via curb inlets and catch basins or will be collected in an atea drain system and piped to
the primary storm drain system. The storm water runoff from the developed area will drain to one of the
two detention/water quality basins that will be incorporated into the site. Three main storm drain systems
will collect and convey storm water to the two basins. The main basin will be located near Casswall Street in
the vicinity of the intersection of Casswall and Idaho Street. This basin will collect ranoff from Storm Drain
Lines A and C. This basin collects water from approximately half of the site. The basin will drain to the
existing storm drain system in Casswall via 2 new storm drain line. The secondary basin is located near the
Southern boundary. This basin will collect runoff from Strom Drain Lines D and E. This basin will collect
runoff from approximately 17 acres of the site. The basin will drain to an existing drainage swale (Raynes
Creek) that leaves the site to the south.

The storm water runoff from the open space hillside behind the development will be diverted to field inlets
and into the primary storm drain system.

Hydrology

The hydrology calculations herein have been prepared based on the City of Napa’s criteria for storm drain
systems. The subdivision portion was based on the rational method to calculate the 10-year storm runoff
quantities. The rational method uses the formula Q=CiA where Q is the flow in cubic feet per second, C is
the runoff coefficient, i is the rainfall intensity in inches per hour, A is the atea of drainage in acres. The
runoff coefficients for this project were developed using the City’s standard runoff coefficients (see
Appendix F). The rainfall intensity numbers for the 10-year storm were interpolated from the City’s Rainfall
Intensity — Duration tables (see Appendix E).



For the open space areas/overland flow, the time of concentration for the existing conditions, was
calculated by using the Kirpich equation (see Appendix C). The length was accomplished by measuring the
distance between the most distant points, down to the field inlet within the watershed area. A minimum
time of concentration of 5 minute was held for all ditches, if the calculation resulted in a time of
concentration of less than 5 minutes.

For non-open space areas, a minimum of 5 minutes from roof to gutter was utilized as the initial time of
concentration.

With the initial time of concentration having been calculated, the intensity factors were determined using
the City’s Rainfall Intensity- Duration tables. The flows to the upstream structures were then determined
and calculated using the rational method. The flows into the remaining structures on that same line were
then calculated using a time of concentration developed from travel time of the flows in the pipe added to
the initial ime of concentration. This method was repeated yielding a total flow at the downstream end of
the system.

For the calculations of velocity in the pipe, the velocity is calculated as being the product of the average
velocity in the pipe times the velocity factor, described below. The average velocity is simply the design Q
(flow rate) divided by the area of the pipe. The velocity factor is derived from any standard chart of
hydraulic element for circular pipe. The velocity factor calculations are based on several basic factors all
derived from a standard chart based on the percent of full flow in the pipe.

Hydraulics

The hydraulic analysis of the storm drain system utilizes generally accepted backwater methodology —
where:

HGL (upstream) = Hf + He + Tw

HGL = Hydraulic Grade Line

Hf = Head Loss Due to Friction

He = Head Loss Due to Entrance and Exit Configuration

Tw = Tailwater Elevation
All of the starting HGLs were established using the soffit of the headwalls.
For conservatism, the calculated HGL has been compared to the elevation of the upstream pipe soffit. The
greater value of these two elevations is used as the tailwater elevation for analysis of the next upstream
segment. Crtical depth has been assumed as the starting tailwater elevation at the point of discharge. The

entrance loss coefficients in Appendix F have been used in calculating head loss. Throughout the system,
minimum City standards for hydraulic freeboatrd have been observed.



Basin Sizing — Water Quality

Both basins were sized based on the City of Napa Post Construction Stormwater Pollution Prevention
Design Standards. The basins were sized using the Caltrans Basin Sizer Program using a volume based
analysis. The program required two variables, the location of the site based on latitude and longitude and the
design runoff coefficient. A weighted average of all coefficients for the watersheds within the Napa Oaks
project was used. The program uses these variables to calculate the unit basin storage volume (in inches).
The report from the Basin Sizer program is included in Appendix D. To determine the minimum basin size
for water quality, the unit basin storage volume was multiplied by the tributary drainage area for each basin.
Currently, the designed sizes for the basins are larger than the minimum basin size needed for volume based

water quality. The final design of the site will incorporate the basins not just for water quality, but also fot
detention of storm water.

