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1. INTRODUCTION

In this Drainage Study, the existing and proposed condition hydrology was analyzed for the
Parr Boulevard project site. The study analyzed the 10- and 100-year 6- and 12-hour storm
events for drainage flow rates to analyze the existing culverts flowing from the site below
Richmond Parkway and discharging into San Pablo Bay.

The proposed swales, and linear wetland mitigation have been analyzed to confirm 100-year
storm event is contained and conveyed to the discharge culverts below Richmond Parkway
(identified on the Swale Sizing Hydrology Map as Discharge Point’s A and B). The swales
and linear wetland mitigation analyzed in these calculations are identified as Swale 1 —
Sections A and B, Swale 2, Linear Wetland Sections G, H and I; see Appendix 7.1 for Swale
Sizing Hydrology Map.

The study analyzed the 10- and 100-year storm events to confirm sufficient sizing for the
proposed pipe conveyance network. The pipes are identified on the Storm Drain System
Hydrology Map; see Appendix 7.1.

2. EXISTING CONDITIONS

The Parr Boulevard project site is located in Contra Costa County, in Unincorporated
Richmond. The site is bounded to the west and north by Richmond Parkway, to the south
by Parr Boulevard and to the east by existing commercial/industrial development. Access to
the site is from Parr Boulevard.

The project site consists of two (2) tributary areas. The areas include onsite and offsite areas
and are identified as EX 1 and EX 2. The off-site tributaries are comprised of existing
industrial development and portions of Parr Blvd and Richmond Parkway. Stormwater
runoff flows on to the project site via overland flow and is captured in existing drainage
channels within the project site and discharge to two (2) culverts (Discharge Points A and B)
which convey stormwater runoff under Richmond Parkway into San Pablo Bay. Discharge
Point A consists of two (2) 36-inch culverts and Discharge Point B consists of one (1) 36-
inch culvert. The existing site is identified as having a Hydrologic Soil Group of “C.”

See Appendix 7.1 for the Existing Conditions Hydrology Map.
3. PROPOSED CONDITIONS

The project proposes to split the site into two (2) lots. On each lot construction of a
building (warehouse and offices), a parking lot, truck docks and access, stormwater
treatment facilities, and wetland mitigation is proposed.

The project watershed consists of four (4) tributary areas (identified as 1A, 1B, 2A and 2B).
Tributary areas 1A and 2A comprise the proposed development, Lot 1 and Lot 2
respectively. Tributary area 1B comprise a portion of the proposed Lot 2 development and
off-site area draining towards the project site. Tributary area 2B is off-site and drains towards
the project site. The off-site tributaries are comprised of existing industrial development. A
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portion of the existing watershed identified as EX2 is removed from the proposed condition
calculations, due to the development of the Goodrick Industrial (2601 Goodrick Avenue)
project diverts runoff that historically discharged onto the Parr Boulvard project site (see
Appendix 7.10 for excerpt from the Goodrick Industrial project). Stormwater runoff flows
on to the project site via overland flow and captured into existing drainage channels within
the project site. Tributaries 1A and 1B discharge at Discharge Point A and tributaries 2A and
2B discharge at Discharge Point B. Due to the increase in peak discharge rate at Discharge
Point B an increase in culvert size (through pipe bursting) is proposed.

See Appendix 7.1 for the Proposed Conditions Hydrology Map.
4. METHOD OF ANALYSIS

The Contra Costa County Flood Control & Water Conservation District Unit Hydrograph
Method was used to analyze the 10- and 100-year 6- and 12-hour storm events for drainage
flow rates for the existing and proposed conditions.

The Modified Rational Method was used to size the proposed storm drain system. The basis
for the analysis was derived from the Contra Costa County Rational Method Guidelines.

5. FACTORS USED IN ANALYSIS

a. Subbasins: The subbasins identified in these calculations were determined from a
topographic survey of the project site and aerial photography.

See Appendix 7.1 for the Existing and Proposed Conditions Hydrology Maps.

b. 100-Year Flood Elevation: Flood information for the project site can be found on
FIRM Flood Insurance Rate Map 06013C0226G and 06013C0228G dated September
20, 2015. The project site is identified as “this area is shown as being protected from the
1-percent-annual-chance or greater flood hazard by a levee system that has been
provisionally accredited. Overtopping or failure of any levee system is possible.”

See Appendix 7.9 for FEMA Flood Maps.

c. Hydrographs: The hydrographs for the 10-year 6-hour, 10-year 12-hour, 100-year 6-
hour and 100-year 12-hour storm events were determined using the Contra Costa
County Flood Control & Water Conservation District Unit Hydrograph Method. The
hydrographs were developed using the County’s HEC-HMS template and the model was
developed in accordance with the HEC-HMS Guidance for the Contra Costa County Flood
District Unit Hydrograph Method.

d. Modified Rational Method: The Modified Rational Method calculates peak runoff, Q, in
cubic feet per second and is described by the equation Q=CIAf. The terms are defined
as follows:

Q = CiAf
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Where: Q = Flow Rate (cubic feet per second, cfs)
C = Runoff Coefficients
f = Adjusting factor for 25, 50 and 100-year storms!
I = Rainfall Intensity (inches per hout, in/hr)
A = Tributary Area (acres, ac)

1. Adjusting Gactors (f) for 25, 50 and 100-year storms (Modified
Rational Formula):

Q10 =1.00
Qo5 =1.10
Qs0=1.20
Q100 =1.25

Note: The product Cf must be less than 1.0

Rainfall Intensity: Storm Intensity (I) was derived using the Contra Costa County
Rational Method Guidelines, the Contra Costa County Mean Seasonal Isohyet Map
(Drawing B-160), and the 10- and 100- Precipitation Duration-Frequency-Depth Curves
(Drawings B-159 and B-162 respectively). See Appendix 7.X-Rainfall Intensity

Runoff Coefficient: The runoff coefficients for the project site were developed using a
best judgement based on the values given in CCCFCD (Contra Costa County Flood
Control District) Standard — Runoff Coefficients and knowledge of the project site.

Time of Concentration: The time of concentration, used for the modified rational
method, was calculated from the Kerby Equation for overland flow described by the
equation tc>!* = 21.n/3S!/2 per the Rational Formula Calculations: Contra Costa County
Flood Control District Hydrology Class Presentation. The terms are defined as follows:

2Ln
- 3+/S

Where: tc = Time of Concentration in minutes
L. = Length in feet
n = Surface retardant factor
S = Slope in feet/feet

Hydraulic Modeling: The proposed Storm Drain System was sized for capacity using the
AutoCAD Civil 3D 2018 Hydraflow Storm Sewers Program. The Storm Sewers program
models storm drains systems based on the use of the Rational Method. See Appendix
7.12 for Hydraulic Calculations — Storm Drain System.

The proposed swales and linear wetland mitigation were sized for capacity using the
Autocad Civil 3D 2018 Hydraflow Express Extension and the Modified Rational
Method. See Appendix 7.11 for Hydraulic Calculations — Swales and Linear Wetlands
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1. Starting Hydraulic Grade Line (HGL): For the 10-year analysis, the starting HGL was

assumed to be the invert of the pipes. For the 100-year analysis, the starting HGL was
assumed to be elevation 10.0 per the FEMA 100 year flood plain elevation.

6. RESULTS AND CONCLUSIONS

Results:

The project site discharges at two (2) locations, Discharge Points A and B (See Appendix 7.1
for the Existing Condition Hydrology Map). Table 6.1 and 6.2 depicts the 10- and 100-year
peak discharge rate at Discharge Point A for the 6- and 12-hour storm events. Table 6.3 and
6.4 indicates the 10- and 100-year peak discharge rate at Discharge Point B for the 6- and 12-
hour storm events. See Appendix 7.11 and 7.12 for Swale, Linear Wetlands, and Storm
Drain Sizing Calculations results.

Table 6.1: 10-Year Rain Event — Discharge Point A

10-Year, 6-Hour -
Recurrence Peak

10-Year, 12-Hour -
Recurrence Peak

Condition Discharge Rate (cfs) Discharge Rate (cfs)
Existing 39.8 42.2
Proposed 24.1 25.2

Table 6.2: 100-Year Rain Event — Discharge Point A

100-Year, 6-Hour -
Recurrence Peak

100-Year, 12-Hour -
Recurrence Peak

Condition Discharge Rate (cfs) Discharge Rate (cfs)
Existing 60.5 64.2
Proposed 36.5 38.3

Table 6.3: 10-Year Rain Event — Discharge Point B

10-Year, 6-Hour -
Recurrence Peak

10-Year, 12-Hour -
Recurrence Peak

Condition Discharge Rate (cfs) Discharge Rate (cfs)
Existing 28.1 29.7
Proposed 25.3 26.5

Table 6.4: 100-Year Rain Event — Discharge Point B

100-Year, 6-Hour -
Recurrence Peak

100-Year, 12-Hour -
Recurrence Peak

Condition Discharge Rate (cfs) Discharge Rate (cfs)
Existing 42.3 44.8
Proposed 38.1 40.3
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Conclusion: The proposed peak discharge rates at Discharge Point A and Discharge Point B
do not exceed the existing condition for the 10-year 6-hour, 10-year 12-hour, 100-year 6-
hour and 100-year 12-hour storm events. Per Division 914 of the County Ordinance Code,
the two (2) existing 36-inch culvert, at Discharge Point A, and the one (1) existing 36-inch
culvert, at Discharge Point B, is sufficient capture and convey runoff from the project site.
The proposed swales and linear wetland mitigation have sufficient capacity to convey the
100-year 12-hour storm event. The proposed storm drain system has sufficient capacity to
convey the 10-year storm event.
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Appendix 7.1
Maps
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INPUT DATA

Location: Parr Blvd & Richmond Parkeway
Date: 6/15/2018

By: Julia Harbers, CSW|ST2

Existing Condition - Basin 1

Watershed Parameters Value Units
Drainage Area 0.057 Square Miles
Mean Seasonal Rainfall 21.5 Inches
Storm Frequency 10,100 Year
Storm Duration 6,12 Hour
Infiltration Rate 0.11 Inches/Hour
Channel Length 0.45 Miles
Channel Length from Centraoid 0.19 Miles
Elevation Difference 8.1 Feet
N Value 0.035 (Dimensionless)




INPUT DATA

Location: Parr Blvd & Richmond Parkeway

Date: 3/13/2020

By: Julia Harbers, CSW|ST2

Existing Condition - Basin 2

Watershed Parameters Value Units
Drainage Area 0.037 Square Miles
Mean Seasonal Rainfall 21.5 Inches
Storm Frequency 10,100 Year
Storm Duration 6,12 Hour
Infiltration Rate 0.09 Inches/Hour
Channel Length 0.40 Miles
Channel Length from Centraoid 0.17 Miles
Elevation Difference 7.6 Feet
N Value 0.032 (Dimensionless)




INPUT DATA

Location: Parr Blvd & Richmond Parkeway

Date: 3/13/2020

By: Julia Harberson, CSW|ST2

Proposed Condition - Subbasin 1A

Watershed Parameters Value Units
Drainage Area 0.014 Square Miles
Mean Seasonal Rainfall 21.5 Inches
Storm Frequency 10,100 Year
Storm Duration 6,12 Hour
Infiltration Rate 0.05 Inches/Hour
Channel Length 0.31 Miles
Channel Length from Centraoid 0.16 Miles
Elevation Difference 6.0 Feet
N Value 0.028 (Dimensionless)




INPUT DATA

Location: Parr Blvd & Richmond Parkeway
Date: 3/13/2020

By: Julia Harberson, CSW|ST2

Proposed Condition - Subbasin 1B

Watershed Parameters Value Units
Drainage Area 0.023 Square Miles
Mean Seasonal Rainfall 21.5 Inches
Storm Frequency 10,100 Year
Storm Duration 6,12 Hour
Infiltration Rate 0.11 Inches/Hour
Channel Length 0.63 Miles
Channel Length from Centraoid 0.44 Miles
Elevation Difference 8.1 Feet
N Value 0.035 (Dimensionless)




INPUT DATA

Location: Parr Blvd & Richmond Parkeway
Date: 3/13/2020

By: Julia Harberson, CSW|ST2

Proposed Condition - Subbasin 2A

Watershed Parameters Value Units
Drainage Area 0.024 Square Miles
Mean Seasonal Rainfall 21.5 Inches
Storm Frequency 10,100 Year
Storm Duration 6,12 Hour
Infiltration Rate 0.05 Inches/Hour
Channel Length 0.36 Miles
Channel Length from Centraoid 0.24 Miles
Elevation Difference 8.1 Feet
N Value 0.028 (Dimensionless)




INPUT DATA

Location: Parr Blvd & Richmond Parkeway
Date: 3/13/2020

By: Julia Harberson, CSW|ST2

Proposed Condition - Subbasin 2B

Watershed Parameters Value Units
Drainage Area 0.011 Square Miles
Mean Seasonal Rainfall 21.5 Inches
Storm Frequency 10,100 Year
Storm Duration 6,12 Hour
Infiltration Rate 0.15 Inches/Hour
Channel Length 0.55 Miles
Channel Length from Centraoid 0.24 Miles
Elevation Difference 8 Feet
N Value 0.040 (Dimensionless)
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Storm Rainfall Depth Calculations



Storm Depth Calculation - Simplified Tables

D=C1+ MSP x C2

where:

D = storm rainfall depth (inches)

MSP = mean seasonal precipitation depth (inches)

C1 = constant based on rainfall duration and frequency from Table A-3
C2 = constant based on rainfall duration and frequency from Table A-4

Storm Depth (inches)

3-hr 6-hr 12-hr 24-hr

10-yr 1.54 2.15 2.98 4.04

25-yr 1.80 2.55 3.52 4.79

50-yr 2.07 2.90 4.02 5.48

100-yr 2.25 3.17 4.40 6.02
MSP = 21.5 inches

Table A-3 C1 Constants for Storm Rainfall Depths-Simplified

Cc1 3-hr 6-hr 12-hr 24-hr
10-yr 0.434 0.520 0.588 0.636
25-yr 0.492 0.584 0.680 0.736
50-yr 0.592 0.674 0.768 0.840
100-yr 0.620 0.760 0.888 0.968

Table A-4 C2 Constants for Storm

Rainfall Depths-Simplified

C2 3-hr 6-hr 12-hr 24-hr
10-yr 0.0516 0.0760 0.1112 0.1584
25-yr 0.0608 0.0916 0.1320 0.1884
50-yr 0.0688 0.1036 0.1512 0.2160
100-yr 0.0760 0.1120 0.1632 0.2352
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< = 145-6.4' - 12.9 ft/miles
0.63 miles
N= 0.035
Tiap = 24 x 0035 x ( 0.63x0.44 \*°% = 0.32 hrs

. (12.9"0.5)



CSW ST2 45 Leveroni Court, Novato, CA 94949 Tel 415.883.9850 Fax 415.883.9835
CSW/Stuber-Stroeh Engineering Group, Inc. 1310 Redwood Way, Suite 220, Petaluma, CA 94954 Tel 707.795.4764 www.cswsi2.com

SHEET NO. 5
JOBNO. 5143I032 Jos_Parre %\m@. BY JTAH DAl 6/7/19
DATE

CLIENT SUBJECT La@ Time Ceolrulations CHKD

PQP[EOS&‘Q ( bﬁcﬂ;“j'?om = Subbasin A

| = 0.36 miles

| ¢ =0.24 miles

<= 14564 = 22.5 ft/miles
0.36 miles
Nzo o028

Tiss = 24 x 6,056 x / 0.36x024 \°*# = 0.5 hrs
g | (22570.5)

&%Q:QLCOWA} Fiow = Subbasin AR
[ = 0.55 miles

| /2~ 0.28 miles

< = 14.4-6.4 14.5 ft/miles
0.55 miles
N = 0.04

-

Tins= 84 x 004 1x ( 0.55x0.28 ' = 0.28hrs
v (145°0.5)



Appendix 7.6
Infiltration Rates
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CSW/Stuber-Stroeh Engineering Group, Ine. 1310 Redwood Way, Suite 220, Petaluma, CA 94954 Tel 707.795.4764 www.cswst2.com

SHEET NO. ’
JOBNO. 5143162 JoB Fare Blvd BY JAK pate 6/7/19
CLIENT SUBJECT TnHiltvetion Rates CHK'D DATE
Ex (slriwfé,_ Conclitions, —Basin 1
Tota] RBosin Area= R4, Fec
Ii/“&]t)f;i_ﬁ.c?\i /Car&mei’ciﬁ_‘ = 55.; ac. C:: 0.0S i"/hr

Grasses /o Tndosteiz\= 4. 6ac L= O 15 5

Cuee%\m-\c.cl_-: @DCO o( 0N o )(m o 18) = Q_TUL/L\::
34.7 =

E&QHV\&(‘;:nnﬂl Hong~ Bagin &

Ta)‘]m&\ Po\flp /‘ Yo, = 23.5ac

T &5 *;* rial f‘{:.avnmg 'f"f,‘".c_'\_si = 15.1ac Lt =0, B in he
Gcosses / OlA Tndvstriz) = 84ac L=, 18I0k,
(,WnrHch — (15.1)(0.05) + (8.4)(0.15) - 0,09 i/,

