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1.0 DISCUSSION

1.1 PURPOSE

This drainage study provides an analysis of the existing and proposed hydrology
characteristics for the improvements of Chick-fil-A, Restaurant # 3805. The project site is
located at southwest corner of N. Livermore Avenue and Freeway 1-580 in the City of
Livermore, County of Alameda, California and is at latitude and longitude of 37.6992° N and
-121.7741° W, respectively. The project site is 1.62 acres within tributary drainage boundary
. The subject site is bounded on the north and west by Arroyo Las Positas Creek, to the east
by N. Livermore Avenue, and to the south by the existing Hawthorn Suites (by Wyndham
Livermore). For Vicinity and location map see this report.

1.2  EXISTING SITE CONDITION

According to City of Livermore Zoning map the project site is in open space arca and within
the city’s urban growth boundary line. (see zoning map in this report). The subject site 1s
currently an irregular shaped vacant lot. According to the Geotechnical Engineering Report
that was prepared by GILES Engineering Associates, Inc.(Geotechnical Engineering firm)
the southern portion of the subject property was occupied by a residential property from at
least 1949 through 2001, when the structures were demolished. Based on the ALTA Survey,
prepared by Joseph C. Truxaw & Associates, dated April 8, 2016, elevations within the site
ranges from approximately 455.0 feet along the westerly end of the property to 460.0 feet
near the northeast corner of the site and near the top of the descending slope. The elevation of
the toe of the descending slope is about 440.0 The adjacent northerly descending slope is
covered by moderate vegetation that includes shrubs and occasional trees.

In the existing condition the drainage area has been divided into three subareas. The 0.51
acres of the site (subarea “A-1") sheet flows toward the northerly property line and gets
intercepted by Arroyo Las Posias Creek. The runoff from the middle portion of the property,
approximately the 0.88 acres (Subarea “A-2") sheet flows along the length of the project east
to west and combines with runoff from subarea “A-1" in the creek bed of the Atroyo Las
Positas. The runoff in subarea “A-3", the 0.24 acres sheet flows toward southwesterly of the
project site and gets intercepted by an existing storm drain grated inlet, located in
neighboring property. (See existing hydrology map in this report and page 4 for site images).

The discharge flow path from this site is into Arroyo Las Positas Creek, Arroyo Mocha,
Arroyo De La Laguna, Alameda Creek, Old Alameda Creek and finally into Lower San

Francisco Bay.

According to Livermore NRCS Soil Groups (Figure 3-4), the subject site is in the soil group
type “C” (See soil map in this report) and is located in Arroyo Las Positas Watershed (see
Figure 3-1 Livermore Creek Network exhibit map in this report).

HYDROLOGY AND HYDRAULIC ANALYSIS
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Chick-fil-A Restaurant No. 3805
SWC of Livermore Ave. & 1-580 Freeway
City of Livermore, California

DESCENDING SLOPE ALONG ARROYO LAS POSITAS CREEK AND
NORTHERLY PROPERTY LINE

NORTHWESTERLY OF THE PROJECT SITE AT THE EXISTING 48” RCP
OUTLET TO ARROYO LAS POSITAS CREEK
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Chick-i-A Restaurant No. 3805
SWC ot Livermore Ave, & 1-380 Preeway
City of Livermore, California

1.3 PROPOSED SITE IMPROVEMENTS

The proposed Chick-fil-A restaurant # 3805 building will be constructed in the northeasterly
portion of the site and will be a single-story wood-frame structure with no basement or
underground levels and will have a floor arca of approximately 4634 square feet and finish
floor elevation of 461.00. Entrance to the site will be from Livermore Avenue and is at
southeasterly of the property. Other planned improvements include a paved drive thru
parking lot, menu board signs, a trash enclosure, a patio, concrete walkways and planter
areas. Parking lot improvement, within the subject property, will include sidewalks, curb and
gutters, and underground utilities.

Three bioretention basing will be constructed along the northerly, westerly, and easterly
property lines and will be sized according to Alameda County stormwater technical guidance
dated May 2™ 2016.

The tota] site runoff will sheet flow to onsite curb and gutters and conveyed to the proposed
bioretention basins. Storm water will then be collected by the proposed onsite storm drain
system and conveyed to the existing 48-inch RCP. (See proposed hydrology map in this
report). The overall site discharge from this site will be the same as existing condition into
Arroyo Las Positas Creek.

HYDROLOGY AND HYDRAULIC ANALYSIS
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Chiek-fil-A Restaurant No. 3503
SWC of Livermore Ave, & {-380 Freeway
City of Livermore, Califomia

1.4 METHODOLOGY

For the purpose of this study, all drainage runoffs have been calculated based on a, 10 year
and 100 year storm event in accordance with the latest adopted Alameda County Zone 7
Standards. Storm drainage facilities are designed in conformance with the following
standards:

o The 10 year hydraulic grade-line of all closed conduit storm drainage systems shall be a
minimum of 1,25 feet below top of curb elevation at any manhole or inlet.

o The 10 year water surface shall be kept below the top of bank of all drainage swales and V-
ditches.

o The 100 —year water surface shall be I foot below new pad elevations of the fract.

o The design engineer shall map the street and overland flow routes within the subdivision for
the 100- year storm.

e The map shall identify 100-year water surface elevations within the subdivision.

o The 100 —year water surface in the swales shall be 1 foot below the pad elevations.

o Upstream hydraulic grades shall be no higher than the top of curb elevation at any manhole
or inlet.

1.4a RAINFALL

From Attachment-6 (Alameda County Flood Control and Water Conservation District), The
Mean Annual Precipitation for this project site is 14.8 inches. (See exhibit map in this report)
The rainfall intensities are calculated using MAP in the equation shown in the Rational
Method calculations.

14b  PEAK RUNOFF -RATIONAL METHOD

The total runoff from the site will be computed using the information given by the Alameda
County Hydrology and Hydraulics Manual for Zone 7. The design storm for this facility is
10-year and 100-year recurrence interval and shall be calculated using the Modified Rational
Formula which is:

Q=CiA

Where:

Q = design peak flow-rate (cfs).

C = Runoff coefficient for the drainage areca(Table 3-1).
i = The rainfall intensity (in/hr).

A = Drainage area in acres.

The rain fall intensity is calculated using the following equation from chapter 3 of the
Alameda County Hydrology and Hydraulic Manual (June 2003):
i=(0.33 +0.091144 * MAP) x (0.249 + 0.1006 * Ki) * Tc~056253

HYDROLOGY AND HYDRAULIC ANALYSIS
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Chick-fil-A Restaurant Mo, 3805
S5WC of Livernmore Ave, & 12530 Freeway
City of Livermore, California
i = The rainfall intensity (in/hr).
MAP = Mean Annual Precipitation ( Figure 3-2, inches)
Te¢ = Storm duration (hours)
Ki = Frequency factor (1.339 for 10-year, 3.211 for 100 —year)
Te = Time of concentration: The time of concentration is the time required for the runoff
from the most remote region of the watershed to reach the point of concentration at which the
flow is to be calculated. The following equation is used to calculate the time of
concentration.

= (o8 5+ _ (1000} _
Te=1L 1900V¥ and §= (CN) 10

Where :

Tc = Lag time (hrs).

L = Hydraulic length of the watershed (feet).

§ = Maximum retention in the watershed (inch).

Y = Watershed Slope in (ft./ft).

CN = SCS curve number for the watershed (From Table 3-1 , OSP (Open Space-Parks, Trail
Ways, etc.). CN = 79, and Service Commercial(SC), CN = 94 for Soil Type “C”.

(See attachment in this report)

HYDROLOGY AND HYDRAULIC ANALYSIS
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Chick-fil-A Restaurant No. 3805
SWO of Livermore Ave, & 1-380 Freeway
City of Livermore, California

1.5 SUMMARY AND CONCLUSION

1.5 SUMMARY
Below is the summary discharge data table from this site both in the existing and proposed
condition.
TOTAL SITE DISCHARGE
STORM EXISTING PROPOSED
EVENT CONDITION CONDITON
(YEAR) (cfs) (cfs)
10 0.66 410
100 1.60 2.84

Below is the summary of basin volume data table for DMA areas.

TOTAL BASIN VOLUME
DMA VOLUME VOLUME
REQUIRED PROVIDED
(CU-FT) (CU-FT)
1 2,679 3,036
2 167 401
HYDROLOGY AND HYDRAULIC ANALYSIS
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Chick-fil-A Restaurant No. 3805
SWC of Livermore Ave. & 1380 Frecway
City of Livermore, California

1.6 VICINITY MAP
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Chich-fil-A Restaurant No, 3805
SW{of Livermore Ave. & |-580 Freeway
City of Livermore, California

1.7 LOCATION MAP
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Chick-Gl-A Restavrani Mo, 3805
SW of Livermore Ave. & [-380 Freeway
City of Livermore, California

1.8 LATITUDE AND LONGITUDE OF THE SITE
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Chick-fil-A Restaurant No, 3805
SWC of Livermore Ave, & 1380 Preeway
City of Livermore. California

1.9 SOIL MAP (Figure 3-4)
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Chick-fil-A Restaurant Mo, 38405
SWC of Livermore Ave. & |-580 Freeway
Cily ol Livermore, Califoris

1.10 CREEK NETWORK MAP (Figure 3-1)
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Chick-fil-A Restaurant No. 3305
SW of Livermore Ave, & 1-380 Freeway
City of Livermore, Calilomia

1.11 ZONING MAP
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Chick-fi1-A Restawrant No. 3805
SWC of Livormore Ave, & 1380 Freoway
City of Livermore, California

1.12 MEAN ANNUAL PRECIPITATION MAP
(ATTACHMENT-6)
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Chick-l1l-A Restaurant No. 3805
SW ot Livermore Ave. & 1-580 Freeway
City of Livermore, Calilornia

1.13 LAND USE, SOIL CURVE NUMBER (CN),
PERCENT IMPERVIOUSNESS AND RUNOFF COEFFICIENTS
(Table 3-1)

HYDROLOGY AND HYDRAULIC ANALYSIS
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Table 3-1. Land Use, Soil Curve Number (CN), Percent Imperviousness, and Runoff

.
Coefficients
Runoit Hanoff
CH for Soil with CH for Soil with CH for Soil with Percent | Coefiicient,C Coefficient, C
Land Use Symbol Land Use Description Hydrologic Group B Hydrologic Group C Hydrologic Group D Impervious | (Soil Type B) (Al Other Soils)
RESIDENTIAL
RR Rural Residential €6 79 84 10 035 040
UL Urban Low Residential 70 -] 85 30 040 0.50
UL-~1 Urban Low Residential, 1.5 d.u.fac. 70 80 85 ab 0.40 0.50
uL-2 Urban Low Residential, 2 d.ufac. 70 80 85 a0 040 0.50
ULK Urban Low Medium Residenfial, 3.0 d.u.fac. 72 81 85 45 040 0.50
UM Urban Medium Residential, 4.5 duJac. 75 83 BT 60 050 0.60
UMH Urban Medium High Residential, 6.0 d.ufac. a0 87 a0 70 nse 0.60
UH Urban High Residential 85 a0 92 80 0.60 0.70
UH-1 Urban High Residenfial, 5-8 d.u/ac. 85 a0 92 80 0.60 D70
UH-2 Urban High Residential, 8-14 d_.ufac. 85 a0 92 80 0.60 070
UH-3 Urban High Residential, 14-18 d.u./ac. 18 81 83 80 .60 070
UH-4 Urban High Residenfial, 18-22 dufac. 8B §1 93 80 060 070
VDSF Vary Low Dansity Singla Family, 4 d.ufac. [E] 83 87 20 450 060
LOSF Low Density Single Family, 6. d.ufac. bili] a7 %0 45 0.50 0.80
HDV High Density Village, 18 d.ufac. 92 94 95 a0 Q.70 075
COMMERCIAL
CORC Cora Commercial a2 44 a5 a0 085 085
CSGC Community Serving General Cammercial 92 94 85 as 0.60 070
DC Dense Commarcial 92 894 85 an 0.85 0.95
HC Highway Commercial 92 94 85 an 0.85 0.95
NC Neighhornood Commercial a2 94 95 85 060 070
Office Commergia 92 4 95 90 0.85 095
arvice Commercia 92 4 35 85 085 085
Support Commercial 92 4 95 a5 0.85 0.9s
See Dawntown Urban Design Plan £8 g1 93 85 060 0.70
(OPEN SPACE
AGYT Agriculture / Viticulture, 1-5 duf100ac. €9 78 B4 S5 020 0.30
GNAG General Agriculture, 100 ac. Min. Site 7 85 89 5 0.20 0.30
Hillside Canservalian 69 79 B4 20 020 030
Limite 7 85 89 5 020 030
ga Parc 17 85 89 3 0.20 0,30
Parks, Trail Ways £9 I8 84 20 1 020
Range and Grassland, 100 ac. Min. Site 69 79 84 30 .20 0.30
Resource Management €9 79 g4 30 0.20 0.30
S&G Sand and Gravel Resources 22 87 89 20 020 0.30
VIT Viliculiure, 100 ac. Min. Site €9 79 84 10 020 0.30
WML Water Management Lands 75 75 75 10 020 030
DATE
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Chicl-fil-A Restaurani No, 3805
SWC of Livermore Ave, & [-380 Freeway
City of Livermore, California

2.0 HYDROLOGY ANALYSIS
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Chich-fit-A Restaurant Mo, 3805
SWC of Livermore Ave, & 1-580 Freeway
Crey of Livermeore, Califoria

2.1 10 YEAR HYDROLOGY ANALYSIS
(EXISTING CONDITION)

HYDROLOGY AND HYDRAULIC ANALYSIS
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Cliek-fil-A Restaurant No, 3805
SWC ol Livermore Ave. & 12580 Freoway
City of Livermore, Califoniia

Pre-Development Condition

Sub-area Node 100 to Node 103
(Subarea A-1)

Since the northerly subarea sheet flows over the descending slope the upstream
and downstream projection of the two remote points at the flow line of the creek was
used to calculate the “Y” (ft/ft).

439.8-436.3
622

A =0.50 acres, L =622 ft. (flow line of Creek) Y =
C = 0.25 (Per table 3-1)

= 0.0056 (ft/ft)

0.7
Te = o8 S and S = (@9) —10

1900VY €N
Where :
Tc = Lag time (hrs).
L = Hydraulic length of the watershed (feet).
S = Maximum retention in the watershed (inch).
Y = Watershed Slope in (ft./1t).
CN = SCS curve number for the watershed (From Table 3-1, OSP (Open Space-Parks, Trail
Ways, ete.). CN = 79, and Service Commercial(SC), CN = 94 for Soil Type “C”.

1000
- (W) ~10 = 2.6582
T, = 62208 EELVY 59956 r €

1900W
1=(0.33+0.091144 * MAP) x (0.249 + 0.1006 *Ki) * T¢—056253

i = The rainfall intensity (in/hr).

MAP = Mean Annual Precipitation ( Figure 3-2, inches) = 14.8
Tec = Storm duration (hours)

Ki = Frequency factor (1.339 for 10-year, 3.211 for 100 —year)

l10= (0.33 + 0.091144) * 14.8) * (0.249 + 0.1006) * 1.339) * (2.9956) %%
I1o= 1.5740 in/hr. &

Q=CiA

Where:

Q = design peak flow-rate (cfs).

C = Runoff coefficient for the drainage area (Table 3-1),
i = The rainfall intensity (in/hr).

A = Drainage area in acres.

Q10 =0.25 x 1.5740 x 0.50 = 0.20 cfs. €
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Chick-TiA Restaurant MNo. 3805
SWC of Livermore Ave. & 1-380 Presway
City of Livermore, Celilornia

Sub-area Node 101 to Node 102
(Subarea A-2)

460.4—455.2
593

A =0.88 acres L=593ft. Open Space Y =
C = 0.25 (Per table 3-1)

= 0.0088 (ft/ft)

Tc = 108 % and = () -10

Where :

Tc = Lag time (hrs).

L = Hydraulic length of the watershed (feet).

§ = Maximum retention in the watershed (inch).

Y = Watershed Slope in (ft./{t).

CN = SCS curve number for the watershed (From Table 3-1 , OSP (Open Space-Parks, Trail
Ways, etc.). CN = 79, and Service Commercial(SC), CN = 94 for Soil Type “C”,

1000
S= (—7§--) — 10 = 2.658
_ og (2.658+1)%7
T, = 593 Tevovocoas 2.300 hr €

i=(0.33 +0.091144 Y* (MAP) * (0.249 + 0.1006) * (Ki) * (Tc) 06253

1 = The rainfall intensity (in/hr).

MAP = Mean Annual Precipitation { Figure 3-2, inches) = 14.8
Tc = Storm duration (hours)

Ki = Frequency factor (1.339 for 10-year, 3.211 for 100 —year)

l10= (0.33 + 0.091144) * (14.8) * (0.249 + 0.1008) * (1.339) * (2.300) 0%
l10= 1.8262 in/hr. €

Q=CiA

Where:

Q = design peak flow-rate (cfS).

C = Runoff coefficient for the drainage area(Table 3-1),
i = The rainfall intensity (in/hr).

A = Drainage area in acres.

Qq = 0.25 x 1.8262 x 0.88 = 0.40 cfs. €&

HYDROLOGY AND HYDRAULIC ANALYSIS
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Chich-il-A Restavrant No. 3300
SWC of Livermore Ave, & =580 Freeway
City of Livennore, Califomia

Sub-area Node 100 to Node 103
(Subarea A-1 & Subarea A-2)

A =1.38 acres L=7566f  Open Space Y = ﬂ—'i;gﬂ = 0.0046 (ft/ft)
C = 0.25 (Per table 3-1)

e e 708 S0 _ {1000y
fe=1v 1900VY and §= (CN) 10

Where :

Tc¢ = Lag time (hrs).

L = Hydraulic length of the watershed (feet).

S = Maximum retention in the watershed (inch).

Y = Watershed Slope in (ft./ft).

CN = SCS curve number for the watershed (From Table 3-1 , OSP (Open Space-Parks, Trail
Ways, etc.). CN = 79, and Service Commercial(SC), CN = 94 for Soil Type “C”.

S = (1000) 10 = 2.658
TN 79 o

g (2.658+1)°7

1900+/0.0046 = 3.86 hr €

T, = 756°

i = (033 +0.091144) * (MAP) * (0.249 + 0.1006) * (Ki) * (Tc)~0-56253

i = The rainfall intensity (in/hr).

MAP = Mean Annual Precipitation ( Figure 3-2, inches) = 14.8
Tc¢ = Storm duration (hours)

Ki = Frequency factor (1.339 for 10-year, 3.211 for 100 —year)

l10= (0.33 + 0.091144) x* (14.8) x (0.249 + 0.1006) * (1.339) * (3.86) 0025
l10= 1.3648 in/hr. €

Q=CiA

Where:

) = design peak flow-rate (cfs).

C = Runoff coefficient for the drainage area{Table 3-1),
i = The rainfall intensity (in/hr).

A = Drainage area in acres.

Qo = 0.25 x 1.3648 x 1.38 = 0.47cfs. €
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Chich-TE-A Restaurant No. 3805
SWC of Livermore Ave, & 12580 Freeway
City of Livermore, California

Sub-area Node 200 to Node 201
(Subarea A-3)

A =0.24 acres L=191ft. Open Space ¥ = ﬂ%—fj = 0.0110 (ft/ft)
C = 0.25 (Per table 3-1)

)0.7

= o8 Bt1 = (10003
Te=1 1900V¥ and §= (cm) 10

Where :

Tc = Lag time (hrs).

L = Hydraulic length of the watershed (feet).

S = Maximum retention in the watershed (inch).
Y = Watershed Slope in (ft./ft).

C'N = SCS curve number for the watershed (From Table 3-1 , OSP (Open Space-Parks, Trail
Ways, etc.). CN = 79, and Service Commercial(SC), CN =94 for Soil Type “C”.

1000
_ o8 (2.658+1D)%7
T. = 191 TV T 0.8313 Ar €<

i =(0.33 -+ 0.091144) * (MAP) * (0.249 + 0.1006) * (Ki) * (T'c) 56253

i = The rainfall intensity (in/hr).

MAP = Mean Annual Precipitation ( Figure 3-2, inches) = 14.8
Tc¢ = Storm duration (hours)

Ki = Frequency factor (1.339 for 10-year, 3.211 for 100 —year)

l10= (0.33 + 0.091144) * (14.8) * (0.249 + 0.1006) * (1.339) * (0.8313) %%
fm: 3.2372 infhr. €&

Q=CiA

Where:

Q = design peak flow-rate (cfSs).

C = Runoff coefficient for the drainage area(Table 3-1),
i = The rainfall intensity (in/hr).

A = Drainage area in actes.

Qi =0.25x3.2372x 0.24 = 0.19 cfs. €
Z(SUBAREA "A-1" + SUBAREA"A-2" + SUBARE "A-3") =047 + 0.19 = 0.66

Total Q4 for project site = 0.66 cfs. €
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Chick-fil-A Restaurant Mo. 3805
5% of Livermore Ave, & [-380 Freesway
City of Livermaore, California

2.2 100 YEAR HYDROLOGY ANALYSIS

(EXISTING CONDITION)
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Chick-fil-A Restaurant Mo. 3805
SW of Livermore Ave. & 1-380 Freeway
City of Livermore, California

Pre-development Condition

Sub-area Node 100 to Node 103
(Subarea A-1)

Since the northerly subarea sheet flows over the descending slope the upstream
and downstream projection of the two remote points at the flow line of the creek was
used to calculate the “Y” (ft/ft).

A =050 acres, L =622 ft. (flow line of Creek) Y = -‘3’-33%;;*—-363 = 0.0056 (ft/ft)
C = 0.25 (Per table 3-1)

o o8 B+1%7 = (10003
Te=L 1900V and §= (CN) 10

Where :

Tc = Lag time (hrs).

L = Hydraulic length of the watershed (feet).

S = Maximum retention in the watershed (inch).

Y = Watershed Slope in (ft./ft).

CN = SCS curve number for the watershed (From Table 3-1, OSP (Open Space-Parks, Trail
Ways, etc.). CN =79, and Service Commercial(SC), CN = 94 for Soil Type i O

1000
B (W’) ~ 10 = 2.6582
= 0.g (2.6582+1)%7 :
T, = 622 L = 5 9956 hr @

i = (0.33 +0.001144 * MAP) x (0.249 + 0.1006 *Ki) * T¢ 056253

i = The rainfall intensity (in/hr).

MAP = Mean Annual Precipitation ( Figure 3-2, inches) = 14.8
Tec = Storm duration (hours)

Ki = Frequency factor (1.339 for 10-year, 3.211 for 100 —year)

lo0= (0.33 + 0.091144) * 14.8) * (0.249 + 0.10086) * 3.211) * (2.9956) %2
Imo: 3.7749 infhr. €

Q=CiA

Where:

Q = design peak flow-rate (cfs).

C = Runoff coefficient for the drainage area (Table 3-1),
i = The rainfall intensity (in/hr).

A = Drainage area in acres.

Qoo = 0.25 x 3.7749 x 0.50 = 0.47 cfs. €
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Chick-ri-A Restavrant No. 3805
SWC of Livermore Ave, & 1-580 Freeway
City of Livermore, California

Sub-area Node 101 to Node 102

460.4—455.2

A =0.88 acres L=593ft. OpenSpace VY = —

C = 0.25 (Per table 3-1)

= 0.0088 (ft/ft)

0.7
Tc = 198 810 and S= (1392) - 10
CN

1900VY

Where :

Te = Lag time (hrs).

L = Hydraulic length of the watershed (feet).

S = Maximum retention in the watershed (inch).

Y = Watershed Slope in (ft./1t).

CN = SCS curve number for the watershed (From Table 3-1 , OSP (Open Space-Parks, Trail
Ways, etc.). CN = 79, and Service Commercial(SC), CN = 94 for Soil Type “C”.

1000
T, = 59308 28D 5 300 pr €

1900+/0.0088

i=(0.33 +0.091144 )* (MAP) * (0.249 + 0.1006) * (Ki) * (Tc) 056253

i = The rainfall intensity (in/hr).

MAP = Mean Annual Precipitation ( Figure 3-2, inches) = 14.8
Te¢ = Storm duration (hours)

Ki = Frequency factor (1.339 for 10-year, 3.211 for 100 —year)

I00= (0.33 + 0.091144) * (14.8) * (0.249 + 0.1006) * (3.211) * (2.300) %%
f1oo= 4 4564 infhr. €

Q=CiA

Where:

Q = design peak flow-rate (cfs).

C = Runoff coefficient for the drainage area(Table 3-1),
i = The rainfall intensity (in/hr).

A = Drainage area in acres.