The discharge pipes from the basin are designed to meter the flow out to accommodate the maximum flow
allowed in the downstream system. The riser height (H,) to limit the flow into the proposed 18 storm drain
pipe that will drain both basins will be set using the following equation:

Q=CA(2gH-H,)5

Where: Q=discharge (maximum flow for outlet pipe in cfs)
C=orifice coefficient (typically 0.66)
A=Area of onfice (ft)
g=gtavitational constant (32.2 ft/s)
H= water surface elevation (ft)
Ho=orifice elevation (ft)

Basin Sizing - Detention

The detention analysis was completed in conformance with guidelines contained in the City of Napa Public
Works Standard Specifications, Section 2- Drainage Design Standards. Per these guidelines the detention
basins are sized to provide peak flow attenuation for the 10-, 25-, and 100-year storm events. The Army
Corps of Engineer's HEC-HMS software platform was used to provide computations for the analysis.
Within the model the SCS (Soil Conservation Service) unit hydrograph, SCS Type 12 storm, and SCS Cutve
Number loss method per the TR-20 method were used to identify pre- and post-project runoff rates from
the site.

A number of assumptions were made to approximate the actual physical conditions that would prevail at the
site. These include the following:

Watershed delineations: Contributing drainage areas were delineated at points of concentration downstream
from the two stormwater basins at the site for both the pre-and post-project site conditions. These
delineations are displayed on the attached Figures 1 and 2 with their areas and other modeling parameters
tabulated in Table 1 of Appendix D.

Curve Numbers: A uniform Curve Number (CN) of 79 was assigned to the pre- and post-project condition
watersheds based on standard tables assuming grasslands in fair condition on hydrologic group C soils.



Impervious area: Impervious percentages were not included in the composite CN. Instead the HEC-HMS
model was run with a percent impervious area as a separate parameter. The percent impervious areas for the
pre-project condition were taken from aerial photographs while the percent impervious areas for the post-
project condition were delineated from the tentative map.

Time lag: Time of concentrations for all undeveloped areas were determined using the SCS Upland
Method, where the time of concentration equals the flow path length divided by a velocity taken from
Figure 15.2 in the SCS National Engineering Handbook, Section 4, 1972. Time of concentration through
the storm drain was taken to be the piped distance divided by an average velocity of 10 feet/second plus a
10 minute initial roof-to-gutter time on the lots. Time lag was calculated by multiplying the time of
concentration by 0.6.

SCS design storms: Rainfall depth-duration tables provided in the City of Napa Public Works Standard
Specifications indicate that the total anticipated 10-year, 24-hour rainfall event is on the order of 4.12
inches with a 25-year rainfall of 4.95 inches and a 100-year rainfall of 6.14 inches. This rainfall was
distributed in the model using the SCS Type 1a storm distribution.

Basin volumnes: Stage-storage relations for the stormwater basins were derived from grading information

provided on the tentative map. A summary of the modeled basin parameters are included on Table 2 of
Appendix D.

Basin outflow controls: Atlower water surface elevations in the basins, flow is assumed to be released
through an underdrained sandy soil layer along the basin floor with an infiltration rate of 5 inches per hour.
Outflow orifices and riser weits at higher elevations in the basins provide a controlled release for higher
flow rates from the basin. The outlet configurations for each basin are described in greater detailed on the
Table 2 in Appendix D.

Modeled peak outflows from the pre- and post project watersheds for the 10-, 25-, and 100-year rainfall
events ate summarized on Table 3 in Appendix D. Results of routing the modeled hydrographs through the
proposed basins are included in Figures 3 and 4 of Appendix D. These results indicate that the basins
provide the necessary volume to satisfy the City's peak flow attenuation criteria for the 10-, 25, and 100-
year rainfall events.



APPENDIX A
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APPENDIX C



NAFPA OAKS HYDROLOGY

Tc CALCULATIONS

Kirpich Tc Equation:

7S

where:
T, = Time of Concentration (min.)

0.77
0.0078 = (—11—)

L = Distance measured along the watercourse to the furthest point in the watershed (ft)