23.5 —
PPO@aSZ(Q Len nl'a\ru . SJ_I_: ba<in 1 A

Totel Sobbasin Avee = 8.7aC

ImoQuS‘[‘r{q | / Covnmercial =8.7 ac M

Pf01(905¢£_ Condlitions = Subbasin 1L R

Toted| Sab bagia Area_ = 14.8 ac

Todustrial /Commercicl=6.0ac i = 0.05 in/hr
Grasses/ Old Industrial = 8.8 ac i =0.15in/hr
_ (6.0)(0.05) + (8.8)(0.15) =0.11in/hr

Iwelghted 14.8
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SHEET NO, g
JOBNO. 5143103 JOB_ Pout Rlivd. BY TAH  DAE 6/7/19
CLIENT suBJECT Tn®ildration Rates CHK'D DATE

BF_D_QD_SE.& Coadition s— Sobbesin A
Tote]l Subbasin Avea = 15.1ac
Indosteia) /Commercial = 15.1 ac

L= 008 o/

_&Q@_@i&_wlm.ﬁm:ﬁg_ubbﬁlii P 4

TD}C\\ St)-bbﬁ\ﬁl‘-n Af(,'ck"—: 7.3 ac

Grasses/ Old Industrial = 7.3 ac i =0.15in/hr



Appendix 7.7
Existing Conditions HEC-HMS Hydrograph Output
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SUBBASIN-1 SUBBASIN-2
Ordinate Date/ Time FLOW FLOW

RUN:010Y 06H [ RUN:010Y 06H
Units CFS CFS
Type INST-VAL INST-VAL
1 31 Dec 05, 24:00 0.285 0.185
2 01 Jan 06, 00:15 0.285 0.185
3 01 Jan 06, 00:30 0.285 0.185
4 01 Jan 06, 00:45 0.285 0.185
5 01 Jan 06, 01:00 0.285 0.185
6 01 Jan 06, 01:15 0.285 0.185
7 01 Jan 06, 01:30 1.961 2.960
8 01 Jan 06, 01:45 4.137 3.621
9 01 Jan 06, 02:00 3.585 2.965
10 01 Jan 06, 02:15 3.904 3.180
11 01 Jan 06, 02:30 8.484 6.339
12 01 Jan 06, 02:45 9.072 6.494
13 01 Jan 06, 03:00 6.127 4.358
14 01 Jan 06, 03:15 5.104 3.750
15 01 Jan 06, 03:30 4.186 3.060
16 01 Jan 06, 03:45 4.271 3.140
17 01 Jan 06, 04:00 8.929 6.532
18 01 Jan 06, 04:15 16.031 11.438
19 01 Jan 06, 04:30 39.810 28.074
20 01 Jan 06, 04:45 23.921 15.777
21 01 Jan 06, 05:00 15.272 10.013
22 01 Jan 06, 05:15 10.708 7.051
23 01 Jan 06, 05:30 7.715 4.650
24 01 Jan 06, 05:45 5.434 3.469
25 01 Jan 06, 06:00 3.973 2.845
26 01 Jan 06, 06:15 3.291 2.518
27 01 Jan 06, 06:30 1.480 0.981
28 01 Jan 06, 06:45 0.857 0.536
29 01 Jan 06, 07:00 0.582 0.347
30 01 Jan 06, 07:15 0.421 0.228
31 01 Jan 06, 07:30 0.319 0.188
32 01 Jan 06, 07:45 0.288 0.185
33 01 Jan 06, 08:00 0.285 0.185
34 01 Jan 06, 08:15 0.285 0.185
35 01 Jan 06, 08:30 0.285 0.185




SUBBASIN-1 SUBBASIN-2
Ordinate Date/ Time FLOW FLOW

RUN:010Y 06H [ RUN:010Y 06H
36 01 Jan 06, 08:45 0.285 0.185
37 01 Jan 06, 09:00 0.285 0.185
38 01 Jan 06, 09:15 0.285 0.185
39 01 Jan 06, 09:30 0.285 0.185
40 01 Jan 06, 09:45 0.285 0.185
41 01 Jan 06, 10:00 0.285 0.185
42 01 Jan 06, 10:15 0.285 0.185
43 01 Jan 06, 10:30 0.285 0.185
44 01 Jan 06, 10:45 0.285 0.185
45 01 Jan 06, 11:00 0.285 0.185
46 01 Jan 06, 11:15 0.285 0.185
47 01 Jan 06, 11:30 0.285 0.185
48 01 Jan 06, 11:45 0.285 0.185
49 01 Jan 06, 12:00 0.285 0.185
50 01 Jan 06, 12:15 0.285 0.185
51 01 Jan 06, 12:30 0.285 0.185
52 01 Jan 06, 12:45 0.285 0.185
53 01 Jan 06, 13:00 0.285 0.185
54 01 Jan 06, 13:15 0.285 0.185
55 01 Jan 06, 13:30 0.285 0.185
56 01 Jan 06, 13:45 0.285 0.185
57 01 Jan 06, 14:00 0.285 0.185
58 01 Jan 06, 14:15 0.285 0.185
59 01 Jan 06, 14:30 0.285 0.185
60 01 Jan 06, 14:45 0.285 0.185
61 01 Jan 06, 15:00 0.285 0.185
62 01 Jan 06, 15:15 0.285 0.185
63 01 Jan 06, 15:30 0.285 0.185
64 01 Jan 06, 15:45 0.285 0.185
65 01 Jan 06, 16:00 0.285 0.185
66 01 Jan 06, 16:15 0.285 0.185
67 01 Jan 06, 16:30 0.285 0.185
68 01 Jan 06, 16:45 0.285 0.185
69 01 Jan 06, 17:00 0.285 0.185
70 01 Jan 06, 17:15 0.285 0.185
71 01 Jan 06, 17:30 0.285 0.185
72 01 Jan 06, 17:45 0.285 0.185




SUBBASIN-1 SUBBASIN-2
Ordinate Date/ Time FLOW FLOW

RUN:010Y 06H [ RUN:010Y 06H
73 01 Jan 06, 18:00 0.285 0.185
74 01 Jan 06, 18:15 0.285 0.185
75 01 Jan 06, 18:30 0.285 0.185
76 01 Jan 06, 18:45 0.285 0.185
77 01 Jan 06, 19:00 0.285 0.185
78 01 Jan 06, 19:15 0.285 0.185
79 01 Jan 06, 19:30 0.285 0.185
80 01 Jan 06, 19:45 0.285 0.185
81 01 Jan 06, 20:00 0.285 0.185
82 01 Jan 06, 20:15 0.285 0.185
83 01 Jan 06, 20:30 0.285 0.185
84 01 Jan 06, 20:45 0.285 0.185
85 01 Jan 06, 21:00 0.285 0.185
86 01 Jan 06, 21:15 0.285 0.185
87 01 Jan 06, 21:30 0.285 0.185
88 01 Jan 06, 21:45 0.285 0.185
89 01 Jan 06, 22:00 0.285 0.185
90 01 Jan 06, 22:15 0.285 0.185
91 01 Jan 06, 22:30 0.285 0.185
92 01 Jan 06, 22:45 0.285 0.185
93 01 Jan 06, 23:00 0.285 0.185
94 01 Jan 06, 23:15 0.285 0.185
95 01 Jan 06, 23:30 0.285 0.185
96 01 Jan 06, 23:45 0.285 0.185
97 01 Jan 06, 24:00 0.285 0.185
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SUBBASIN-1 SUBBASIN-2
Ordinate Date/ Time FLOW FLOW

RUN:010Y 12H| RUN:010Y 12H
Units CFS CFS
Type INST-VAL INST-VAL
1 31 Dec 05, 24:00 0.285 0.185
2 01 Jan 06, 00:15 0.285 0.185
3 01 Jan 06, 00:30 0.285 0.185
4 01 Jan 06, 00:45 0.285 0.185
5 01 Jan 06, 01:00 0.285 0.185
6 01 Jan 06, 01:15 0.285 0.185
7 01 Jan 06, 01:30 0.285 0.185
8 01 Jan 06, 01:45 0.285 0.185
9 01 Jan 06, 02:00 0.285 0.185
10 01 Jan 06, 02:15 0.285 0.185
11 01 Jan 06, 02:30 0.285 0.185
12 01 Jan 06, 02:45 0.285 0.185
13 01 Jan 06, 03:00 0.285 0.185
14 01 Jan 06, 03:15 0.285 0.185
15 01 Jan 06, 03:30 0.285 0.185
16 01 Jan 06, 03:45 0.285 0.185
17 01 Jan 06, 04:00 0.285 0.185
18 01 Jan 06, 04:15 0.285 0.185
19 01 Jan 06, 04:30 0.285 1.647
20 01 Jan 06, 04:45 0.285 2.943
21 01 Jan 06, 05:00 1.405 3.931
22 01 Jan 06, 05:15 6.164 5.632
23 01 Jan 06, 05:30 8.328 6.558
24 01 Jan 06, 05:45 11.629 8.591
25 01 Jan 06, 06:00 15.092 10.744
26 01 Jan 06, 06:15 42.191 29.731
27 01 Jan 06, 06:30 28.943 19.154
28 01 Jan 06, 06:45 18.859 12.291
29 01 Jan 06, 07:00 14.535 9.638
30 01 Jan 06, 07:15 11.943 7.462
31 01 Jan 06, 07:30 9.451 6.036
32 01 Jan 06, 07:45 6.914 4.680
33 01 Jan 06, 08:00 5.803 4.101
34 01 Jan 06, 08:15 4.857 3.510
35 01 Jan 06, 08:30 4.205 3.106




SUBBASIN-1 SUBBASIN-2
Ordinate Date/ Time FLOW FLOW

RUN:010Y 12H| RUN:010Y 12H
36 01 Jan 06, 08:45 3.920 2.967
37 01 Jan 06, 09:00 3.526 2.718
38 01 Jan 06, 09:15 3.373 2.640
39 01 Jan 06, 09:30 2.512 2.045
40 01 Jan 06, 09:45 1.950 1.683
41 01 Jan 06, 10:00 1.729 1.557
42 01 Jan 06, 10:15 1.613 1.489
43 01 Jan 06, 10:30 1.539 1.458
44 01 Jan 06, 10:45 1.242 1.263
45 01 Jan 06, 11:00 1.147 1.210
46 01 Jan 06, 11:15 1.108 1.188
47 01 Jan 06, 11:30 0.819 0.984
48 01 Jan 06, 11:45 0.714 0.926
49 01 Jan 06, 12:00 0.465 0.714
50 01 Jan 06, 12:15 0.372 0.646
51 01 Jan 06, 12:30 0.326 0.345
52 01 Jan 06, 12:45 0.303 0.253
53 01 Jan 06, 13:00 0.289 0.215
54 01 Jan 06, 13:15 0.285 0.193
55 01 Jan 06, 13:30 0.285 0.186
56 01 Jan 06, 13:45 0.285 0.185
57 01 Jan 06, 14:00 0.285 0.185
58 01 Jan 06, 14:15 0.285 0.185
59 01 Jan 06, 14:30 0.285 0.185
60 01 Jan 06, 14:45 0.285 0.185
61 01 Jan 06, 15:00 0.285 0.185
62 01 Jan 06, 15:15 0.285 0.185
63 01 Jan 06, 15:30 0.285 0.185
64 01 Jan 06, 15:45 0.285 0.185
65 01 Jan 06, 16:00 0.285 0.185
66 01 Jan 06, 16:15 0.285 0.185
67 01 Jan 06, 16:30 0.285 0.185
68 01 Jan 06, 16:45 0.285 0.185
69 01 Jan 06, 17:00 0.285 0.185
70 01 Jan 06, 17:15 0.285 0.185
71 01 Jan 06, 17:30 0.285 0.185
72 01 Jan 06, 17:45 0.285 0.185




SUBBASIN-1 SUBBASIN-2
Ordinate Date/ Time FLOW FLOW

RUN:010Y 12H| RUN:010Y 12H
73 01 Jan 06, 18:00 0.285 0.185
74 01 Jan 06, 18:15 0.285 0.185
75 01 Jan 06, 18:30 0.285 0.185
76 01 Jan 06, 18:45 0.285 0.185
77 01 Jan 06, 19:00 0.285 0.185
78 01 Jan 06, 19:15 0.285 0.185
79 01 Jan 06, 19:30 0.285 0.185
80 01 Jan 06, 19:45 0.285 0.185
81 01 Jan 06, 20:00 0.285 0.185
82 01 Jan 06, 20:15 0.285 0.185
83 01 Jan 06, 20:30 0.285 0.185
84 01 Jan 06, 20:45 0.285 0.185
85 01 Jan 06, 21:00 0.285 0.185
86 01 Jan 06, 21:15 0.285 0.185
87 01 Jan 06, 21:30 0.285 0.185
88 01 Jan 06, 21:45 0.285 0.185
89 01 Jan 06, 22:00 0.285 0.185
90 01 Jan 06, 22:15 0.285 0.185
91 01 Jan 06, 22:30 0.285 0.185
92 01 Jan 06, 22:45 0.285 0.185
93 01 Jan 06, 23:00 0.285 0.185
94 01 Jan 06, 23:15 0.285 0.185
95 01 Jan 06, 23:30 0.285 0.185
96 01 Jan 06, 23:45 0.285 0.185
97 01 Jan 06, 24:00 0.285 0.185
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SUBBASIN-1 SUBBASIN-2
Ordinate Date/ Time FLOW FLOW

RUN:100Y 06H [ RUN:100Y 06H
Units CFS CFS
Type INST-VAL INST-VAL
1 31 Dec 05, 24:00 0.285 0.185
2 01 Jan 06, 00:15 0.285 0.185
3 01 Jan 06, 00:30 0.285 0.185
4 01 Jan 06, 00:45 0.285 0.185
5 01 Jan 06, 01:00 0.285 0.185
6 01 Jan 06, 01:15 4.635 4.548
7 01 Jan 06, 01:30 16.209 12.021
8 01 Jan 06, 01:45 11.784 8.272
9 01 Jan 06, 02:00 8.838 6.276
10 01 Jan 06, 02:15 8.694 6.190
11 01 Jan 06, 02:30 15.027 10.447
12 01 Jan 06, 02:45 15.374 10.520
13 01 Jan 06, 03:00 10.838 7.357
14 01 Jan 06, 03:15 9.310 6.461
15 01 Jan 06, 03:30 7.956 5.444
16 01 Jan 06, 03:45 8.082 5.562
17 01 Jan 06, 04:00 14.949 10.563
18 01 Jan 06, 04:15 25.421 17.797
19 01 Jan 06, 04:30 60.480 42.325
20 01 Jan 06, 04:45 37.054 24.193
21 01 Jan 06, 05:00 24.302 15.695
22 01 Jan 06, 05:15 17.573 11.328
23 01 Jan 06, 05:30 13.159 7.788
24 01 Jan 06, 05:45 9.797 6.047
25 01 Jan 06, 06:00 7.643 5.127
26 01 Jan 06, 06:15 6.636 4.644
27 01 Jan 06, 06:30 2.807 1.703
28 01 Jan 06, 06:45 1.499 0.858
29 01 Jan 06, 07:00 0.925 0.499
30 01 Jan 06, 07:15 0.582 0.268
31 01 Jan 06, 07:30 0.359 0.191
32 01 Jan 06, 07:45 0.291 0.185
33 01 Jan 06, 08:00 0.285 0.185
34 01 Jan 06, 08:15 0.285 0.185
35 01 Jan 06, 08:30 0.285 0.185




SUBBASIN-1 SUBBASIN-2
Ordinate Date/ Time FLOW FLOW

RUN:100Y 06H [ RUN:100Y 06H
36 01 Jan 06, 08:45 0.285 0.185
37 01 Jan 06, 09:00 0.285 0.185
38 01 Jan 06, 09:15 0.285 0.185
39 01 Jan 06, 09:30 0.285 0.185
40 01 Jan 06, 09:45 0.285 0.185
41 01 Jan 06, 10:00 0.285 0.185
42 01 Jan 06, 10:15 0.285 0.185
43 01 Jan 06, 10:30 0.285 0.185
44 01 Jan 06, 10:45 0.285 0.185
45 01 Jan 06, 11:00 0.285 0.185
46 01 Jan 06, 11:15 0.285 0.185
47 01 Jan 06, 11:30 0.285 0.185
48 01 Jan 06, 11:45 0.285 0.185
49 01 Jan 06, 12:00 0.285 0.185
50 01 Jan 06, 12:15 0.285 0.185
51 01 Jan 06, 12:30 0.285 0.185
52 01 Jan 06, 12:45 0.285 0.185
53 01 Jan 06, 13:00 0.285 0.185
54 01 Jan 06, 13:15 0.285 0.185
55 01 Jan 06, 13:30 0.285 0.185
56 01 Jan 06, 13:45 0.285 0.185
57 01 Jan 06, 14:00 0.285 0.185
58 01 Jan 06, 14:15 0.285 0.185
59 01 Jan 06, 14:30 0.285 0.185
60 01 Jan 06, 14:45 0.285 0.185
61 01 Jan 06, 15:00 0.285 0.185
62 01 Jan 06, 15:15 0.285 0.185
63 01 Jan 06, 15:30 0.285 0.185
64 01 Jan 06, 15:45 0.285 0.185
65 01 Jan 06, 16:00 0.285 0.185
66 01 Jan 06, 16:15 0.285 0.185
67 01 Jan 06, 16:30 0.285 0.185
68 01 Jan 06, 16:45 0.285 0.185
69 01 Jan 06, 17:00 0.285 0.185
70 01 Jan 06, 17:15 0.285 0.185
71 01 Jan 06, 17:30 0.285 0.185
72 01 Jan 06, 17:45 0.285 0.185