Q100 = 0.25 x 4.4564 x 0.88 = 0.98 cfs. €&
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A

Chick-1it-A Restaurant No. 3805
SWC of Livermore Ave, & 1-380 Freeway

Ctiv of Livermore, California

Sub-area Node 100 to Node 103
(Subarea A-1 & Subarea A-2)

A = 1.38 acres L=756ft Open Space ¥ = 22222 = 0.0046 (fi/ft)
C = 0.25 (Per table 3-1)

Tc = 198 %}f}% and  s= () -10

Where :

Tc = Lag time (hrs).

I. = Hydraulic length of the watershed (feet).

S = Maximum retention in the watershed (inch).

Y = Watershed Slope in (ft./ft).

CN = SCS curve number for the watershed (From Table 3-1 , OSP (Open Space-Parks, Trail
Ways, etc.). CN = 79, and Service Commercial(SC), CN =94 for Soil Type “C”.

S = (1000) 10 = 2.658
~ 479 -

T. = 75608 (2.658+1)%7
L=

1900v/0.0045 =386 hr €

i = (0.33 +0.091144) * (MAP) * (0.249 + 0.1006) * (Ki) * (Tc) 056253

i = The rainfall intensity (in/hr).

MAP = Mean Annual Precipitation { Figure 3-2, inches) = 14.8
Tc = Storm duration (hours)

Ki = Frequency factor (1.339 for 10-year, 3.211 for 100 —year)

f100= (0.33 + 0.091144) x* (14.8) x (0.249 + 0.1006) * (3.211) * (3.86) *****
l100= 3.2732 in/hr. €

Q=CiA

Where:

Q = design peak flow-rate (cfs).

C = Runoff coefficient for the drainage area(Table 3-1),
i = The rainfall intensity (in/hr).

A = Drainage arca in acres.

Qoo = 0.25 x 3.2732x 1.38 = 1.13 cfs. €&
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Chick-Nil-A Restaweant No. 3805
SWC of Livermore Ave, & 1-580 Freeway
City of Livermore, California

Sub-area Node 200 to Node 201
(Subarea A-3)

460.0—-457.9

A =0.24 acres L=191ft. OpenSpace Y = 1

C = 0.25 (Per table 3-1)

= 0.0110 (ft/ft)

Te = 108 —(fg—:fa’% and  s=(37)-10

Where :

Tc = Lag time (hrs).

L = Hydraulic length of the watershed (feet).

S = Maximum retention in the watershed (inch).

Y = Watershed Slope in (ft./ft).

CN = SCS curve number for the watershed (From Table 3-1 , OSP (Open Space-Parks, Trail
Ways, etc.). CN = 79, and Service Commercial(SC), CN =94 for Soil Type “C”.

1000
= (—59—") —_ 10 = 2658
T = 19108 @Y _ g g313 €

1900+/0.0110

i = (0.33 +0.091144) * (MAP) * (0.249 + 0.1006) * (Ki) * (T'c) 056253

i = The rainfall intensity (in/hr).

MAP = Mean Annual Precipitation ( Figure 3-2, inches) = 14.8
Tc = Storm duration (hours)

Ki = Frequency factor (1.339 for 10-year, 3.211 for 100 —year)

I100= (0.33 + 0.001144) * (14.8) * (0.249 + 0.1006) * (3.211) * (0.8313) %2
f1oo= 7.7634 in/hr. €

Q=CiA

Where:

Q = design peak flow-rate (cfs).

C = Runoff coefficient for the drainage area(Table 3-1),
i = The rainfall intensity (in/hr).

A = Drainage area in acres.

Qioo = 0.25 x 7.7634 x 0.24 = 0.47 cfs. €
z(SUBAREA "A-1" + SUBAREA"A-2" + SUBARE "A-3") = 1.14 + 0.47 = 1.67

Total Qqqo for project site = 1.61 cfs. €
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Chick-fil-A Restaurant No, 3805
SWC ol Livermore Ave. & 1-380 Freeway
City of Tivermore, California

2.3 10 YEAR HYDROLOGY ANALYSIS

(PROPOSED CONDITION)

HYDROLOGY AND HYDRAULIC ANALYSIS
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Chick-lil-A Hestaviani No. 3803
SWO of Livermore Ave. & 1-580 Freeway
City of Livermore, California

Post-development Condition

Sub-area Node 100 to Node 101
(Subarea A-1) — curb opening to easterly basin

A=051acres, L=400ft v = 22222 00088 (ft/ft)

Where :

Tc = Lag time (hrs).

L = Hydraulic length of the watershed (feet).

S = Maximum retention in the watershed (inch).

Y = Watershed Slope in (ft./ft).

CN = SCS curve number for the watershed (From Table 3-1, Service Commercial(SC), CN
= 94 for Soil Type “C”.

§ = (3-2-;‘?) — 10 = 0.6383

_ 0.8 (0.6383+1)0‘7 _
T, = 4000 LR — 0.9566 hr €

i=(0.33 +0.091144 * MAP) x (0.249 + 0.1006 *Ki) * T¢~ 056253
i = The rainfall intensity (in/hr).

MAP = Mean Annual Precipitation ( Figure 3-2, inches) = 14.8
Tc = Storm duration (hours)

Ki = Frequency factor (1.339 for 10-year, 3.211 for 100 —year)

l10 = (0.33 + 0.091144) * 14.8) * (0.249 + 0.1008) * (1.339) * (0.9566) *°**°
]10 =2.9914 inthr. €

Q=CiA

Where:

Q = design peak flow-rate (cfs).

C = Runoff coefficient for the drainage area (Table 3-1),

C=0.95 (for SC), 0.25 (for OSP) soil type “C”

Weighted C = (0.25) (0.0104 Ac) + (0.95) (0.4996 Ac)/ 0.51 Ac=0.94
i = The rainfall intensity (in/hr).

A = Drainage area in acres.

Qq0 = 0.94x 2.9914 x 0.51 = 1.43cfs. €
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Chick-3-A Restaurant No. 3800
SWO of Livermore Ave, & [-380 Freeway
City of Livermore, Calitornia
Sub-area Node 102 to Node 103
(Subarea A-3) — southeriy curb opening to westerly basin.

A=012acres, L=1271t Y= 27220 =0.0079 (fUft)

0.7
Te = 108 $1V and = (o) 10

1900v¥ N
Where @
Te = Lag time (hrs).
L = Hydraulic length of the watershed (feet).
S = Maximum retention in the watershed (inch).
Y = Watershed Slope in (ft./ft).
CN = SCS curve number for the watershed (From Table 3-1, Service Commercial(SC), CN
= 94 for Soil Type “C”.

S = (3-22—“) — 10 = 0.6383

_ 0.g (0.6383+1)%7
T. = 127 1900430075 0.4032 hr €

i = (033 +0.091144 * MAP) x (0.249 + 0.1006 *Ki) * T¢~0-562%3
i = The rainfall intensity {(in/hr).

MAP = Mean Annual Precipitation ( Figure 3-2, inches) = 14.8
Tc = Storm duration (hours)

Ki = Frequency factor (1,339 for 10-year, 3.211 for 100 —year)

l,0 = (0.33 + 0.091144) * 14.8) * (0.249 + 0.1006) * (1.339) * (0.4032) %02
lio = 4.8633 infhr. €

Q=CiA

Where:

Q = design peak flow-rate (cf5s).

C = Runoff coefficient for the drainage area (Table 3-1),

C=0.95 (for SC), 0.25 (for OSP) soil type “C”

Weighted C = (0.25) (0.0204Ac) + (0.95) (0.0996 Ac)/0.12 Ac =0.83
i = The rainfall intensity (in/hr).

A = Drainage area in acres.

Q1o = 0.83 x 4.8633 x 0.12 = 0.48 cfs. €
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Chick-fil-A Restaurvant Mo, 3803
SWE of Livermore Ave, & 1580 Freeway
ity of Livermore, California
Sub-area Node 104 to Node 105
(Subarea A-4) - southerly curb opening to westerly basin.

A=055acres, L=483f v = 22428 00079 (f/ft)

483
1000

0.7
Te =18 %?ﬁ and S= (W) -10
Where :
Tc = Lag time (hrs).
L = Hydraulic length of the watershed (feet).
S = Maximum retention in the watershed (inch).
Y = Watershed Slope in (ft./{t).
CN = SCS curve number for the watershed (From Table 3-1 , Service Commercial(SC), CN
= 94 for Soil Type “C”.

5= (31;%) — 10 = 0.6383
T, = 48308 QO3 T 1740 py €

1900+/0.0079
i=(0.33 +0.091144 * MAP) x (0.249 + 0.1006 *Ki) * T¢~ 956253

i = The rainfall intensity (in/hr).

MAP = Mean Annual Precipitation ( Figure 3-2, inches) = 14.8
Te = Storm duration (hours)

Ki = Frequency factor (1.339 for 10-year, 3.211 for 100 —year)

l1o = (0.33 + 0.091144) * 14.8) * (0.249 + 0.1006) * (1.339) * (1.1740) %2
f1o = 2.6659 in/hr. €

Q=CiA

Where:

Q = design peak flow-rate (cfs).

C = Runoff coefficient for the drainage area (Table 3-1),

C= 0.95 (for SC), 0.25 (for OSP) soil type “C”

Weighted C = (0.25) (0.0434Ac) + (0.95) (0.5066 Ac)/0.55 Ac =0.89
i = The rainfall intensity (in‘hr).

A = Drainage area in acres.

Q0 = 0.89 x 2.6659 x 0.55 = 1.30 cfs. €
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Chick-Ni-A Restaurant No. 3805
SWC of Livermore Ave. & 12380 Freeway
City of Liverinore, California
Sub-area Node 104 to Node 106
{(Subarea A-1 thru A-5) Total tributary area to Basin # 1 (DMA-1).

A=1.49acres, L=483ft Y= iﬁﬂi‘;‘;“ﬂ = 0.0101 (ft/ft)
o rog Sr0%7 __ {1000
e = Loam and = —a‘)—lo

Where :

Tc = Lag time (hrs).

L = Hydraulic length of the watershed (feet).

S = Maximum retention in the watershed (inch).

Y = Watershed Slope in (ft./ft).

CN = SCS curve number for the watershed (From Table 3-1, Service Commercial(SC), CN
= 94 for Soil Type “C”.

S = (ig_zﬂ) — 10 = 0.6383
T, = 53508 QO3 _ g 1968 hr €

1900+/0.0101
i=(0.33 +0.091144 * MAP) x (0.249 + 0.1006 *Ki) * T¢~056253

i = The rainfall intensity (in/hr).

MAP = Mean Annual Precipitation ( Figure 3-2, inches) = 14.8
Te = Storm duration (hours)

Ki = Frequency factor (1.339 for 10-year, 3.211 for 100 —year)

I1o = (0.33 + 0.091144) * 14.8) * (0.249 + 0.1006) * (1.339) * (1.1268) 92
lig =2.7281 in/hr. €

Q=CiA

Where:

Q = design peak flow-rate (cfs).

C = Runoff coefficient for the drainage area (Table 3-1),

C=0.95 (for SC) , 0.25 (for OSP) soil type “C”

Weighted C = (0.25) (0.2469Ac¢) + (0.95) (1.2431 Ac)/ 1.49 Ac=0.83
i = The rainfall intensity (in/hr).

A = Drainage area in acres.

Q10 =0.83 x 2.7281 x 1.49 = 3.37cfs. €&
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Chick-fil-A Restaurant Mo, 3805
SW of Livermore Ave. & 1-380 Freeway
City of Livermore, Califomia
Sub-area Node 107 to Node 108
(Subarea A-6) — Driveway entrance

A=0022acres, L=371# v= 222298200162 (ftft)
_ yog (S+0%7 _ £1000
Te=12 1900¥ and §= (Tﬁm) - 10

Where:

Tc = Lag time (hrs.).

L = Hydraulic length of the watershed (feet).

S = Maximum retention in the watershed (inch).

Y = Watershed Slope in (ft. /ft.).

CN = SCS curve number for the watershed (From Tabie 3-1, Service Commercial (SC), CN
= 94 for Soil Type “C”.

S = (igg-‘-’-) — 10 = 0.6383

0. (0.6383+1)77
T. = 37 N 0.1050 hr €

i=(0.33 +0.091144 * MAP) x (0.249 + 0.1006 *Ki) * T 056253
i = the rainfall intensity (in/hr.).

MAP = Mean Annual Precipitation (Figure 3-2, inches) = 14.8

Tc = Storm duration (hours)

Ki = Frequency factor (1.339 for 10-year, 3.211 for 100 —year)

I1o = (0.33 + 0.091144) * 14.8) * (0.249 + 0.1006) * (1.339) * (0.1050) “*%%2%
l10 = 10.3667 in/hr. €

Q=CiA

Where:

Q = design peak flow-rate {cfs).

C = Runoff coefficient for the drainage area (Table 3-1),
C=0.95 (for SC), 0.25 (for OSP) soil type “C”

i = The rainfall intensity (in/hr.).

A = Drainage atea in acres.

Q4o = 0.95 x 10.3667 x 0.022 = 0.22 cfs. €&
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SWC ot b

Sub-area Node 109 to Node 110
(Subarea A-7)

A=0.104 acres, L=791t ¥ = ‘-”E‘-}:—“SG?’- = 0.0494 (ft/ft)

0.7
Te = 108 S and S = (@) ~10

1900vY CN
Where :
Te¢ = Lag time (hrs.).
L = Hydraulic length of the watershed (feet).

S = Maximum retention in the watershed (inch).
Y = Watershed Slope in (ft./ft.).

Chieh-fil-A Reslaurant No. 33035
Avermore Ave, & 1-580 Freeway
City of Livermore, California

CN = SCS curve number for the watershed (From Table 3-1 , Service Commercial(SC), CN

= 94 for Soil Type “C”.
5= (32%) - 10 = 0.6383
94 o
T, = 7908 Q& _ 1103 b €

1900+0.0494

i=(0.33+0.091144 * MAP) x (0.249 + 0.1006 *Ki) * T ¢—0-56253

i = The rainfall intensity (in/hr.).

MAP = Mean Annual Precipitation ( Figure 3-2, inches) = 14.8
Te = Storm duration (hours)

Ki = Frequency factor (1.339 for 10-year, 3.211 for 100 —year)

10 = (0.33 + 0.091144) * 14.8) * (0.249 + 0.1006) * (1.339) * (0.1103) %%

l10 = 10.0834 infhr. €

Q=CiA

Where:

Q = design peak flow-rate (cfs.).

C = Runoff coefficient for the drainage area (Table 3-1),
C=0.95 (for SC), 0.25 (for OSP) soil type “C”

Weighted C = (0.25) (0.0698A¢) + (0.95) (0.0354 Ac)/ 0.104 Ac = 0.49

i = The rainfall intensity (in/hr.).
A = Drainage area in acres.

Qi = 0.49 x 10.0834x 0.104 = 0.51 cfs. €

Z(SUBAREAS "A-1" through "A - 7"

Total Qg for project site = 4.1 cfs. €

HYDROLOGY AND HYDRAULIC ANALYSIS
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2.4

Chick-NiEA Restaurant Mo, 3803
SWC of Livermore Ave, & [-580 Freeway
City of Livermore, California

100 YEAR HYDROLOGY ANALYSIS

(PROPOSED CONDITION)

HYDROLOGY AND HYDRAULIC ANALYSIS
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Chiok-Hi-A Restawrant No. 3803
SWof Livermore Ave, & [-380 Freeway
City of Livermore, California

Sub-area Node 100 to Node 101
(Subarea A-1) — curb opening to easterly basin

A=051acres, L=400ft v = 222222 _ 0088 (ft/ft)
_ yo8 G+ {1000
Te= 108 S0 and  s={(*2%)-10

Where :

Te = Lag time (hrs).

1. = Hydraulic length of the watershed (feet).

S = Maximum retention in the watershed (inch).

Y = Watershed Slope in (ft./ft).

CN = SCS curve number for the watershed (From Table 3-1 , Service Commercial(SC), CN
= 94 for Soil Type “C”.

1000

S = (7) ~10 = 0.6383

_ 0.8 (0.6383+1)%7
T. = 400 o0 0058 0.9566 hr €

i=(0.33 +0.091144 * MAP) x (0.249 + 0.1006 *Ki) * Tc~0-55253
i = The rainfall intensity (in/hr).

MAP = Mean Annual Precipitation ( Figure 3-2, inches) = 14.8
Te = Storm duration (hours)

Ki = Frequency factor (1.339 for 10-year, 3.211 for 100 —year)

100 = (0.33 + 0.091144) * 14.8) * (0.249 + 0.1006) * (3.211) * (0.9566) **°%*°
lmo: 7.1739 infhr. €

Q=CiA

Where:

Q = design peak flow-rate (cfs).

C = Runoff coefficient for the drainage area (Table 3-1),

C= 0.95 (for SC), 0.25 (for OSP) soil type “C”

Weighted C = (0.25) (0.0104 Ac) + (0.95) (0.4996 Ac) / 0.51 Ac=10.94
i = The rainfall intensity (in/hr).

A = Drainage area in actes.

Qo0 = 0.94x 7.1739 x 0.51 = 3.44 cfs. €&

HYDROLOGY AND HYDRAULIC ANALYSIS
P CFAT6005\ReportsiHydrology'01-3805-16005-H and H REPORT.doox - 36 -



Chick-fil-A Restaurant Mo, 3803
SW of Livermore Ave, & 1580 Frecway
City of Livermore. California
Sub-area Node 102 to Node 103
(Subarea A-3) - southerly curb opening to westerly basin.

A=012acres, L=1271t v =2 T2202—0.0079 (ft)

0.7
Te = 108 & and S = (ﬂ) —~10

1900V¥ CN
Where :
Tc = Lag time (hrs).
L = Hydraulic length of the watershed (feet).
S = Maximum retention in the watershed (inch).
Y = Watershed Slope in (ft./f1).
CN = SCS curve number for the watershed (From Table 3-1, Service Commercial(SC), CN
= 94 for Soil Type “C”.

5= (52) - 10 = 0.6383
T, = 12708 Q&80 4 4032 hr €

1900+/0.0079
i=(0.33 +0.091144 * MAP) x (0.249 + 0.1006 *Ki) * T 056253

i = The rainfall intensity (in/hr).

MAP = Mean Annual Precipitation ( Figure 3-2, inches) = 14.8
Tec = Storm duration (hours)

Ki = Frequency factor (1.339 for 10-year, 3.211 for 100 —year)

I100 = (0.33 + 0.091144) * 14.8) * (0.249 + 0.1006) * (3.211) * (0.4032) %23
l100 = 11.6633 infhr. €

Q=CiA

Where:

Q = design peak flow-rate (cfs).

C = Runoff coefficient for the drainage area (Table 3-1),

C=0.95 (for SC), 0.25 (for OSP) soil type “C”

Weighted C = (0.25) (0.0204Ac) + (0.95) (0.0996 Ac)/0.12 Ac=10.83
i = The rainfall intensity (in/hr).

A = Drainage area in acres.

Q00 = 0.83 x 11.6633 x 0.12 = 1.16 cfs. €

HYDROLOGY AND HYDRAULIC ANALYSIS
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Chick-fl-A Restaurant No. 3805
SWC of Livermore Ave. & 1-380 Frecway
City of Livermore. California
Sub-area Node 104 to Node 105
(Subarea A-4) - southerly curb opening to westerly basin.

A=055acres, L=483f ¥= "2""200=0.0079 (ft/ft)

0.7
Tc = 108 SV~ and S = -10—00) —~ 10
CN

1900vY
Where :
Tc¢ = Lag time (hrs).
L = Hydraulic length of the watershed (feet).
S = Maximum retention in the watershed (inch).
Y = Watershed Slope in (ft./{t).
CN = SCS curve number for the watershed (From Table 3-1 , Service Commercial(SC), CN
= 94 for Soil Type “C”.

5= (22%) - 10 = 0.6383
T, = 48308 L8N g 1740 hr €

1900+/0.0079
i=(0.33+0.091144 * MAP) x (0.249 + 0.1006 *Ki) * T 056253

i = The rainfall intensity (in/hr).

MAP = Mean Annual Precipitation { Figure 3-2, inches) = 14.8
Te = Storm duration (hours)

Ki = Frequency factor (1.339 for 10-year, 3.211 for 100 ~year)

l00 = (0.33 + 0.091144) * 14.8) * (0.249 + 0.1006) * (3.211) * (1.1740) %%
too =6.3933 infhr. €

Q=CiA

Where:

Q = design peak flow-rate (cf5).

C = Runoff coefficient for the drainage area (Table 3-1),

C=0.95 (for SC), 0.25 (for OSP) soil type “C”

Weighted C = (0.25) (0.0434Ac) + (0.95) (0.5066 Ac) / 0.55 Ac = 0.89
i = The rainfall intensity (in/hr).

A = Drainage area in acres.

Q00 = 0.89 x 6.3933 x 0.55 = 3.13 cfs. €

HYDROLOGY AND HYDRAULIC ANALYSIS
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Chick-Fi-A Restaurant No. 38035
SW of Livernore Ave. & 1380 Freeway
City of Livermore, California
Sub-area Node 104 to Node 106
(Subarea A-1 thru A-5) Total tributary area to Basin # 1 (DMA-1).

A=149 acres, L=4831t ¥ = iﬁ?z;—fi‘l = 0,0101 (ft/ft)

0.7
Te = 108 SO and S = 19@) ~10
N

1900vY
Where :
Tec = Lag time (hrs).
L. = Hydraulic length of the watershed (feet).
§ = Maximum retention in the watershed (inch).
Y = Watershed Slope in (ft./ft).
CN = SCS curve number for the watershed (From Table 3-1 , Service Commercial(SC), CN
= 04 for Soil Type “C”.

§= (iiﬂ) — 10 = 0.6383

_ 0. (0.6383+1)°%7
T. = 535 —_—woom = 1.1268 hr €

i=(0.33 +0.091144 * MAP) x (0.249 + 0.1006 *Ki) * T¢™0:56253
i = The rainfall intensity (in/hr).

MAP = Mean Annual Precipitation ( Figure 3-2, inches) = 14.8
Te¢ = Storm duration (houts)

Ki = Frequency factor (1.339 for 10-year, 3.211 for 100 —year)

l10p = (0.33 + 0.091144) * 14.8) * (0.249 + 0.1006) * (3.211) * (1.1268) %
{100 = 6.5426 infhr. €

Q=CiA

Where:

Q = design peak flow-rate (cfs).

C = Runoff coefficient for the drainage area (Table 3-1),

C=0.95 (for SC), 0.25 (for OSP) soil type “C”

Weighted C = (0.25) (0.2469Ac) + (0.95) (1.2431 Ac) / 1.49 Ac = 0.83
i = The rainfall intensity (in/hr).

A = Drainage area in acres.

Qo0 = 0.83 x 6.5426 x 1.49 = 8.09 cfs. €

HYDROLOGY AND HYDRAULIC ANALYSIS
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Chick-i-A Restaurant No. 3300
SW of Livermore Ave. & 12380 Freeway
City of Livermore, California
Sub-area Node 107 to Node 108
(Subarea A-6) - Driveway entrance

A=0022acres, L=37f Y= i‘-ﬁ‘“%i?f = 0.0162 (ft/ft)

0.7
Te = 108 &V and g = (ﬂ’f) ~10

1900vY CN
Where:
Tc¢ = Lag time (hrs.).
L = Hydraulic length of the watershed (feet).
S = Maximum retention in the watershed (inch).
Y = Watershed Slope in (ft. /1t.).
CN = SCS curve number for the watershed (From Table 3-1, Service Commercial (SC), CN
= 94 for Soil Type “C”.

5= (1£%) - 10 = 0.6383
T, = 3708 Q8B 4 1050 hr €

1900+/0.0162
i=(0.33+0.091 144 * MAP) x (0.249 + 0.1006 *Ki) * T¢—056253

i = the rainfall intensity (in/hr.).

MAP = Mean Annual Precipitation (Figure 3-2, inches) = 14.8
Te = Storm duration (hours)

Ki = Frequency factor (1.339 for 10-year, 3.211 for 100 —year)

l00 = (0.33 + 0.091144) * 14.8) * (0.249 + 0.1006) * (3.211) * (0.1050) %2
l100 = 24.8614in/hr. €

Q=CiA

Where:

Q = design peak flow-rate (cfs).

C = Runoff coefficient for the drainage area (Table 3-1),
C=0.95 (for SC), 0.25 (for OSP) soil type “C”

i = The rainfall intensity (in/hr.).

A = Drainage area in acres.

Qoo = 0.95 x 24.8614 x 0.022 = 0.52 cfs. €

HYDROLOGY AND HYDRAULIC ANALYSIS
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Chick-61-A Restaurant No, 3805
SWC of Livermore Ave, & 1-380 Fresway
City of Livermove, California

Sub-area Node 109 to Node 110

{Subarea A-7)
A=0.104 acres, L=79ft v = 222700 = (0494 (fu/ft)
Te = 108 (15;]133; and §= (}ECE,EB - 10

Where :

Tc = Lag time (hrs.).