§ = Average slope along L

Kirpich Multipliers
Channel Multipler
General overland tlow, natural grassed channels 2.0
Natural basins with well defined channels, baze earth overland
flow, mowed channels 1.0
Asphalt surfaces 04
Concrete 0.2
HIGH | LOW | AVERAGE
DRAINAGE LENGTH | POINT | POINT SLOPE T. Tc
AREA (FT) (FT) (FD) (FT/FT) (MIN) | MULTIPLIER | (MIN)
Ditch #1/FI#10
Overland 350.00 314 225 0.2543 1.20 2.0 2.40
Ditch 429.00 225 219.6 0.0126 4.47 0.2 0.89
Total] 3.30
Ditch #2/FI#1
Overland 70.00 296.6 280.5 0.2300 0.36 2.0 0.72
Ditch 538.00 280.5 234 0.0864 2.54 0.2 0.51
Overland 306.00 234 214 0.0654 1.83 2.0 3.66
Total] 4.89
Ditch #3/F1 #2
Overland 227.00 341 244 0.4273 0.71 2.0 1.41
Ditch 185.00 244 240.6 0.0184 2.02 0.2 0.40
Overland 467.00 321 240.6 0.1722 1.74 20 3.49
Total] 3.49
Ditch #4/F1 #11
Overland 229.00 341 244 0.42306 0.71 2.0 1.43
Ditch 130.00 244 239.6 0.0338 1.22 0.2 0.24
Total] 1.67
Ditch #5/F1 #5
Overland 18.00 321.7 311.7 0.5556 0.09 2.0 0.18
Ovetland 70.00 311.7 311 0.0100 1.21 2.0 2.42
Overland 53.00 311 299.5 0.2170 0.30 2.0 0.60
Ditch 369.00 299.5 270 0.0799 1.95 0.2 0.39
Total] 3.59
Ditch #6/FI #16
Overland 16.00 321.7 311.7 0.6250 0.08 2.0 0.16
Overland 73.00 311.7 311 0.0096 1.27 2.0 2.54
Overland 51.00 311 299.5 0.2255 0.29 2.0 0.57
Ditch 184.00 299.5 266.95 0.1769 0.84 0.2 0.17
Total] 3.44




Kirpich Tc Equation:

where:

T, = Time of Concentration (min.)

0.0078*(

NAPA OAKS HYDROLOGY

Tc CALCULATIONS

L

%)

L = Distance measured along the watercourse to the furthest point in the watershed (ft)
§ = Average slope along L

Kirpich Multipliers
Channel Multpher
(General overland flow, natural grassed channels 2.0
Natural basins with well defined channels, bare earth overland
flow, mowed channels 1.0
Asphalt surfaces 0.4
Concrete 0.2
HIGH | LOW | AVERAGE
DRAINAGE | LENGTH | POINT | POINT | SLOPE T, Te
AREA FT) (FT) (FI) (FT/FT) (MIN) | MULTIPLIER | (MIN)
Ditch #7A/F1 #7
Overland 49.00 310 309.5 0.0102 0.91 2.0 1.82
Ditch 89.00 309.5 309 0.0056 1.82 0.2 0.36
Total] 2.19
Ditch #7B/FI1 #7
Overland 16.00 310 309.5 0.0313 0.25 2.0 0.50
Ditch 50.00 309.5 309 0.0100 0.93 0.2 0.19
Total] 0.69
Ditch #8/FI #6
Overland 62.00 312 305 0.1129 043 2.0 0.87
Ditch 212.00 305 292.9 0.0571 1.45 0.2 0.29
Total] 1.16
Ditch #9/FI #8
Overland 132.00 332 288 0.3333 0.51 2.0 1.02
Ditch 198.00 288 281.6 0.0323 1.72 0.2 0.34
Total] 1.37
Ditch #10/F1 #16
Ovetland 17.00 2834 280 0.2000 0.13 20 0.26
Ditch 213.00 280 266.95 0.0613 1.42 0.2 0.28
Totall 0.54
Ditch #11/FI #15
Overland 15.00 319.8 309.8 0.6667 0.07 2.0 0.15
Overland 27.00 309.8 298.2 0.4296 0.14 20 0.27
Overland 59.00 298.2 298 0.0034 1.61 2.0 3.22
Ovetrland 226.00 298 236 0.2743 0.83 20 1.67
Ditch 146.00 236 230.62 0.0368 1.29 0.2 0.26
Totall 5.56
Ditch #12/FI #14
Overland 219.00 264 229 0.1598 1.00 2.0 2.00
Ditch 152.00 229 212,55 0.1082 0.88 2.0 1.76
Total] 3.76




NAPA OAKS HYDROLOGY

Tc CALCULATIONS

077
Kirpich Tc Equation: 0.0078 * [-—]:-—]

G

where:
T, = Time of Concentration (min.)