SUBBASIN-1 SUBBASIN-2
Ordinate Date/ Time FLOW FLOW

RUN:100Y 06H [ RUN:100Y 06H
73 01 Jan 06, 18:00 0.285 0.185
74 01 Jan 06, 18:15 0.285 0.185
75 01 Jan 06, 18:30 0.285 0.185
76 01 Jan 06, 18:45 0.285 0.185
77 01 Jan 06, 19:00 0.285 0.185
78 01 Jan 06, 19:15 0.285 0.185
79 01 Jan 06, 19:30 0.285 0.185
80 01 Jan 06, 19:45 0.285 0.185
81 01 Jan 06, 20:00 0.285 0.185
82 01 Jan 06, 20:15 0.285 0.185
83 01 Jan 06, 20:30 0.285 0.185
84 01 Jan 06, 20:45 0.285 0.185
85 01 Jan 06, 21:00 0.285 0.185
86 01 Jan 06, 21:15 0.285 0.185
87 01 Jan 06, 21:30 0.285 0.185
88 01 Jan 06, 21:45 0.285 0.185
89 01 Jan 06, 22:00 0.285 0.185
90 01 Jan 06, 22:15 0.285 0.185
91 01 Jan 06, 22:30 0.285 0.185
92 01 Jan 06, 22:45 0.285 0.185
93 01 Jan 06, 23:00 0.285 0.185
94 01 Jan 06, 23:15 0.285 0.185
95 01 Jan 06, 23:30 0.285 0.185
96 01 Jan 06, 23:45 0.285 0.185
97 01 Jan 06, 24:00 0.285 0.185
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SUBBASIN-1 SUBBASIN-2
Ordinate Date/ Time FLOW FLOW

RUN:100Y 12H| RUN:100Y 12H
Units CFS CFS
Type INST-VAL INST-VAL
1 31 Dec 05, 24:00 0.285 0.185
2 01 Jan 06, 00:15 0.285 0.185
3 01 Jan 06, 00:30 0.285 0.185
4 01 Jan 06, 00:45 0.285 0.185
5 01 Jan 06, 01:00 0.285 0.185
6 01 Jan 06, 01:15 0.285 0.185
7 01 Jan 06, 01:30 0.285 0.185
8 01 Jan 06, 01:45 0.285 0.185
9 01 Jan 06, 02:00 0.285 0.185
10 01 Jan 06, 02:15 0.285 0.185
11 01 Jan 06, 02:30 0.285 0.185
12 01 Jan 06, 02:45 0.285 0.185
13 01 Jan 06, 03:00 0.285 2.115
14 01 Jan 06, 03:15 1.530 3.479
15 01 Jan 06, 03:30 4.517 4.217
16 01 Jan 06, 03:45 5.560 4.549
17 01 Jan 06, 04:00 6.438 4.979
18 01 Jan 06, 04:15 6.879 5.106
19 01 Jan 06, 04:30 7.902 5.706
20 01 Jan 06, 04:45 8.643 6.163
21 01 Jan 06, 05:00 10.091 7.151
22 01 Jan 06, 05:15 13.358 9.413
23 01 Jan 06, 05:30 15.315 10.653
24 01 Jan 06, 05:45 19.643 13.623
25 01 Jan 06, 06:00 24.397 16.799
26 01 Jan 06, 06:15 64.167 44.834
27 01 Jan 06, 06:30 44.534 29.216
28 01 Jan 06, 06:45 29.637 19.084
29 01 Jan 06, 07:00 23.253 15.166
30 01 Jan 06, 07:15 19.426 11.954
31 01 Jan 06, 07:30 15.747 9.848
32 01 Jan 06, 07:45 12.001 7.846
33 01 Jan 06, 08:00 10.361 6.990
34 01 Jan 06, 08:15 8.963 6.119
35 01 Jan 06, 08:30 8.001 5.522




SUBBASIN-1 SUBBASIN-2
Ordinate Date/ Time FLOW FLOW

RUN:100Y 12H| RUN:100Y 12H
36 01 Jan 06, 08:45 7.581 5.316
37 01 Jan 06, 09:00 6.999 4.949
38 01 Jan 06, 09:15 6.772 4.833
39 01 Jan 06, 09:30 5.501 3.956
40 01 Jan 06, 09:45 4.672 3.420
41 01 Jan 06, 10:00 4.345 3.235
42 01 Jan 06, 10:15 4.174 3.134
43 01 Jan 06, 10:30 4.065 3.089
44 01 Jan 06, 10:45 3.627 2.801
45 01 Jan 06, 11:00 3.486 2.722
46 01 Jan 06, 11:15 3.428 2.689
47 01 Jan 06, 11:30 3.002 2.388
48 01 Jan 06, 11:45 2.846 2.303
49 01 Jan 06, 12:00 2.390 1.991
50 01 Jan 06, 12:15 2.223 1.890
51 01 Jan 06, 12:30 1.066 0.767
52 01 Jan 06, 12:45 0.662 0.441
53 01 Jan 06, 13:00 0.480 0.305
54 01 Jan 06, 13:15 0.375 0.217
55 01 Jan 06, 13:30 0.308 0.187
56 01 Jan 06, 13:45 0.287 0.185
57 01 Jan 06, 14:00 0.285 0.185
58 01 Jan 06, 14:15 0.285 0.185
59 01 Jan 06, 14:30 0.285 0.185
60 01 Jan 06, 14:45 0.285 0.185
61 01 Jan 06, 15:00 0.285 0.185
62 01 Jan 06, 15:15 0.285 0.185
63 01 Jan 06, 15:30 0.285 0.185
64 01 Jan 06, 15:45 0.285 0.185
65 01 Jan 06, 16:00 0.285 0.185
66 01 Jan 06, 16:15 0.285 0.185
67 01 Jan 06, 16:30 0.285 0.185
68 01 Jan 06, 16:45 0.285 0.185
69 01 Jan 06, 17:00 0.285 0.185
70 01 Jan 06, 17:15 0.285 0.185
71 01 Jan 06, 17:30 0.285 0.185
72 01 Jan 06, 17:45 0.285 0.185




SUBBASIN-1 SUBBASIN-2
Ordinate Date/ Time FLOW FLOW

RUN:100Y 12H| RUN:100Y 12H
73 01 Jan 06, 18:00 0.285 0.185
74 01 Jan 06, 18:15 0.285 0.185
75 01 Jan 06, 18:30 0.285 0.185
76 01 Jan 06, 18:45 0.285 0.185
77 01 Jan 06, 19:00 0.285 0.185
78 01 Jan 06, 19:15 0.285 0.185
79 01 Jan 06, 19:30 0.285 0.185
80 01 Jan 06, 19:45 0.285 0.185
81 01 Jan 06, 20:00 0.285 0.185
82 01 Jan 06, 20:15 0.285 0.185
83 01 Jan 06, 20:30 0.285 0.185
84 01 Jan 06, 20:45 0.285 0.185
85 01 Jan 06, 21:00 0.285 0.185
86 01 Jan 06, 21:15 0.285 0.185
87 01 Jan 06, 21:30 0.285 0.185
88 01 Jan 06, 21:45 0.285 0.185
89 01 Jan 06, 22:00 0.285 0.185
90 01 Jan 06, 22:15 0.285 0.185
91 01 Jan 06, 22:30 0.285 0.185
92 01 Jan 06, 22:45 0.285 0.185
93 01 Jan 06, 23:00 0.285 0.185
94 01 Jan 06, 23:15 0.285 0.185
95 01 Jan 06, 23:30 0.285 0.185
96 01 Jan 06, 23:45 0.285 0.185
97 01 Jan 06, 24:00 0.285 0.185




Appendix 7.8
Proposed Conditions HEC-HMS Hydrograph Output
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JUNCTION-1 | JUNCTION-2
Ordinate Date/ Time FLOW FLOW

RUN:010Y 06H [ RUN:010Y 06H
Units CFS CFS
Type INST-VAL INST-VAL
1 31 Dec 05, 24:00 0.185 0.175
2 01 Jan 06, 00:15 0.185 0.175
3 01 Jan 06, 00:30 0.185 0.175
4 01 Jan 06, 00:45 0.185 0.175
5 01 Jan 06, 01:00 0.185 0.175
6 01 Jan 06, 01:15 0.185 0.175
7 01 Jan 06, 01:30 3.154 4.150
8 01 Jan 06, 01:45 3.285 3.417
9 01 Jan 06, 02:00 2.972 2.864
10 01 Jan 06, 02:15 3.012 3.129
11 01 Jan 06, 02:30 5.537 5.855
12 01 Jan 06, 02:45 6.137 6.154
13 01 Jan 06, 03:00 4.593 4.354
14 01 Jan 06, 03:15 3.863 3.745
15 01 Jan 06, 03:30 3.245 3.119
16 01 Jan 06, 03:45 3.304 3.200
17 01 Jan 06, 04:00 6.036 6.186
18 01 Jan 06, 04:15 10.339 10.599
19 01 Jan 06, 04:30 24.143 25.312
20 01 Jan 06, 04:45 16.523 15.360
21 01 Jan 06, 05:00 10.748 9.897
22 01 Jan 06, 05:15 7.416 7.014
23 01 Jan 06, 05:30 5.449 4.860
24 01 Jan 06, 05:45 4.600 3.936
25 01 Jan 06, 06:00 3.998 3.322
26 01 Jan 06, 06:15 3.479 2.857
27 01 Jan 06, 06:30 1.757 1.139
28 01 Jan 06, 06:45 0.981 0.600
29 01 Jan 06, 07:00 0.593 0.371
30 01 Jan 06, 07:15 0.407 0.239
31 01 Jan 06, 07:30 0.326 0.199
32 01 Jan 06, 07:45 0.274 0.187
33 01 Jan 06, 08:00 0.235 0.180
34 01 Jan 06, 08:15 0.207 0.176
35 01 Jan 06, 08:30 0.192 0.175




JUNCTION-1 | JUNCTION-2
Ordinate Date/ Time FLOW FLOW

RUN:010Y 06H [ RUN:010Y 06H
36 01 Jan 06, 08:45 0.187 0.175
37 01 Jan 06, 09:00 0.185 0.175
38 01 Jan 06, 09:15 0.185 0.175
39 01 Jan 06, 09:30 0.185 0.175
40 01 Jan 06, 09:45 0.185 0.175
41 01 Jan 06, 10:00 0.185 0.175
42 01 Jan 06, 10:15 0.185 0.175
43 01 Jan 06, 10:30 0.185 0.175
44 01 Jan 06, 10:45 0.185 0.175
45 01 Jan 06, 11:00 0.185 0.175
46 01 Jan 06, 11:15 0.185 0.175
47 01 Jan 06, 11:30 0.185 0.175
48 01 Jan 06, 11:45 0.185 0.175
49 01 Jan 06, 12:00 0.185 0.175
50 01 Jan 06, 12:15 0.185 0.175
51 01 Jan 06, 12:30 0.185 0.175
52 01 Jan 06, 12:45 0.185 0.175
53 01 Jan 06, 13:00 0.185 0.175
54 01 Jan 06, 13:15 0.185 0.175
55 01 Jan 06, 13:30 0.185 0.175
56 01 Jan 06, 13:45 0.185 0.175
57 01 Jan 06, 14:00 0.185 0.175
58 01 Jan 06, 14:15 0.185 0.175
59 01 Jan 06, 14:30 0.185 0.175
60 01 Jan 06, 14:45 0.185 0.175
61 01 Jan 06, 15:00 0.185 0.175
62 01 Jan 06, 15:15 0.185 0.175
63 01 Jan 06, 15:30 0.185 0.175
64 01 Jan 06, 15:45 0.185 0.175
65 01 Jan 06, 16:00 0.185 0.175
66 01 Jan 06, 16:15 0.185 0.175
67 01 Jan 06, 16:30 0.185 0.175
68 01 Jan 06, 16:45 0.185 0.175
69 01 Jan 06, 17:00 0.185 0.175
70 01 Jan 06, 17:15 0.185 0.175
71 01 Jan 06, 17:30 0.185 0.175
72 01 Jan 06, 17:45 0.185 0.175




JUNCTION-1 | JUNCTION-2
Ordinate Date/ Time FLOW FLOW

RUN:010Y 06H [ RUN:010Y 06H
73 01 Jan 06, 18:00 0.185 0.175
74 01 Jan 06, 18:15 0.185 0.175
75 01 Jan 06, 18:30 0.185 0.175
76 01 Jan 06, 18:45 0.185 0.175
77 01 Jan 06, 19:00 0.185 0.175
78 01 Jan 06, 19:15 0.185 0.175
79 01 Jan 06, 19:30 0.185 0.175
80 01 Jan 06, 19:45 0.185 0.175
81 01 Jan 06, 20:00 0.185 0.175
82 01 Jan 06, 20:15 0.185 0.175
83 01 Jan 06, 20:30 0.185 0.175
84 01 Jan 06, 20:45 0.185 0.175
85 01 Jan 06, 21:00 0.185 0.175
86 01 Jan 06, 21:15 0.185 0.175
87 01 Jan 06, 21:30 0.185 0.175
88 01 Jan 06, 21:45 0.185 0.175
89 01 Jan 06, 22:00 0.185 0.175
90 01 Jan 06, 22:15 0.185 0.175
91 01 Jan 06, 22:30 0.185 0.175
92 01 Jan 06, 22:45 0.185 0.175
93 01 Jan 06, 23:00 0.185 0.175
94 01 Jan 06, 23:15 0.185 0.175
95 01 Jan 06, 23:30 0.185 0.175
96 01 Jan 06, 23:45 0.185 0.175
97 01 Jan 06, 24:00 0.185 0.175
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JUNCTION-1 | JUNCTION-2
Ordinate Date/ Time FLOW FLOW

RUN:010Y 12H| RUN:010Y 12H
Units CFS CFS
Type INST-VAL INST-VAL
1 31 Dec 05, 24:00 0.185 0.175
2 01 Jan 06, 00:15 0.185 0.175
3 01 Jan 06, 00:30 0.185 0.175
4 01 Jan 06, 00:45 0.185 0.175
5 01 Jan 06, 01:00 0.185 0.175
6 01 Jan 06, 01:15 0.185 0.175
7 01 Jan 06, 01:30 0.185 0.175
8 01 Jan 06, 01:45 0.185 0.175
9 01 Jan 06, 02:00 0.185 0.175
10 01 Jan 06, 02:15 0.185 0.175
11 01 Jan 06, 02:30 0.185 0.175
12 01 Jan 06, 02:45 0.185 0.175
13 01 Jan 06, 03:00 0.185 0.175
14 01 Jan 06, 03:15 0.247 0.272
15 01 Jan 06, 03:30 1.148 1.691
16 01 Jan 06, 03:45 1.342 2.066
17 01 Jan 06, 04:00 1.513 2.356
18 01 Jan 06, 04:15 1.554 2.491
19 01 Jan 06, 04:30 1.723 2.780
20 01 Jan 06, 04:45 1.839 2.982
21 01 Jan 06, 05:00 2.405 3.424
22 01 Jan 06, 05:15 4.375 4.439
23 01 Jan 06, 05:30 5.706 4.978
24 01 Jan 06, 05:45 7.632 7.228
25 01 Jan 06, 06:00 9.728 9.621
26 01 Jan 06, 06:15 25.171 26.469
27 01 Jan 06, 06:30 19.328 18.235
28 01 Jan 06, 06:45 13.098 11.988
29 01 Jan 06, 07:00 9.926 9.370
30 01 Jan 06, 07:15 8.111 7.419
31 01 Jan 06, 07:30 7.118 6.321
32 01 Jan 06, 07:45 5.944 5.103
33 01 Jan 06, 08:00 5.158 4.397
34 01 Jan 06, 08:15 4.313 3.720
35 01 Jan 06, 08:30 3.669 3.260