L. = Hydraulic length of the watershed (feet).

S = Maximum retention in the watershed (inch).

Y = Watershed Slope in (ft./ft.).

CN = SCS cutve number for the watershed (From Table 3-1 , Service Commercial(SC), CN
=94 for Soil Type “C”.

S = (%}‘3) — 10 = 0.6383

. 0.8 (0.63834—1)0'7 .
T, = 7908 QOB _ 01103 hr €

i=(0.33 +0.091144 * MAP) x (0.249 + 0.1006 *Ki) * T¢ 056253
i = The rainfall intensity (in/hr.).

MATP = Mean Annual Precipitation ( Figure 3-2, inches) = 14.8
Tc = Storm duration (hours)

Ki = Frequency factor (1.339 for 10-year, 3.211 for 100 —year)

J100 = (0.33 + 0.091144) * 14.8) * (0.249 +0.1006) * (3.211) * (0.1103) %2
{100 = 24.1822 in/hr. €

Q=CiA

Where:

Q) = design peak flow-rate (cfs.).

C = Runoff coefficient for the drainage area (Table 3-1),

C=0.95 (for SC), 0.25 (for OSP) soil type “C”

Weighted C = (0.25) (0.0698Ac) + (0.95) (0.0354 Ac)/0.104 Ac =049
i = The rainfall intensity (in‘hr.).

A = Drainage area in acres.

Qo = 0.49 x 24.1822 x 0.104 = 1.23 cfs. €

Z(SUBAREAS "A-1" through "A — 7"

Total Qqo0 for project site = 9.84 cfs. €&

HYDROLOGY AND HYDRAULIC ANALYSIS
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Chick-fil-A Restaurant No. 3805
SWO of Livermore Ave. & 1-380 Freeway
Chiy of Livermore, Califormia

3.0 HYDRAULIC ANALYSIS

HYDROLOGY AND HYDRAULIC ANALYSIS
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Chick-fil-A Restaurant Mo, 3805
SWC of Livermore Ave, & [-580 Freeway
City of Livermore, California

3.1 STREET DEPTH OF FLOW CALCULATION FOR SIZING THE
CURB OPENONG AT NODE 101

*********-k-k-ic***‘k‘k***************************i:**-k**-k*-k******************#****
HYDRAULIC ELEMENTS - I PROGRAM PACKAGE
{C) Copyright 1982-2012 Advanced Engineering Scftware (aes)
Ver. 19.0 Release Date: 06/01/2012 License 1D 1537

Analysis prepared by:
Joseph €. Truxaw & Associates

265 8. Anita Dr., Ste. 111
Orange, Ch 92868

TIME/DATE OF STUDY: 09:5%0 04/05/2017

Problem Descriptions:

STREET DEPTH CALCCULATION FOR SIRING CURB OPENING
SWC OF LIVERMORE AVE. AND I-580, LIVERMORE, CA
PROPOSED Q100 STORM EVENT

-!r***k*********************-k*************************************************

>>>>STREETFLOW MODEL INPUT INFORMATION<<<<
CONSTANT STREET GRADE (FEET/FEET) = 0.004000
CONSTANT STREET FLOW(CES} = 3.44
AVERAGE STREETFLOW FRICTION FACTOR(MANNING) = 0.01i8000
CONSTANT SYMMETRICAT, STREET HALF-WIDTH(FEET) = 45.00
DISTANCE FROM CROWN TO CROSSFALL GRADEBREAK(FEET) = 43.00
INTERIOR STREET CROSSFALL (DECIMAL} = 0.017000
OUTSIDE STREET CRCSSFALL (DECIMAL) = 0.017000
CONSTANT SYMMETRICAL CURB HEEIGHT (FEET) = 0.50
CONSTANT SYMMETRICAL GUTTER-WIDTH{FEET) = 2,00
CONSTANT SYMMETRICAL GUITER-LIP(FEET}) = 0.03125
CONSTANT SYMMETRICAL GUTTER-HIKE(FEET) = 0.16700
FLOW ASSUMED TC FILI, STREET ON ONE SIDE, AND THEN SPLITS

STREET FLOW MODEL RESULTS:
STREET FLOW DEPTH(FEET) = 0.43 €
HALFSTREET FLOOD WIDTH(FEET) = 15.77
AVERAGE FLOW VELOCITY (FEET/SEC.} = 1.48
PRODUCT OF DEPTH&VELOCITY = 0.64

HYDROLOGY AND HYDRAULIC ANALYSIS
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Chick-TH-A Restamant No. 38050
SWO ol Livermore Ave, & 1-380 Irecway
City of Livermore, Calitoriia

3.2 CURB OPENING SIZE CALCULATION AT NODE 101

*k****************k*k-k***-k*uk*************************************************

HYDRAULIC ELEMENTS - I PROGRAM PACKAGE
(C} Copyright 1982-2012 Advanced Engineering Software {aes)
Ver. 19.0 Release Date: 06/01/2012 License ID 1537

Rnalysis prepared by:

Joseph C. Truxaw & Asscciates
265 3. Anita Pr., Ste. 111
COrange, CAR 92868

TIME/DATE OF STUDY: 09:59 04/05/2017

Problem Descriptions:

STREET DEPTH CALCCULATION FOR SIZING CURB OPENING
SWC OF LIVERMORE AVE., AND I-580, LIVERMORE, CA
PROPCSED Q100G STORM EVENT

***-}c*****************‘k*******-}r*******************‘k**************************

>>>>FLOWBY CATCH BASIN INLET CAPACITY INPUT INFORMATION<<<<

Ccurb Tnlet Capacities are approximated based on the Bureau of
Public Roads nomograph plots for flowby basins and sump basins.

STREETFLOW (CFS) = 3.44
GUTTER FLOWDEPTHE(FEET) = (.43
BASIN LOCAL DEPRESSION(FEET) = 0.10

FLOWBY BASIN ANALYSIS RESULTS:

BASIN WIDTH FLOW INTERCEPTION
1.25 0.68
1.50 0.80
2.00 1.04
2,50 1.27
3.00 1.49
3.50 1.68
4,00 1.87
4,50 2.05
5.00 2.22
5.50 2.38
6.00 2,53
6.50 2.67
7.00 2,719
7.50 2.89
8.00 2.92
§.50 3.07
9.00 3.14

HYDROLOGY AND HYDRAULIC ANALYSIS
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3.21
3.26
3.31
3.35
3.35
3.42
3.44 €&

Chick-IEA Restaurant No. 3805
SWO of Livermore Ave. & 1-580 Freeway
City of Livermore, California

12.47 TOTAL LENGTH OF CURB OPENING

MIN. 9 - 18" OPENINGS AT 78% CENTER TO CENTER OF THE OPENING

TOTAL LENGTH OF OPENINGS = 13.5

HYDROLOGY AND HYDRAULIC ANALYSIS
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Chick-l11-A Restaurani No. 3805
SWC ol Livermore Ave, & [-580 Freeway
City of Livermare, California

33 CURB OPENING SIZE CALCULATION AT NODE 103

**J(***'}r*‘k***‘k************’r**-k-k'k***'k7\'********-k**********************‘k********
HYDRAULIC ELEMENTS - I PROGRAM PACKAGE
(C) Copyright 1682-2012 Advanced Engineering Software {aes)
Ver. 19.0 Release Date: 06/01/2012 License ID 1537

Analysis prepared by:

Joseph C. Truxzaw & Associates
265 §. Bnita Dr., Ste. 111
Orange, CA 92868

TIME/DATE OF STUDY: 11:56 04/05/2017

Problem Descriptions:
CURE OPENING STZE CALCULATION AT NODE 103
SOUTHWEST OF I-580 FREEWAY AND LIVERMORE AVE.
100 STORM EVENT

**k****-k-k-k*********-k-k-k***-k*****-k***************************-}r*****#**********

>>>>8UMP TYPE BASIN INPUT INFORMATTION<<<<

Curb Inlet Capacities are approximated based on the Bureau of
Public Roads nomograph plots for fliowby basins and sump basins.

BASIN INFLOW(CFEFS) = 1.16
BASIN COPENING (FEET) = 0.60
DEPTH OF WATER (FEET) 0.50

>>>>CALCULATED ESTIMATED SUMP BASIN WIDTH(FEET} = 1.06 €

USE 2.0’ CURB OPENING AT NODE 103

HYDROLOGY AND HYDRAULIC ANALYSIS
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Chick-fil-A Restaurant No. 3805
SWC of Livermore Ave. & 580 Freeway
City ol Livermore, California

34 CURB OPENING SIZE CALCULATION AT NOD 103

*******k****************************:ﬁc**********-k-k-k**************************

HYDRAULIC ELEMENTS — I PROGRAM PACKAGE
(C} Copyright 1982-2012 Advanced Engineering Software (aes)
Ver. 15.0 Release Date: 06/01/2012 License ID 1537

Analysis prepared by:

Joseph C. Truxzaw & Associates
265 8. Anita Dr., Ste. 111
Orange, CA 92868

TIME/DATE OF STUDY: 11:58 04/05/2017

Problem Descriptions:
CURB OPENING SIZE CALCULATION AT NODE 105
SCQUTHWEST OF I-580 FREEWAY AND LIVERMORE AVE.
0100 STORM EVENT

***************-k-k-k***-k*k****-k*k************-k-ic*************************-k-k-k*-k*-k

>>>>SUMP TYPE BASIN INPUT INFORMATION<<<<

Curb Inlet Capacities are approximated based on the Bureau of
Public Roads nomograph plots for flowby basins and sump basins.

BASTN INFLOW{CFS} = 3.13

BASIN OPENING(FEET) = 0.60

DEPTH OF WATER{FEET) = 0.50

>»>>CALCULATED ESTIMATED SUMP BASIN WIDTH(FEET) = 2.87

USE 3.0° CURB OPENING AT NODF, 105

HYDROLOGY AND HYDRAULIC ANALYSIS
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Chick-1il-A Restaurant Mo, 3305
SWC ol Livermore Ave. & 580 Freeway
Cily of Livermore, California

3.5
DEPTIL OF PONDING OVER PROPOSED GRATED INLETS #1 AND #2 IN
BASIN 1

Q100 =C AV2Gh
A = Area of 36" by 36” opening = 50% opening = 9 /2 = 4.5 sg-ft.

Assumed 50% clogging factor =2 4.5/2 =225 sf.

A=225sf
G=322
C=067

h = depth of water over the grated inlet

Total Qico = 8.09 cfs 8.09/ 2 = 4.05 cfs per each grated inlet 1 and 2.

4.05=067 X225v2X322Xh

h =0.11 ft. € Depth of ponding over the each grated inlet .

HYDROLOGY AND HYDRAULIC ANALYSIS
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Chick-fil-A Restanrant No. 3805
SWC of Livenmore Ave, & 1380 Freeway
City ol Livermore, California

3.6
DEPTH OF PONDING OVER PROPOSED GRATED INLET # 3 AT NODE 108

Q100 = C A+V2Gh
A = Area of existing 24” by 24" opening 2 50% opening = 4 /2 = 2 sq-ft.

Assumed 50% clogging factor = 2/2 = 1.0 sf.

A=1.0sf
G=322
C =0.67

h = depth of water over the grated iniet

Qoo = 0.52 cfs

0.52=067X1.0v2X322Xh

h = 0.00094 ft. € Depth of ponding over the grated inlet .

HYDROLOGY AND HYDRAULIC ANALYSES
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Chick-fil-A Restavrant No, 3805
SWC of Livermore Ave. & 1530 Freeway
City of Livermore, Calilornia

3.7
DEPTH OF PONDING OVER PROPOSED GRATED INLET # 4 AT NODE 110

Q100 = C A+V2Gh
A = Area of existing 24” by 24" opening = 50% opening = 4 /2 = 2 sq-ft.

Assumed 50% clogging factor = 2/2 = 1.0 sf.

A=10sf
G=322
C=0.67

h = depth of water over the grated inlet

Qio0=1.23 cfs

123=067X1.0v2X322Xh

h = 0.052 ft. € Depth of ponding over the grated inlet .

HYDROLOGY AND HYDRAULIC ANALYSIS
P\ CEA1B005\ReportsiHydrotogy\31-3805-16005-H and H REPORT.doex - 50 -



Chick-THA Resiaurant No. 3805
SWC of Livermore Ave, & 580 Fresway
City of Livermore, California

3.8 BIOFILTRATION WITH UNDERDRAIN PIPE SIZE CALCULATION

REQUIRED STORAGE VOLUME
Required Storage Volumes were calculated using the Alameda County Clean Water Program
C3 Sizing Calculator for Volume and Flow Based. See attached worksheets for calculations.

DMA-1

Line 3-3, Required Capture Volume = 2,679 cu.ft.
Line 8-1, Final Surface Area of Treatment = 1,577 s.f.

DMA-2
Line 3-3, Required Capture Volume = 167 cu.ft.
Line 8-1, Final Surface Area of Treatment = 98 s.1.

PROVIDED STORAGE VOLUME
VOLUME CALCULATIONS

Ponding Volume above Basin
Volume = Surface Area x Ponding Depth
Volume in Engineered Soil
Volume = Surface Area x Soil Depth x Void Area
Volume in Gravel
Volume = Surface Area x Gravel Depth x Void Area
Total Volume = Ponding Volume + Engineered Soil Volume + Gravel Volume

DMA-1
Northerly Basin
AREA (s.f.) DEPTH (ft.) VOID (%) VOLUME
(cu.ft.)
PONDING 647 0.5 - 324
ENGR. SOIL 647 1.5 0.15 146
GRAVEL 647 1.17 0.35 265
Total Northerly Basin Volume Provided =324 + 146 + 265 = 735 cu.ft.
Westerly Basin
AREA (s.f.) DEPTH (ft.) VOID (%) VOLUME
(cu.ft.)
PONDING 2,033 0.5 - 1,017
ENGR. SOIL 2,033 1.5 0.15 451
GRAVEL 2,033 1.17 0.35 833

Total Westerly Basin Volume Provided = 1,017 + 451 + 833 = 2,301 cu.ft.

HYDROLOGY AND HYDRAULIC ANALYSIS
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Chick-T1-A Restaurant Mo, 3805

SWC of Livermore Ave, & =580 Freeway

City of Livermore, California

Total Volume Provided for DMA-1 = 735 + 2,301 = 3,036 cu.ft.

Total Surface Area Provided for DMA-1= 647 + 2,033 = 2,680 s.1.

DMA-2
AREA (s.f) DEPTH (ft.) VOID (%) VOLUME
(cu.ft.)
PONDING 401 0.5 - 201
ENGR. SOIL 401 1.5 0.15 90
GRAVEL 401 1.17 0.35 164

Total Basin Volume Provided =201 + 90 + 164 = 455 cu.ft.
Total Velume Provided for DMA-2 = 455 cu.ft.

Total Area Provided for DMA-2 = 401 s.f.

REQUIRED vs. PROVIDED

DMA-1
Volume: 3,036 cu.ft. (provided) > 2,679 cuw.ft. (required) OK
Area: 2,680 s.f. (provided) > 1,577 s.f. (required) OK
DMA-2
Volume: 455 cu.ft. (provided) > 167 cu.ft. (required) OK
Area: 401 s.f. (provided) > 98 s.f. (required) OK

HYDROLOGY AND HYDRAULIC ANALYSIS
P\ CFA16005\Reports\Hydroiogy\01-3805-16005-H and H REPORT.docx -52-




Worksheet for Calculating the Combination Flow and Volume Method

Instructions: After completing Section 1, make a copy of this Excel file for each Drainage Management Area within the project. Enter information specific to the project and DMA
in the cells shaded in yellow. Cells shaded in light biue contain formulas and values that will be autematically calculated.

Project am. 3 D ]Ck—Fi]-A N- 35 R [The calculations presented here are basad on the combination flow and volume hvraullc
12 Cit lication 1D sizing method provided in the Clean Water Program Alameda County C.3 Technical
B iy appilsabioniy - Guidance, Version 4.0, The steps presented below are explained in Chapter 5, Section 5.1
1-3 Site Address or APN: D4, 099-0100-051-01 & Portion of 099-100-003-05 of the guidance manual, applicable portlons of which are included in this file, in the tab
1-4 Tract or Parcel Map No: 6462 called "Guidance from Chapter 5".
1-5 Site Mean Annual Precip. (MAP)! 14.8 Inches
Refer to the Mean Annual Precipitation Map in Appendix D of the C.3 Technical Guidance to determine the MAP, in inches, for the site, Click here for map

1-6 Applicable Rain Gauge
Enter "Oaklund Alrport" if the site MAP is 16.4 inches or greater. Enter "San Jose" if the site MAP is less than 16.4 inches.

MAP ad;ustment factoris automaﬂcaﬂy calculated as:

Name of DMA:
For items 2-2 and 2-3, enter the areas in square feet for each type of surface within the DMA.

Type of Surface Area of surface tvatl)a within DMA (Sq. Adjf:ri;:‘:iaus Effectlu(:\ I;: :ervlous .
2-2 |Impervious surface 54,842 1.0
2-3 | Pervious service 10,062 0.1
Total DMA Area (square feet) = |_ 64,904

g.éi Square feet

24

Table 5-2; Unit Basin Storage Volumes (in inches) for 80 Percent Capture Using 48-Hour Drawdowns

Unit Basin Storage Volume (in) for Applicable Runoff Coefficients
Applicable Rain Gauge Mean Annual Precipitation (in) Coefficient of 1,00
Qakland Airport 18.35 0.67
San Jose 14.4 0.56
31 Unit basin storage volume from Table 5.2:

(The coefficient for this method is 1.00, due to the conversion of any landscaping to effective impervious area)

32 Adjusted unit basin storage volume:
(The unit basin storage volume is adjusted by applying the MAP adjustment factor.)

33 Required Capture Volume (in cubic feet):

(The adjusted unit basin sizing volume [inches] is multiplied by the size of the DMA and converted to feet)

4-1 Rainfall intensity 0.2 Inches per hour
Divide Item 3-2 by Item 4-1 : 38

4% of DMA impervious surface

5-2 Area 25% smaller than item 5-1
5.3 Volume of treated runoff for areain | A
Item 5-2 e e A . Cubic feet (Item 5-2 * 5 inches per hour * 1/12 * Item 4-2)

Subtract Iem 5-3 from ltem 3-3
6-2 Divide Item 6-1 by Item 5-2 1 . ( }‘ Feet (Depth of stored runoff in surface ponding area)

6-3 Convert Item 6-2 from ft to inches 3 X 8|Inches (Depth of stored runoff in surface ponding area)
6-4 If ponding depth in ltem 6-3 meets vour target depth skip to Item 8-1. If not, continue to Step 7-1,

Enter an area larger or smaller than

Item 5-2
7-2 Volume of treated runoff for area in N o

Item 7-1 L Cubic feet (item 7-1 * 5 inches per hour * 1/12 * ltem 4-2)
7-3 Subtract Item 7-2 from ltem 3-3 ' i 3 | Cubic feet (Amount of runoff to be stored in ponding area)
7-4 Divide Iltem 7-3 by Item 7-1 ; i :i Feet (Depth of stored runoff in surface pnndlng area)

Convert Item 7-4 from feet to inches

*Note: Check with the local jurisdiction as to its policy regarding the minimum biotreatment surface area allowed.



Worksheet for Calculating the Combination Flow and Volume Method

Instructions: After completing Section 1, make a copy of this Excel file for each Drainage Management Area within the project. Enter information specific to the project and DMA
in the cells shaded in yellow. Cells shaded in light biue contain formulas and values that will be automatically calculated.

1-1 Project Name: Chicl-Fil-A No. 3805 The calculations presented here are based on the combination flow and volume hydraulic
12 Ci lication 1D: sizing method provided in the Clean Water Program Alameda County C.3 Technical
i ty application 1D: Guidance, Version 4.0. The steps presented below are explained in Chapter 5, Section 5.1
1-3 Site Address or APN: D4, 099-0100-051-01 & Portion of 099-100-003-05 of the guidance manual, applicable portions of which are included in this file, in the tab
1-4 Tract or Parcel Map No: 6462 called "Guidance from Chapter 5",
1-5 Site Mean Annual Precip. (MAP)* 14.8 Inches
Refer to the Mean Annual Precipitation Map in Appendix D of the C.3 Technical Guidance to determine the MAP, in inches, for the site. Click here for map

1-6 Applicable Rain Gauge
Enter "Oakiand Airport” if the site MAP is 16.4 inches or greater. Enter "San Jose " if the site MAP is less than 16.4 inches.

MAP adjustment factor is automatically calculated as:

(The "Site Mean Annual Precipitation (MAFP)" is divided by the MAP for the applicable rain gauge, showm in Table 5. 2, be.'ow)

Name of DMA:

For items 2-2 and 2-3, enter the areas in square feet for each type of surface within the DMA.

Type of Surface Area of surface tylit)z within DMA (Sq. Ad]uss':rFf’;ecr\;iuus Eﬁectlv:[r::ervious
2-2 |Impervious surface 3,354 1.0
2-3 | Pervious service 1,176 0.1
Total DMA Area (square feet) = e : X, %‘L@_@ AW i
2-4 Total Eﬁectwe Jmperwous Area (EIA) | Square feet

\/olume in Inches

Table 5-2: Unit Basin Storage Volumes (in inches) fur 80 Percent Capture Using 48-Hour Drawdowns

Unit Basin Storage Volume (in) for Applicable Runoff Coefficients
Applicable Rain Gauge Mean Annual Precipitation (in) Coefficient of 1.00
OQakland Airport 18.35 0.67
San Jose 14.4 0.56

[Inches

31 Unit basin storage volume from Table 5.2: |
(The coefficient for this method is 1.00, due to the conversion of any landscaping to effective impervious area)

3-2 Adjusted unit basin storage volume: Inches

(The unit basin storage volume is adjusted by applying the MAP adjustment factor.)

33 Required Capture Volume (in cubic feet): Cubic feet

(The adjusted unit bosin sizing velume [inches] is multiplied by the size of the DMA and converted to feet) -

8 te ration of the Rain Event
4-1 Rainfall intensity U 2 Inches per hour
4-2 Divide Item 3-2 by Item 4-1 i 88

Square feet
Square feet

4% af DMA impervious surface

5-2 Area 25% smaller than item 5-1
5.3 Volume of treated runoff for area in
Cubic feet (Iltem 5-2 * 5 inches per hour * 1/12 * Item 4-2)

Subtract Item 53 from Item 3 -3
6-2 Divide Item 6-1 by Item 5-2 -
6-3 Convert Item 6-2 from ft to inches S ~ 4,8|Inches (Depth of stored runoff in surface ponding area)
6-4 If ponding depth in Item 6-3 meets yo

Treatment [Vieas

Enter an area larger or smaller than

Item 5-2 98|5q.ft. (enter larger area if you need less ponding depth; smaller for more depth.)

7-2 Volume of treated runoff for area in 3 e -
Item 7-1

' | Cubic feet (Item 7-1 * 5 inches per hour * 1/12 * Item 4-2)
7-3 Subtract Item 7-2 from Item 3-3 Cubic feet (Amount of runoff to be stored in ponding area)
7-4 Divide Item 7-3 by Item 7-1
7-5 Convert ltem 7-4 from feet to inches ' oL i 0|Inches (Depth of stored runoff in surface ponding area)
7-6 If the ponding depth in ltem 7-5 meets target stop here. If not repeat Steps 7-1 through 7-5 until you obtain target depth.

Feet (Depth of stored runoff in surface ponding area)

Square feet (Either Item 5-2 or final amount in Item 7-1)

*Note: Check with the local jurisdiction as to its policy regarding the minimum biotreatment surface area allowed.

Final surface area of treatment™®




Chick-Til-A Restanrant No. 3805
SWC of Livermore Ave. & 1580 Frecway
City of Livermaore, California
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General Model Information
Project Name: TEST

Site Name: CFA16005

Site Address: LIVERMORE AVE.
City: LIVERMORE
Report Date: 713112017

Gage: LIVERMORE

Data Start: 1959/10/01

Data End: 2004/09/30
Timestep: Hourly

Precip Scale: 0.000 (adjusted)
Version Date: 2016/11/23

POC Thresholds
s

v
< <

Low Flow Threshold for POC1: <”\1;6/f[?:erceht of the 2 Year

High Flow Threshold for POC1: (7--.10. Year

TEST 7/31/2017 4:00:17 PM
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Landuse Basin Data

Predeveloped Land Use
Basin 1

Bypass: No
GroundWater: No

Pervious Land Use

acre

C D,Grass,Flat(0-5%) 1.69

Pervious Total
Impervious Land Use
Impervious Total
Basin Total

Element Flows To:
Surface

TEST

1.69

acre
1.69

P
~Groundwater

re X\”
d
interflow <
N,
.