L = Distance measured along the watercourse to the furthest point in the watershed (ft)

§ = Average slope along L

Kirpich Multipliers
Channel Maultipler
General overland How, natural grassed channels 2.0
Natural basins with well defined channels, bare earth overland
flow, mowed channels 1.0
Asphalt surfaces 0.4
Concrete 0.2
HIGH | LOW | AVERAGE
DRAINAGE LENGTH | POINT | POINT SLOPE T, Tc
AREA (FT) (FT) (FT) (FT/FT) (MIN) | MULTIPLIER | (MIN)
Ditch #13/F1 #5
Ovetland 120.00 342 320 0.1833 0.60 2.0 1.20
Ditch 537.00 320 287 0.0615 2.89 0.2 0.58
Total 1.77
Ditch #14/F1 #4
Overland 20.00 319 308 0.5500 0.10 2.0 0.20
Overland 92.00 308 307.8 0.0022 2.69 2.0 5.38
Overland 58.00 307.9 282 0.4466 0.24 2.0 0.49
Ditch 97.00 282 280.6 0.0144 1.35 0.2 0.27
Total 6.33
Ditch #15/F1 #13
Overland 17.00 319 309 0.5882 0.08 2.0 0.17
Overland 34.00 309 308.8 0.0059 0.85 2.0 1.70
Overland 56.00 308.8 282.7 0.4661 0.23 2.0 0.46
Ditch 490.00 282.7 258.2 0.0500 291 0.2 0.58
Total] 292
Ditch #16/F1 #13
Overland 360.00 357.2 270 0.2422 1.25 2.0 2.50
Ditch 221.00 270 258.2 0.0534 1.54 0.2 0.31
Total] 2.81
FI #9
Overland 1142.00 332 90.65 0.2113 3.21 2.0 6.42
Total] 6.42
FI #12
QOverland 255.00 258 229.2 0.1129 1.29 2.0 2.58
Total] 2.58
FI #11
Overland 191.00 248.7 216.5 0.1686 0.88 2.0 1.77
Total} 1.77
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10-1021-10 BASIN ANF OUTFALL SIZING
DATE: 3/31/2011 NAPA OAKS

REV: POST-DEVELOPED CONDITIONS
BY: CSG DAVIDON HOMES

'CCNSULTING

Minimum basin size= unit basin storage volume*drainage area

UNIT BASIN
STORAGE DRAINAGE MINIMUM DESIGNED
BASIN VOLUME AREA BASIN SIZE BASIN SIZE
@) (ACRES) (R 3
#1 0.58 33.99 71,563 155,840
#2 0.58 12.37 26,044 37,878

* NOTE: UNIT BASIN STORGAE VOLUME WAS DETERMINED FROM THE CALTRANS BASIN
SIZER PROGRAM. PLEASE SEE THE PRINTOUT FROM THE PROGRAM ON THE FOLLOWING

PAGE.

WATER
ORIFACE AREA OF GRAVITIATION SURFACE ORIFACE
BASIN  DISCHARGE COEFFICIENT ORIFACE CONSTANT ELEVATION ELEVATION

Q C A G H Ho
(CFS) (ACRES) (FT) () FD) FD
1 9.10 0.66 1.77 322 5.5 4.6

2 11.75 0.66 1.77 32.2 4.5 29



Napa Oaks

Output from Caltrans Basin Sizer Program

Project: napa oaks

Latitude: 38.2666
Longitude: -122.3098

Caltrans Stations
Name: NAPA
Distance: 4.38
Elevation: 6
Years of data: 18

Water Quality Volumes

Maximized Volume Method (in)
Drawdown Time (Hours) 48

Runoff Coefficient 0.62

Unit Basin Storage Volume (in) 0.58

Water Quality Flows

Caltrans Water Quality Flows
Region 2, all counties: 0.2 in/hour.
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Table 2. Summary of stormwater basin modeling parameters, Napa Oaks

North Basin South Basin
Elevation Storage Outflow Elevation Storage Outflow
(feet) (acre-feet) (cfs) (feet) {acre-feet) (cfs)
66.0 0.00 0.0 204.0 0.00 0.0
66.5 0.11 1.1 204.5 0.05 0.5
67.0 0.24 1.1 205.0 0.10 0.5
67.5 0.36 1.1 205.5 0.16 0.5
68.0 0.50 1.1 206.0 0.22 0.5
68.5 0.64 1.1 208.5 0.28 0.5
69.0 0.80 1.1 207.0 0.35 0.5
69.5 0.95 1.1 207.5 0.43 0.5
70.0 1.12 1.1 208.0 0.51 0.5
705 1.30 1.1 208.5 0.59 05
71.0 1.48 1.1 208.0 0.68 6.1
715 1.67 1.1 209.5 0.78 12.7
72.0 1.87 3.1 210.0 0.88 15.4
725 2.08 6.8
73.0 2.30 11.5
73.5 2.53 16.0
74.0 277 18.0
745 3.01 21.5
75.0 327 23.8
Notes: Notes:
- § infhr outflow through highly pervious underdrained - § infhr outflow through highly pervious underdrained
basin floor over an area of 9,700 square resuits in 1.1 basin floor over an area of 4,000 square results in 0.5
cfs outfiow from the basin cfs outflow from the basin
- high flow controlied release from basin through a 1.7 - high flow controlled release from basin through a 2-
:Lye: .7-foot square orifice with an invert elevation of 71.5 ;22: diameter riser pipe with a spill elevation of 208.6