JUNCTION-1 | JUNCTION-2
Ordinate Date/ Time FLOW FLOW

RUN:010Y 12H| RUN:010Y 12H
36 01 Jan 06, 08:45 3.331 3.082
37 01 Jan 06, 09:00 3.006 2.833
38 01 Jan 06, 09:15 2.852 2.734
39 01 Jan 06, 09:30 2.321 2.197
40 01 Jan 06, 09:45 1.926 1.865
41 01 Jan 06, 10:00 1.746 1.743
42 01 Jan 06, 10:15 1.657 1.676
43 01 Jan 06, 10:30 1.609 1.645
44 01 Jan 06, 10:45 1.428 1.505
45 01 Jan 06, 11:00 1.338 1.463
46 01 Jan 06, 11:15 1.291 1.445
47 01 Jan 06, 11:30 1.116 1.308
48 01 Jan 06, 11:45 1.038 1.272
49 01 Jan 06, 12:00 0.868 1.132
50 01 Jan 06, 12:15 0.793 1.090
51 01 Jan 06, 12:30 0.371 0.467
52 01 Jan 06, 12:45 0.269 0.299
53 01 Jan 06, 13:00 0.218 0.229
54 01 Jan 06, 13:15 0.198 0.185
55 01 Jan 06, 13:30 0.192 0.175
56 01 Jan 06, 13:45 0.188 0.175
57 01 Jan 06, 14:00 0.186 0.175
58 01 Jan 06, 14:15 0.185 0.175
59 01 Jan 06, 14:30 0.185 0.175
60 01 Jan 06, 14:45 0.185 0.175
61 01 Jan 06, 15:00 0.185 0.175
62 01 Jan 06, 15:15 0.185 0.175
63 01 Jan 06, 15:30 0.185 0.175
64 01 Jan 06, 15:45 0.185 0.175
65 01 Jan 06, 16:00 0.185 0.175
66 01 Jan 06, 16:15 0.185 0.175
67 01 Jan 06, 16:30 0.185 0.175
68 01 Jan 06, 16:45 0.185 0.175
69 01 Jan 06, 17:00 0.185 0.175
70 01 Jan 06, 17:15 0.185 0.175
71 01 Jan 06, 17:30 0.185 0.175
72 01 Jan 06, 17:45 0.185 0.175




JUNCTION-1 | JUNCTION-2
Ordinate Date/ Time FLOW FLOW

RUN:010Y 12H| RUN:010Y 12H
73 01 Jan 06, 18:00 0.185 0.175
74 01 Jan 06, 18:15 0.185 0.175
75 01 Jan 06, 18:30 0.185 0.175
76 01 Jan 06, 18:45 0.185 0.175
77 01 Jan 06, 19:00 0.185 0.175
78 01 Jan 06, 19:15 0.185 0.175
79 01 Jan 06, 19:30 0.185 0.175
80 01 Jan 06, 19:45 0.185 0.175
81 01 Jan 06, 20:00 0.185 0.175
82 01 Jan 06, 20:15 0.185 0.175
83 01 Jan 06, 20:30 0.185 0.175
84 01 Jan 06, 20:45 0.185 0.175
85 01 Jan 06, 21:00 0.185 0.175
86 01 Jan 06, 21:15 0.185 0.175
87 01 Jan 06, 21:30 0.185 0.175
88 01 Jan 06, 21:45 0.185 0.175
89 01 Jan 06, 22:00 0.185 0.175
90 01 Jan 06, 22:15 0.185 0.175
91 01 Jan 06, 22:30 0.185 0.175
92 01 Jan 06, 22:45 0.185 0.175
93 01 Jan 06, 23:00 0.185 0.175
94 01 Jan 06, 23:15 0.185 0.175
95 01 Jan 06, 23:30 0.185 0.175
96 01 Jan 06, 23:45 0.185 0.175
97 01 Jan 06, 24:00 0.185 0.175
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JUNCTION-1 | JUNCTION-2
Ordinate Date/ Time FLOW FLOW

RUN:100Y 06H [ RUN:100Y 06H
Units CFS CFS
Type INST-VAL INST-VAL
1 31 Dec 05, 24:00 0.185 0.175
2 01 Jan 06, 00:15 0.185 0.175
3 01 Jan 06, 00:30 0.185 0.175
4 01 Jan 06, 00:45 0.185 0.175
5 01 Jan 06, 01:00 0.185 0.175
6 01 Jan 06, 01:15 4.255 4.903
7 01 Jan 06, 01:30 10.156 10.926
8 01 Jan 06, 01:45 8.265 8.030
9 01 Jan 06, 02:00 6.310 6.176
10 01 Jan 06, 02:15 5.891 5.938
11 01 Jan 06, 02:30 9.405 9.664
12 01 Jan 06, 02:45 10.226 10.039
13 01 Jan 06, 03:00 7.925 7.355
14 01 Jan 06, 03:15 6.789 6.399
15 01 Jan 06, 03:30 5.788 5.427
16 01 Jan 06, 03:45 5.814 5.519
17 01 Jan 06, 04:00 9.811 9.912
18 01 Jan 06, 04:15 16.146 16.416
19 01 Jan 06, 04:30 36.498 38.110
20 01 Jan 06, 04:45 25.263 23.437
21 01 Jan 06, 05:00 16.748 15.381
22 01 Jan 06, 05:15 11.835 11.131
23 01 Jan 06, 05:30 8.935 7.955
24 01 Jan 06, 05:45 7.683 6.593
25 01 Jan 06, 06:00 6.796 5.687
26 01 Jan 06, 06:15 6.031 5.002
27 01 Jan 06, 06:30 3.031 1.990
28 01 Jan 06, 06:45 1.641 1.001
29 01 Jan 06, 07:00 0.964 0.581
30 01 Jan 06, 07:15 0.630 0.336
31 01 Jan 06, 07:30 0.476 0.252
32 01 Jan 06, 07:45 0.372 0.217
33 01 Jan 06, 08:00 0.291 0.192
34 01 Jan 06, 08:15 0.232 0.180
35 01 Jan 06, 08:30 0.201 0.176




JUNCTION-1 | JUNCTION-2
Ordinate Date/ Time FLOW FLOW

RUN:100Y 06H [ RUN:100Y 06H
36 01 Jan 06, 08:45 0.188 0.175
37 01 Jan 06, 09:00 0.185 0.175
38 01 Jan 06, 09:15 0.185 0.175
39 01 Jan 06, 09:30 0.185 0.175
40 01 Jan 06, 09:45 0.185 0.175
41 01 Jan 06, 10:00 0.185 0.175
42 01 Jan 06, 10:15 0.185 0.175
43 01 Jan 06, 10:30 0.185 0.175
44 01 Jan 06, 10:45 0.185 0.175
45 01 Jan 06, 11:00 0.185 0.175
46 01 Jan 06, 11:15 0.185 0.175
47 01 Jan 06, 11:30 0.185 0.175
48 01 Jan 06, 11:45 0.185 0.175
49 01 Jan 06, 12:00 0.185 0.175
50 01 Jan 06, 12:15 0.185 0.175
51 01 Jan 06, 12:30 0.185 0.175
52 01 Jan 06, 12:45 0.185 0.175
53 01 Jan 06, 13:00 0.185 0.175
54 01 Jan 06, 13:15 0.185 0.175
55 01 Jan 06, 13:30 0.185 0.175
56 01 Jan 06, 13:45 0.185 0.175
57 01 Jan 06, 14:00 0.185 0.175
58 01 Jan 06, 14:15 0.185 0.175
59 01 Jan 06, 14:30 0.185 0.175
60 01 Jan 06, 14:45 0.185 0.175
61 01 Jan 06, 15:00 0.185 0.175
62 01 Jan 06, 15:15 0.185 0.175
63 01 Jan 06, 15:30 0.185 0.175
64 01 Jan 06, 15:45 0.185 0.175
65 01 Jan 06, 16:00 0.185 0.175
66 01 Jan 06, 16:15 0.185 0.175
67 01 Jan 06, 16:30 0.185 0.175
68 01 Jan 06, 16:45 0.185 0.175
69 01 Jan 06, 17:00 0.185 0.175
70 01 Jan 06, 17:15 0.185 0.175
71 01 Jan 06, 17:30 0.185 0.175
72 01 Jan 06, 17:45 0.185 0.175




JUNCTION-1 | JUNCTION-2
Ordinate Date/ Time FLOW FLOW

RUN:100Y 06H [ RUN:100Y 06H
73 01 Jan 06, 18:00 0.185 0.175
74 01 Jan 06, 18:15 0.185 0.175
75 01 Jan 06, 18:30 0.185 0.175
76 01 Jan 06, 18:45 0.185 0.175
77 01 Jan 06, 19:00 0.185 0.175
78 01 Jan 06, 19:15 0.185 0.175
79 01 Jan 06, 19:30 0.185 0.175
80 01 Jan 06, 19:45 0.185 0.175
81 01 Jan 06, 20:00 0.185 0.175
82 01 Jan 06, 20:15 0.185 0.175
83 01 Jan 06, 20:30 0.185 0.175
84 01 Jan 06, 20:45 0.185 0.175
85 01 Jan 06, 21:00 0.185 0.175
86 01 Jan 06, 21:15 0.185 0.175
87 01 Jan 06, 21:30 0.185 0.175
88 01 Jan 06, 21:45 0.185 0.175
89 01 Jan 06, 22:00 0.185 0.175
90 01 Jan 06, 22:15 0.185 0.175
91 01 Jan 06, 22:30 0.185 0.175
92 01 Jan 06, 22:45 0.185 0.175
93 01 Jan 06, 23:00 0.185 0.175
94 01 Jan 06, 23:15 0.185 0.175
95 01 Jan 06, 23:30 0.185 0.175
96 01 Jan 06, 23:45 0.185 0.175
97 01 Jan 06, 24:00 0.185 0.175
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JUNCTION-1 | JUNCTION-2
Ordinate Date/ Time FLOW FLOW

RUN:100Y 12H | RUN:100Y 12H
Units CFS CFS
Type INST-VAL INST-VAL
1 31 Dec 05, 24:00 0.185 0.175
2 01 Jan 06, 00:15 0.185 0.175
3 01 Jan 06, 00:30 0.185 0.175
4 01 Jan 06, 00:45 0.185 0.175
5 01 Jan 06, 01:00 0.185 0.175
6 01 Jan 06, 01:15 0.185 0.175
7 01 Jan 06, 01:30 0.185 0.175
8 01 Jan 06, 01:45 0.185 0.175
9 01 Jan 06, 02:00 0.185 0.175
10 01 Jan 06, 02:15 0.595 0.819
11 01 Jan 06, 02:30 1.360 2.050
12 01 Jan 06, 02:45 1.544 2.401
13 01 Jan 06, 03:00 1.742 2.753
14 01 Jan 06, 03:15 2.346 3.262
15 01 Jan 06, 03:30 3.422 3.584
16 01 Jan 06, 03:45 4.039 3.689
17 01 Jan 06, 04:00 4.534 3.926
18 01 Jan 06, 04:15 4.792 4.434
19 01 Jan 06, 04:30 5.380 5.229
20 01 Jan 06, 04:45 5.899 5.771
21 01 Jan 06, 05:00 6.823 6.724
22 01 Jan 06, 05:15 8.800 8.787
23 01 Jan 06, 05:30 10.123 10.015
24 01 Jan 06, 05:45 12.704 12.711
25 01 Jan 06, 06:00 15.637 15.648
26 01 Jan 06, 06:15 38.339 40.265
27 01 Jan 06, 06:30 29.630 27.982
28 01 Jan 06, 06:45 20.355 18.684
29 01 Jan 06, 07:00 15.611 14.751
30 01 Jan 06, 07:15 12.898 11.807
31 01 Jan 06, 07:30 11.418 10.147
32 01 Jan 06, 07:45 9.682 8.333
33 01 Jan 06, 08:00 8.520 7.286
34 01 Jan 06, 08:15 7.274 6.285
35 01 Jan 06, 08:30 6.322 5.606




JUNCTION-1 | JUNCTION-2
Ordinate Date/ Time FLOW FLOW

RUN:100Y 12H | RUN:100Y 12H
36 01 Jan 06, 08:45 5.824 5.343
37 01 Jan 06, 09:00 5.344 4.975
38 01 Jan 06, 09:15 5.116 4.829
39 01 Jan 06, 09:30 4.332 4.037
40 01 Jan 06, 09:45 3.749 3.514
41 01 Jan 06, 10:00 3.484 3.315
42 01 Jan 06, 10:15 3.352 3.208
43 01 Jan 06, 10:30 3.281 3.158
44 01 Jan 06, 10:45 3.014 2.892
45 01 Jan 06, 11:00 2.881 2.796
46 01 Jan 06, 11:15 2.811 2.753
47 01 Jan 06, 11:30 2.553 2.485
48 01 Jan 06, 11:45 2.437 2.396
49 01 Jan 06, 12:00 2.163 2.114
50 01 Jan 06, 12:15 2.037 2.009
51 01 Jan 06, 12:30 0.966 0.790
52 01 Jan 06, 12:45 0.581 0.448
53 01 Jan 06, 13:00 0.404 0.300
54 01 Jan 06, 13:15 0.318 0.208
55 01 Jan 06, 13:30 0.275 0.183
56 01 Jan 06, 13:45 0.243 0.179
57 01 Jan 06, 14:00 0.218 0.176
58 01 Jan 06, 14:15 0.199 0.175
59 01 Jan 06, 14:30 0.190 0.175
60 01 Jan 06, 14:45 0.186 0.175
61 01 Jan 06, 15:00 0.185 0.175
62 01 Jan 06, 15:15 0.185 0.175
63 01 Jan 06, 15:30 0.185 0.175
64 01 Jan 06, 15:45 0.185 0.175
65 01 Jan 06, 16:00 0.185 0.175
66 01 Jan 06, 16:15 0.185 0.175
67 01 Jan 06, 16:30 0.185 0.175
68 01 Jan 06, 16:45 0.185 0.175
69 01 Jan 06, 17:00 0.185 0.175
70 01 Jan 06, 17:15 0.185 0.175
71 01 Jan 06, 17:30 0.185 0.175
72 01 Jan 06, 17:45 0.185 0.175




JUNCTION-1 | JUNCTION-2
Ordinate Date/ Time FLOW FLOW

RUN:100Y 12H | RUN:100Y 12H
73 01 Jan 06, 18:00 0.185 0.175
74 01 Jan 06, 18:15 0.185 0.175
75 01 Jan 06, 18:30 0.185 0.175
76 01 Jan 06, 18:45 0.185 0.175
77 01 Jan 06, 19:00 0.185 0.175
78 01 Jan 06, 19:15 0.185 0.175
79 01 Jan 06, 19:30 0.185 0.175
80 01 Jan 06, 19:45 0.185 0.175
81 01 Jan 06, 20:00 0.185 0.175
82 01 Jan 06, 20:15 0.185 0.175
83 01 Jan 06, 20:30 0.185 0.175
84 01 Jan 06, 20:45 0.185 0.175
85 01 Jan 06, 21:00 0.185 0.175
86 01 Jan 06, 21:15 0.185 0.175
87 01 Jan 06, 21:30 0.185 0.175
88 01 Jan 06, 21:45 0.185 0.175
89 01 Jan 06, 22:00 0.185 0.175
90 01 Jan 06, 22:15 0.185 0.175
91 01 Jan 06, 22:30 0.185 0.175
92 01 Jan 06, 22:45 0.185 0.175
93 01 Jan 06, 23:00 0.185 0.175
94 01 Jan 06, 23:15 0.185 0.175
95 01 Jan 06, 23:30 0.185 0.175
96 01 Jan 06, 23:45 0.185 0.175
97 01 Jan 06, 24:00 0.185 0.175




Appendix 7.9
FEMA Flood Maps
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Legend

SEE FIS REPORT FOR DETAILED LEGEND AND INDEX MAP FOR FIRM PANEL LAYOUT

Without Base Flood Elevation (BFE)

Zone A, V, A99

SPECIAL FLOOD With BFE or Depth Zone AE, A0, AH, VE, AR

HAZARD AREAS Regulatory Floodway

0.2% Annual Chance Flood Hazard, Areas
of 1% annual chance flood with average

depth less than one foot or with drainage
areas of less than one square mile zone x

— Future Conditions 1% Annual
Chance Flood Hazard zone x

Area with Reduced Flood Risk due to
Y.

Levee. See Notes. Zone X
FLOOD HAZARD |« 4" Area with Flood Risk due to Levee Zone D

Area of Minimal Flood Hazard Zone X
[ Effective LOMRs

OTHER AREAS Area of Undetermined Flood Hazard zone D

GENERAL | = === Channel, Culvert, or Storm Sewer
STRUCTURES |11 11111 Levee, Dike, or Floodwall

Cross Sections with 1% Annual Chance
Water Surface Elevation

Coastal Transect

Base Flood Elevation Line (BFE)

Limit of Study

Jurisdiction Boundary

Coastal Transect Baseline

Profile Baseline

Hydrographic Feature

Digital Data Available N

No Digital Data Available g&
Unmapped

9 The pin displayed on the map is an approximate
point selected by the user and does not represent
an authoritative property location.

MAP PANELS

This map complies with FEMA's standards for the use of
digital flood maps if it is not void as described below.
The basemap shown complies with FEMA's basemap
accuracy standards

The flood hazard information is derived directly from the
authoritative NFHL web services provided by FEMA. This map
was exported on 3/24/2020 at 12:44:27 PM and does not
reflect changes or amendments subsequent to this date and
time. The NFHL and effective information may change or
become superseded by new data over time.

This map image is void if the one or more of the following map
elements do not appear: basemap imagery, flood zone labels,
legend, scale bar, map creation date, community identifiers,
FIRM panel number, and FIRM effective date. Map images for
unmapped and unmodernized areas cannot be used for
regulatory purposes.




Appendix 7.10
Excerpt from Goodrick Industrial Project
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Appendix 7.11
Hydraulic Calculations — Swales and Linear Wetlands
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Channel Report

Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc.