73172017 4:00:18 P
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Mitigated Land Use

Basin 1
Bypass:

GroundWater:

Pervious Land Use
C D,Grass,Flat{0-5%)

Pervious Total
Impervious Land Use
Roof Area
Driveways,Flat(0-5%)
Sidewalks,Flat{0-5%)
Impervious Total
Basin Total

Element Flows To:
Surface

Surface retention 1 Surface reten

TEST

No
No

acre
0.2867

0.2867
acre

0.1064
1.0051
0.0918
1.2033

1.49

731/2017 4:00:18 PM
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Basin 3
Bypass:

GroundWater:

Pervious Land Use
C D,Grass,Flat(0-5%)

Pervious Total
Impervious Land Use
Driveways,Flat{0-5%)
Sidewalks,Flat(0-5%)
Impervious Total
Basin Total

Element Flows To:
Surface

No
No

acre
0.0686

0.0686
acre
0.022
0.0354
0.0674

0.126

Interflow

.. Groundwater

Surface retention 3 Surface retention 3

TEST

AN

.,

\)
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Routing Elements
Predeveloped Routing

TEST . 713172017 4:00:18 P Page 6



Mitigated Routing

Bioretention 1

Bottom Length: 134.11 ft.

Bottom Width: 20.00 ft.

Material thickness of first layer: 1.5

Material type for first layer: BAHM 5

Material thickness of second layer: 1.17

Material type for second layer: GRAVEL
~ Material thickness of third layer: 0

Material type for third layer: GRAVEL

Underdrain used

Underdrain Diameter (feet): 0.5

Orifice Diameter (in.): 6

Offset (in.): 6

Flow Through Underdrain {ac-ft.): 52.178

Total Outflow (ac-ft.): 52.402

Percent Through Underdrain: 99.57

Discharge Structure

Riser Height: 11t

Riser Diameter: 40.62 in. -

Element Flows To: AL

Qutlet 1 Outlet 2 AN

Bioretention Hydraulic Tatele w/\

Stage(feet) Area(ac )
452.33

Vo!ume(ac-ft) Discharge(cfs) Infilt(cfs)
0.0000

. \) . 0.0000 -
452.38 0.0616\\ . 0.0011 0.0000 0.0000
452.43 0.0616 \/ 0.0022 0.0000 0.0000
452 .47 0.0616 0.0033 0.0000 0.0000
452.52 0.0616 0.0045 0.0000 0.0000
452.57 0.0616 0.0056 0.0000 0.0000
452.62 0.0616 0.0067 0.0000 0.0000
452.66 0.0616 0.0078 0.0000 0.0000
452.71 0.0616 0.0089 0.0000 (0.0000
452.76 0.0616 0.0100 0.0000 (.0000
452.81 0.0616 0.0112 0.0000 0.0000
452.85 0.0616 0.0123 0.0000 0.0000
452.90 0.0616 0.0134 0.0000 0.0000
452.95 0.0616 0.0145 0.0000 0.0000
453.00 0.0616 0.0156 0.0000 0.0000
453.05 0.0616 0.0167 0.0000 0.0000
453.09 0.0616 0.0179 0.0000 0.0000
453.14 0.0616 0.0190 0.0000 0.0000
453.19 0.0616 0.0201 0.0000 0.0000
453.24 0.0616 0.0212 0.0000 0.0000
453.28 0.0616 0.0223 0.0000 0.0000
453.33 0.0616 0.0234 0.0000 0.0000
453.38 0.0616 0.0246 0.0000 0.0000
453.43 0.0616 0.0257 0.0000 0.0000
453.47 0.0616 0.0268 0.0000 0.0000
453.52 0.0616 0.0279 0.0000 0.0000
453.57 0.0616 0.0290 0.0000 0.0000
453.62 0.0616 0.0301 0.0000 0.0000
453.67 0.0616 0.0312 0.0000 0.0000
TEST 7/31i2017 4:00:18 PM
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453.71
453.76
453.81
453.86
453.90
453.95
454,00
454.05
454.09
454 .14
45419
454 24
454,29
454.33
454.38
454 .43
454 .48
454 .52
454 57
454 62
454 .67
454.71
454.76
454.81
454.86
454 .91
45495
455.00

Stage(feet)Area(ac )
0.061

2.6700
27177
2.7654
2.8131
2.8608
2.9085
2.95662
3.0038
3.0515
3.0992
3.1469
3.1946
3.2423
3.2900
3.3377
3.3854
3.4331
3.4808
3.5285
3.5762
3.6238
3.6715
3.7192
3.7669
3.8146
3.8623
3.9100

TEST

0.0616
0.0616
0.0616
0.0616
0.0616
0.0616
0.0616
0.0616
0.0616
0.0616
0.0616
0.0616
0.0616
0.0616
0.0616
0.0616
0.0616
0.0616
0.0616
0.0616
0.0616
0.0616
0.0616
0.0616
0.0616
0.0616
0.0616
0.0616

0. 0625
0.0633
0.0642
0.0651
0.0660
(.0669
0.0677
0.0686
0.0695
0.0704
0.0713
0.0721
0.0730
0.0739
0.0748
0.0757
0.0766
0.0774
0.0783
0.0792
0.0801
0.0810
0.0818
0.0827
0.0836
0.0845

ume(ac-ft )Discharge(cfs)To Amended(cfs)infllt(cfs)
0.0000 0.3104 0.0000

0.0324 0.0000
0.0335 0.0000
0.0346 0.0000
0.0358 0.0000
0.0370 0.0000
0.0382 0.0000
0.0395 0.0000
0.0407 0.0000
0.0419 0.0000
0.0431 0.0000
0.0443 0.0000
0.0456 0.0000
0.0468 0.0000
0.0480 0.0000
0.0492 0.0000
0.0504 0.0000
0.0517 0.0000
0.0529 0.0000
0.0541 0.0000
0.0553 0.0000
0.0565 0.0000
0.0577 /7  0.0000
0.0590. "~ 0.0000
0.0602° ™. 0.0000
0. 0614/ 0.0000
10626 0.0000
{\@1638/ 0.0000
/720.0850 0.0000

Bioretention Hydrauiicf“!'ab é

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
.0000
$.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
$.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0 068@ 0.0000 0.3104 0.0000
0.0710 0.0000 0.3104 0.0000
0.0740 0.0000 0.3104 0.0000
0.0771 0.0000 0.3104 0.0000
0.0803 0.0000 0.3104 0.0000
0.0834 0.0000 0.3104 0.0000
0.0866 0.0000 0.3104 0.0000
0.0899 0.0000 0.3104 0.0000
0.0932 0.0000 0.3104 0.0000
0.0965 0.0000 0.3104 0.0000
0.0999 0.0000 0.3104 0.0000
0.1033 0.0000 0.3104 0.0000
0.1068 0.0000 0.3104 0.0000
0.1103 0.0000 0.3104 0.0000
0.1138 0.0000 0.3104 0.0000
0.1174 0.0000 0.3104 0.0000
0.1210 0.0000 0.3104 0.06000
0.1247 0.0000 0.3104 0.0000
0.1284 0.0000 0.3104 0.0000
0.1322 0.0000 0.3104 0.0000
0.1360 0.0000 0.3104 0.0000
0.1398 0.0000 0.3104 $.0000
0.1437 0.0000 0.3104 0.0000
0.1476 0.0350 0.3104 0.0000
0.1516 0.0383 0.3104 0.0000
0.1556 0.0456 0.3104 0.0000

713172017 4:00:18 PM
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3.9577
4.0054
4.0531
4.1008
4.1485
4.1962
4.2438
4.2915
4.3392
4.3400

TEST

0.0854
0.0862
0.0871
0.0880
0.0889
0.0898
0.0906
0.0915
0.0924
0.0924

0.1596
0.1637
0.1679
0.1720
0.1763
0.1805
0.1848
0.1892
0.1936
0.1936

0.0538 0.3104
0.0627 0.3104
0.0725 0.3104
0.0775 0.3104
0.0047 0.3104
0.1009 0.3104
0.1138 0.3104
0.1277 0.3104
0.1426 0.3104
0.1585 0.3104
R AN
KoY
******* \v
Py

7/31/12017 4:00:18 PM

0.0000
0.0000
0.0000
0.0000
0.0000
(.0000
0.0000
0.0000
0.0000
0.0000
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Surface retention 1

Element Flows To.
Qutlet 1 Outlet 2
Tank 1 Biaretention 1

TEST 713472017 4:00:18 PM Fage 10



Bioretention 3

Bottom Length: 20.00 ft.
Bottom Width: 20.04 ft.
Material thickness of first layer: 1.5
Material type for first layer: BAHM 5
Material thickness of second layer: 1.47
Material type for second layer: GRAVEL
Material thickness of third layer:
Materia! type for third layer. GRAVEL
Underdrain used
Underdrain Diamster (feet): 0.5
Orifice Diameter (in.): 6
Offset (in.): 6
Flow Through Underdrain (ac-it.). 2.835
Total Outfiow (ac-ft.): 2.835
Percent Through Underdrain: 99.99
Discharge Structure
Riser Height: 1ft.
Riser Diameter: 27.08 in.
Element Flows To:
Outiet 1 Outlet 2 2
7
/>/ \\\\/
Bioretention Hydraulic Tab!e

Stage(feet) Area(ac.} Vo]ume(ac-ft ) Discharge(cfs) Infllt(cfs)
456.04 0.0092 0, QG) 0.0000 0.0
456.09 0.0092 < \/) 0.0000 0. OOOO
456.13 0.0092 - \ >0 0003 0.0000 0.0000
456.18 0. 0092 0.0005 0.0000 0.0000
456.22 0.0092™ /‘ 0.0006 0.0000 0.0000
456.27 0.0002 ™ 0.0008 0.0000 0.0000
458.31 0.0092 0.0010 0.0000 0.0000
456.36 0.0092 0.0011 0.0000 0.0000
456.41 0.0092 0.0013 0.0000 0.0000
456.45 0.0092 0.0014 0.0000 0.0000
456.50 0.0092 0.0016 0.0000 0.0000
456.54 0.0092 - 0.0018 0.0000 0.0000
456.59 0.0092 0.0019 0.0000 0.0000
456.64 0.0092 0.0021 0.0000 0.0000
456.68 0.0092 0.0022 0.0000 0.0000
456.73 0.0092 0.0024 0.0000 0.0000
456.77 0.0092 0.0026 0.0000 0.0000
456.82 0.0092 0.0027 0.0000 0.0000
456.86 0.0092 0.0029 .0000 0.0000
456.91 0.0092 0.0030 0.0000 0.0000
456.96 0.0092 0.0032 0.0000 0.0000
457.00 0.0092 0.0034 0.0000 0.0000
457.05 0.0092 (.0035 0.0000 0.0000
457.09 0.0092 0.0037 0.0000 -0.0000
457 14 0.0092 0.0038 0.0000 0.0000
457.19 0.0092 0.0040 0.0000 0.0000
457.23 0.0092 0.0042 0.0000 0.0000
457.28 0.0092 0.0043 0.0000 0.0000
457.32 0.0092 0.0045 0.0000 0.0000
457.37 0.0092 0.0046 {.0000 0.0000
457 .41 0.0092 0.0048 0.0000 0.0000
TEST 7/31/2017 4:00:18 PM
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457 .46
457.51
457.55
457.60
457.64
457.69
457.74
457.78
457.83
457.87
457.92
457.96
458.01
458.06
458.10
458.15
458.19
458.24
458.29
458.33
458.38
458.42
458.47
458.51
458.56
458.61
458.65
458.70
458.71

Stage(feet)Area(ac )Volume(ac-ft )Discharge{cfs)To Amended(cfs)lnfllt(cfs)
0.0092 0.0097 0.0000 0.0464 0.0000

2.6700
2.7158
2.7616
2.8075
2.6533
2.8991
2.9449
2.9908
3.0366
3.0824
3.1282
31741
3.2199
3.2657
3.3115
3.3574
3.4032
3.4490
3.4948
3.5407
3.5865
3.6323
3.6781
3.7240
3.7698
3.8156

TEST

0.0092
0.0092
0.0092
0.0092
0.0092
0.0092
0.0092
0.0092
0.0092
0.0092
0.0092
0.0092
0.0092
0.0092
0.0092
0.0092
0.0092
0.0092
0.0092
0.0092
0.0092
0.0092
0.0092
0.0092
0.0092
0.0092
0.0092
0.0092
0.0092

0.0093
(0.0095
0.0096
0.0097
0.0098
0.0100
0.0101
0.0102
0.0103
0.0105
0.0106
0.0107
0.0108
0.0110
0.0111
0.0112
0.0113
0.0115
0.0116
0.0117
0.0119
0.0120
0.0121
0.0122
0.0124

0.0101
0.0106
0.0110
0.0115
0.0119
0.0124
0.0128
0.0133
0.0138
0.0142
0.0147
0.0152
0.0157
0.0162
0.0167
0.0172

0.0177

0.0182
0.0188
0.0193
0.0199
0.0204
0.0210
0.0215
0.0221

0.0050
0.0051
0.0053
0.0055
0.0057
0.0058
0.0060
0.0062
0.0064
0.0065
0.0067
0.0069
0.0071
0.0072
0.0074
0.0076
0.0078
0.0079
0.0081
0.0083
0.0085

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0086 2 0.0000
0.0088 ¢ o~ 0.0000

0.0090°. ™.» 0.0000
0.0092"~ 0.0000
0:0093., 0.0000
0,0095> 5 0.0000

~~0.0097 0.0000

(< 0.0097 0.0000

Bioratention Hydraullc\;rable
\r N

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.6000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

O 0464
0.0464
0.0464
0.0464
0.0464
0.0464
0.0464
0.0464
0.0464
0.0464
0.0464
0.0464
0.0464
0.0464
0.0464
0.0464
0.0464
0.0464
0.0464
0.0464
0.0464
0.0464
0.0464
0.0464
0.0464

713172017 4:00:18 PM

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
(.0000
0.0000
0.0000
0.0000

0. 0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
(.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
(.0000
0.0000
0.0000
0.0000
0.0000
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3.8614
3.9073
3.9531
3.9989
4.0447
4.0905
4.1364
4.1700

TEST

0.0125
0.0126
0.0127
0.0129
0.0130
0.0131
0.0132
0.0133

0.0226
0.0232
0.0238
0.0244
0.0250
0.0256
0.0262
0.0266

0.0062
0.0067
0.0079
0.0091
0.0105
0.0120
0.0137
0.0154

0.0464
0.0464
0.0464
0.0464
0.0464
0.0464
0.0464
0.0464

7i31/2097 4:00:18 PM

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
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Surface retention 3

Element Flows To:
Qutlet 1 Qutlet 2
Bioretention 3

// ",
RN
o = s
G \\ x\,‘
/ \;‘;\«\:A?‘ . \>/
N
h/{\ " \\‘\
B i,
AN
' o
SO
A
\_\/ /
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Tank 1
Dimensions
Depth:
Tank Type:
Diameter:
Length:

Discharge Structure

Riser Height:

Riser Diameter:

Element Flows To:

Outlet 1

1.5 1t
Circular
1.5 ft.
369 ft,

0.01 ft.
18 in.

Qutlet 2

Tank Hydraulic Table

Stage(feet)
452.50
452.52
452.53
452.55
452.57
452.58
452.60
452 62
452.63
452.65
452.67
452.68
452.70
452.72
452.73
452.75
452.77
452.78
452 .80
452.82
452.83
452.85
452.87
452.88
452.90
452.92
452.93
452.95
452.97
452.98
453.00
453.02
453.03
453.05
453.07
453.08
453.10
453.12
453.13
453.15
453.17

TESY

Area(ac.) Volume(acuft } Discharge(cfs) lnfllt(cfs)
0.000 0.000 0.000 0.000
0.002 0.000 0.008 0.000
0.003 0.000 0.056 0.000
0.004 0.000 . 0127 0.000
0.005 0.000 77 0214 0.000
0.005 0.000 .« O\ 0315 0.000
0.006 0.000 . ™ 0.429 0.000
0.008 0.000 0.553 0.000
0.007 07000y 0.686 0.000
0.007 0,000 0.829 0.000
0.008 \0 Q@O 0.980 0.000
0008 < </ .:;,,_:ij 1.138 0.000
0.008 <7 N\ +,0.001 1.302 0.000
0.008¢, \ 0,001 1.473 0.000
0.009 f/ 0.001 1.648 0.000
0.009 "  0.001 1.828 0.000
0.009 0.001 2.012 0.000
0.009 0.002 2.198 0.000
0.010 0.002 2.387 0.000
0.010 0.002 2.577 0.000
0.010 0.002 2.768 0.000
0.010 0.002 2.958 0.000
0.010 0.002 3.148 0.000
0.011 0.003 3.336 0.000
0.011 0.003 3.522 0.000
0.011 0.003 3.704 0.000
0.011 0.003 3.883 0.000
0.011 0.003 4.058 0.000
0.011 0.004 4.227 0.000
0.011 0.004 4.390 0.000
0.012 0.004 4.548 0.000
0.012 0.004 4.698 0.000
0.012 0.004 4.841 0.000
0.012 0.005 4.977 0.000
0.012 0.005 5.105 0.000
0.012 0.005 5.225 0.000
0.012 0.005 5.337 0.000
0.012 0.005 5.441 0.000
0.012 0.006 5.538 0.000
0.012 0.006 5.627 0.000
0.012 0.006 5.708 0.000

713172047 4:00:18 PM

Page 15



453.18
453.20
453.22
453.23
453.25
453.27
453.28
453.30
453.32
453.33
453.35
453.37
453.38
453.40
453.42
453.43
453.45
453.47
453 .48
453.50
453.52
453.53
453.55
453.57
453.58
453.60
453.62
453.63
A453.65
453.67
453.68
453.70
453.72
453.73
453.75
453.77
453.78
453.80
453.82
453.83
453.85
453.87
453.88
453.90
453.92
453.93
453.95
453.97
453.98
454.00
454.02

TEST

1"

OO0
RS Y. Y. I, R e N

QOO OOO0

10

A
N
W
-

_

'y,
A

PO ODO0 0O

5.783
5.853
5.017
5978
6.037
6.164
6.232
6.298
6.364
6.430
6.495
6.559
6.622
6.685
6.747
6.809
6.870
6.931
6.991
7.051
7.110

P 7168
A

7.027

0 7.284

7.341
7.398
7.455
7.511
7.566
7.621
7.676
7.730
7.784
7.838
7.891
7.944
7.996
8.048
8.100
8.152
8.203
8.254
8.304
8.355
8.405
8.454
8.504
8.553
8.601
8.650
8.698

7/31/2017 4:00:18 PM

Page 16



Analysis Results

POC 1

.ﬁ N
L]\
%u_ﬁ ‘.“‘h \

002,
10E-4

Predeveloped Landuse Totals for POC #1
Total Pervious Area:

10E-3

10E2 101 1 10

FPaercent Time Excasding

100

Cumulztive Probabiity
sty F 4
x

Fiow {cls)

s 1 2

+ Predeveloped x Mitigated

Total Impervious Area: 0

1.69

Mitigated Landuse Totals for POC #1

\>

Total Pervious Area: 0.8553
Total Impervious Area: 1.2607 J//
‘\ \/ 7
Flow Frequency Method: Welb{:lll\ \ >
Flow Frequency Return Per}?ggj’}\‘ redeveloped POC #1
Return Period %}
2 year 97/91
5 year 0,467949
10 year \“‘} 609946
25 year ~"0.67358

Flow Frequency Return Periods for Mitigated. POC #1

Return Period

2 year
5 year
10 year
25 year

Flow(cfs)

0.019666
0.035497
0.17755

0.286344

Annual Peaks
Annual Peaks for Predeveloped and Mitigated. POC #1

Year
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973

TEST

Predeveloped Mitigated

0.189
0.025
0.200
0.305
0.004
0.149
0.093
0.798
0.130
0.457
0.324
0.224
0.000
0.494

0.017
0.011
0.014
0.027
0.201
0.013
0.012
0.476
0.027
0.036
0.025
0.021
0.010
0.268

7/31/2017 4:00:18 PM
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£
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1974 0.235 0.023

1975 0.118 0.017

1976 0.000 0.007

1977 0.000 0.007

1978 0.330 0.022

1979 0.317 0.020

1980 0.299 0.021

1981 0.004 0.010

1982 0.628 0.042

1983 0.471 0.031

1984 0.176 0.014

1985 0.041 0.010

1986 0.662 0.135

1987 0.031 0.014

1988 0.000 0.007

1989 0.002 0.008

1990 0.008 0.015

1991 0.193 0.017

1992 0.171 0.017

1993 0.310 0.025

1994 0.058 0.010

1995 0.566 0167 7
1996 0.646 0198 AN
1997 0.367 0. 027/ o
1998 0.541 0.033.%

1999 0.214 015 :;
2000 0.200 0302057
2001 0.002 #70.018

2002 0064 < 5:009

2003 0.311 <0032

2004 0.600¢ < Y \»o 040

Ranked Annual Peaks\/
Ranked Annual Peaks for Predeveloped and Mitigated. POC #1

Rank Predeveloped Mitigated
1 0.7977 0.4757
2 0.6618 0.2683
3 0.6456 0.2011
4 0.6283 0.1980
5 0.6002 0.1666
6 0.5663 0.1350
7 0.5411 0.0424
8 0.4937 0.0400
9 0.4710 0.0362
10 0.4570 . 0.0330
11 0.3673 0.0323
12 0.3300 0.0307
13 0.3238 0.0275
14 0.3165 0.0268
15 0.3110 0.0266
16 0.3104 0.0250
17 0.3045 0.0245
18 0.2994 0.0227
19 0.2353 0.0223
20 0.2242 0.0209
21 0.2137 0.0207
22 0.2001 0.0200
23 0.1998 0.0197
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TEST

0.1934
0.1890
0.1757
0.1710
0.1492
0.1298
0.1176
0.0935
0.0637
0.0578
0.0406
0.0311
0.0246
0.0077
0.0043
0.0035
0.0021
0.0016
0.0004
0.0003
0.0002
0.0001

7131/2017 4:.00:33 PM
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Duration Flows
The Facility PASSED

Flow(cfs) Predev Mit Percentage Pass/Faii
0.0200 1131 104 9 Pass
0.0259 994 56 5 Pass
0.0319 865 33 3 Pass
0.0379 758 20 2 Pass
0.0438 694 15 2 Pass
0.0498 633 14 2 Pass
0.0557 581 14 2 Pass
0.0617 541 14 2 Pass
0.0677 500 14 2 Pass
0.0736 457 14 3 Pass
0.0796 406 14 3 Pass
0.0855 381 14 3 Pass
0.0915 356 14 3 Pass
0.0974 328 14 4 Pass
0.1034 305 14 4 Pass
0.1094 286 14 4 Pass
0.1153 267 14 5./ Pass
0.1213 249 14 AN Pass
0.1272 230 13 S T Pass
0.1332 219 13 \;:/15 Pass
0.1392 206 12 (o N9y Pass
0.1451 195 12\ -o8 Pass
0.1511 181 123 N\ 6 Pass
0.1570 169 2.0 T Pass
0.1630 162 ,»'jil_;“1\*1\f~> 6 Pass
0.1690 151 {10 6 Pass
0.1749 135 00 7 Pass
0.1809 126 10 7 Pass
0.1868 122 10 8 Pass
0.1928 116 9 7 Pass
0.1988 104 7 S) Pass
0.2047 98 5 5 Pass
0.2107 93 4 4 Pass
0.2166 20 4 4 Pass
0.2226 84 4 4 Pass
0.2286 79 4 5 Pass
0.2345 76 4 5 Pass
0.2405 73 4 5 Pass
0.2464 69 3 4 Pass
0.2524 67 3 4 Pass
0.2583 62 3 4 Pass
0.2643 55 3 5 Pass
0.2703 54 2 3 Pass
0.2762 52 2 3 Pass
0.2822 51 2 3 Pass
0.2881 51 2 3 Pass
0.2941 48 2 4 Pass
0.3001 46 2 4 Pass
0.3060 44 2 4 Pass
0.3120 42 2 4 Pass
0.3179 37 2 5 Pass
0.3239 37 2 ) Pass
0.3299 36 2 5 Pass
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0.3358 33 2 8 Pass
0.3418 30 2 6 Pass
0.3477 30 2 6 Pass
0.3537 29 2 5] Pass
0.3597 29 2 6 Pass
0.3656 29 2 6 Pass
0.3716 26 2 7 Pass
0.3775 25 2 8 Pass
0.3835 25 2 8 Pass
0.3895 25 2 8 Pass
0.3954 23 2 8 Pass
0.4014 22 2 9 Pass
0.4073 22 2 9 Pass
0.4133 22 2 9 Pass
0.4192 22 2 9 Pass
0.4252 21 2 9 Pass
0.4312 20 2 10 Pass
0.4371 20 2 10 Pass
0.4431 20 1 5 Pass
0.4490 19 1 5 Pass
0.4550 19 1 5 Pass
0.4610 18 1 5.7 Pass
0.4669 18 1 RN Pass
0.4729 17 1 P TN Pass
0.4788 17 0 S Pass
0.4848 15 0 o N Pass
0.4908 15 0 \’iy 0 Pass
0.4967 13 Q7 \ 70 Pass
05027 13 0/ = 0 Pass
0.5086 13 A 0 Pass
0.5146 13 Loy 0 Pass
0.5208 13 \\ 0 Pass
0.5265 11 0 0 Pass
0.5325 11 0 0] Pass
0.5384 11 0 0 Pass
0.5444 10 0 0 Pass
0.5504 10 0 0 Pass
0.5563 10 0 0 Pass
0.5623 10 0 0 Pass
0.5682 7 0 0 Pass
0.5742 7 0 0 Pass
0.5801 7 0 0 Pass
0.5861 6 0 0 Pass
0.5921 6 0 0 Pass
0.5980 6 0 0 Pass
0.68040 4 0 0 Pass
(0.6099 4 0 0 Pass
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Water Quality
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POC 2

POC #2 was not reported because POC must exist in both scenarios and both scenarios
must have been run.
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Model Default Modifications

Total of 0 changes have been made.