211033 Report Tables and Graphs 3-31-11.xis, Table 2
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TITLE

ISOHYETAL MAP OF NAPA
BY
S.C.S. - NAPA STUDY 1965

APPROVED:

SCALE: NONE
FIELD NOTES: D-65-32 _

DWG. NO.

CHART 2.2




Rainfall Intensity/Storm Duration, inches per hour
Frequency | S M ! 15M [1 hr 12 hr [ 3 hr !6 hr !12 hr ]24 hr 12 D ]4 D
2-yr 1.8 108 1057 041 1034 025 [0.16 |0.1 |0.06 |0.04
5-yr 24 |152 |08 [058 [047 {035 [023 [0.14 |0.09 |0.06
10-yr |3 |184 097 |07 |057 |042 |028 |0.17 [0.11 |0.07
25-yr 3.6 1224 |1.16 |0.83 |0.68 |05 [033 |02 0.4 |0.08
S0-yr  [3.84 248 |13 |094 |0.76 057 |0.37 {023 |0.16 |0.1
100-yr 432 |276 [144 [1.04 |084 |063 |041 |0.26 {0.17 |0.11
500-yr |54 34 [178 |128 |104 |0.78 |0.51 {032 |022 |0.14

Chart is from City of Napa 2006 Storm Drainage Master Plan Table 3-2

CITY OF NAPA

DEPARTMENT OF PUBLIC WORKS

TITLE

RAINFALL INTENSITY - DURATION
CITY OF NAPA

|orawnBY: kDM

7 CHECKED: /’\\ /ﬁr

DATE:  JULY 2008

SCALE: NONE

FIELD NOTES:

APPROVED: /-\) @/7 Pz
& ] ¥

DWG.NO.  TABLE 2.3
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APPENDIX F



Zoning or Surface Type Runoff Coefficient, C
Paved arcas (asphalt or concrete) | 0.95
Industrial Areas | 0.85
Commercial areas 0.85
Residential areas
Single family, ave. slope less than 2% 0.5
Single family, ave. slope betweeh 2% & 1% 0.55
Single family, ave. slopé g;eater than 7% 0.65
Multi-family, detached 0.65
Multi-family, attached 0.7
Schools | 045
‘Ag”ricu‘ltural land 0.45
Undeveloped opén spaces, including pasture
Average slope less than 2% | 0.4
Averagé slope betw'eeﬁ 2% & 7% 0.47
Average slope greater than 7% 0.55
Oak timber and:liéa;;y b‘fush B
T Average slope less than 2% 0.35
Average siébe ben&gen 2% & 7% 0.42
Averagé Slopc greater than 7% 0.5
These coefficierits are to be used for a return peried of 10-years. For return periods of 25 and 100 years,
modify the table values as follows:
25 year returmn: C = Table Value x 1.07
100 year return: C = Table Value x 1.25
Note: No value of “C” shall be modified beyond 1.0.

RATIONAL METHOD

CITY OF NAPA - 'DEPARTMENT OF PUBLIC WORKS
TITLE o DRAWNBY: KDM |cHECKED: \/\%’ ’
RUNOFF COEFFICIENT FOR DATE.  JULY 2008 APPROVED: JAg 1)1 ¢2

SCALE: NONE 4 ¢

FIELD NOTES:

DWG.NO.  TABLE 2.4




APPENDIX G

dk Consulting Entrance Loss Coefficients

TABLE OF HEAD 1.OSS FACTORS THROUGH STRUCTURES K
1. Straight Run with change in pipe size 25

2. Straight Run with same size pipe 17

3. 0° to 45° Deflection w/ éﬁangc in pipe size .50
4. 0° to 45° Deflection w/ same in pipe size 42
5. 45° to 90° Deflection w/ same in pipe size .75
6. 45° to 90° w/ change in pipe size 1.00
7. 90° Deflection 1.25
8. Drop Manhole 1.25

9. Short Radius Curves from 50’ and down 35
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