PRO. COND. - SWALE 1 SECTION A -100 YR

Thursday, Mar 26 2020

Trapezoidal Highlighted

Bottom Width (ft) = 3.00 Depth (ft) = 0.85

Side Slopes (z:1) = 2.00, 2.00 Q (cfs) = 12.00

Total Depth (ft) = 1.00 Area (sqft) = 3.99

Invert Elev (ft) = 1.00 Velocity (ft/s) = 3.00

Slope (%) = 0.75 Wetted Perim (ft) = 6.80

N-Value = 0.030 Crit Depth, Yc (ft) = 0.68

Top Width (ft) = 6.40

Calculations EGL (ft) = 0.99
Compute by: Known Q

Known Q (cfs) = 12.00

Elev (ft) Section Depth (ft)
3.00 2.00
2.50 1.50
2.00 1.00

7
1.50 0.50
1.00 0.00
0.50 -0.50
0 2 3 4 5 6 7 8 9

Reach (ft)



Channel Report

Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Thursday, Mar 26 2020

PRO. COND. - SWALE 1 SECTION B - 100 YR

Trapezoidal Highlighted
Bottom Width (ft) = 4.00 Depth (ft) = 0.72
Side Slopes (z:1) = 3.00, 3.00 Q (cfs) = 12.00
Total Depth (ft) = 1.00 Area (sqft) = 444
Invert Elev (ft) = 1.00 Velocity (ft/s) = 2.71
Slope (%) = 0.75 Wetted Perim (ft) = 8.55
N-Value = 0.030 Crit Depth, Yc (ft) = 0.57
Top Width (ft) = 8.32

Calculations EGL (ft) = 0.83
Compute by: Known Q
Known Q (cfs) = 12.00
Elev (ft) Section Depth (ft)
3.00 2.00
2.50 1.50
2.00 1.00
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Channel Report

Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Friday, Mar 20 2020

PRO. COND. - SWALE 2 -100 YR

Trapezoidal Highlighted
Bottom Width (ft) = 4.00 Depth (ft) = 1.23
Side Slopes (z:1) = 1.00, 1.00 Q (cfs) = 12.80
Total Depth (ft) =125 Area (sqft) = 6.43
Invert Elev (ft) = 1.00 Velocity (ft/s) = 1.99
Slope (%) = 0.20 Wetted Perim (ft) = 7.48
N-Value = 0.030 Crit Depth, Yc (ft) = 0.65

Top Width (ft) = 6.46
Calculations EGL (ft) = 1.29
Compute by: Known Q
Known Q (cfs) = 12.80
Elev (ft) Section Depth (ft)
3.00 2.00
2.50 1.50
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Channel Report

Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Tuesday, Mar 17 2020

PRO. COND. - LINEAR WETLAND SECTION G

Trapezoidal Highlighted
Bottom Width (ft) = 4.00 Depth (ft) = 1.09
Side Slopes (z:1) = 2.00, 2.00 Q (cfs) = 13.65
Total Depth (ft) = 1.50 Area (sqft) = 6.74
Invert Elev (ft) = 1.00 Velocity (ft/s) = 2.03
Slope (%) = 0.25 Wetted Perim (ft) = 8.87
N-Value = 0.030 Crit Depth, Yc (ft) = 0.64
Top Width (ft) = 8.36
Calculations EGL (ft) = 1.15
Compute by: Known Q
Known Q (cfs) = 13.65
Elev (ft) Section Depth (ft)
3.00 2.00
2.50 1.50
N4
2.00 — 1.00
1.50 0.50
1.00 0.00
0.50 -0.50
0 1 2 3 4 5 6 7 8 9 10 11 12

Reach (ft)
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Channel Report

Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Tuesday, Mar 17 2020

PRO. COND. - LINEAR WETLAND SECTION H

Trapezoidal Highlighted
Bottom Width (ft) = 4.00 Depth (ft) = 1.38
Side Slopes (z:1) = 2.00, 2.00 Q (cfs) = 13.65
Total Depth (ft) = 1.50 Area (sqft) = 9.33
Invert Elev (ft) = 1.00 Velocity (ft/s) = 1.46
Slope (%) = 0.10 Wetted Perim (ft) = 10.17
N-Value = 0.030 Crit Depth, Yc (ft) = 0.64
Top Width (ft) = 9.52
Calculations EGL (ft) = 1.41
Compute by: Known Q
Known Q (cfs) = 13.65
Elev (ft) Section Depth (ft)
3.00 2.00
2.50 1.50
A4
2.00 1.00
1.50 0.50
1.00 0.00
0.50 -0.50
0 1 2 3 4 5 6 7 8 9 10 11 12

Reach (ft)
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Channel Report

Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Tuesday, Apr 7 2020

PRO. COND. - LINEAR WETLAND SECTION I -100 YR

Trapezoidal Highlighted
Bottom Width (ft) = 6.00 Depth (ft) = 0.17
Side Slopes (z:1) = 3.00, 3.00 Q (cfs) = 0.940
Total Depth (ft) =125 Area (sqft) = 1.11
Invert Elev (ft) = 1.00 Velocity (ft/s) = 0.85
Slope (%) = 0.37 Wetted Perim (ft) = 7.08
N-Value = 0.030 Crit Depth, Yc (ft) = 0.09
Top Width (ft) = 7.02
Calculations EGL (ft) = 0.18
Compute by: Known Q
Known Q (cfs) = 0.94
Elev (ft) Section Depth (ft)
3.00 2.00
2.50 1.50
2.00 //_ 1.00
1.50 / 0.50
v /
— /
1.00 / 0.00
0.50 -0.50
0 10 12 14 16 18

Reach (ft)
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Appendix 7.12
Hydraulic Calculations — Storm Drain System
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Hydraflow Storm Sewers Extension for Autodesk® AutoCAD® Civil 3D® Plan

Outfall Tomfa”
4
1
Outfall
\
2
Outfall
9
Outfall T
18
3
19
20
2 14
- 10 11 12 13
22
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Outfall
254 J
25 2 ) 15,
27 30.2 28 I

Project File: pipe networks.stm

Number of lines: 31

Date: 3/4/2021

Storm Sewers v12.00



Storm Sewer Tabulation

Page 1

Station Len Drng Area Rnoff | AreaxC Tc Rain |Total |Cap Vel Pipe Invert Elev HGL Elev Grnd / Rim Elev Line ID
coeff n flow |full
Line |To Incr Total Incr Total |Inlet |[Syst Size |Slope |Dn Up Dn Up Dn Up
Line
(ft) (ac) (ac) (C) (min) |(min) [(in/hr) |(cfs) |(cfs) |[(ft/s) [(in) (%) (ft) (ft) (ft) (ft) (ft) (ft)
1 End 220.000/ 0.55 |2.36 095 |052 |224 8.0 12.6 1.9 4.26 6.64 | 4.03 18 0.40 |5.16 6.04 5.95 7.00 7.75 9.53 Area 1
2 1 216.000/ 0.72 | 1.81 095 |068 |1.72 8.0 11.6 2.0 3.41 407 | 3.54 15 0.40 |6.04 6.90 7.03 7.75 9.53 9.68 Area 2
3 2 324.000/ 1.09 | 1.09 095 |1.04 |1.04 10.0 [10.0 2.1 2.20 252 | 344 12 0.50 |6.90 8.52 7.79 9.20 9.68 9.90 Area 3
4 End [117.000/ 0.00 |[2.36 0.00 |0.00 |2.24 0.0 13.8 1.8 4.07 523 | 3.71 18 0.25 |5.58 5.87 6.35 6.96 7.75 9.17
5 4 108.000{ 0.55 |2.36 095 |052 |224 8.0 13.2 1.9 4.16 525 | 3.00 18 0.25 |5.87 6.14 7.01 7.20 9.17 9.18 Area 5
6 5 216.000/ 0.72 | 1.81 095 |068 |1.72 8.0 12.1 1.9 3.34 3.54 | 3.08 15 0.30 |6.14 6.79 7.23 7.77 9.18 9.23 Area 6
7 6 325.000/ 1.09 | 1.09 095 |1.04 |1.04 10.0 [10.0 2.1 2.20 3.55 | 2.64 15 0.30 |6.79 7.77 7.80 8.46 9.23 9.55 Area 7
8 End |76.000|0.00 |14.38 | 0.00 |[0.00 |[10.57 | 0.0 31.3 1.2 12.84 | 25.37 | 4.52 36 0.14 |6.00 6.11 7.14 7.55 6.00 10.34
9 8 617.000/ 0.00 |14.38 | 0.00 [0.00 (1057 | 0.0 28.4 1.3 13.46 | 25.89 | 3.61 36 0.15 |6.11 7.04 7.72 8.56 10.34 12.48
10 9 27.000| 0.00 |5.56 0.00 |0.00 |5.28 0.0 20.3 1.5 7.94 | 2567 | 1.89 36 0.15 |7.04 7.08 8.78 8.79 12.48 12.86
11 10 [168.000 0.68 |2.94 095 |065 |279 10.0 [18.5 1.6 4.40 719 | 1.54 24 0.10 |7.08 7.25 8.84 8.90 12.86 10.83 Area 11
12 11 [109.000 1.44 |2.26 095 |1.37 |215 10.0 [17.0 1.6 3.52 719 | 1.30 24 0.10 |7.25 7.36 8.91 8.93 10.83 10.83 Area 12
13 12 [293.000 0.82 |0.82 095 |0.78 |0.78 10.0 [10.0 2.1 1.66 712 | 0.69 24 0.10 |7.36 7.65 8.94 8.96 10.83 11.08 Area 13
14 9 605.000| 8.82 |8.82 060 |529 |529 250 |25.0 1.4 7.18 10.11 | 2.92 24 0.20 |7.04 8.25 8.78 9.53 12.48 11.51 Swale 1
15 10 [333.000 0.51 2.62 095 |048 |249 10.0 [10.7 2.1 5.12 7.05 | 3.31 18 0.45 |7.08 8.58 8.84 9.67 12.86 11.67 Area 15
16 15 [136.000 2.11 2.11 0.95 |2.00 |2.00 10.0 [10.0 2.1 4.26 7.03 | 3.19 18 0.45 |8.58 9.19 9.89 10.11 11.67 11.94 Area 16
17 End 657.000/ 0.25 |0.25 095 |024 |0.24 10.0 [10.0 2.1 0.51 235 | 2.36 12 043 |6.15 9.00 6.44 9.34 6.15 11.00 Area 17
18 End |43.000(0.00 [1.53 0.00 |0.00 |1.45 0.0 12.5 1.9 2.77 5.02 | 417 15 0.60 |7.25 7.51 7.91 8.18 7.25 11.53
19 18 [213.000 0.00 |1.53 0.00 |0.00 |1.45 0.0 11.7 2.0 2.87 5.01 | 4.21 15 0.60 |7.51 8.79 8.19 9.47 11.53 12.44
20 19 [27.000|0.00 |1.53 0.00 |0.00 |1.45 0.0 11.6 2.0 2.88 497 | 419 15 0.59 |8.79 8.95 9.47 9.63 12.44 12.59
21 20 |[87.000|0.56 |1.53 095 |0.53 |145 10.0 |11.2 2.0 2.93 499 | 3.97 15 0.60 |8.95 9.47 9.72 10.16 12.59 12.76 Area 21
22 21 [266.000 0.97 |0.97 095 |0.92 |0.92 10.0 [10.0 2.1 1.96 276 | 3.71 12 0.60 |9.47 11.07 10.16 11.67 12.76 13.05 Area 22
23 End |30.000(0.04 |1.20 095 |0.04 |1.14 10.0 |[16.7 1.7 1.89 3.32 | 294 18 0.10 |8.15 8.18 8.67 8.87 9.50 11.71 Area 23
24 23 |27.000|0.11 1.16 095 |0.10 |1.10 10.0 |(16.4 1.7 1.84 404 | 2.11 18 0.15 |8.18 8.22 8.92 8.96 11.71 11.71 Area 24
25 24 |102.000 0.07 |1.05 0.95 |0.07 |1.00 10.0 156 1.7 1.71 403 | 1.95 18 0.15 |8.22 8.37 8.99 9.09 11.71 11.71 Area 25
26 25 |66.000|0.00 |0.98 0.00 |0.00 |0.93 0.0 15.1 1.7 1.62 2.51 217 15 0.15 |8.37 8.47 9.10 9.20 11.71 11.71

Project File: pipe networks.stm

Number of lines: 31

Run Date: 3/4/2021

NOTES:Intensity = 6.75 / (Inlet time + 0.20) # 0.50; Return period =Yrs. 10 ; c =cir e = ellip b =box

Storm Sewers v12.00




Storm Sewer Tabulation

Page 2

Station Len Drng Area Rnoff | AreaxC Tc Rain |Total |Cap Vel Pipe Invert Elev HGL Elev Grnd / Rim Elev Line ID
coeff n flow |full
Line |To Incr Total Incr Total |Inlet |[Syst Size |Slope |Dn Up Dn Up Dn Up
Line
(ft) (ac) (ac) (C) (min) |(min) [(in/hr) |(cfs) |(cfs) |[(ft/s) [(in) (%) (ft) (ft) (ft) (ft) (ft) (ft)
27 26 [285.000 0.00 |0.64 0.00 |0.00 |0.61 0.0 124 1.9 1.16 2.89 | 1.81 15 0.20 |8.47 9.04 9.27 9.59 11.71 13.35
28 27 |139.000 0.00 |0.39 0.00 |0.00 |0.37 0.0 10.9 2.0 0.76 2.90 | 1.51 15 0.20 |9.04 9.32 9.67 9.79 13.35 11.90
29 28 [110.000 0.39 |0.39 095 |0.37 |0.37 10.0 [10.0 2.1 0.79 1.59 | 2.02 12 0.20 |9.32 9.54 9.82 10.04 11.90 11.44 Area 29
30 27 8.000 |0.25 |0.25 095 |024 |0.24 10.0 [10.0 2.1 0.51 1.12 | 2.94 6 4.00 |9.04 9.36 9.67 9.72 13.35 11.68 Area 30
31 26 5.000 | 0.34 |0.34 095 |0.32 |0.32 10.0 [10.0 2.1 0.69 1.12 | 3.50 6 4.00 |847 8.67 9.27 9.35 11.71 11.84 Area 31

Sample Total Flow Calculation:

Total A = 0.25 ac; C=0.95; MSP=21.5
d10=0.36in
110 = (0.36in)(1/10min)(60min/1hr) = 2.16 in/hr

Q10 = (0.95)(2.16in/hr)(0.25 ac) = 0.51 cfs

Project File: pipe networks.stm

Number of lines: 31

Run Date: 3/4/2021

NOTES:Intensity = 6.75 / (Inlet time + 0.20) # 0.50; Return period =Yrs. 10 ; c =cir e = ellip b =box

Storm Sewers v12.00
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Storm Sewer Profile Proj. file: pipe networks.stm
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Proj. file: pipe networks.stm

Storm Sewer Profile

o o o o
o (o] (o] (=) (@) (@)
s S o < S S
& 2 - A ™~ ]
o
[«
=)
N0 22213 Ay
56 13 Wiy
LuT-0099+, €IS S
M~
o
o
M~
“
| 3]
1N E 3
| o) ©
| e
| is)
| 1. 3
1 L [%e)
| |
O
o
3
O o
S 8
o
Q
w
ul 62°9 113 AUl #
N0 62°9 13 Aul “ °
£2°6 13 Wiy | 3
9:UT- 00 Lb+¥ BIS
o
N g
o
3
(e
@ o
- s
s %)
3| |z
SHE T 8
nW fo]
N | ®
Ul v1°9 13 AUl ® 2
N0 ¥1°9 13 ‘Au| £ 2
81'6 13 Wiy 2
= D
G UT- 0062+ BIS * 3
| D o
T - [=) I
| T e | &
| a4
| C
J 9
L RERNT W Q9 ©
N0 /8°G 13 Aul |
L1613 wiy | -
b iUuT-00ZL+) €IS _ S| o
(=)
™~ =
| o
w
ul 85°G 13 AUl / /
S22 13 PWD
IBANO - 00°00+0 ©IS ,, °
3 3 3 3 3 3
& e e b ~ ®

Elev. (ft)

Reach (ft)

EGL

HGL

Storm Sewers



Proj. file: pipe networks.stm
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Storm Sewer Profile Proj. file: pipe networks.stm

: <
£ © m ,
: i[5S 7125 < 5
o8 = olgo=s S o :
68  3|sT= 5|35 3
o OEE Bl == )
33 HEE HIEEE Nwig
Slo 2 8|22z slEss o|gE
1T i i HlxE
23.00 23.00
19.00 19.00
15.00 15.00
—
11.00 ./ 11.00
e
e e ——— e —————
/ ——— | —
T ——— 1
7 — 0,
- i 5" @ 0 605.000Lf - 24" @ V.2V70 20
6170001 f - 36" @ 0.197d
L 761000Lf-36" @ 0.14%
3.00 3.00
0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300
HGL EGL
Reach (ft)

Storm Sewers



Proj. file: pipe networks.stm
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Storm Sewer Profile Proj. file: pipe networks.stm
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Proj. file: pipe networks.stm
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Proj. file: pipe networks.stm
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Hydraflow Storm Sewers Extension for Autodesk® AutoCAD® Civil 3D® Plan
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Project File: pipe networks 100 yrs.stm