PERLND Changes
No PERLND changes have been made.

IMPLND Changes
No IMPLND changes have been made.

s

RN
g (/‘ﬁ 2

\‘\ ,{

‘\\R’
o8 o
) S
"k
\\\;'/4 4
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Appendix

Predeveloped Schematic
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Mitigated Schematic
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Predeveloped UCI File

Page 27
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Mitigated UCI File

RUN

GLOBAL
WWHM4 model simulation
START 19592 10 ¢l END
RUN INTERP OQUTPUT LEVEL 3 0
RESUME 0 RUN i

END GLOBAL

FILES

<File> <Un#s- L — = File Name

<~ID-»

WDM 26 TRST.wdm

MESSU 25 MitTEST.MES
27 MitTEST.L6l
28 MitTEST.L62
30 POCTEST1 . dat

END FILES

OPN SEQUENCE
INGRP INDELT 0Q0:60
PERLND
IMPLND
IMPLND
IMPLND
RCHRES
RCHRES
RCHRES
RCHRES
RCHRES
COPY
COPY
DISPLY
END INGRP
END OPN SEQUENCE
DISPLY
DISPLY-TN¥FOL
# - He--oee-----
1 Surface retention 3
END DISPLY-INFO1
END DISPLY
COPY
TIMESERIES
# - # NPT NMN ***
1 1 1
501 i 1
END TIMESERIES
END COPY
GENER
OPCODE
# # OPCD **x
END OPCODE
PARM
# # K * kk
END PARM
END GENER
PERLND
GEN-INFO
<PLLS »><—--=---~ Name--=----- >NBLKS

IS

=

[5;]
< -
HHEPRPWRWBNNRPRPOOME

P

41 ¢/D,Grass, Flat (0-5%) 1
END GEN-INFO
*%% Section PWATER***

ACTIVITY

Unit-systems
User

2004 09 3¢

UNIT SYSTEM

»>¥ %% TRAN PIVL DIGL FIL1

MAX

in out

1 1 1 27

Printer **%*
t-series Engl Metr *¥%¥

PYR DIG2 FIL2 YRND

2

¢PLE » *%kxxkxkrkdsk Active Sections #¥Fkkkdrrrikhhhbhbrddddhxrrdhd

# - # ATMP SNOW PWAT SED PST PWG PQAL MSTL PEST NITR PHOS TRAC *#**

TEST
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41 0 0 1 o 0 0 0 0 0 0 0 0
END ACTIVITY

PRINT-INFO
«PLS > ok kkhk ki khkhkkrhhbhdx Printfflags kkhhkhkhhhkhdhhhhrhkhkhhdhrhkhhhix PIVL PYR
4 - # ATMP SNOW DWAT SED DPST PWG PQAL MSTL PEST NITR PHOS TRAC *kkswxwxw
41 0 0 4 0 0 0 0 Q 0 0 0 0 1 9
END PRINT-INFO
PWAT-PARML
<PLS » PWATER variable monthly parameter value flags ***
# - §# CSNO RTOP UZFG VCS VUZ VNN VIFW VIRC VLE INFC HWT ***
41 0 0 0 1 0 0 0 0 1 0 0
END PWAT-PARM1
PWAT - PARM2
<PLS > PWATER input info: Part 2 *kk
# - # ***FOREST LZSN INFILT LSUR SLSUR KVARY AGWRC
41 0 4 0.04 400 0.05 2 0.95
END PWAT-PARM2
PWAT-PARM3
<PLS > PWATER input info: Part 3 *kk
# - # ***PETMAX PETMTN INFEXP INFILD DEEPFR BASETP AGWETP
41 40 a5 3 2 0.15 0.15 0
END PWAT-PARM3 S
PWAT - PARM4 gj\i
<PLS > DWATER input info: PAa¥t ™4™ e
# - CEPSC UZSN / NSUR™’  INTFW IRC LZETP ***
w7 0.25 0.7 0.5 0

43 0 0.3

%,

END PWAT-PARMA4

S

e <
MON- LZETPARM Ny
<PLS > PHATER inpup\ih§p% Part 3 * k%
# - # JAN FEB MAR/BDR ‘MAY JUN JUL AUG SEP OCT NOV DEC **%
41 0.4 0.4 0.49.4570.5 0.55 0.55 0.55 0.55 0.55 0.45 0.4
END MON-LZETPARM 7. S\
MON - TNTERCEP <\<;‘\_‘ %
<PLS > PWATER “ipput info: Part 3 *k ok
4 - # JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC *¥%
41 0.12 ¢.12 0.12 0.11 ©0.1 0.1 0.1 0.1 0.1 0.1 0.11 0

END MON-INTERCEP

PWAT-STATEL
<PLS » *** Initial conditions at start of simulation
ran from 1990 to end of 1992 (pat 1-11-95) RUN 21 ***

# - H# ***+ (CEPS SGRS Uzs IFWS LZS AGWS GWVS
41 0 8] 0,01 0 0.5 0.3 0.01
END PWAT-STATEL
END PERLND
IMPLND
GEN-INFO
<PLS »g-——~--- Namg-~~—~-~ > Unit-systems Printer **%*
- # User t-gerieg Engl Mety #%%*
in out kk %k
5 Rocf Area 1 1 1 27 0
6 briveways, Flat (0-5%) 1 1 1 27 ]
10 Sidewalks,Flat (0-5%) 1 i 1 27 0
END GEN-INFO
**% Sectbion IWATER***
ACTIVITY
<PLS = FE R R R R R Active Sections ek hkrhkkh v bk b rkrhkrhkhbkbAd bk kdhr*
# - # ATMP SNOW IWAT SLD IWG I0AL ok k
5 4] ¢ 1 4] 0 0
6 0 0 1 ¢ 0 ¢
10 0 0 1 0 0 0

END ACTIVITY
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PRINT-INFO

<TG > #=#**%%xk% Print-flags ***+*&%% PIVL PYR

# - # ATMP SNOW IWAT SLD IWG IQAL *okok ok kK K E
5 0 ¢ 4 0 0 ] 1 9
6 0 0 4 0 0 0 1 9
10 0 0 4 0 0 0 1 9
END PRINT-INFO
IWAT-PARML
<pPL8 » IWATER variable monthly parameter value flags ***
# - § CSNO RTOP VRS VNN RTLI ik
5 0 0 0 0 ]
6 o 0 0 0 0
10 0 ¢ 0 0 0
END IWAT-DPARM1
IWAT-PARM2
<PLS > IWATER input info: Part 2 ko
¥ - # *xx  LSUR SLSUR NSUR RETSC
5 100 0.05 0.1 0.1
6 100 0.05 0.1 0.1
10 100 0.05 0.1 0.1
END IWAT-PARM2
IWAT - PARM3
<PLE » IWATER input info: Part’3 *kk
# - # ***DETMAX PETMIN PN
5 0 0 TN
6 0 ) / \\,)
10 0 "
END IWAT-DPARM3 S,
IWAT - STATEL ij\x\xi/‘/

<PLS > *** Initial qde}

# - # #**% RETS )
5 0.7
6 o <
10 0~
END IWAT-STATE1

END IMPLND

SCHEMATIC

<-Source->

<Name:> #

Basin 1***

PERLND 41

PERLND 41

IMPLND 5

IMPLND 3]

IMPLND 10

Bagin 3%%%*

PERLND 41

PERLND 41

IMPLND [

IMPLND 10

******Routing******

RCHRES 1

RCHRES 1

RCHRES 1

PERLND 41

IMPLND [3)

IMPLND 10

PERLND 41

RCHRES 3

RCHRES 4

RCHRES 3

RCHRES 5

END SCHEMATIC

TEST

NS

<--Area-->
<-factor->

L2867
.2867
.1064
, 0051
.0918

o oo

L0686
.0686
0.022
0.0354

[ Rl

¢.0686

0.022
0.0354
0.0686

e

<-Target-=
<Name > #

RCHRES
RCHRES
RCHRES
RCHRES
RCHRES

=

RCHERES
RCHRES
RCHRES
RCHRES

o W W

RCHRES
COPY
RCHRES
CoPY
CORY
COPY
COPY
RCHRES
COPY 501
COPY 501
COPY 501

N et

7i31/2017 4:00:34 PM
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[53 IS 6 s IRTE I ]

Ut Ul b

17

12
15
15
13

16
17

* kK
* kR
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NETWORK
<-Volume-»> <-Grp>
<Name> #

COPY 501 OUTPUT

<-Member-><--Mult-->Tran
<Name> # #<-factor-»strg
MEAN 11 12.1

<~Member-><--Mult-->Tran
<Name> # #<-factor->strg

<-Volume-> <-Grp>
<Name > #
END NETWCRK

RCHRES
GEN-INFO
RCHRES Name Nexits Unit
# - Heee-mmmmmm e »<—-=-->» Ugser T-
1 Surface retentic-015 3 1
2 Rioretention 1 1 1
3 Surface retentio-028 3 1
4 Bicoretention 3 1 1
5 Tank 1 1 1

END GEN-INFO
*%% Section RCHRES***

r\

<-Member - >
<Name> # #
TIMSER 1

<-Target vols> <-Grp:>
<Name: #

DISPLY 1 INPUT

z-Target vols> <-Grp> <-Menber->

<Name > # <Name> # #
Systems Printer
series Engl Metr LKFG
in out
1 1 28 ¢ 1
1 i 28 0 1
1 1 28 0 1
1 1 28 0 1
1 1 28 0 1

& k&
* kR

* * &
* &k

*kk
* k ok
* %k

Xk k

Rk kkkEkKK

ACTIVITY ~
<PLS = Ahhrdhkhrddrid Actlve Sectl@ns\*********‘k‘k‘k**************‘k**
# - # HYFG ADFG CNFG HTFG SDFG}GQ?G OXFG NUFG PKFG PHFG #%%
1 1 0 0 0 o~ 0 0 0 0
2 1 0 0 0 0 0 0 0
3 1 0 0 0 0 0 0 0 0
4 1 0 0 5. 0 0 0 0 0
5 1 0 0 0 0 0 0 0
END ACTIVITY or
NN i,
PRINT-INFO AN
<PLS = ********K\‘{**\**?\*\/Print_flags khkhkkdAhk ik kAT AAANbxK PIVL PYR
# - # HYDR ADCA CONﬁ/EE AT SED GOL OXRX NUTR PLNK PHCB PIVI, DYR
1 4 0 0 0 0 0 0 0 0 0 1 g
2 4 0 0 0 0 0 0 0 0 0 1 9
3 4 0 0 0 0 0 0 0 0 0 1 9
4 4 0 0 0 0 0 0 0 0 0 1 9
5 4 0 0 0 0 0 0 0 0 0 1 9
END PRINT- INFO
HYDR-PARM1
RCHRES Flags for each HYDR Section
# - # VC Al A2 A3 OQODFVFG for each *** ODGTFG for each FUNCT for each

FG FG FG FG possible exit #*** possible exit possible exit
® * & * * * * * * * * * * * * F*k
1 o 1 0 0 4 5 6 0 © 0 0 ¢ 0 o0 2 2 2 2 2
2 o 1 0 0 4 0 0 O D o 0 ¢ 0 © 2 2 2 2 2
3 0 1 0 © 4 5 & 0 O O o0 O ¢ 0o 2 2 2 2 2
4 o 1 0 0 4 0 0 0 O 0 0 0 O 0 2 2 2 2 2
5 g 1 0 0 4 0 0 0 0 0O 0 0 0o 0O 2 2 2 2 2
END HYDR-PARM1
HYDR-PARM2
# - # FTABNO LEN DELTH STCOR KS DB5O *kk
L=mmm S m o= Pttt i D B et P St > * kK
1 i 0.01 0.0 452 .33 0.5 0.0
2 2 0.03 0.0 452 .33 0.5 0.0
3 3 0.01 ¢.0 456 .04 0.5 0.0
4 4 0.01 0.0 456 .04 0.5 0.0
5 5 Q.07 0.0 452.5 0.5 ¢.0
END HYDR-PARM2
HYDR-INIT
RCHRES 1Initial conditions for each HYDR section * ok k
# - f# FEx VOL Initial wvalue of COLIND initial wvalue of OUTDGT

%% ao-ft

TEST

for each possible exit
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END HYDR-INIT

END RCHRES

SPEC-ACTIONS
END SPEC-ACTIONS

FTABLES
FTABLE
57 4

Depth
{ft)
.¢oo0o00
. 047692
.0595385
.143077
,190769
.238462
.286154
.333846
.381538
LA29231%
L 476923
.524615
.572308
.620000
.667692
.715385
763077
.810769
. 8584562
.906154
.953846
.001538
.049231
.096923
.144615
.192308
.240000
.287692
.335385
.383077
.4320769
.478462
.526154
.573846
.621538
.669231
716923
.764615
.B12308
.860000
.907692
. 955385
.003077
.050769
.098462
.146154
.19384¢6
.241538
.289231
.336923
.384615
.432308
.480000
.5276%2

MI\JI\JNI!\JMNL\JML\JMNHE—\I—‘HMI—‘HE—’HHI—'I—‘M)—‘I—‘HHI—‘i—'i—’l—‘DODOOOOODOODOODOOOOOO

TEST

OOODODOODOOOOOOODOOOOOOOODODDOOOODODOODOOOOOOODOODOOOO

{acres) (acre-ft)

L061575 0.000000
L061575 0.001116
L061575 0.002232
L061575 0.003348
_061575 0.004464
061575 ©£.005580
061575 0.006696
.061575 0.007811
.061575 0.008927
_061575 0.010043
061575 0.011159
L061575 0.012275
061575 ©0.013391
061575 0.014507
L061575 0.015623™
061575 0.016739,
061575  0.017855%
.061575 0.018971
061575 gﬂag@pa7
L061575 ~0.021203

.061575’<b bapite
L061575 0., p23434
_061575 0..024550

.061575 0.025666
.061575 0.026782
.061575 0.027898
L061575  0.029014
.061575 0.03013¢
.061575 0.031246
061575 0.032362
.061575 0.033478
.061575 0.034594
L061575 0.035812
.061575 0.037031
.061575 0.038250
L 061575 0.039469
.061575 0.040687
.061575 0.041906
.061575 0.043125
.061575  (0.044343
.061575 0.045562
.061575 0.046781
.061575 0.047999
L061575 0.049218
.061575 0.050437
.061575 0.051656
.061575 0.052874
.061575 0.054093
. 061575 0.055312
.061575 0.056530
.061575 0.057749%9
.061575 0.058968
.0615375 0.060187
.061575 0.061405

%
LY
\

v

(cfs}
.000000
.000000
000000
000000
000000
.000000
000000
000000
000000
.000000
.ooﬁoeo
.p90000\
0000000
G\GQpOOO
000000
0, 060000
97060000
.000000
000000
.000000
000000
.000000
000000
000000
034957
038326
045646
053763
062703
.072494
077508
094725
.100853
113814
127732
142632
158534
170602
.193428
.202810
222382
228470
264813
274389
299551
,310440
310440
310440
.310440
310440
310440
310440
.310440
.310440

OOOOODOOOOOO

OOOOOOOOODOOOOOOC}OOOOOOOOOOOOOOOOODOO

(ft./sec)

—————— > P =L A
0 4.0 5.0 6.0 0.0 0G.0 0.¢ 0.0
G 4.0 0.0 0.0 0©.0 0.0 0.0 0.0
0 4.0 5.0 6.0 0.0 0.0 0.0 0.0
0 4,0 0.0 0.0 0.0 0.0 0.0 0.0
0 4.0 0.0 0.0 0.0 0.0 0.0 0.0
2
Area volume Outflowl Velocity Travel Time***

(Minutesg) ***

7i31/2017 4:00:34 PM
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2.
2
2.

END FTABLE

575385

.623077

670000

FTABLE

3

7 6
Depth

Time* %%

{(Minutes)***
.000000
047692
,095385
.143077
.1980769

E—‘I—‘!—'E—’WI—'I—‘H[—‘I—'MHI—'I—‘HHOOOOODDODOOOOOODDOOOO

END

{fr)

238462

.286154
.33384¢
.381538
.429231
.476923

524615

.572308
.620000
.667692
715385
.763077
.810769
. 858462
. 906154
.953846
.001538
. 049231
.096923
.144615
.182308
. 240000
.287692
.335385
.383077
.430769
.478462
.526154
.57384%8
.621538
.669231
.670000
FTABLE

FTABLE

(3

OO0 O0OoOoCCoC OO0 OO0 C0

TEST

0 4
Depth
(ft)

.000000
.045824
.091648
.137473
.183287
.229121
. 2745945
.320769
.366593
.412418
.458242
.504066
.5498%0
.595714
.641538
.687363
.733187
,779011

0.
0.
0.

DOOOOOODOODOCJODOOOOOODOODOOOOOOODOOOO

COoOOOOoOoOoOO0oOoODOOOoOT o0

061575 0.062624 0.310440
061575 0.063843 0.310440
061575 0.136588 0.310440
2
1

Area volume Outfiowi oOutflow? outflow 3 Velocity Travel
{acres) (acre-ft) (cfs) {cfs) {cfg) (ft/gec)
_061575 0.000000 0.000000 0.000000 0.000000
.062456 0.002%58 0.000000 0.310440 0.000000
063337 0.005957 0.000000 0.310440 0.000000
.064218 0.008999 0.000000 0.310440 0.000000
_065099 0.012083 0.000000 0.310440 0.000000
_0E5980 0.015208 0.000000 0.310440 0.000000
.066861 0.018376 0.000000 0.310440 0.000000
L067742 0.021586 ©.000000 0.310440 0.000000
.068623 0.024838 0.000000 0.310440 0.000000
.069504 0.028131 0.000000 0.310440 ¢.000000
.070385 0.031467 0.000000 ©¢.310440 0.000000
.071266 0.034845 0.000000 0.310440 0.000000
072147 0.038265 0.000000 0.310440 0.000000
073028 0.041727 0.000000 0.310440 0.000000
.073909 0.045231 0.000000 0.310440 0.000000
074790 0.048777 0.000966 0.310440 ©.000000
LO75671 0.052364 D.ODUOOQ 0.310440 0.000000
L076552 0.05589%94 0. OdeOO\\0.310440 0.000000
077433 0.059666 Q’ﬂ00000\20.310440 0,000000
.078314 0.063380 G\pOOOOO 0.310440 0.000000
.0791985 0.067136 0.310440 0.000000
.080076 0.070934 “9 0.310440 0.000000
. 080957 0.0747?4\ 0’392430 0.310440 0.000000
.0831838 0. 022‘56 /} 083402 0.310440 0.000000
.0B271s 0 '5-80. 1.973449 0.310440 0.000000
.083600 /OiOQESQG 3.024116 0.310440 0.000000
.08448X <p 090554 4.,212104 0.310440 0.000000
-085362\\%\99 605 5.520437 0.310440 0.000000
.086243 . 098697 6.9235214 0.310440 0.000000
.087124 0.102831 B.444097 ©.310440 0.000000
_088005 0.107007 10.03550 0.310440 0.000000C
_0BB886 0.111225 11.69815 0.310440 0.000000
.089767 0.115485 13.42080 0.310440 0.000000
090648 0.119787 1%.1%212 0.310440 0.000000
L091529 0.124132 17.00060 0.310440 0.000000
092410 0.128518 18.83459 (.310440 0.000000
092424 0.128589 20.68227 0.310440 0.,000000
1
4

Area Volume Outflowl Velocity Travel Time**¥
(acres) (acre-£t) {cfs) (ft/gec} (Minuteg) ***
.00%201 0.000000 0.000000
.009201 0.000160 0.0000CO
,009201 0.000320 0.000000
.009201  0.000481 0.000000
.009201 0.000641 (.000000
.009201 ©.000801 0.000C0CC
.009201 0.000961 0.000000
.009201 0.001122 0.000000
.009201 0.001282 0.000000
,009201 0.,001442 0.000000
.009201 0.001602 0.000000
.009201 0.001762 0.0600000
S009201  0.001923  0.0cCC00
.009201 ©.002083 0.000000
.009201 0.002243 0.000000
.009201 0.002403 0.000000
.008201 0.002564 0.000000
.009201 0.002724 0.000000

7131/2017 4:00:34 PM
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NMRNNNMNNUNNUNNMONNMNMNNHRREHEMPRRRRRRRPRRRERHEPRERROSO00

.B24835
.870659
.916484
.962308
.008132
.053956
.0889780
.145604
.1981429
.237253
.283077
.328901
.374725
.4205490
.466374
.5l2198
.558022
. 603846
.649670
.695495
L741319
. 787143
.B32987
.878791
.924615
.970440
.0l6264
. 062088
.107912
.153736
.199560
, 245385
.291209
.337033
.382857
.428681
. 474505
.520330
.566154
.611978
.657802
.670000
END FTABLE

FTABLE

3

4 6
Depth

Time***

(Minutesg) ***
.000000
. 045824
.091648
,137473
.183297
L228121
.274945
.320769
.366593
412418
.458242
.504066
.549890
.595714
.641538
,687363
. 733187
.779011
.824835
.870659
.916484

OO DOOoOODOCCOOOoCOooOOo0O

TEST

(££)

DOODOOODOOODC)DOOOOOOOODOOOOOOOOOOOOOOOOOOD

OO0 OoO0O000O00 o0 ODOoOC0O

.000201  0.002884 0,000000

.009201 0.003044 0.000000

.009201 0.003204 0.000000

.009201  0.003365 0.000000

.009201  §.003525 0.000000

.009201 0.003685 0.000000

.009201 0.003845 0.000000

.009201  0.004006 0.000000

.009201 0.004166 0.00618B5

.009201 0.004326 0.008720

.009201 0.004486 0.007873

.009201  0.004646 0.009139

.009201  0.004807 0,010522

.009201 0.004967 0.012025

.009201 0.005127 0.013651

,009201  0.005302 0.015404

,009201  0.005477 0.017286

.009201 0.005652 0.015301

.009201  0.005827 0.021452

.009201  0.006002 0.023741

.009201 0.006177 0.026171

.009201 0.006352 0.028B745

.009203 0.006527 0.031466

.009201 0.006702 0.034335

.009201 0.006877 0.037357

.009201 ©.007052 0.04053%

.009201  0.007227 O. O%Sﬁéé\\

.009201 ©0.007402 O. Q§6389

.009201 ©0.007577 046;89\?