Number of lines: 31

Date: 3/4/2021

Storm Sewers v12.00



Storm Sewer Tabulation

Page 1

Station Len Drng Area Rnoff | AreaxC Tc Rain |Total |Cap Vel Pipe Invert Elev HGL Elev Grnd / Rim Elev Line ID
coeff n flow |full
Line |To Incr Total Incr Total |Inlet |[Syst Size |Slope |Dn Up Dn Up Dn Up
Line
(ft) (ac) (ac) (C) (min) |(min) [(in/hr) |(cfs) |(cfs) |[(ft/s) [(in) (%) (ft) (ft) (ft) (ft) (ft) (ft)
1 End 220.000/ 0.55 |2.36 099 |054 |2.34 8.0 12.5 24 5.59 6.64 | 4.34 18 0.40 |5.16 6.04 6.07 7.24 7.75 9.53 Area 1
2 1 216.000/ 0.72 | 1.81 0.99 |0.71 1.79 8.0 11.5 2.5 4.46 407 | 3.64 15 0.40 |6.04 6.90 7.29 8.32 9.53 9.68 Area 2
3 2 324.000/ 1.09 | 1.09 099 |1.08 |1.08 10.0 [10.0 27 2.87 252 | 3.66 12 0.50 |6.90 8.52 8.35 10.46 9.68 9.90 Area 3
4 End [117.000/ 0.00 |[2.36 0.00 |0.00 |2.34 0.0 13.9 23 5.30 523 | 4.08 18 0.25 |5.58 5.87 6.47 7.15 7.75 9.17
5 4 108.000{ 0.55 |2.36 099 |054 |2.34 8.0 13.3 23 5.40 525 | 3.26 18 0.25 |5.87 6.14 7.21 7.46 9.17 9.18 Area 5
6 5 216.000/ 0.72 | 1.81 0.99 |0.71 1.79 8.0 12.3 24 4.31 3.54 | 3.51 15 0.30 |6.14 6.79 7.49 8.45 9.18 9.23 Area 6
7 6 325.000/ 1.09 | 1.09 099 |1.08 |1.08 10.0 [10.0 2.7 2.87 3.55 | 2.34 15 0.30 |6.79 7.77 8.48 9.12 9.23 9.55 Area 7
8 End |76.000|0.00 |14.38 | 0.00 |[0.00 |[12.12 | 0.0 30.4 1.5 18.67 | 25.37 | 5.13 36 0.14 |6.00 6.11 7.38 7.84 6.00 10.34
9 8 617.000/ 0.00 |14.38 | 0.00 [0.00 (1212 | 0.0 27.8 1.6 19.50 | 25.89 | 4.01 36 0.15 |6.11 7.04 8.07 8.98 10.34 12.48
10 9 27.000| 0.00 |5.56 0.00 |0.00 |5.50 0.0 19.7 1.9 10.50 | 25.67 | 1.91 36 0.15 |7.04 7.08 9.23 9.24 12.48 12.86
11 10 [168.000 0.68 |2.94 099 |067 |291 10.0 [18.2 2.0 5.77 719 | 1.84 24 0.10 |7.08 7.25 9.30 9.41 12.86 10.83 Area 11
12 11 [109.000 1.44 |2.26 099 |143 |224 10.0 [17.0 2.1 4.60 719 | 146 24 0.10 |7.25 7.36 9.42 9.46 10.83 10.83 Area 12
13 12 [293.000/ 0.82 |0.82 0.99 |0.81 0.81 10.0 [10.0 2.7 2.16 712 | 0.70 24 0.10 |7.36 7.65 9.47 9.49 10.83 11.08 Area 13
14 9 605.000| 8.82 |8.82 0.75 |6.62 |6.62 250 |25.0 1.7 11.22 | 10.11 | 3.57 24 0.20 |7.04 8.25 9.23 10.72 12.48 11.51 Swale 1
15 10 [333.000 0.51 2.62 099 |0.50 |2.59 10.0 [10.7 26 6.68 7.05 | 3.78 18 0.45 |7.08 8.58 9.30 10.65 12.86 11.67 Area 15
16 15 [136.000 2.11 2.11 099 |2.09 |2.09 10.0 [10.0 27 5.56 7.03 | 3.15 18 0.45 |8.58 9.19 10.87 11.25 11.67 11.94 Area 16
17 End 657.000/ 0.25 |0.25 099 |025 |025 10.0 [10.0 2.7 0.66 235 | 2.54 12 043 |6.15 9.00 6.49 9.40 6.15 11.00 Area 17
18 End |43.000(0.00 [1.53 0.00 |0.00 0.0 124 24 3.63 5.02 | 448 15 0.60 |7.25 7.51 8.02 8.31 7.25 11.53
19 18 [213.000 0.00 |1.53 0.00 |0.00 0.0 11.6 2.5 3.75 501 | 443 15 0.60 |7.51 8.79 8.36 9.58 11.53 12.44
20 19 [27.000|0.00 |1.53 0.00 |0.00 0.0 11.5 2.5 3.77 497 | 412 15 0.59 |8.79 8.95 9.71 9.78 12.44 12.59
21 20 |[87.000|0.56 |1.53 0.99 |0.55 10.0 111 2.5 3.83 499 | 429 15 0.60 |8.95 9.47 9.88 10.26 12.59 12.76 Area 21
22 21 [266.000 0.97 |0.97 099 |0.96 |0.96 10.0 [10.0 27 2.56 276 | 3.91 12 0.60 |9.47 11.07 10.31 11.79 12.76 13.05 Area 22
23 End |30.000(0.04 |1.20 099 |0.04 |1.19 10.0 |(16.4 2.1 2.48 3.32 | 3.22 18 0.10 |8.15 8.18 8.75 8.97 9.50 11.71 Area 23
24 23 |27.000|0.11 1.16 0.99 |0.11 1.15 10.0 |16.2 2.1 2.41 4.04 | 2.33 18 0.15 |8.18 8.22 9.03 9.07 11.71 11.71 Area 24
25 24 |102.000 0.07 |1.05 099 |0.07 |1.04 10.0 (154 2.2 2.24 403 | 2.11 18 0.15 |8.22 8.37 9.11 9.22 11.71 11.71 Area 25
26 25 |66.000|0.00 |0.98 0.00 |0.00 |0.97 0.0 14.9 22 212 2.51 2.30 15 0.15 |8.37 8.47 9.25 9.35 11.71 11.71
Project File: pipe networks 100 yrs.stm Number of lines: 31 Run Date: 3/4/2021

NOTES:Intensity = 8.39 / (Inlet time + 0.10) # 0.50; Return period =Yrs. 100 ;

c=cir e =ellip b =box

Storm Sewers v12.00




Storm Sewer Tabulation

Page 2

Station Len Drng Area Rnoff | AreaxC Tc Rain |Total |Cap Vel Pipe Invert Elev HGL Elev Grnd / Rim Elev Line ID
coeff n flow |full
Line |To Incr Total Incr Total |Inlet |[Syst Size |Slope |Dn Up Dn Up Dn Up
Line
(ft) (ac) (ac) (C) (min) |(min) [(in/hr) |(cfs) |(cfs) |[(ft/s) [(in) (%) (ft) (ft) (ft) (ft) (ft) (ft)
27 26 [285.000 0.00 |0.64 0.00 |0.00 |0.63 0.0 124 24 1.52 2.89 | 1.86 15 0.20 |8.47 9.04 9.43 9.72 11.71 13.35
28 27 |139.000 0.00 |0.39 0.00 |0.00 |0.39 0.0 10.9 26 0.99 2.90 | 1.53 15 0.20 |9.04 9.32 9.80 9.90 13.35 11.90
29 28 [110.000 0.39 |0.39 099 |0.39 |0.39 10.0 [10.0 2.7 1.03 1.59 | 215 12 0.20 |9.32 9.54 9.90 10.13 11.90 11.44 Area 29
30 27 8.000 |0.25 |0.25 099 |025 |025 10.0 [10.0 27 0.66 112 | 3.36 6 4.00 |9.04 9.36 9.80 9.86 13.35 11.68 Area 30
31 26 5.000 | 0.34 |0.34 099 |0.34 |0.34 10.0 [10.0 2.7 0.90 1.12 | 457 6 4.00 |847 8.67 9.43 9.56 11.71 11.84 Area 31

d100 =0.45in

Sample Total Flow Calculation:

Total A =0.25 ac; C=0.99; MSP=21.5

Q100 = (0.99)(2.7in/hr)(0.25 ac) = 0.66 cfs

1100 = (0.45in)(1/10min)(60min/1hr) = 2.7 in/hr

Project File: pipe networks 100 yrs.stm

Number of lines: 31

Run Date: 3/4/2021

NOTES:Intensity = 8.39 / (Inlet time + 0.10) # 0.50; Return period =Yrs. 100 ; ¢ =cir e =ellip b =box

Storm Sewers v12.00
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Storm Sewer Profile Proj. file: pipe networks 100 yrs.stm

g _ ) m
=1 c - o _ . )

o ] 5 g . : ]

I ﬁ o I Q3 ! oL 1 (@]

S 3|833 2|833 2|53

sev. () gm 2 g|oes Slocs g|ow

5E M |Umm R It

ek S|g2E s|Ess qFE

n|O £ [ =S S 5|2
22.00 y
18.00 18.00
14.00 -
- i _____ — »—»jﬁ 10.00

— —
e — — o -0-50%
: — | — 204 000LT - 12 @&
oo — >16.000LF—15-@0.407 N
220.000Lf - 18" @ Y-7F 7
2.00 2.00
0 50 100 150 200 250 300 350 400 450 500 550 600 650 200 50 500
HGL EGL
Reach (ft)

Storm Sewers



Storm Sewer Profile Proj. file: pipe networks 100 yrs.stm
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Proj. file: pipe networks 100 yrs.stm

Storm Sewer Profile
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Storm Sewer Profile Proj. file: pipe networks 100 yrs.stm
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Proj. file: pipe networks 100 yrs.stm

Storm Sewer Profile
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Storm Sewer Profile Proj. file: pipe networks 100 yrs.stm
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I. PROJECT DATA
Table 1. Project Data

Project Name/Number

Parr Blvd & Richmond Parkway/DP17-3045

Application Submittal Date

January 26, 2018

Project Location

Parr Blvd and Richmond Parkway (APN 408-130-038-8,
408-130-039-6, 408-130-037-0, 408-090-044-4, 408-090-
040-2)

Name of Developer

Scannell Properties

Project Phase No.

“NA”

Project Type and Description

Two (2) Industrial warehouses with offices

Project Watershed

San Pablo Bay

Total Project Site Area (acres)

Total 30.63 acres <[On-site 29.4 acres {8.65 acres (Lot
1), 20.75 acres (Lot 2)}], [Off-site 1.23 acres]>

Total Area of Land Disturbed (acres)

Total 30.63 actes {(On-site 29.4 acres), (Off-site 1.23
actes)}

Total New Impervious Surface Area (sq. ft.)

Total 905,694 sq. ft. {(On-site 877,517 sq. ft.), (Off-site
28,177 sq. ft.)}

Total Replaced Impervious Surface Area

Total 116,787 sq. ft. {(On-site 96,657 sq. ft.), (Off-site
20,130 sq. ft.)}

Total Pre-Project Impervious Surface Area

Total 155,517 sq. ft. {(On-site 134,814 sq. ft.), (Off-site
20,703 sq. ft.)}

Total Post-Project Impervious Surface Area

Total 1,022,481 sq. ft. {(On-site 974,174 sq. ft.), (Off-site
48,307 sq. ft.)}

50% Rule[*] Applies

Project Density FAR=0.32 (Lot 1); FAR=0.23 (Lot 2)
Applicable Special Project Categories “NA”

[Complete even if all treatment is LID]

Percent LID and non-LID treatment 100% LID

HM Compliance [}] Applies

[*50% rule applies if:

Total Replaced Impervious Surface Area > 0.5 x Pre-Project Impervious Surface Area

[THM required (unless project meets one of the exemptions on Guidebook p. 9) if:
(Total New Impervious Surface Area + Total Replaced Impervious Surface Area) = 1 acre]




Il. SETTING

II.A. Project Location and Description

The Parr Boulevard project site is located in ot
Contra Costa County, in Unincorporated 7 ¢
Richmond. The site is bounded to the west and
north by Richmond Boulevard, to the south by
Parr Boulevard and to the east by existing AT J
commercial/industrial development. Access to e N mdonall 7
the site is from Parr Boulevard.

The project proposes to split the site into two
(2) lots. On each lot construction of a building

(warehouse and offices), a parking lot, truck

docks and access, stormwater treatment “f

I S Google o “
facilities, and wetland mitigation is . i e i :
proposed Figure 1. Location of Parr Boulevard Project, Richmond, CA

The off-site improvements proposed in the project include the construction of sidewalk, curb and
gutter, and stormwater treatment facilities, and widening of Parr Boulevard.

II.B. Existing Site Features and Conditions

The existing site consists of six (6) parcels
totaling 29.86 acres of area. The existing
site consists of undeveloped grassy areas
and industrial structures with concrete
pads used for storage. The project site soil
is identified as hydrologic soil group “C”.
There are two locations where culverts
drain the site. The culverts consist of two
(2) 36-inch culverts and one (1) 36-inch
culvert that run beneath Richmond
Parkway and discharge to the bay. The
culverts are located at two locations along
the west property line.

II.C. Opportunities and Constraints

for Stormwater Control Googleanpel 1. .

The existing site is predominantly between
elevations 9.0 and 10.0. The existing

culvert below Richmond Parkway is at
elevation 6.0. As a result there is little
hydraulic head to discharge the proposed
storm drain system and bioretention areas to.

Figure 2. Existing Site Conditions




lll. LOW IMPACT DEVELOPMENT DESIGN STRATEGIES
ITI.LA. Optimization of Site Layout

11 A.1. Limitation of development envelope

The development envelope has been limited to protect the integrity of the existing drainage swale
between the property line and Richmond Parkway.

HI.A.2. Preservation of natural drainage features

The proposed project is bounded by an existing drainage swale between the property line and
Richmond Parkway. The existing swale will be preserved and the proposed development will
discharge into the swale mirroring the existing condition drainage pattern.

HI.A.3. Sethacks from creeks, wetlands, and riparian habitats
There are no creeks, wetlands or riparian habitats within the project site.
111 AA4. Minimization of imperviousness

The project proposes the minimum amount of passenger vehicle parking for the proposed
manufacturing use to minimize the size and imperiousness of the parking lot.

HI.A.5. Use of drainage as a design element

Bioretention areas surround the perimeter of the proposed project and are utilized for drainage
conveyance, stormwater treatment and planter buffering.

III.B. Use of Permeable Pavements

10% of the proposed parking lot consists of permeable concrete.

III.C. Dispersal of Runoff to Pervious Areas

Landscape areas dispersed throughout the site are too small for dispersal of runoff. The larger
landscape area is being considered as pavement as it may be paved for parking in the future. Runoff
from the site discharges to bioretention areas via overland flow or pipe discharge.

ITI.D. Bioretention or other Integrated Management Practices
Six (6) bioretention areas are proposed throughout the site to address stormwater treatment.

The bioretention areas are designed in accordance with the Contra Costa County C.3 Guidebook, 7
Edition. Bioretention areas were located, such that, when possible, in level areas and flow in and out
of the facilities is via gravity flow. Tributaries of the bioretention areas largely consist of impervious
roofs and pavement. Overflow inlets are placed between 8” and 12” above adjacent grade and
discharge into wetland mitigation areas and existing drainage swales. Emergency overflow weirs are
provided at bioretention areas adjacent to wetland mitigation areas to protect the separating berm.
Bioretention areas are all located adjacent to paved and future paved areas for easy accessibility.




IV. DOCUMENTATION OF DRAINAGE DESIGN
IV.A. Descriptions of each Drainage Management Area

IV A.1. Table of Drainage Management Areas

Table 2. Drainage Management Areas

DMA Name Area (SF) Surface Type/ Description DMA Type/ Drains to
BLDG 1 205,900 Conventional Roof Bio 7
PVMT 1 314,322 Conerete or Asphalt Bio 1
PVMT 2 91,580 Concrete or Asphalt Bio 2

PERM 2 7,378 Pervions Concrete Bio 2

LA2 34,364 Landscape Bio 2

PVMT 3 64,874 Concrete or Asphalt Bio 3

PERM 3 29,836 Pervious Concrete Bio 3

LA3 23,754 Landscape Bio 3
PERM 4 7,508 Pervious Concrete Bio 4

L.A4 3,778 Landscape Bio 4

BLLDG 5 121,307 Conventional Roof Bio 5
PVMT 5 125,566 Concrete or Asphalt Bio 5
PERM 5 5511 Pervious Concrete Bio 5

LAS 4,905 Landscape Bio 5
PVMT 6 49,069 Concrete or Asphalt Bio 6

DMA 7 130,460 Landscape/ Wetland Mitigation Self - Treating

1V A.2. Drainage Management Area Descriptions

BLDG 1 and PVMT 1, totaling 502,222 square feet, drains Building 2 via storm drain and associated
pavement and future pavement via overland flow. BLDG 1 and PVMT 1 drain to Bioretention Area
1 which discharges to wetland mitigation via storm drain with a bubble-up (note all bubble-ups have
backflow prevention device).