[009201 0.007752 0\546389

.009201 0.00792] 46389

.009201 0.00810 ?9 046389

.009201  €.008297 0”046389

.009201  0.067 5.046389

009201 0.0( 0 .046389

.00920¥//D?‘- 0.046389

.00920% 008577  0.046389

.009201\\0\002152 0.046389

.009201 oﬁo 9327 0.046389

009201 ©0.009501 0.046389

.008201 0.009676 0.046389

.009201  0.020418 0.046389

4

2

Area volume Outflowl Outflow2

(acres) (acre-£ft) (cfg) (cfg)

.009201 0.000000 0.000000 0,000000 O

.009327  0,000425 0.000000 0.046389 0

.009454 0.000855 0.000000 0.04638% ©O

_p09580 0.001291 0.000000 0.046389 O

.009706 0.001733 0.00000C 0.0463B9 0

.009832  ©0.002180 0.000000 0.046389 O

.008959 0.002634 0.000000 0.046389 0

.010085 0.003093 0.000000 0.046389 0O

.010211 0.003558 0.000000 0.046389 0

.010337 0.004029 0.000000 0.04838% 0

_010463 0.004506 0.000000 0.04638% 0

.010590 0.004988 0.000000 0.046389 O

.010716 0.005476 0.00000C 0.046389 0

.010842 0©.005970 0.000000 0©.046389 O

.010968 0.006470 0.000000 0.046389 ¢

.011095 0.00697% 0.000000 0.046382 O

011221 0.007487 0.000000 0,046389 0

.011347 0.008004 0.000000 0.046389 0

011473 0.008527 0.000000 0.046383 0O

_011600 0.009055 0.000000 0.046389 0

L011726 0.009590 0.00000C 0.046389 0
713112017 4:00:34 PM

(cts)

. 000000
.000C000
. 000000
.0000C0
.0000006
.000000
. 000000
.C00000
.000000
.000C000
. 000000
.000060
.000006G
.000000
.000000
.G00000
. Q00000
.000C00
, 000000
.000000
.000000C

outflow 3 Velocity Travel

(ft/sec)
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I el sl el o el i

.962308
.008132
.053956
.099780
.145604
.191429
.237253
L 283077
.328901
.374725
.420549
L466374
.500000
END FTABLE

FTABLE

9

OODOOOOODGOOOOODOOOOOOOOOOOOOOOOOOODODOOOOODOOOOODOO

TEST

1 4
Depth
{£t)

.000000
.016687
.033333
.050000
.066667
.083333
.100000
.11e667
.133333
.150000
.166667
.183333
.200000
.216667
, 233333
.250000
.266667
.283333
.3CCC00
.3i6667
.333333
.350000
.366667
.3832333
.400000
.416667
.433333
.450000
.466667
.483333
.500000¢
.516667
.533333
.550000
.566667
.583333
.600000
.61l6667
.633333
.650000
. 6666677
.683333
700000
.716667
733333
.750000
.766667
.783333
.800000
.816667
.833333
.850G00

o000 OoOCoOOo0OQo0OC

CDOOOODOOOOOOOOOOOOODOOOOODOOOOOOODDOOOOOOOOOOODOOOOO

011852 0.010130 0.006000 0.04638% 0
011978 0.010676 0.017573 0.046389 O
012105 0.011228 0.300054 0.046389 0
012231 0.011785 0.753966 0.046389 O
012357 ©.012349 1.327585 0.046389 O
012483 0.012918 1.997598 0.046389 0
012610 0.013493 2.748064 0.046389 0
L012736 0.014073 3.565702 0.046389 0
012862 0.014660 4.438137 0.046389 0
012988 0.015252 5.353136 0.046383 0
013114 0.015850 6.298291 0.046389 ©
013241 0.016454 7.260932 0.046389 0
J013333 0.016901 8.228193 0.046389 0
3
5
Area Volume Outflowl
{(acres) (acre-ft} (ft/sec)
,000000  0.000000 0.000000
.002664 0.000030 0.008670
003746 0.000084 0.056739
004562 0.000153 0.127293
005237 0.000235 0.214544
005821 0.000327 0.315695
006339 0.000429 0.428960
.006806 ©.000538 (.553042
007232 0.000655 0.686B62
.007624 0.000779 0.829550
007987 0.000909 07986284
.008324  0.001045 1138305
008639  0.001187 71, 302877
.008934  0.001333, V1, 473278
.009211  0.00&#84 % V. 648790
.009471  0.001640 ;;.828689
L009716  0.007B00.72.012243
009947 001964 2.198714
.010165, <0.009131  2.387352
0103710 002303 2.577402
010565 0. 002477 2.768104
,010749 0.002655 2.958693
.010922  0.002835 3.148409
011085 0.00301% 3.336497
011228 0.003205 3.522213
011383 0.003393 3.704831
011518 0.003584 3.883645
,011646 0.003777 4.057982
.011765 ©0.003972 4.227201
.011876 0,004169 4.380707
011980 0.004368 4.547954
.012076 0.004568 4.698454
_012165 0.004771 4.841786
012246 0.004974 4.977603
012321 0.005179 5.105644
012389 0.005385 5.225736
012450 0.005592 5.337811
012504 0.005800 5.441911
.012552 ©0.006008 5.538198
012593 0.006218 5.626966
.012628 0.006428 5.708649
.012656 0.006639 5.783832
.012678 0.006850 5.853262
.012694 0.007061 5.917859
.012703  0.007273 5.978727
.012707 0.007485 6.037164
012703 0.007697 6.164450
012694 0.007908 6.231971
012678 0.008120 6.298768
012656 0.008331 6.364864
.012628 0.008542 6.430280
012593 ©.008752 6.495038

713112017 4:00:34 PM

.000000
.000000
.000000
.000000
000000
. 000000
.0000G0
.000000
.00000¢C
.Q00000
.000000
. 000000
.0gooo00

Velocity Travel Timew*#**
(Minuteg) ***
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0.866667 0.012552 0.0089%61 6.559157
0.883333 0.012504 0.009170 6.622654
0.900000 0.0L2450 0.009378 6.685549
0.916667 0.012389 0.009585 6.747857
0.933333  0.012321 0.00979%91 6.809596
0.950000 0.012246 0.009996 6.870779
0.966667 0.012165 0.010199 6.931423
0.983333 0.012076 0.010401 6.991540
1.000000 0.011980 ¢.010602 7.051145
1.016667 0.011876 0.010800 7.110251
1.033333  0.011765 0.010997 7.168869
1.050000 0.011646 0.011193 7.227011
1.066667 0.011518 0.011386 7.284690
1.083333 0.011383 0.011576 7.341615
1.100000 ©.011238 0.011765 7.398698
1.116667 0.011085 0.011951 7.455049
1.133333  0.0610922 0.012134 7.510976
1.150000 0.010749 0.012315 7.566490
1.166667 0.010565 0.012493 7.621600
1.183333 0.01037L 0.012567 7.676315
1.200000 0.010165 0.012838 7.730642
1.216667 0.009947 0.013006 7.784590
1.233333  0.009716 0.013170 7.838166
1.250000 0.009471 0.013330 7.891379
1.266667 0.009211 0.013485 7.944235
1.283333  0.008934 0.013637 7.996743
1.300000 0.008639 0.013783 B.048309
1.316667 0.008324 0.013924 8.;9 736,
1.333332 0.007987 0.014G60 ;52235\
1.350000 0.007624 0.014181 82203411
1.366667 0.007232 0.01431¢7~8, 254269
1.383333  0.006806 0.014433\ 5 3@ 817
1.400000 0.006339 0.034541 5058
1.416667 0.005821 o.oy4é42 404999
1.433333  0.005237 0.014735 8.454645
1.450000 0.004562,f@ 014847 8.504001
1.466667 0.003746 {0.014886 8.553072
1.483333  0.002664 .0 0;4940 8.601864
1.500000 0.000000 O 014970 8.650380

END FTABLE 5
END FTABLES

EXT SOURCES
<-Volume-> <Members> SsysSgap<--Mulb-->Tran

<Name > # <Name> # tem strg<-factor-»>strg
WDM 2 PREC ENGL 1
WDM 2 PREC ENGL 1
WDM 1 EVAP ENGL 1
WDM 1 EVAP ENGIL 1
WDM 2 PREC ENGL 1
WDM 2 PREC ENGL 1
WDM 1 EVAP ENGL 0.5
WDM 1 EVAP ENGL 0.7
WM 1 EVAP ENGL 0.5
WDM 1 EVAP ENGL 0.7

END EXT SOQURCES

EXT TARGETS
<-Volume-> <-Grp> <-Member-:><--Mult-->Tran

<Name> # <Name> # H#<-factor-»strg <Name: #
RCHRES 4 HYDR RO i1 1 WDM 1000
RCHRES 4 HYDR STAGE 1 1 1 WDM 1001
RCHRES 3 HYDR STAGE 1 1 1 WDM 1002
RCHRES 3 HYDR Q 11 1 WDM 1003
COPY 1 OUTPUT MEAN 11 12.1 WDM 701
COPY 501 OUTPUT MEAN 11 12.1 WDM 801
RCHRES 5 HYDR RO 11 1 WDM 1018
RCHRES 5 HYDR STAGE 1 1 1 WDM 1019
END EXT TARGETS

TEST 71342017 4:00:34 PM

<-Target volss>

<Name >
PERLND
IMPLND
PERLND
IMPLND
RCHRES
RCHRES
RCHRES
RCHRES
RCHRES
RCHRES

R N R e e k-

<-Volume-»

#
999
999
29989
999

<-Grp

EXTNL
EXTNL
BEXTNIL
EXTNL
EXTNL
EXTNL
EXTNL
EXTNL
EXTHNL
EXTNL

> <-Member->
<Name> # #

PREC
PREC
PETINP
PETINP
PREC
PREC
POTEV
POTEV
POTEV
POTEV

* k&
o

<Member> Tsys Tgap Amd **%%
tem strg strg***

<Nam
FLOW
STAG
STAG
FLOW
FLOW
FLOW
FLOW
STAG

€ >

ENGI
ENGL
ENGL
ENGL
ENGL
ENGL
ENGL
ENGIs

REPL
REPL
REPL
REPL
REPL
REPL
REPL
REPL
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MASS-LINK

<Volume:> <-Grp>
<Name:>

MASS-LINK
PERLND PWATER

END MASS-LINK

MASS-LINK
PERLND PWATER
END MASS-LINK

MASS-LINK
IMPLND IWATER
END MASS-LINK

MASS-LINK
RCHRES OFLCOW
END MASS-LINK

MASS-LINK
RCHRES OFLOW
END MASS-LINK

MASS~-LINK
PERLND PWATER
END MASS-LINK

MASS-LINK
PERLND PWATER
END MASS-LINK

MASS-LINK
IMPLND IWATER
END MASS-LINK

MASS-LINK
RCHRES ROFLOW
END MASS-LINK

MASS-LINK
RCHRES OFLOW

END MASS-LINK
END MASS~LINK

END RUN

TEST

<-Member-><--Mult--»>
<Name> # #«<-factor->

2
SURO

OVOL 1

0.083333

0.083333

0.083333

0.083333,7

<Target>
<Name:>

RCHRES

RCHRES

RCHRES

RCHRES

RCHRES

COPY

COPY

COPY

COPY

CORY

713172047 4:00:34 PM

<-Grp>

INFLOW

INFLOW

INFLOW

INFLOW

INFLOW

INPUT

INPUT

INPUT

INPUT

INPUT

<~Member - »***
<Names> # ##**

IVOL

IVOL

IVCL

IVOL

IVOL

MEAN

MEAN

MEAN

MEAN

MEAN
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Predeveloped HSPF Message File

TEST

7/31/2017 4:00:34 PM
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Mitigated HSPF Message File

ERROR/WARNING ID: 238 1

The continuity error reported below is greater than 1 part in 1000 and is
therefore considered high.

Did vou specify any "special actions"? If so, they could account for it.

Relevant data are:
DATE/TIME: 1986/11/30 24: 0

RCHRES : 3

RELERR STORS STOR MATIN MATDIF
-1.0000 0.00000 0.0000E+00 0.0000C¢ 1.0747E-12
Where:

RELERR is the relative error (ERROR/REFVAL).

PRROR 1is (STOR-STORS) - MATDIF.

REFVAL is the reference value (STORS+MATIN).

STOR is the storage of material in the processing unit {land-segment or
reach/reservior) at the end of the present interval.

STORS i the storage of material in tie pu abt the start of the present
printout reporting pericd. RN

MATIN 1is the total inflow of mateyiﬁl\ge the pu during the present printout
reporting period. 1/?(}~ .

MATDIF is the net inflow (inflow- qutflow) of material to the pu during the
present printout reporting period. %

W

g
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Disclaimer

L egal Notice

This program and accompanying documentation are provided 'as-is' without warranty of any kind.The
entire risk regarding the performance and results of this program is assumed by End User. Clear Creek
Solutions Inc. and the governmental licensee or sublicensees disclaim all warranties, either

expressed or implied, including but not limited to implied warranties of program and accompanying
documentation. In no event shall Clear Creek Solutions Inc, Applied Marine Sciencesincorporated, the
Alameda County Flood Confrol and Water Conservation District, EOA Incorporated, member agencies of
the Alameda Countywide Clean Water Program, member agencies of the San Mateo Countywide Water
Pollution Prevention Program, member agencies of the Santa Clara Valley Urban Runoff Pollution
Prevention Program or any other LOU Participants or authorized representatives of LOU Participants be
liable for any damages whatsoever (including without limitation to damages for loss of business

profits, loss of business information, business interruption, and the like) arising out of the use of,

or inability to use this programeven if Clear Creek Solutions Inc., Applied Marine Sciences

Incorporated, the Alameda County Flood Control and Water Conservation District, EOA Incorporated or
any member agencies of the | OU Participants or their authorized representatives have been advised of
the possibility of such damages. Software Copyright © by Clear Creek Solutions, inc. 2005-2017; All
Rights Reserved.

Clear Creek Solutions, Inc. e
6200 Capitol Bivd. Ste F A<
Olympia, WA. 98501

Toll Free 1(866)943-0304
Local (360)943-0304

www.clearcreeksolutions.com-— %<
TN

e
& e
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SECTION 1

INTRODUCTION

1.1 Background

Design guidelines presented within this document are based on the utility master plans recently
completed for the City of Livermore (City). Separate repotts were prepared for the City’s sewer
collection, stotm drainage, water, and recycled water distribution systetns. Fach of the master plans
established planning criteria for analyzing its system; identified capacity deficiencies in the existing
system under existing and build-out conditions; tecommended improvements to correct those
deficiencies; and identified majot extensions required to setve undeveloped areas.

The following reports should be consulted for detailed information on the City’s utility master plans:

e City of Livermore 2004 Water Master Plan, July 2004

e City of Livermore 2004 Sewer Master Plan, July 2004

e City of Livermote Storm Drainage Master Plan, July 2004

» City of Livermore Recycled Water System Master Plan for Existing Service Area, July 2004
These teports contain maps showing existing and futare major facilities and setvice areas. Electronic
copies of the master plans and maps may be obtained from the City.
1.2 Guideline Putrposes
These guidelines are intended for use by parties involved in the planning and design of water,
recycled water, sewer, and storm drainage facilities to serve new development in the City. They
cover critetia to be used to compute design flows and hydraulic capacities of facilities to serve new
development. These guidelines should be used for design of on-site facilities not covered in the
City’s utility master plans, and for detailed design of master planned facilities as needed to
supplement information in the master plans. Section 1.3 references othex related guidelines and.-
critetia for detafled design requirements for construction of facilities. '

1.3 Related Guidelines and Standards

These guidelines make teference to other documents which may need to be consulted in certain
cases. They include: '

“This is a draft report and is not intended 1o be a final representation of the wark doie or recormmendations made by Brown and Caliwell. It
shostd not relied wpon; consult the final report.” '
1-1
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INTRODUCTION

e The City of Livermote Development Plan Check Manual (latest edition) should be consulted
for information on water, recycled watet, sewer, and storm drainage tequirements for
development plans and capital improvement projects

e 'The latest adopted City of Livermote Standatd Specifications and Details for water, recycled
watet, sanitary sewet, and storm drain projects should be consulted fot detailed design
requirements for construction.

e FEMA Flood Insurance Rate Maps for the City (latest edition) and for Alameda County
Unincorporated Areas (latest edition) should be consulted as referenced in Section 3 of these
guidelines.

e  “Alameda County Flydrology and Hydraulics Manual” prepated by the Alameda County
Flood Control District, June 2003, ot latest edition, should be consulted as referenced in
Section 3 of these guidelines.

e City of Livermore Guidelines Fot the Use of Recycled Water, May 2003, or latest edition,
should be consulted for designing recycled water systems in the Zone 1 Recycled Water
Service Area.

“This is a draft report and is not intended o be a final rapresentation of the work done or recommendations made by Brown and Caldwell. 1t
should not relied mpon; consult the final report.”
1-2
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SECTION 3

STORM DRAINAGE SYSTEM CRITERIA

Storm drainage facilities shall conform to the City’s latest adopted Stotm Drainage Mastet Plan
Development Plan Check Manual, City Standard Specifications and Details, and the Alameda
Countywide NPDES Municipal Stormwatet Permit. Key stotm drainage facilities planning critetia
are presented in this section. The design of storm drainage facilities s subject to evaluation using
the City’s storm drain model and these storm drainage facility guidelines subject to the approval of
the City Engineet.

31 Major Creek Drainage

A network of small natural channels collect the stormm watet from the notthern pottion of the City.
These channels include the Arroyo Seco, Arroyo Las Positas Relocation, Altamont Creck, Cayetano
Creek, Collier Creek and Cottonwood Creek, A1l of which flow into the Arroyo Las Positas. The
Arroyo Las Positas merges with the Arroyo Mocho to the west of Livermote, which eventually joins
the Arroyo De Ta Laguna.

The Azroyo Mocho runs along the southern edge of the downtown portion of the City and conveys
storr water from the downtown and southwest arcas. Ttis 2 natural channel that has been excavated
and improved in vatious reaches to provide enhanced flood flow conveyance. The Arroyo Del Valle
runs along the southwestern edge of the City and picks up some stortn water from the City. Both
the Arroyo Mocho and the Arroyo Del Valle flow to the Arroyo De La Laguna to the west. The
Artoyo De La Laguna drains to Alameda Cteek, which reaches the San Francisco Bay apptoximately
4 miles downstreamm. This network of creeks along with the existing storm drain system is shown in

Figure 3-1.

“This i a draft yeport and is not intended 1o be a final representation of the work done or recommendations made by Brown and Caldwell. It
shoutd not velied wpon; conswlt the final report. ”
3-1
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STORM DRAINAGE SYSTEM CRITERLA

& PUMP STATION |

EXISTING
T BTORM DRAIN

2

Figure 3-1. Livermore Creek Network

3.2 FEMA Studied Channels

FEMA prepated a Flood Insurance Study (FIS) for the City of Livermore in 1997, and for Alameda
County in 2000. The FIS concentrated on 100-yeat flooding from Arroyo Del Valle, Collier Canyon
Creek, Attoyo Seco, Altamont Creek, Arroyo Mocho and Atroyo Las Positas. Information on the
100-year and 500-year floodplain boundaties shall be obtained from the latest edition of the FIRM
(Flood Insurance Rate Maps) prepared from the FEMA studies.

3.3  Drainage Concepts

The stortn drainage system shall follow the natural drainage pattern as much as possible and shall
take into account the constraints resulting from development. In general, open channels ate
preferable to an underground pipe system in subutban areas because of the strong environmental

“Thiy is a draft report and ir ot intended fo be a final representation of the work dene or recommendations made by Brown and Caldwell. 1t
should not relied spon; consulf the final report.”
32
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STORM DRAINAGE SYSTEM CRITERIA

and aesthetic advantages that open stream cottidors provide. However, fot safety or convenience, it
may be preferable to use an undetground pipe system in cettain developed areas. Stormwater
detention or retention should be considered as an alternative or adjunct to pipe ot channel
improvements, especially where existing streatn habitat or other sensitive envitonmental areas could
be preserved by using 2 detention or retention system.

The following creeks shall temain as open channels: Arroyo Del Valle, Artoyo Mocho, Arroyo Las
Positas, Arroyo Seco, Altamont Creek, Cayetano Creek, Colliex Canyon Creek, and Cottopwood
Creek. Generally, existing chapnels in North Livermore are to temain as open channels, unless
otherwise approved. Storm drainage facilities within developments that are tributaty to these open
channels may be either open channels ot pipes, subject to City approval.

Conctete-lined channels ate not petmitted in new development, and geomettic earth-lined channels
are generally not permitted. Channel design and friction factoss must reflect requitements fox
revegetation within open channels. Concrete lined interceptor v-ditches (typical 1-foot depth) may
be used to control erosion, prevent off-site overland flow from entering lots, and prevent
uncontrolled discharge of on-site flow from developed areas into neighboting properties.

At the discretion of the City Engineer, special drainage requirements may apply to any
environmentally sensitive area within ot adjacent to the City, especially the Springtown alkali sink
wetlands, which is the site of known populations of a special status plant species (Bird’s-Beak).

The 2003 Alameda Countywide NPDES municipal stormwatet petmit for the Alameda Countywide
Clean Water Program (Order R2-2003-6021) requires that beginning February 2005 projects creating
impetvious atea of one acre and greatet need to provide permanent treatment for stormwatet
according to specific calculations. This means that the amount of water that must be treated before
release to the stormdrain system is defined by specific hydraulic sizing design ctiteria. For specific
calenlations see the Nutneric Sizing Criteria below. Projects smaller than one acre will still need to
provide treatment to Maximum Extent Practicable. Beginning August 2006, projects creating 10,000
square feet or mote of impervious area will need to provide permanent stormwater treatment
according to the hydraulic sizing design critesia. Landscape measures that provide water quality
treatment ate the preferred option. Manufactured solutions are acceptable if it is shown that
landscape measures ate not feasible. The petmit requires that the owner of every treatment facility

enters into a maintenance agteement with the City to ensure that stormwater treatment devices ate
routinely maintained and function properly.

Fot resources and assistance to comply with the current and new NPDES requitements consult the
following web sites: www.cebmphandbooks.com, Www.scvurppp.oLg, WWw.CWp.Org,
www.basmaz.otg.

“This is a draft report and is not intended to be a final representation of the work doie or reconmendations pade by Brown and Caldwell. It
shosld not relied upon; consals the final report.”
3-3
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STORM DRAINAGE SYSTEM CRITERIA

3.4  Numeric Sizing Criteria for Pollutant Removal Treatment Systems

All Dischargers shall require that treatment BMPs be constructed for applicable projects, as
defined in Section C.3.c. of the NPDES permit. These BMPs must incorpozate, at a minimum,
the following hydraulic sizing design ctitetia to treat stormwater runoff. As approptiate for each
ctiterion, the Dischatgers shall use or appropriately analyze local tainfall data to be used for that
critet1ion.

A. Volume Hydraulic Design Basis: Treatment BMPs whose ptimary mode of action
depends on volume capacity, such as detention/retention units ot infilttation
structures, shall be designed to tteat stormwater runoff equal to:

1. The maximized stormwater quality capture volume for the atea, based on :
historical rainfall records, determined using the fotmula and volume capture -3
coefficients set forth in Urban Runoff Quality Management, WEF Manual of
Practice No. 23/ASCE Manual of Practice No. 87, (1998(, pages 175-178
(e.g., approximately the 85th percentile 24-hour storm runoff event); ot

2. The volume of annual runoff tequired to achieve 80 percent or more captute,
determined i accordance with the methodology set forth in Appendix D of
the California Stormwater Best Management Practices Handbook, (1993),
using local tainfall data.

B. Flow Hydraulic Design Basis: Treatment BMPs whose pritnary mode of action
depends on flow capacity, such as swales, sand filters, or wetlands, shall be sized to

treat:

1. 10% of the 50-year peak flow rate; or

2. The flow runoff produced by a rain event équal to at least two times the 85"
percentile hourly rainfall intensity for the applicable area, based on historical
tecords of houtly rainfall depths; ot '

3. The fiow of runoff resulting from a rain event equal to at least 0.2 Inches pet

hour intensity.

3.5 Design Storm and Calculation Submittal Requirements

City storm drain facilities shall be designed for the 10-yr design storm. Crecks that refnain as open
channels shall be designed for the 100-year design storm in accordance with the latest adopted
Alameda County Zone 7 Standards. Any new storm drainage facilities should be designed in
conformance with the following standatds:

“Thir is a draft report and is wot intended to be a final representation of the work done or recommmendations wade by Brown and Caldwell. It
should not relied wpon; consuls the final report.”
3-4
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STORM DRAINAGE SYSTEM CRITERLA

The 10 year hydraulic gradeline of all closed conduit storm drainage systems shall be a minimum of
1.25 feet below top of curb elevation at any smanhole or inlet. The 10-year water suzface shall be
kept below the top of bank of all drainage swales and v-ditches.

"The 100-yeat watet surface shall be 1 foot below new pad elevations of the tract. The design
engineer shall map the street and overland flow routes within the subdivision for the 100-year storm.
The map shall identify the 100-year water surface elevations within the subdivision. Overland
drainage easements and permanent drainage swales shall be provided between homes and through
lots when the 100-year storm flow will not follow the streets through the subdivision. The 100-year
water surface in the swales shall be 1 foot below the pad elevatons. Mid-block low poiats that
tequite overland flow easements through lots will not be allowed whete an alternative design is
possible and practical.