PVMT 2, PERM 2 and LA 2, totaling 133,222 square feet, drains permeable pavement and asphalt
pavement parking area south of Building 2 via overland flow and associated landscape via overland
flow. PVMT 2, PERM 2 and LA 2 drain to Bioretention Area 2 which discharges to existing drainage
channel adjacent to Richmond Parkway via storm drain.

PVMT 3, PERM 3 and LA 3, totaling 118,464 square feet, drains permeable pavement, asphalt
pavement, and future pavement parking area south of Building 2 via overland flow and associated
landscape via overland flow. PVMT 3, PERM 3 and LA 3 drain to Bioretention Area 3 which
discharges to wetland mitigation via storm drain with a bubble-up.

PERM 4 and LA 4, totaling 11,286 square feet, drains permeable pavement and asphalt pavement
parking area east of Building 1 via overland flow and associated landscape via overland flow. PERM
4 and LA 4 drain to Bioretention Area 4 which discharges to wetland mitigation via storm drain with
a bubble-up.

BLDG 5, PVMT 5, PERM 5 and LA 5, totaling 257,289 square feet, drains Building 1 via roof
leaders and associated pavement, permeable pavement and landscape via overland flow. BLDG 5,
PVMT 5, PERM 5 and LA 5 drains to Bioretention Area 5 which discharges to wetland mitigation
with a bubble-up.

PVMT 6, totaling 49,069 square feet, drains adjacent pavement from Parr Boulevard via overland
flow and proposed sidewalk via overland flow. PVMT 6 drain to Bioretention Area 6 which
discharges to existing drainage channel adjacent to Richmond Parkway via storm drain.

DMA 7, totaling 130,460 square feet, drains wetland mitigation areas and is a self-treating area.

IV.B. Integrated Management Practice Descriptions

Runoff from impervious areas on the site, including roofs and paved areas, will be routed to six
bioretention facilities (see Attachment A).

inflow M, vive overflow

Each of the facilities will be designed and N i gy s __'-'J-'--" ,‘.‘__ {
L T TINAD ey aa ; [ 2 e

constructed to the critetia in the Stormmwater f 1 5 P ) 4 _f |
C.3 Guidebook, 7" Edition, including the = ?\ ,; [ 7/ {il _l
following features: IH" min. sand /| C!1I]1]}[:<~T mix | i
I i .
e Surrounded by a concrete curb. A TRETEF S "]

£ * % Ly 3

4 > % 4 Le

Where adjacent to pavement, curbs
will be thickened and an

7. to storm drain

impermeable vertical cutoff wall E L :
will be included. . _
e Each layer built flat, level, and to YR W

the elevations specified in the plans: Figure 1. Bioretention Facility Illustrative Cross-section

o Bottom of Gravel Layer
(BGL)

o Top of Gravel Layer (TGL)
o Top of Soil Layer (TSL)
o Overflow Grate
o Facility Rim

e  Minimum 12 inches Class 2 permeable, Caltrans specification 68-2.02F(3).
e Minimum 18 inches sand/compost mix meeting the specifications approved by the Regional
Water Quality Control Board in April 2016.




e 4in. dia. PVC SDR 35 perforated pipe underdrain, installed with the invert at the top of the
Class 2 permeable layer with holes facing down, and connected to the overflow structure at
that same elevation

e  0O-inch-deep reservoir between top of soil elevation and overflow grate elevation inflow
overflow 12" min. Class 2 permeable sand/compost mix perforated pipe underdrain 18"
min. to storm drain

e Concrete drop inlet with frame overflow structure, with grate set to specified elevation,
connected to storm drain in Main Street

e Vertical cutoff walls to protect adjacent pavement

e DPlantings selected for suitability to climate and location, bioretention soil media (well-
drained, low-fertility), and for water conservation

e Irrigation system on a separate zone, with drip emitters and “smart” irrigation controllers.

Bioretention Facility #1 will be located near the northeast corner of the site adjacent to the parking
area north of Building 2, and adjacent to the existing wetland swale and proposed wetland mitigation
area in the northeast corner of the site. This facility discharges to wetland mitigation area via storm
drain with a bubble-up, and it will have an emergency overflow weir protect the berm separating the
facility from the adjacent wetland mitigation area.

Bioretention Facility #2 is separated into three (3) sections connected via storm drain. Section 1 is
located near the southeast corner of Building 2 adjacent to the drive aisle surrounding Building 2, the
eastern property line and the parking area south of Building 2. Section 2 is located near the southwest
corner of Building 2 adjacent to the walkway connecting the parking lot south of Building 2 to
Building 2 and the parking area south of Building 2. Section 3 is located near the southwest corner of
Building 2 adjacent to the walkway connecting the parking lot south of Building 2 to Building 2 and
the main drive aisle to Building 2. This facility discharges to existing drainage channel adjacent to
Richmond Parkway via storm drains.

Bioretention Facility #3 is separated into two (2) sections connected via storm drain. Section 1 is
located adjacent to the proposed southern property line and the separated parking lot south of
Building 2. Section 2 is located adjacent to the proposed lot line separating lot 1 and lot 2 and the
drive aisle entrance to lot 2. This facility discharges to the existing drainage channel adjacent to
Richmond Parkway at the corner of Richmond parkway and Parr Boulevard via storm drains.

Bioretention Facility #4 is located adjacent to the proposed southern property line and the parking
lot area to the southeast of Building 1. This facility discharges to the existing drainage channel
adjacent to Richmond Parkway at the corner of Richmond parkway and Parr Boulevard via storm
drains.

Bioretention Facility #5 is located adjacent to drive aisle north of Building 1, and the existing
drainage channel to remain. This facility discharges to the adjacent existing drainage channel via
storm drains.

Bioretention Facility #6 is separated into three (3) sections connected via storm drain. Section 1
located off-site adjacent to the proposed sidewalk and landscape area south of Building 1. Section 2 is
located off-site adjacent to Bioretention Facility #3 and #4 along the southern property line. Section
3 is located off-site adjacent to Bioretention Facility #3 along the southern property line. This facility
discharges to the existing drainage channel adjacent to Richmond Parkway via storm drains.

IV.C. Tabulation and Sizing Calculations

See Attachment B, “Output from the IMP Sizing Calculator”




V. SOURCE CONTROL MEASURES

V.A.Site activities and potential sources of pollutants

The proposed uses for the site assume use of semi-trucks for deliveries. These vehicles will produce
hydrocarbons and petroleum based pollutants.

V.B.Source Control Table

Table 3. Source Controls

Potential source of Permanent Operational

runoff pollutants source control BMPs source control BMPs
On-site storm drain Mark all inlets with the words Maintain and periodically repaint
inlets “No Dumping! Flows to Bay” or replace inlet markings.
Landscape/ Use pest-resistant plants, Maintain landscaping using
Outdoor Pesticide Use especially adjacent to minimum or no pesticides.

hardscape.

Loading Docks Move loaded and unloaded items

indoors as soon as possible.

Fire Sprinkler Test Provide a means to drain fire
Water sprinkler test water to the
sanitary sewet.

Sidewalks, Sweep sidewalks, and parking lots
and parking lots regularly to prevent accumulation
of litter and debris.

Collect debris from pressure
washing to prevent entry into the
storm drain system. Collect
washwater containing any
cleaning agent or degreaser and
discharge to the sanitary sewer
not to a storm drain.

VI. STORMWATER FACILITY MAINTENANCE

VI.A. Ownership and Responsibility for Maintenance in Perpetuity

The owner is committed to execute any necessary agreements and/or annex into a fee mechanism,
per local requirements.

The owner accepts responsibility for operation and maintenance of facilities until that responsibility
is formally transferred.




VL.B. Summary of Maintenance Requirements for Each Stormwater Facility

The three bioretention facilities will be maintained on the following schedule at a minimum. Details
of maintenance responsibilities and procedures will be included in a Stormwater Facility Operation
and Maintenance Plan to be submitted for approval as required in the conditions of approval.

At no time will synthetic pesticides or fertilizers be applied, nor will any soil amendments, other than
aged compost mulch ot sand/compost mix, be introduced.

Daily: The facilities will be examined for visible trash during regular policing of the site, and trash
will be removed.

After Significant Rain Events: A significant rain event is one that produces approximately a half-
inch or more rainfall in a 24-hour period. Within 24 hours after each such event, the following will be
conducted:

The surface of the facility will be observed to confirm there is no ponding.

e Inlets will be inspected, and any accumulations of trash or debris will be removed.
e The surface of the mulch layer will be inspected for movement of material. Mulch will be
replaced and raked smooth if needed.

Prior to the Start of the Rainy Season: In September or each year, the facility will be inspected to
confirm there is no accumulation of debris that would block flow, and that growth and spread of
plantings does not block inlets or the movement of runoff across the surface of the facility.

Annual Landscape Maintenance: In December — February of each year, vegetation will be cut
back as needed, debris removed, and plants and mulch replaced as needed. The concrete work will be
inspected for damage. The elevation of the top of soil and mulch layer will be confirmed to be
consistent with the 6-inch reservoir depth.

VIl. CONSTRUCTION PLAN C.3 CHECKLIST
Table 4. Construction Plan C.3 Checklist

Stormwater
Control Plan
Page # BMP Description See Plan Sheet #s
C51 BLDG 1 and PVMT 1 drains to Bioretention Area 1 (Bio
' 1); facility designed as specified
C5.1 PVMT 1, PERM 1, and LLA 2 drains to Bioretention Area 2
’ (Bio 2); facility designed as specified
C51 PVMT 3, PERM 3, and LLA 3 drains to Bioretention Area 3
’ (Bio 3); facility designed as specified
PERM 4, and LA 4 drains to Biotetention Area 4 (Bio 4);
C5.1 o . .
facility designed as specified
C51 BLDG 5, PVMT 5, and LLA 5 drains to Bioretention Area 5
’ (Bio 5); facility designed as specified
C51 PVMT 6, PERM 6, and LLA 6 drains to Bioretention Area 6
' (Bio 6); facility designed as specified
C5.1 DMA 7 is Self-Treating




VIII. CERTIFICATIONS

The selection, sizing, and preliminary design of stormwater treatment and other control measures in
this plan meet the requirements of Regional Water Quality Control Board Order R2-2015-0049.

Julia Harberson
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DMA 7 |130,460 SF
DMA
IL
DMA DMA AREA X SO
DMA AREA | pPOST- PROJECT | RUNOFF | RUNOFF —YPE IMP NAME
NAME (SF) SURFACE TYPE | FACTOR | FACTOR C BIO 1
CONVENTIONAL
BLDG 1 205,900 ROOF 1.0 205,900
PUMT 1 314,322 CONRETEOR 1.0 314,322 IMP RAIN
SIZING ADJUSTMENT MINIMUM AREA | PROPOSED AREA
TOTAL > 520,222 | FACTOR FACTOR OR VOLUME OR VOLUME
0.060 0.952 29,725 33,593 IMP AREA
0.050 0.952 24,771 26,112 V1
0.066 0.952 32,686 35,672 V2
ORIFICE SIZE: 5.78"
DMA
SOIL
DMA DMA AREA X
DMA AREA POST- PROJECT | RUNOFF | RUNOFF TYPE IMP NAME
NAME (SF) SURFACE TYPE | FACTOR | FACTOR C BIO 2
CONCRETE OR
PVMT 2 91,580 ASPHALT 1.0 91,580
PERVIOUS
PERM 2 7,378 CONCRETE 0.1 738
LA 2 34,364 LANDSCAPE 0.5 17,182
IMP RAIN
SIZING ADJUSTMENT MINIMUM AREA  PROPOSED AREA
TOTAL> | 109,500 | c)croR FACTOR OR VOLUME OR VOLUME
0.060 0.952 6,257 6,797 IMP AREA
0.050 0.952 5,214 5,956 V1
0.066 0.952 6,883 7,245 V2
ORIFICE SIZE: 2.93"
DMA
SOIL
DMA DMA AREA X
DMA AREA | pPOST- PROJECT | RUNOFF | RUNOFF —"YPE IMP NAME
NAME (SF) SURFACE TYPE | FACTOR | FACTOR C BIO 3
CONCRETE OR
PVMT 3 64,874 ASPHALT 1.0 64,874
PERVIOUS
PERM 3 29,836 CONCRETE 0.1 2,984
LA3 23,754 LANDSCAPE 0.5 11,877 IMP RAIN
SIZING ADJUSTMENT MINIMUM AREA  PROPOSED AREA
TOTAL > 79,735 FACTOR FACTOR OR VOLUME OR VOLUME
0.060 0.952 4,556 10,510 IMP AREA
0.050 0.952 3,797 5,197 VA1
0.066 0.952 5,012 5,803 V2
ORIFICE SIZE: 2.76"
DMA
SOIL
DMA DMA AREA X
DMA AREA | pPOST- PROJECT | RUNOFF | RUNOFF —YPE IMP NAME
NAME (SF) SURFACE TYPE | FACTOR | FACTOR C BIO 4
PERVIOUS
PERM 4 7,508 CONCRETE 0.1 751
LA 4 3,778 LANDSCAPE 0.5 1,889 IMP RAIN
SIZING ADJUSTMENT MINIMUM AREA  PROPOSED AREA
TOTAL > 2,640 FACTOR FACTOR OR VOLUME OR VOLUME
0.060 0.952 151 562 IMP AREA
0.050 0.952 126 143 VA1
0.066 0.952 166 180 V2
ORIFICE SIZE: 0.85"
DMA
SOIL
DMA DMA AREA X
DMA AREA POST- PROJECT | RUNOFF | RUNOFF TYPE IMP NAME
NAME (SF) SURFACE TYPE | FACTOR | FACTOR C BIO 5
CONVENTIONAL
BLDG 5 121,307 ROOF 1.0 121,307
CONCRETE OR
PVMT 5 125,566 ASPHALT 1.0 125,566
PERVIOUS
PERM 5 5,511 CONCRETE 0.1 551
LAS5 4,905 LANDSCAPE 0.5 2,453 IMP RAIN
SIZING ADJUSTMENT MINIMUM AREA | PROPOSED AREA
TOTAL > 249,877 | FACTOR FACTOR OR VOLUME OR VOLUME
0.060 0.952 14,278 16,711 IMP AREA
0.050 0.952 11,898 13,225 VA1
0.066 0.952 15,706 16,723 V2
ORIFICE SIZE: 4.07"
DMA
SOIL
DMA DMA AREA X
DMA AREA POST- PROJECT | RUNOFF | RUNOFF TYPE IMP NAME
NAME (SF) SURFACE TYPE | FACTOR | FACTOR C BIO 6
PVMT 6 49,069 CONRETEOR 1.0 49,069 IMP RAIN
SIZING ADJUSTMENT MINIMUM AREA | PROPOSED AREA
TOTAL > 49,069 | FACTOR FACTOR OR VOLUME OR VOLUME
0.060 0.952 2,804 5,480 IMP AREA
0.050 0.952 2,337 2,340 V1
0.066 0.952 3,084 3,192 V2
ORIFICE SIZE: 1.78"

CONSTRUCTION NOTES

1.  AFTER CONSTRUCTION PLACE
SAND BAGS AT GUTTER
OPENINGS TO KEEP STORM
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1. DEPTH OF GRAVEL LAYER SHALL BE 3' FOR BIO 1, 4.75' FOR BIO 2, 2.25' FOR BIO 3, 2.25' FOR BIO 4, 3.5' FOR BIO FOR SLOPED SIDES, EXTEND STORMWATER
5, AND 3.25' FOR BIO 6. COBBLE IN FLOW PATH TO EACILITY
2. DEPTH OF BASIN IS 12" MINIMUM FOR BIO 1, BIO 2, BIO 3, BIO 4, BIO 5, BIO 6, AND BIO 8. BIORETENTION AREA
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Project Name: Parr Blvd
Project Type: Treatment and Flow Control

APN:

Drainage Area: 1,329,960
Mean Annual Precipitation: 21.5

Self-Treating DMAS

DMA Name Area (sq ft)
DMA 7 130,460.0
V. Areas Draining to IMPs
IMP Name: BIO 1
IMP Type: Bioretention Facility
Soil Group: BIO 1
DMA Name | Area (sq ft) | Post Project | DMA Runoff | DMA Area x
Surface Type Factor Runoff Factor] IMP Sizing
BLDG 1 205,900 [ Conventional 1.00 205,900 || IMP Sizing Rain Minimum Proposed
Roof Factor Adjustment Area or Area or
PVMT 1 314,322 Concrete or 1.00 314,322 Factor Volume Volume
Asphalt
Total 520,222
Area 0.060 0.952 29,725 33,593
Surface Volume 0.050 0.952 24,771 26,112
Subsurface Volume 0.066 0.952 32,698 35,672
Maximum 0.80
Underdrain
Flow (cfs)
Orifice 5.78
Diameter (in)
IMP Name: BIO 2
IMP Type: Bioretention Facility
Soil Group: BIO 2
DMA Name | Area (sq ft) | Post Project | DMA Runoff | DMA Area X
Surface Type Factor Runoff Factor| IMP Sizing
PVMT 2 91,580 Concrete or 1.00 91,580 || IMP Sizing Rain Minimum Proposed
Asphalt Factor Adjustment | Areaor Area or
PERM 2 7,378 Pervious 0.10 738 Factor Volume Volume
Concrete
LA 2 34,364 Landscape 0.50 17,182
Total 109,500