Patts of Livermore’s existing collection system do not strictly meet these criteria; therefore, when
new systems are tied into existing systems, it may not be possible to provide a design that meets the
desired standard. The design and evaluation of new systems, particularly extensions of existing
systems, must be done on a case-by-case basis. The following exceptions to the standard design
criteria shall be considered in designing new collection systems that discharge to existing systems:
whes downstteam surcharge effects are included, upstream hydraulic grades shall be no higher than
the top of curb elevation at any manhole or inlet.

The design engineer shall submit the hydrologic calculations and hydraulic gradeline calculations.
Profiles of each existing and proposed stotm drain shall be submitted with the calculations. The
profile shall show the following information: beginning watet: sutface elevation and Jocation for
hydraulic calculations, storm drain invert and soffit, diameter, design flow, 10-year hydraulic
gradeline, existing ground line, ptoposed ground line if applicable, and locations of street
iatersections and connections with other storm drains or channels. A plan view map shall also be’
provided for off-site profiles.

3.6 Rainfall

Figure 3-2 shows the Mean Annual Precipitation (MAP) in the Livermore atea. The rainfall
intensities ate calculated using the MAP in the equation shown in the Rational Method section.

“Ihis is a draft report and is not intended to be a final representation of the work done or recommaendalions made by Brown and Caldwell. 1t
shonld not relied wpon; consult the final report.”

3-5
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STORM DRAINAGE SYSTEM CRITERLA
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Figure 3-2. Livermotre Mean Annual Precipitation in Inches (MAF)

3.7 Peak Runoff - Computerized Method

A computer simulation model can be used to estimate peak runoff. When using a computetized
model, the SCS curve number method should be used so compatisons with the City’s storm drain
model can easily be petformed. The City’s Storm Drain Master Plan uses DHI’s MOUSE model,
which is available for use; however, a model license is tequired to access the modeling softwate.
Ultimate buildout land use shall be assumed. Land use designations shall be obtained from the
City’s latest General Plan.

3.8 Peak Runoff - Rational Method

The Rational Method can be used to determine peak discharges for drainage ateas up to 320 acres in
size. At the option of the City Engineer, use of the Rational Method may be approved fot larger
drainage areas. Ultimate buiidout land use shall be assumed. Land use designations shall be
obtained from the City’s latest General Plan,

“Thhis is @ draft report and is not intended to be @ final represextation of the work done or recommendations made by Brown and Caldwel]. It
shoteld not relied sgpom; consult the final report.”
3-6
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STORM DRAINAGE SYSTEM CRITERLA

The Rational Method Equation is:
Q= CiA

Where:

Q = design peak flow-rate (cfs)

C = runoff coefficient for the drainage area (Table 3-1)
i = rainfall intensity (inches/ht)

A = drainage area (acres)

The rainfall intensity shall be calculated using the following equation from Chaptet 3 of the Alameda
County Hydrology and Hydraulics Manual {June 2003):

i = (033 + 0.091144 * MAP) * (0.249 + 0.1006 * Kj) * T >

where:

i = Rainfall intensity (inches/hr)

MAP = Mean Annual Precipitation (Figure 3-2, inches)

T, = Storm duration (hours)

K = Frequency factor (1.339 for 10-year, 3.211 fot 100-year)

The following equation shall be used to calculate the time of concentration (Toy

oo SHDY

WY and,
¢ 19004/

S = (1000/CN)-10

whete:

T = Lag tme (hrs)

L. = Hydraulic length of watershed (ft)

§ = Maximum retention in the watetrshed (in)

Y = Watershed slope (ft/ft)

CN = SCS cutve numbet for the watershed (Table 3-1)

The 2003-2025 General Plan Land Use Map (last revision 2 /10/04) shows the general plan land use
classifications throughout the City and is included as Figure 3-3. The City of Livermote Planning
Depattment should be consulted to determine the most up to date land use designations in the
drainage area. The soil curve numbets (CN), pescent impetviousness, and the runoff coefficient (C)
for each land use are listed in Table 3-1. The NRCS STATSGO soil groups for the City of
Livermore ate shown in Figure 3-4. A weighted soil curve aumber and runoff coefficient shall be

“T'his is a draft report and is not intended to be a final representation of the work dowe or recommiendations made by Brown and Caldwell, It
showeld not relied wpon; consult the final rgport.”
3-7
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STORM DRAINAGE SYSTEM CRITERILA

calenlated based on the percentage of the different land uses and soils in the drainage area. As
shown in Table 3-1, Group B soils have higher infilttation rates and lower runoff coefficients than
the other soil types in the study area. The SCS Soil Sutvey for Alameda Area, CA should be
consulted for more detailed information on soils. An example peak runoff calculation for a drainage
area with different land uses and soils is provided below.

Peak Runoff Example Calculation:

{egend
Land Use
Land Use

Urban Lawy Residential

T Limited Agileuiture

Soll Hydrolagic Group
solL
e
e

Q= CiA
Calculate average C value for the basin (values from Table 3-1):
C = 0.25(0.4)+.025(0.5)+0.25(0.2)+0.25(0.3) = 0.35

Calculate Te
_ o8 (S "“1)0'7

i 1900Y

where:
Y. = 0.01 ft/ft (average basin slope calculated)
T, = 112 ft (measured longest flow path to point of interest)
Avetrage Cuver Number (CN) calculation (values from Table 3-1):
CN = 0.25(70)+0.25(80)+0.25(77y+0.25(85) = 78
S = (1000/78)-10 = 2.82

and, S = (1000/CN)-10

“This is a draft report and i not intended o be a final representation of the work done or reconmendaiions meade by Brown and Caldwell. It

showid not relied upon; consaly the final repord.”
3-8
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STORM DRAINAGE SYSTEM CRITERLA

g0 (2.82+1)%

T, =112
1900+/0.01

Calculate the Rainfall Inteqsity:
i = (0.33 + 0091144 * MAP) * (0.249 + 0.1006 * K * T, 0
MAP = 15 inches (find site location from Figure 3-2)
Kj = 1.339 (10-yeas flow frequency)

= 0.59 hrs

= (0.33 + 0.001144*15)%(0.249-+0.1006+1.339)%0.59 **** = 0.88 in/h

Calculate Basin Area:
A = (100 f£ X 100 f1)/43560 = 0.23 Acres

Q = CiA
= (0.35) * (0.88 in/he) * (0.23 Acres) = 0.07 cfs

“I'bis is a draft repors and is not intended to be a final representation of the work done or reconmmendations made
should ot relied wpon; consult the final report.”
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STORM DRAINAGE SYSTEM CRITERLA

Insert Figure 3-3. General Plan Land Use Map

“This is a draft report and ts not intended to be a final reprosentation of the work done or recommendetions miade by Brown and Caldwell. 1t

should not relied upon; consslt the final report.”
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STORM DRAINAGE SYSTEM CRITERIA

Table 3-1. Land Use, Soil Curve Number (CN), Percent Impertviousness, and Runoff

Coefficients
ol (Lt
CRfor Soll with CHN for Soll with CN for Soil with Percent | Cosfficient, C  Coeflclent, &

Land Usa Symbol __ Land Use Description Hydrclogic Graup B Hydrologle Group G Hydrologle Group D Imporvlaus (Soil Type B) (ANl Other Soils)
RESIDENTIAL
RR Rural Residential 68 78 B4 10 0,35 0.40
UL Urban Low Residentlal 70 . B0 85 3¢ 0.40 050
Uit Usban Low Residenllal, 1.5 d.ufac, T a0 a5 4] 0.40 050
UL-2 Urban Low Resklential, 2 d.uJze, 70 a0 BS 80 0.40 050
ULM Urban Lew Medium Residential, 3.0 6.ufac. 72 81 B8 45 0,40 0.50
UM Ushan Mediim Resldential, 4.5 doJac, 15 23 a7 L] 0.50 0.60
LIMH Ushan Medium High Residentlal, 6.0 d,ufac. a0 a7 114 mn 0.50 0.60
LUH Urkan High Residential 85 90 22 [:11] 080 Q.70
UH-1 Urban High Reskdential, 8-8d tjac. a5 1] 92 80 0.60 278
UH-2 Urban High Reskdentia!, 814 d.ufac, B5 a0 82 an 0.60 0.70
UH-2 Usban High Residentlal, 14-18 d.ufac. 28 a1 23 B0 0.60 070
UH-4 Usban High Resldental, 18-22 d.ufac, 88 g1 93 BO 0.60 Q.70
VDSF Very Low Density Singla Family, 4 d.ufac, 5 a3 a7 20 0.5 0.60
LDSF Lovr Density Single Family, 6. d.ufac. BG &7 an a5 0.50 .60
HDV High Densily Village, 8 d.ufas. 0 84 a5 B0 .70 0,75
COMMERCIAL
CORG Cora Cammercial 8z 684 g5 80 0.85 0.85
CSGC Community Serving General Commerclal i3 94 95 85 0,80 070
DC Dense Commercial 92 84 95 a0 .55 095
HG Highway Commercial a2 24 o5 o0 0.8 0.95
NG Neighborhaod Commercial 92 o4 i3 as 0.60 0,70
CC Offlce Commerzlal 92 L2 (L3 20 0.85 .85
SC Senvice Commerclal 02 3 a5 85 0.85 0.95
SURG Support Commercial gz o84 a8 B3 0.85 0.85
UDP-# See Downlown Urban Design Pian L1 3] 03 B5 0.60 a0
OPEN SPACE
AGVT Agriculture f Vilsulttire, 1-6d.ufi0D ac, 69 79 B4 5 0.20 0,30
GNAG General Agricutture, 190 ac. Min. Ste ki a5 8o 5 0,20 4.38
HLCN Hillside Conservation 69 ki a4 20 Q.20 0,30
LDAG Uimited Agriculire n 85 a8 5 2.20 Q.30
LPA Large Parcel Agriculture v 85 ag 5 0.20 0,30
OSP Parks, Trait Ways, Rec. Comidors, and Prolested Areas ] ) B4 20 020 0,25
RAG Range and Grasslang, 100 zo. Min. Sile 69 i 84 30 0.20 030
RMG Resource Management 69 9 84 30 D20 0.30
&G Sand and Gravet Resources 82 ar &8 20 020 0.30
WiIT VHieullure, 100 ac, Min. Ste &0 79 B4 10 0.20 ¢330
WL Waler Management Lands ¥l 75 7a 10 0,20 0.30
COMMUNITY FACILITIES
BART Bad Stalien L7l 04 as G5 050 Q.60
CF Govemment Services 0z 84 85 &5 0.50 0.60
CE-AR Airpert il as BY o0 070 0.85
CF-CC Civie Cenler 92 94 a5 5] .80 Q.60
CF-CE Cemelery 68 79 a4 30 0.50 060
CF-E, CF-H, CF41 Schoals a8 L] 03 a5 0,50 0.60
FS Firs Statien 22 94 13 85 Q.50 0.60
ROAD Road e8 28 o8 100 0.50 Q.60
INDUSTRIAL
BCP Business and Commerciat Park i3 91 53 S0 0.65 0.80
HIl Migh Intensily Industrial [:L:] 91 g3 83 078 0,90
Ll Light Intensity industial B8 a1 23 To 0.85 0,80
MIXED USE A
DA Mired B2 o4 85 75 .60 i}
DBG Dowmiowin Soulevard Sateway o2 94 a5 85 0.80 970
DN Dewmlown Nefghborhoed Norh Side 05 60 [:3 75 0,60 070
DNS Downlown Nelghborhood Seuth Sile a5 ga 02 75 0.60 0.1
DTG Downlown Transi Gateway aB a1 %] °0 0.60 070
MM Nelghborhood Mixed High Dansily a8 o4 a3 ¥i:] Q.60 0,70
Mb Neighborhood Mited Medium Densily B8 ol o3 &0 0,60 270
ML Naighbothood Mixed Law Denslty 85 o0 92 30 0.60 0.70
SOUTH LiVERMORE VALLEY SPECIFIC PLAN
SVA Agricutture 69 Ta 84 5 0.20 230
SV-AP 69 0 a4 10 ozo 030
SVC Wine Country Commercial [:3 :L3 a5 80 0.60 070
SVOSs Open Space 69 7% B4 20 0.20 0.36
SV Park 69 T B4 20 0.20 025
SVR Wine Counlry Residenilal 85 80 a2 60 .40 050
SVE Sshool 88 o1 03 5] 0,50 060

“This is a draft report and is not intended 1o be a final rapresontation of the work done or reconmiendations wiade by Brows and Caldwell It
showld not velied upon; consult the  final report.”
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STORM DRAINAGE SYSTEM CRITERLA

URBAN GROWTH [/
BOUNDARY

GRQUPS

SR LRI

Figure 3-4. Livermore WRCS Soil Groups

3.9 Hydraulic Critetia

Freeboard

The 10-year design storm freeboatd requirements for cloged conduits and swales ate shown in Table
3-2. Open channels shall be constructed as pet Alameda County Zone 7 Standards. 100-year design
stortn reqlﬁrcments are discussed in Section 3.5,

Table 3-2. 10-Year Design Storm Freeboard Requirements

- Freeboard, | From Design HGL
Facility fr Up Tor
Closed 1.25 Top of Cutb
Conduit 0.75 Top of Inlet Grate
Swales 0 Top of Bank '

“This is a drafi report and is not intended to be a final representation of the work done or recommendations made by Brown and Caldwell Tt

showld not velied wpon; conswlk the final report.”
3-12
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STORM DRAINAGE SYSTEM CRITERIA

Caleulations must be submitted to the city showing that the hydrautic grade line of the storm
drainage facilities comply with the frechoatd requitements. Example calculations for in-line friction
and junction losses ate given in the following section; other calculation methods need to be
approved by City. A storm diain model developed for the existing system may also be used.

Friction Losses

- Stotm drain friction head losses shall be determined wsing Manning's equation (shown below) anc-

the friction factors shown in Table 3-3:

Manning’s equation fot friction head loss:

H, = L*5; and,

5, - H(Q/A)n] R}
K

Where:

I1,= Friction head loss ({1}

L. = Pipe length (ft)

S, = Friction slope (ft/ft)

Q) = Flow rate (cfs)

A = Cross sectional area of the flow (ft’)

n = Manning’s roughness coefficient (Table 3-3)
K =1.486

R = Hydraulic radius {ft)

R = flow area (SF)/wetted perimeter (ft)

Table 3-3. Manning’s n Roughness Coefficients

Friction
Type of Facility Factor

Reinforced Concrete Pipe { and Cast-In-Place Pipe) 0.013
Concrete-Lined Intetceptor V-Ditches 0.017
Reinforced Concrete Box

Cast-in-Place 0.015

Pre-Cast 0.014
Natural Channels

Straight bank

- Some weeds and stones 0.035

- Very weedy reaches 0.070

Winding

- Some weeds and stones 0.045

- Very weedy reaches 0.125

“This is @ draft report and is not intended to be a Jinal representation of the work dowe ar recommmmendations magde

showld not relied spon; consulf the fiual report.”

873/ 2005\P:\Gen\24529 City of Livermore\Deaft Facilities Plaoning Guidelines\Section 3.dochdt

by Brosu and Caldwell It
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STORM DRAINAGE SYSTEM CRITERIA

Manbole Minor [ osses

The head losses at structures should be calculated for inlets, manholes, wye branches, ot bends in
the design of full flow closed conduits. Minimum head loss used for calculations should be 0.10 feet
at all structures, unless othetrwise approved by the City Engineet. The following list of equations
should be used for manhole, junction, and bend losses. Othet equations must be approved by the
City Engineer. :

The enetgy loss for through manholes whete there is no change in pipe sizes (H,,) is shown below.

2
I, =0.05 7
2g
where:
H,, = Through manhole minot head Ioss (ft)
V = Flow Velocity (ft/sec)

g = Acceleration due to gravity (32 ft/sec’)

T.osses in Zerminal manholes can be estimated with the following equation:

2
H = r

2g
whete:

H,,, = Terminal manhole minor head loss (ft)

V = Flow Velocity (ft/sec)
g = Acceleration due to gravity (32 ft/sec?)

Bend Minor Losses

Bend losses can be estimated with the following equation:

2
H,=K, v with, K, = ﬂf— for curved lines with angles less than 40°, use
2g Table 3-4 for bends greater than 40°

where:

H, = Minot bend head loss (££)

K, = Bend loss coefficient

V = Flow velocity {ft/sec)

0 = central angle of bend (degrees)

“This i5 & draft report and is not intended fo be a final reprasentation of the work done or recommendations made by Brown and Caldwell It
shaudd not relied upon; consul the  final report.”
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STORM DRAINAGH SYSTEM CRITERLA

Table 3-4. Bend Loss Coefficients

Structure Description Loss Coefficient, k,
Tnlet or Manhole at Beginning of Line 1.25
90° Bend with Radius = Pipe Diametet * 0.50
90° Bend with Radius = 2 to 8 Pipe Diametets * 0.40
90° Bend with Radius = 8 to 20 Pipe Diameters * 0.25

* These K, coefficients can be reduced by the following factors when bends other than 90°
are used: 60° Bend-0.85; 45° Bend 0.70

Junction Losses

At points of change in the hydraulic parametets of flow rate ot pipe diameter, the HGL and Energy
Grade Line (EGIL) shall be calculated, 'The Pressure-Momentum method should be used to calculate

the change in watet surface (HGL) at majot junctions:

_ QQ_VZ - QLV1 003(91) B QaVs 005(93)
g4, + Az)
2

Ay

where:

Ay = Change in hydtaulic gradient (FIGL) through the junction (ft).

Q Flow in cubic feet per second (cfs).

V= Velocity (ft/s).

Q2 = Txit discharge (Q2 = Q1 + Q3)

Q1 = Inlet discharge

Q3 = Latesal discharge

83 = Angleof convergence between the center line of the exit discharge and the center line of the

lateral dischatrge (degrees)
81 = Angle of the deflection between the inlet discharge and exit discharge center lines (degrees)
g= Acceleration due to gravity (32 ft/sec?)
V1= Velocity of Inflow (fps)
V2 = Velocity of Outflow (fps)

““This is @ draft report and is not intended o be a finl representation of the work done or recommendations made by Brows and Caldwell, It
showld not relied wpon; consult the final repart.”
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STORM DRAINAGE SYSTEM CRITERLA

V3= Velocity of Lateral (fps)
Al = Areacof Flow (ftz) of Inlet
A2 = Atrea of flow (i) of Onilet

Hydrantic Jumps or Other 5, pecial Conditions

If hydraulic jumps ot other specizl conditions occus (such as wave action due to high velocity flows
and/ot effects of curvature or air entrainment due to high velocities > 14 fps), the design engineet
shall submit a detafled analysis stating all assumptions.

3,40 Minimum Pipe Sizes

Storm drains shail be sized to handle peak flows from ultimate upstream development, but in any
case, 2 minimum 12-inch diameter pipe shall be required fox City storm drainage facitities. The City
has information available on tributary ateas, and on the trunk storm drainage system (pipes 24-
inches in diameter and latger) as it existed when the Storm Drainage Master Plan was prepated.
This information includes pipe sizes and ultimate desiga flows.

311 Allowable Slopes and Velocitics

The system shall be designed to meet the velocity and slope criteria in Table 3-5.

Table 3-5. Storm Drain Velocity and Slope Standards

Min. Max. Min.

Velocity, Velocity, Slope,

Pacility {t/sec ft/sec fr/fe
Farth Channels 2.0 6.0 0.0007
Closed Conduits (when flowing half full) 2.5 14.0 0.0007

Where velocities exceed the above values, special design criteria must be estzblished on a case-by-
case basis to provide for scouring, maintenance, Of Uneven flow conditions. Concrete-lined
channels shali not be used.

312 Beginning Water Surface Elevations (WSE)

For the 10-year hydraulic grade line, the bepinning water surface elevations (W SE) shall be the 10-
year watet surface clevation for ultimate conditions, The starting point for the hydrautic gridline
caleulation shall be whete the subdivision’s storm drainage discharges to 2 FEMA studied creek or
chanoel.

“This it a draft report and is not intended Jo be a final representation of the work done or recommendations made by Brown and Caldwell. It
showtd not velied upon; eonsul the final report.”
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STORM DRAINAGE SYSTEM CRITERLA

There ate no ultimate condition studies provided by FEMA (FEMA shows only existing WSH).
Unless a special study is performed to determine the ultimate 10-year WSE or information is
available from the Alameda County Zone 7 creek flow models, the FEMA 100-yr WSE (which are
based on existing conditions) shall be assumed to be representative of the ultimate 10-year or greater
WSH and shall be used in the hydraulic analysis.

At the option of the City Engineer, the City may ptovide a starting WSE when tying into the existing
storm drainage system; it will be based on the MOUSE. hydraulic model.

The closest known downstream watet surface elevation for the 10-year design stotm for the ultimate
conditions may also be used for the beginning water sutface for the hydraulic grade line analysis.

313 Summary of Design Standards

Manholes should be no farther than 500 feet apart, and catch basins are to be spaced so that the
maximum width of gutter flow does not exceed eight feet from the face of curb during a ten-year
design storm. On street drainage shall not exceed the maximum gutter runs listed in Table 3-6. The
maximum gutter run shall not exceed 1,500 feet, regardless of street slope.

Table 3-6. Maximum Gutter Runs

Average Street Slope Maximum Gutter Run
005 500 feet
006 550 feet
007 600 feet
008 650 feet
009 700 feet
010 750 feet

Table 3-7 summatizes the storm drain design standards. Refer to the latest adopted Storm Drain
Master Plan for design criteria for storage facilities (retention and detention) and pumping facilities.

“This is a draft report and is 7ot ntended fo be a final representation of the work done or recommiendations mde by Brown and Caldwell, 1t
should not relied upon; consult the final report.”
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STORM DRAINAGE SYSTEM CRITERIA

Table 3-7. Summary of Design Standatds

Condition Design Criteria
New Systems 10-yeat HGL 1.25” below curb
New Systems 100-year HGL U’ below bldg pads
New QOutfalls Flap-Gated
Swales/V-ditches 10-year HGL below top of bank
Open Channels Per Zone 7 Standards
Closed Conduits Max. Velocity < 14 ft/sec
Closed Conduits Min. Velocity > 2.5 ft/sec
Closed Conduits Min. Slope > 0.0007
Barth Soales Max. Velocity < 6 ft/sec
Barth Swales Min. Velocity > 2 ft/sec
Barth Swales Min. Slope > 0.0007
Closed Conduit Min. Pipe Size 12-inches
Improvements Min. Pipe Size 12-inches

“Tbis is & draft report and is not intended 1o be a final representation of the work done o recommendations made by Brown and Caldwell, It

shomld no# relied spon; conswit the final report. ?
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Chick-Til-A Restaurant No. 3805
SWCof Liversore Ave, & 1580 Frecway
City of Livenmore, Califoriia

6.0 HYDROLOGY MAP

HYDROLOGY AND HYDRAULIC ANALYSIS
P\ CFA18005\Reports\Hydrology\01-38056-16005-H and H REPORT.docx



Chick-1il-A Restavrant No, 3805
SWC of Livermore Ave, & 1580 Freeway
City of Livermore, California

6.1 HYDROLOGY MAP (EXISTING CONDITION)

HYDROLOGY AND HYDRAULIC ANALYSIS
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Chick-fil-A Restaurant No. 3805
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City of Livermore, California
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Stormwater Requirements Checklist CITY OF LIVERMORE

Municipal Regional Stormwater Permit (MRP 2.0) 1052 South Livermore Avenue
Stormwater Controls for Development Projects Livermore, CA 94550
water PHONE: 925-960-4500, FAX: 925-960-4505

PROGRAM

WEB: http://www.cityoflivermore.net

I. Applicability of C.3 and C.6 Stormwater Requirements

I.A. Enter Project Data (For “C.3 Regulated Projects,” data will be reported in the municipality’s stormwater Annual Report.)

I.A.1 Project Name: CFA Livermore
I.A.2 Project Address 1650 N Livermore Ave
(include cross street):
I.A.3 Project APN: I.A.4 Project Watershed': Arroyo Las Positas
I.LA.5 Applicant Name: Kier & Wright Civil Engineers I.A.6 Date Submitted: 3/6/2020
[LA.7 Applicant Address: 2850 Collier Canyon Rd., Livermore, CA 94551
I.LA.8 Applicant Phone: 925-245-8788 I.A.9 Applicant Email Address: Ejohnson@kierwright.com
I.A.10 Development type: [ Residential [XICommercial [] Industrial [] Mixed-Use [] Streets, Roads, etc.

(check all that apply) [ ‘Redevelopment’ as defined by MRP: creating, adding and/or replacing exterior existing

impervious surface on a site where past development has occurred?
[ ‘Special land use categories’ as defined by MRP: (1) auto service facilities®, (2) retail gasoline
outlets, (3) restaurants?, (4) uncovered parking area (stand-alone or part of a larger project)
I.A.11 Project Description*: Construction of a new 4,752 sf building for Chick-Fil-A with associated landscape and parking.

(Also note any past
or future phases of the
project.)

I.A.12 Total Area of Site: 1.61 acres I.A.13 Slope on Site: 1%

I.A.14 Total Area of land disturbed during construction (include clearing, grading, excavating and stockpile area:_1.61 acres_.

I.B. Is the project a “C.3 Regulated Project” per MRP Provision C.3.b?
I.B.1. Enter the amount of impervious surface* created and/or replaced by the project (if the total amount is 5,000 sq.ft. or more):

Table of Impervious and Pervious Surfaces

a b C d
. Existing Post-project
Pre-Project Impervious New Impervious|  pervious
. Impervious Surface to be Surface to be surface
Type of Impervious Surface Surface (sqg.ft.) | Replaced” (sq.ft.) | Created’ (sq.ft.) (sq.ft.)
Roof area(s) — excluding any portion of the roof that is 0 0 4,752
vegetated (“green roof”)
Impervious® sidewalks, patios, paths, driveways 0 34,413
Impervious® uncovered parking® 0 39,165 10,634
Streets (public) 0 0
Streets (private) 0 0
Totals: 0 0 59,627
Area of Existing Impervious Surface to remain in place N/A
Total New Impervious Surface (sum of totals for columns b and c): 59,627

Watershed is defined by the maps from the Alameda County Flood Control District at htp://acfloodcontrol.org/resources/explore-watersheds
Roadway projects that replace existing impervious surface are subject to C.3 requirements only if one or more lanes of travel are added.
Standard Industrial Classification (SIC) codes are in Section 2.3 of the C.3 Technical Guidance (download at www.cleanwaterprogram.org)

Project description examples: 5-story office building, industrial warehouse, residential with five 4-story buildings for 200 condominiums, etc.
Per the MRP, pavement that meets the following definition of pervious pavement is NOT an impervious surface. Pervious pavement is defined
as pavement that stores and infiltrates rainfall at a rate equal to immediately surrounding unpaved, landscaped areas, or that stores and
infiltrates the rainfall runoff volume described in Provision C.3.d.

Uncovered parking includes top level of a parking structure.

“Replace” means to install new impervious surface where existing impervious surface is removed. “Create” means to install new impervious
surface where there is currently no impervious surface.

a s W N =
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Stormwater Requirements Checklist

I.B. Is the project a “C.3 Regulated Project” per MRP 2.0 Provision C.3.b? (continued)

I.B.2 InItem |.B.1, does the Total New Impervious Surface equal 10,000 sq.ft. or more? If YES, skip to
Item 1.B.5 and check “Yes.” If NO, continue to Item 1.B.3.

1.B.3 Does the Item I.B.1 Total New Impervious Surface equal 5,000 sq.ft. or more, but less than 10,000
sq.ft? [If YES, continue to Item 1.B.4. If NO, skip to Item I.B.5 and check “No.”

1.B.4 Is the project a “Special Land Use Category” per Item I.A.10? For uncovered parking, check YES
only if there is 5,000 sq.ft or more uncovered parking. If NO, go to Item I.B.5 and check “No.” If
YES, go to Item I.B.5 and check “Yes.”

I.B.5 Is the project a C.3 Regulated Project? If YES, go to Item 1.B.6; if NO, continue to Item I.C.

1.B.6 Does the total amount of Replaced impervious surface equal 50 percent or more of the Pre-Project
Impervious Surface? If YES, stormwater treatment requirements apply to the whole site; if NO,
these requirements apply only to the impervious surface created and/or replaced.

I.B.7 Is the project installing a total of 3,000 sq.ft. or more (excluding private-use patios in single family
homes, townhomes, or condominiums) of new pervious pavement systems? (Pervious pavement
systems include pervious concrete, pervious asphalt, pervious pavers and grid pavers etc. and are
described in the C3 Technical Guidance at www.cleanwaterprogram.orq) If YES, stormwater
treatment system inspection requirements (C.3.h) apply; (Municipal staff — add this site to your list

of sites needing a final inspection at the end of construction and on-going O&M inspections.) If NO,

inspection requirements only apply if there are other treatment systems installed on the project.

I.C. Projects that are NOT C.3 Regulated Projects

Yes
X

No NA
(] (|
(|

O

(] (|
(] X
X (|

If you answered NO to Item 1.B.5, or the project creates/replaces less than 5,000 sq. ft. of impervious surface, then the project is
NOT a C.3 Regulated Project, and stormwater treatment is not required, BUT the municipality may determine that source

controls and site design measures are required. Skip to Section Il.

I.D. Projects that ARE C.3 Regulated Projects

If you answered YES to Item |.B.5, then the project is a C.3 Regulated Project. The project must include appropriate site design
measures and source controls AND hydraulically-sized stormwater treatment measures. Hydromodification management may

also be required; refer to Section Il to make this determination. If final discretionary approval was granted on or after

DECEMBER 1, 2011, Low Impact Development (LID) requirements apply, except for “Special Projects.” See Section II.

I.LE. Identify C.6 Construction-Phase Stormwater Requirements

Yes No
I.LE.1  Does the project disturb 1.0 acre (43,560 sq.ft.) or more of land? (See ltem X ]

I.A.14). If Yes, obtain coverage under the state’s Construction General Permit at
https:/smarts.waterboards.ca.gov/smarts/faces/SwSmartsLogin.jsp. Submit to
the municipality a copy of your Notice of Intent and Storm Water Pollution
Prevention Plan (SWPPP) before a grading or building permit is issued.

I.LE.2 s the site a “High Priority Site” that disturbs less than 1.0 acre (43,560 sq.ft.) O
of land? (Municipal staff will make the final determination.)
“High Priority Sites” are sites having any of the following criteria:
= that require a grading permit,
= are adjacent to a creek,

= or are otherwise high priority for stormwater protection during
construction (see MRP 2.0 Provision C.6.e.ii.(2)(c))

I.LE.3 s the site a “Hillside Site” that disturbs 5,000 sq.ft. or more, but less than 1.0 O
acre (43,560 sq.ft.) of land? (Municipal staff will make the final determination.)

= “Hillside Sites” are located on hillsides, as indicated on a jurisdictional
map of hillside development areas or as indicated by meeting
jurisdictional hillside development criteria.

= If no map or criteria exist, then Hillside Sites are sites with a slope of
15% or more (see 1.A.13 above and MRP 2.0 Provision
C.6.e.ii.(2)(b)).

» NOTE TO APPLICANT: All projects require appropriate stormwater best management practices (BMPs) during

construction. Refer to the Section Il to identify appropriate construction BMPs.

» NOTE TO MUNICIPAL STAFF: If the answer is “Yes” to l.LE.1, I.LE.2, OR |.E.3, refer this project to construction site
inspection staff to be added to their list of projects that require stormwater inspections at least monthly during the wet

season (October 1 through April 30) and other times of the year as appropriate.
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Stormwater Requirements Checklist

Il. Implementation of Stormwater Requirements

IlLA. Complete the appropriate sections for the project. For non-C.3 Regulated Projects, Sections 11.B, II.C, and 11.D apply. For
C.3 Regulated Projects, all sections of Section Il apply.

I.B. Select Appropriate Site Design Measures

» Required for C.3 Regulated Projects.

» Starting December 1, 2012, projects that create and/or replace 2,500 - 10,000 sq.ft. of impervious surface, and stand-
alone single family homes that create/replace 2,500 sq.ft. or more of impervious surface, must include one of Site
Design Measures a through f.8

» All other projects are encouraged to implement site design measures, which may be required at municipality

discretion.

» Consult with municipal staff about requirements for your project.

II.B.1 Is the site design measure included in the project plans?

Yes

Plan
Sheet No.

. Direct roof runoff into cisterns or rain barrels and use rainwater for irrigation

or other non-potable use.

. Direct roof runoff onto vegetated areas.

. Direct runoff from sidewalks, walkways, and/or patios onto vegetated areas.

X X | X | O

O |00 X

. Direct runoff from driveways and/or uncovered parking lots onto vegetated

areas.

. Construct sidewalks, walkways, and/or patios with pervious surfaces. Use

the specifications in the C3 Technical Guidance (Version 4.1) or for small
projects see the BASMAA Pervious Paving Factsheet. For these documents
and others go to www.cleanwaterprogram.org and click on “Resources.”

Construct bike lanes, driveways, and/or uncovered parking lots with
pervious surfaces. Use the specifications in the C3 Technical Guidance
(Version 4.1) or for small projects see the BASMAA Pervious Paving
Factsheet. For these documents and others go to the program website at:
www.cleanwaterprogram.org and click on “Resources.”

. Minimize land disturbance and impervious surface (especially parking lots).

. Maximize permeability by clustering development and preserving open

space.

Use micro-detention, including distributed landscape-based detention.

Protect sensitive areas, including wetland and riparian areas, and minimize
changes to the natural topography.

. Self-treating area (see Section 4.1 of the C.3 Technical Guidance)

Self-retaining area (see Section 4.2 of the C.3 Technical Guidance)

Ol0|0 X |0 X |0O

XX X| O K| O|KX

m. Plant or preserve interceptor trees (Section 4.5, C.3 Technical Guidance)

8 See MRP Provision C.3.a.i(6) for non-C.3 Regulated Projects, C.3.c.i(2)(a) for Regulated Projects, C.3.i for projects that create/replace 2,500
to 10,000 sq.ft. of impervious surface and stand-alone single family homes that create/replace 2,500 sq.ft. or more of impervious surface.
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Stormwater Requirements Checklist

I.C. Select appropriate source controls (Applies to C.3 Regulated Projects; encouraged for other projects. Consult municipal staff.)

Features that
Are these . Is source control
. | require source Source control measures f
features in . : . measure included
. control (Refer to Local Source Control List for detailed requirements) . .
project? in project plans?
measures
Plan
Yes | No Yes | No | SheetNo.
X | O | Storm Drain Mark on-site inlets with the words “No Dumping! Flows to Bay” or equivalent. X| O] cs.0
X [] | Floor Drains Plumb interior floor drains to sanitary sewer® [or prohibit]. Ol X
X | [ | Parking garage | Plumb interior parking garage floor drains to sanitary sewer.® X| ]| c7.0
X | O | Landscaping = Retain existing vegetation as practicable. Ol X
= Select diverse species appropriate to the site. Include plants that are pest-
and/or disease-resistant, drought-tolerant, and/or attract beneficial insects.
= Minimize use of pesticides and quick-release fertilizers.
= Use efficient irrigation system; design to minimize runoff.
1 | [ |Pool/Spa/Fountain | Provide connection to the sanitary sewer to facilitate draining.® ) O N/A
O [J | Food Service Provide sink or other area for equipment cleaning, which is: O O N/A
Equipment = Connected to a grease interceptor prior to sanitary sewer discharge. °
(non- = Large enough for the largest mat or piece of equipment to be cleaned.
residential) = Indoors or in an outdoor roofed area designed to prevent stormwater run-on
and run-off, and signed to require equipment washing in this area.
O [0 | Refuse Areas = Provide a roofed and enclosed area for dumpsters, recycling containers, etc., Ol O N/A
designed to prevent stormwater run-on and runoff.
= Connect any drains in or beneath dumpsters, compactors, and tallow bin
areas serving food service facilities to the sanitary sewer.®
] [] | Outdoor Process| Perform process activities either indoors or in roofed outdoor area, designed to O d N/A
Activities prevent stormwater run-on and runoff, and to drain to the sanitary sewer.®
0| O | Outdoor = Cover the area or design to avoid pollutant contact with stormwater runoff. Ol O N/A
Equipment/ = Locate area only on paved and contained areas.
Materials = Roof storage areas that will contain non-hazardous liquids, drain to sanitary
Storage sewer®, and contain by berms or similar.
O [0 | Vehicle/ = Roofed, pave and berm wash area to prevent stormwater run-on and runoff, Ol O N/A
Equipment plumb to the sanitary sewer®, and sign as a designated wash area.
Cleaning » Commercial car wash facilities shall discharge to the sanitary sewer.®
| [ | Vehicle/ = Designate repair/maintenance area indoors, or an outdoors area designed to Ol O N/A
Equipment prevent stormwater run-on and runoff and provide secondary containment.
Repair and Do not install drains in the secondary containment areas.
Maintenance = No floor drains unless pretreated prior to discharge to the sanitary sewer. °
= Connect containers or sinks used for parts cleaning to the sanitary sewer. °
O O | Fuel = Fueling areas shall have impermeable surface that is a) minimally graded to Ol O N/A
Dispensing prevent ponding and b) separated from the rest of the site by a grade break.
Areas = Canopy shall extend at least 10 ft in each direction from each pump and drain
away from fueling area.
[0 | O | Loading Docks | = Cover and/or grade to minimize run-on to and runoff from the loading area. Ol O N/A
= Position downspouts to direct stormwater away from the loading area.
= Drain water from loading dock areas to the sanitary sewer.®
= Install door skirts between the trailers and the building.
O [1 | Fire Sprinklers | Design for discharge of fire sprinkler test water to landscape or sanitary sewer.® 0| O N/A
[0 | O | Miscellaneous | = Drain condensate of air conditioning units to landscaping. Large air Ol O N/A
Drain or Wash conditioning units may connect to the sanitary sewer.®
Water = Roof drains shall drain to unpaved area where practicable.
= Drain boiler drain lines, roof top equipment, all washwater to sanitary sewer °.
(1 | [ | Architectural = Discharge rinse water to sanitary sewer °, or collect and dispose properly O d N/A
Copper offsite. See flyer “Requirements for Architectural Copper.”

® See MRP Provision C.3.a.i(7) for non-C.3 Regulated Projects and Provision C.3.c.i(1) for C.3 Regulated Projects.
© Any connection to the sanitary sewer system is subject to sanitary district approval.
! Businesses that may have outdoor process activities/equipment include machine shops, auto repair, industries with pretreatment facilities.
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Stormwater Requirements Checklist

II.D. Implement Construction Best Management Practices (BMPs) (Applies to all projects — see Provision C.6 for more details.)

Yes

No

Best Management Practice (BMP)

X

O

Attach the municipality’s construction BMP plan sheet to project plans and require contractor to implement the
applicable BMPs on the plan sheet.

Temporary erosion controls to stabilize all denuded areas until permanent erosion controls are established.

Delineate with field markers clearing limits, easements, setbacks, sensitive or critical areas, buffer zones,
trees, and drainage courses.

Provide notes, specifications, or attachments describing the following:
= Construction, operation and maintenance of erosion and sediment controls, include inspection frequency;

= Methods and schedule for grading, excavation, filling, clearing of vegetation, and storage and disposal of
excavated or cleared material;

= Specifications for vegetative cover & mulch, include methods and schedules for planting and fertilization;

= Provisions for temporary and/or permanent irrigation.

Perform clearing and earth moving activities only during dry weather.

Use sediment controls or filtration to remove sediment when dewatering and obtain all necessary permits.

Protect all storm drain inlets in vicinity of site using sediment controls such as berms, fiber rolls, or filters.

X XK XK
Ol o] OO

Trap sediment on-site, using BMPs such as sediment basins or traps, earthen dikes or berms, silt fences,
check dams, soil blankets or mats, covers for soil stock piles, etc.

O
O

Divert on-site runoff around exposed areas; divert off-site runoff around the site (e.g., swales and dikes).

X
O

Protect adjacent properties and undisturbed areas from construction impacts using vegetative buffer strips,
sediment barriers or filters, dikes, mulching, or other measures as appropriate.

Limit construction access routes and stabilize designated access points.

No cleaning, fueling, or maintaining vehicles on-site, except in a designated area where washwater is
contained and treated.

Store, handle, and dispose of construction materials/wastes properly to prevent contact with stormwater.

X
O

Contractor shall train and provide instruction to all employees/subcontractors re: construction BMPs.

Control and prevent the discharge of all potential pollutants, including pavement cutting wastes, paints,
concrete, petroleum products, chemicals, washwater or sediments, rinse water from architectural copper, and
non-stormwater discharges to storm drains and watercourses.

PROJECTS THAT ARE NOT C.3 REGULATED PROJECTS STOP HERE!
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Stormwater Requirements Checklist

ILLE. Biotreatment, Infiltration and Rain Water Harvesting and Use.
MRP 2.0 no longer requires that a feasibility analysis of infilration and rainwater harvesting be conducted.
However, applicants using biotreatment are encouraged to maximize infiltration of stormwater if site conditions allow.
If feasible and desired, infiltration and rainwater harvesting may be cost effective solutions depending on the project.

ILF. Stormwater Treatment Measures (Applies to C.3 Regulated Projects)

IlLF.1  Check the applicable box and indicate the treatment measures to be included in the project.

Yes No

O X] |Is the project a Special Project? (See Appendix K of the C.3 Technical Guidance for criteria.)
If Yes, complete the Special Projects Worksheet (go to the program website at: www.cleanwaterprogram.org
and click on “Resources”) and consult with municipal staff about the need to prepare a discussion of the
feasibility and infeasibility of 100% LID treatment. Indicate the type of non-LID treatment to be used, the
hydraulic sizing method*, and percentage of the amount of runoff specified in Provision C.3.d that is treated:

Non-LID Treatment Hydraulic sizing method* % of C.3.d amount of runoff treated
[0 Media filter

[0 Tree well filter

X [1 | Is the project using biotreatment to treat the C.3.d amount of runoff?

For more information on infiltration and rainwater harvesting and use of stormwater, refer to the C3 Technical
Guidance downloadable at the program website: www.cleanwaterprogram.org

If Yes, indicate the biotreatment measures to be used, and the hydraulic sizing method:

Biotreatment Measures Hydraulic sizing method*

X Bioretention area 3. Combination hydraulic sizing approach

[ Flow-through planter

[ Other (specify):
O X1 | Is the project using infiltration or rainwater harvesting/use?

For more information on infiltration and rainwater harvesting and use of stormwater, refer to the C3 Technical
Guidance downloadable at the program website: www.cleanwaterprogram.org

If Yes, indicate the measures to be used, and hydraulic sizing method:

LID Treatment Measure (non-biotreatment) Hydraulic sizing method*
[0 Rainwater harvesting and use

[ Bioinfiltration'?

[ Infiltration trench

[ Other (specify):

*Hydraulic Sizing Method: Indicate which of the following Provision C.3.d.i hydraulic sizing methods were used:

1. Volume based approaches — Refer to Provision C.3.d.i.(1):
1(a) Urban Runoff Quality Management approach, or
1(b) 80% capture approach (recommended volume-based approach).

2. Flow-based approaches — Refer to Provision C.3.d.i.(2):
2(a) 10% of 50-year peak flow approach,
2(b) Percentile rainfall intensity approach, or
2(c) 0.2-Inch-per-hour intensity approach (this is recommended flow-based approach AND the basis for the 4% rule of
thumb described in Section 5.1 of the C.3 Technical Guidance).

3. Combination hydraulic sizing approach -- Refer to Provision C.3.d.i.(3):
If a combination flow and volume design basis was used, indicate which flow-based and volume-based criteria were used.

2 See Section 6.1 of the C.3 Technical Guidance for conditions in which bioretention areas provide bioinfiltration.
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Stormwater Requirements Checklist

II.G. Is the project a Hydromodification Management'® (HM) Project? (Complete this section for C.3 Regulated Projects)

1.G.1 Does the project create and/or replace 1 acre (43,560 sq. ft.) or more of impervious surface? (Refer to Item 1.B.1.)
X Yes. Continue to Item II.G.2.
[0 No. The project is NOT required to incorporate HM measures. Skip to Item I1.G.6 and check “No.”

11.G.2 Is the total impervious area increased over the pre-project condition? (Refer to Item 1.B.1.)
X Yes. Continue to Item II.G.3.
[0 No. The project is NOT required to incorporate HM measures. Skip to Iltem II.G.6 and check “No.”

11.G.3 Is the site located in a tidally influenced/depositional area, or in the extreme eastern portion of the county that is not subject
to HM requirements? (See HMP Susceptibility Map in Appendix | of the C.3 Technical Guidance.)

[0 Yes. Project is exempt from HM requirements. Attach map indicating project location. Skip to II.G.6 and check “No”.
X No. Continue to I.G.4.

1.G.4 s the site located in a high slope zone or special consideration watershed, as shown on the HMP Susceptibility Map?
X Yes. Project is subject to HM requirements. Attach map indicating project location. Skip to II.G.6 and check “Yes.”

0 No. Continue to II.G.5.
1.G.5 For sites located in a white area on the HMP Susceptibility Map, has an engineer or qualified environmental professional

determined that runoff from the project flows only through a hardened channel or enclosed pipe along its entire length
before emptying into a waterway in the exempt area?

[0 Yes. Project is exempt from HM requirements. Attach signed statement by qualified professional. Go to I1.G.6 and
check “No.”

n/a [0 No. Project is subject to HM requirements. Attach map indicating project location. Go to ltem G.6 and check “Yes.”

11.G.6 Is the project a Hydromodification Management Project?
XI Yes. The project is subject to HM requirements in Provision C.3.g of the Municipal Regional Stormwater Permit.
[0 No. The project is EXEMPT from HM requirements.
[0 HM requirements are impracticable. (Aftach documentation needed to comply with the impracticability provision in
MRP Attachment B.)

» If the project is subject to the HM requirements, incorporate in the project flow duration stormwater control measures
designed such that post-project stormwater discharge rates and durations match pre-project discharge rates and
durations. The Bay Area Hydrology Model (BAHM) has been developed to size flow duration controls. See
www.bayareahydrologymodel.orqg. Guidance is provided in Chapter 7 of the C.3 Technical Guidance.

Il.LH Stormwater Treatment Measure and/HM Control Owner or Operator’s Information:
Name:__ TBD
Address:

Phone: Email:

Applicant must call for inspection and receive inspection within 45 days of installation of treatment measures and/or
hydromodification management controls.

Name of applicant completing the form: Liz Johnson

Signature: Date:_ 3-6-2020

3 Hydromodification is the modification of a stream’s hydrograph, caused in general by increases in flows and durations that result when land
is developed (made more impervious). The effects of hydromodification include, but are not limited to, increased bed and bank erosion, loss of
habitat, increased sediment transport and deposition, and increased flooding. Hydromodification management control measures are designed
to reduce these effects.
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Stormwater Requirements Checklist

l1l. For Completion By Municipal Staff

lll.1 Alternative Certification: Was the treatment system sizing and design reviewed by a qualified third-party professional that
is not a member of the project team or agency staff?

[dYes [ No Name of Reviewer

ll.2. Confirm Operations and Maintenance (O&M) Submittal:

The following questions apply to C.3 Regulated Projects and Hydromodification Management Projects.

Yes No N/A
lll.2.a Was maintenance plan submitted? O O O
Il.2.b  Was maintenance plan approved? | O O
lll.2.c Was maintenance agreement submitted? (Date executed: ) ] ] ]

» Attach the executed maintenance agreement as an appendix to this checklist.
.3 Incorporate HM Controls (if required)

Are the applicable items for HM compliance included in the plan submittal?

Yes No NA | Documentation for HM Compliance

O O [] | Site plans with pre- and post-project impervious surface areas, surface flow directions of entire
site, locations of flow duration controls and site design measures per HM site design requirement

O O O Soils report or other site-specific document showing soil types at all parts of site

O O O If project uses the Bay Area Hydrology Model (BAHM), a list of model inputs.

O O [0 | If project uses custom modeling, a summary of the modeling calculations with corresponding
graph showing curve matching (existing, post-project, and post-project with HM controls curves),
goodness of fit, and (allowable) low flow rate.

O O 1 | If project uses the Impracticability Provision, a listing of all applicable costs and a brief description
of the alternative HM project (name, location, date of start up, entity responsible for
maintenance).

O O [0 | If the project uses alternatives to the default BAHM approach or settings, a written description
and rationale.

» Municipal staff: Refer to the “Flow Duration Control Review Worksheet for HM Submittals” to review the
documentation submitted for HM compliance.

lll.4 Annual Operations and Maintenance (O&M) Submittals:

For C.3 Regulated Projects and Hydromodification Management Projects, indicate the dates on which the Applicant submitted
annual reports for project O&M:

lIl.5 Comments:

111.6 Notes:

Section | Notes:

Section Il Notes:

Section Il Notes:

lll.7 Project Close-Out:
I.7.a  Were final Conditions of Approval met? | O

8 January 14, 2016




I.7.b

I.7.c

In.7.d

Stormwater Requirements Checklist

Was initial inspection of the completed treatment/HM measure(s) conducted? O | O
(Date of inspection: )

Was maintenance plan submitted? O | O
(Date executed: )

Was project information provided to staff responsible for O&M verification inspections? O | O
(Date provided to inspection staff: )

Name of staff confirming project is closed out:

Name of O&M staff receiving information:

Signature: Date:

Signature: Date:

Appendices
Appendix A: O&M Agreement
Appendix B: O&M Annual Report Form
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