Area 0.060 0.952 6,257 6,797
Surface Volume 0.050 0.952 5,214 5,956
Subsurface Volume 0.066 0.952 6,883 7,245
Maximum 0.21
Underdrain
Flow (cfs)
Orifice 2.93
Diameter (in)
IMP Name: BIO 3
IMP Type: Bioretention Facility
Soil Group: BIO 3
DMA Name | Area (sq ft) | Post Project | DMA Runoff | DMA Area x
Surface Type Factor Runoff Factor] IMP Sizing
PVMT 3 64,874 Concrete or 1.00 64,874 || IMP Sizing Rain Minimum Proposed
Asphalt Factor Adjustment | Area or Area or
PERM 3 29,836 Pervious 0.10 2,984 Factor Vvolume Volume
Concrete
LA 3 23,754 Landscape 0.50 11,877
Total 79,735
Area 0.060 0.952 4,556 10,510
Surface Volume 0.050 0.952 3,797 5,197
Subsurface Volume 0.066 0.952 5,012 5,803
Maximum 0.18
Underdrain
Flow (cfs)
Orifice 2.76
Diameter (in)
IMP Name: BIO 4
IMP Type: Bioretention Facility
Soil Group: BIO 4
DMA Name | Area (sq ft) | Post Project | DMA Runoff | DMA Area x
Surface Type Factor Runoff Factor] IMP Sizing
PERM 4 7,508 Pervious 0.10 751 || IMP Sizing Rain Minimum Proposed
Concrete Factor Adjustment Area or Area or
LA 4 3,778 Landscape 0.50 1,889 Factor Vvolume Volume
Total 2,640
Area 0.060 0.952 151 562
Surface Volume 0.050 0.952 126 143
Subsurface Volume 0.066 0.952 166 180
Maximum 0.02

Underdrain




Flow (cfs)

Orifice 0.85
Diameter (in)
IMP Name: BIO 5
IMP Type: Bioretention Facility
Soil Group: BIO 5
DMA Name | Area (sq ft) | Post Project | DMA Runoff | DMA Area X
Surface Type Factor Runoff Factor| IMP Sizing
BLDG 5 121,307 | Conventional 1.00 121,307 || IMP Sizing Rain Minimum Proposed
Roof Factor Adjustment Area or Area or
PVMT 5 125,566 C?chﬁ;eltor 1.00 125,566 Factor Volume Volume
PERM 5 5,511 Pervious 0.10 551
Concrete
LAS 4,905 Landscape 0.50 2,453
Total 249,877
Area 0.060 0.952 14,278 16,711
Surface Volume 0.050 0.952 11,898 13,225
Subsurface Volume 0.066 0.952 15,706 16,723
Maximum 0.40
Underdrain
Flow (cfs)
Orifice 4.07
Diameter (in)
IMP Name: BIO 6
IMP Type: Bioretention Facility
Soil Group: BIO 6
DMA Name | Area (sq ft) | Post Project | DMA Runoff | DMA Area x
Surface Type Factor Runoff Factor] IMP Sizing
PVMT 6 49,069 Concrete or 1.00 49,069 || IMP Sizing Rain Minimum Proposed
Asphalt Factor Adjustment | Area or Area or
Total 49,069 Factor Volume Volume
Area 0.060 0.952 2,804 5,480
Surface Volume 0.050 0.952 2,337 2,340
Subsurface Volume 0.066 0.952 3,084 3,192
Maximum 0.08
Underdrain
Flow (cfs)
Orifice 1.78

Diameter (in)




Report generated on 3/5/2021 12:00:00 AM by the Contra Costa Clean Water Program IMP Sizing Tool software (version 1.3.1.0).
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Draft EIR
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45 Leveroni Court 415.883.9850 Berkeley

Novato, CA 94949 Fax: 415.883.9835 Dublin
www.cswst2.com Novato
Petaluma
c s w s T 2 Redwood City
Sacramento

CSW/Stuber-Stroeh Engineering Group, Inc.

Engineers | Land Planners | Surveyors

MEMORANDUM

DATE: June 17, 2021 FILE: 5.1431.03

TO: Lawrence Gossett
Contra Costa County Public Works Department
Engineering Services Division

FROM: Julia Harberson, CSW | ST2
RE: PARR BOULEVARD - SUPPLEMENTAL CULVERT CALCULATIONS

The purpose of this memorandum is to provide supplemental calculations to the March 4, 2021
Drainage Study, confirming that the existing culverts under Richmond Parkway are sufficiently sized per
Contra Costa County Ordinance (914-2.010) which states “minor drainage facilities (i.e. those serving a
watershed area less than one square mile) shall have adequate capacity to contain with sufficient
freeboard a ten-year frequency of average recurrence interval runoff.” The Parr Boulevard project
discharges stormwater runoff to San Pablo Bay via existing culverts under Richmond Parkway. The
project site discharges at two (2) locations, Discharge Point A and Discharge Point B (see Appendix 7.1
— Maps in the Drainage Study dated March 04, 2021.

Hydrologic Calculations (See Drainage Study dated March 04, 2021)

Per the Drainage Study dated March 04, 2021, the 10-year peak discharge rates for the 6- and 12- hour
storm events are shown in Table 6.1 and 6.3 below. The peak discharge rates were determined using the
unit hydrograph methodology utilizing the County’s HEC-HMS template and model as directed by
Contra Costa County.

Table 6.1: 10-Year Rain Event — Discharge Point A

10-Year, 6-Hour -
Recurrence Peak

10-Year, 12-Hour -
Recurrence Peak

Condition Discharge Rate (cfs) Discharge Rate (cfs)
Existing 39.8 42.2
Proposed 24.1 25.2

Table 6.3: 10-Year Rain Event — Discharge Point B

10-Year, 6-Hour -
Recurrence Peak

10-Year, 12-Hour -
Recurrence Peak

Condition Discharge Rate (cfs) Discharge Rate (cfs)
Existing 28.1 29.7
Proposed 25.3 26.5

Existing Culverts (See Parr Boulevard SLR Analysis dated December 18, 2018)
There are two (2) discharge points where water leaves the project site through culverts running

below Richmond Parkway. The culverts discharge into drainage swales west of Richmond Parkway
and ultimately discharge into San Pablo Bay. As-built information on the existing culverts

P:\Proposal Prep\!PROPOSAL TEMPLATES\Memo Template.docx
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discharging from the Parr Boulevard site are attached (Attachment A). The as-built information is
noted in a different datum (NGVD?29) than the topographic field survey (NAVDS88) performed by
CSW|ST2. Table 2 depicts the existing condition of the culverts in NAVIDSS.

Table 2: Existing Outfall Data

Outfall Invert Up Invert Down Length
(2)-36” Culverts 6.06 5.75 56 LF
(1)-36” Culvert 6.69 6.29 68 LF

We assumed the tailwater elevation to be equivalent to the Mean High High Water elevation which was
determined from the National Oceanic and Atmospheric Administration (NOAA) tides and water
levels. Table 3 depicts the tidal data for Station 9415056, Pinole Point, San Pablo Bay, CA.

Table 3: NOAA Tidal Data

Mean High High Mean Sea Level Mean Low Water
Tidal Data Water (MHHW) (MSL) (MLW)
6.18 3.26 1.02

For the capacity analysis of the existing culverts, AutoCAD Civil 3D Hydraflow Express Extensions was
utilized.

Results
The results of the existing culverts capacity analysis are shown in the table below, and the AutoCAD

Civil 3d Hydraflow Express Extensions Channel reports are attached.

Table 1: Culvert Capacity Results

Min. Max.
Flow Flow
Rate Rate
Qmin Qmin | Pipe Flow
(10yz- (1-yr- | Flow | Rate Hw
Dicharge Slope | Length | 6hr) 12hr) Rate | Overtop | Elev. | Hw/D
Point Outfall | (%) (ft) (cfs) (cfs) (cfs) (cfs) (ft) (ft)
A (2)-36 0.55 56 24.1 25.2 24.10 0.00 7.59 0.51
Culverts
(1)-36”
B 0.16 68 25.3 26.5 26.30 0.00 8.86 0.82
Culvert
Conclusion

In conclusion, the existing culverts at Discharge Point A and Discharge Point B have sufficient capacity
to convey the 10-year storm event.

P:\05\5143103\ Calculations_and_Spreadsheets\Hydrology\Hydraulic Model\ Culvert\2021-06-17\Supplemental Culvert Calcs Memo.docx
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Attachments
- Attachment A: Project Plans for Construction of Richmond Parkway — Section 4A,
September 1994 (As-Builts)
- Attachment B: NOAA Tidal Data — Pinole Point, San Pablo Bay, CA
- Attachment C: Culvert Analysis Results
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Attachment A: Project Plans for Construction of Richmond Parkway
— Section 4A, September 1994 (As-Builts)
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Attachment B: NOAA Tidal Data — Pinole Point, San Pablo Bay, CA



(https://www.noaa.gov/)v !F,E\EQQ:{ e (/index.html)

Home (/) / Products (products.html) / Datums (stations.html?type=Datums) /9415056 Pinole Point, San Pablo Bay, CA

Station Info + Tides/Water Levels v

Meteorological Obs.

Phys. Oceanography

Datums for 9415056, Pinole Point, San Pablo Bay CA

NOTICE: All data values are relative to the NAVD88.

Elevations on NAVD88

Station: 9415056, Pinole Point, San Pablo Bay, CA

Status: Accepted (Jun 27 2014)
Units: Feet
Control Station: 9414863 Richmond, CA

Datum

MHHW (/datum_options.htm#MHHW)
MHW (/datum_options.htmI#MHW)
MTL (/datum_options.htmi#MTL)

MSL (/datum_options.htm#MSL)

DTL (/datum_options.html#DTL)

MLW (/datum_options.html#MLW)
MLLW (/datum_options.htm#MLLW)

NAVDB88 (/datum_options.html)

STND (/datum_options.htmi#STND)
GT (/datum_options.htmlI#GT)

MN (/datum_options.html#MN)
DHQ (/datum_options.htmi#DHQ)
DLQ (/datum_options.htmI#DLQ)

HWI (/datum_options.htmlI#HWI)

LWI (/datum_options.html#LWI1)

Max Tide (/datum_options.htmi#MAXTIDE)

Max Tide Date & Time
(/datum_options.htm#MAXTIDEDT)

Min Tide (/datum_options.htmI#MINTIDE)

Min Tide Date & Time
(/datum_options.htm#MINTIDEDT)

HAT (/datum_options.html#HAT)

HAT Date & Time

LAT (/datum_options.htmI#LAT)

T.M.: 120
Epoch: (/datum_options.htmI#NTDE) 1983-2001
Datum: NAVD88

Value Description

6.18 Mean Higher-High Water

5.58 Mean High Water

3.31 Mean Tide Level

3.26 Mean Sea Level

3.06 Mean Diurnal Tide Level

1.02 Mean Low Water

-0.06 Mean Lower-Low Water

0.00 North American Vertical Datum of
1988

-8.04 Station Datum

6.24 Great Diurnal Range

4.56 Mean Range of Tide

0.59 Mean Diurnal High Water Inequality

1.09 Mean Diurnal Low Water Inequality

8.55 Greenwich High Water Interval (in
hours)

2.18 Greenwich Low Water Interval (in
hours)
Highest Observed Tide
Highest Observed Tide Date & Time
Lowest Observed Tide
Lowest Observed Tide Date & Time

7.64 Highest Astronomical Tide

12/31/1986 HAT Date and Time

19:36

-2.37 Lowest Astronomical Tide

Favorite Stations ~

Home

OFS (/ofs/ofs_station.shtml?stname=Point Pinole&ofs=sfb&stnid=9415056&subdomain=la)

About ~

What We Do ~

Datums for 9415056, Pinole Point, San Pablo Bay, CA
All figures in feet relative to NAVD88

@MHHW: 6.18

MHW: 5.58

Showing datums for

9415056 Pinole Point, San P... ]

Datum

NAVD88 v

Data Units @ Feet

O Meters

Epoch ® Present (1983-2001)
O Superseded (1960-1978)

Submit

News

Education ~

Search



Datum Value Description

LAT Date & Time 05/25/1990 LAT Date and Time
15:06

Tidal Datum Analysis Periods

12/01/2010 - 02/28/2011

Show nearby stations

Products available at 9415056 Pinole Point, San Pablo Bay, CA

TIDES/WATER LEVELS METEOROLOGICAL/OTHER OPERATIONAL FORECAST SYSTEMS
Water Levels Meteorological Observations San Francisco Bay (/ofs/sfbofs/sfbofs.html)
NOAATide Predictions (/noaatidepredictions.htmi?id=9415056) Water Temp/Conductivity OFS product page for Pinole Point, San Pablo Bay (/ofs/ofs_station.shtml?stname=Point
Harmonic Constituents (/harcon.html?id=9415056) PORTS® Pinole&ofs=sfb&stnid=9415056&subdomain=la)
. - ®
Sea Level Trends This station is not a member of PORTS' INFORMATION

2id=
Datums (/datums.html?id=9415056) Station Home Page (/stationhome.htmI?id=9415056)
Bench Mark Sheets (/benchmarks.html?id=9415056) Data Inventory (/inventory.html?id=9415056)
Extreme Water Levels Measurement Specifications (/measure.html)
Reports (/reports.html?id=9415056)

Website Owner: Center for Operational Oceanographic Products and Services

National Oceanic and Atmospheric Administration (http://www.noaa.gov) « National Ocean Service (http://oceanservice.noaa.gov) =« Privacy Policy (/privacy.html)
Disclaimer (/disclaimers.html)  «  Take Our Survey (/survey.html) « Freedom of Information Act (https://www.noaa.gov/foia-freedom-of-information-act) - Contact Us
(/contact.html)



(https://wwwnoaa.gov/)@ TIDES: (/index.html) Home

Home (/) / Stations (stations.html) /9415056 Pinole Point, San Pablo Bay, CA  Favorite Stations

Station Info v Tides/Water Levels v Meteorological Obs. Phys. Oceanography OFS (/ofs/ofs_station.shtml?stname=Point Pinole&ofs=sfb&stnid=9415056&subdomain=la)

Pinole Point, San Pablo Bay, CA - Station ID: 9415056

Station Info Today's Tides Photos Sensor Information Observations Directions and Map Available Products
Established: Sep 17, 1976
Today's Tides (LST/LDT)

Time Meridian: 120° W
Present Installation: Nov 18, 2010
Date Removed: 2011-05-07
Water Level Max (ref N/A
MHHW): 6:20 AM high 491t
Water Level Min (ref N/A 11:29 AM low 3.0 ft.
MLLW):

5:19 PM high 5.8 ft.
Mean Range: 4.56 ft.
Diurnal Range: 6.24 ft.
Latitude 38°0.9'N
Longitude 122°21.8'W
NOAA Chart#: 18654

(http://www.charts.noaa.gov/OnLineViewer/18654.shtml)

Met Site Elevation: ft. above

How to reach: To reach the tidal bench marks from Berkeley, proceed north on Highway 80 to El Cerrito, then proceed west on Cutting Boulevard to 23rd Street, then turn right and proceed north
on 23rd Street/San Pablo Avenue for 8.9 km (5.5 mi) to Richmond Parkway, then turn left and proceed west on Richmond Parkway for 400 m (1300 ft), then turn right and proceed NW on Atlas
Road to the Point Pinole Regional Park, and continue to the paved road in the park to where there is a fishing pier and ruins of the Atlas Powder Company pier. The bench marks are located in the
park, along the road leading to the pier. The tide gage and staff were located 137 m (450 ft) from the shore on a piling among the ruins of the powder company pier.

Show nearby stations

Products available at 9415056 Pinole Point, San Pablo Bay, CA

TIDES/WATER LEVELS METEOROLOGICAL/OTHER

Water Levels Meteorological Observations

NOAA Tide Predictions (/noaatidepredictions.htmi?id=9415056) Water Temp/Conductivity

Harmonic Constituents (/harcon.html?id=9415056) PORTS®

Sea Level Trends This station is not a member of PORTS®

Datums (/datums.htmI?id=9415056)

About v What We Do ~ News Education ~

No photos are available for this station. (stationphotos.htmi?id=9415056)

Leaflet : js.com) }

by Es#

:/lwww.esri.com) | USGS, NOAA

OPERATIONAL FORECAST SYSTEMS
San Francisco Bay (/ofs/sfbofs/sfbofs.html)

OFS product page for Pinole Point, San Pablo Bay (/ofs/ofs_station.shtml?stname=Point

Pinole&ofs=sfb&stnid=94 15056 &subdomain=la)

INFORMATION




Bench Mark Sheets (/benchmarks.html?id=9415056) Station Home Page (/stationhome.htmI?id=9415056)

Extreme Water Levels Data Inventory (/inventory.html|?id=9415056)

Reports (/reports.html?id=9415056) Measurement Specifications (/measure.html)

Website Owner: Center for Operational Oceanographic Products and Services
National Oceanic and Atmospheric Administration (http://www.noaa.gov) « National Ocean Service (http://oceanservice.noaa.gov) =« Privacy Policy (/privacy.html)

Disclaimer (/disclaimers.html)  +  Take Our Survey (/survey.html) « Freedom of Information Act (https://www.noaa.gov/foia-freedom-of-information-act) - Contact Us
(/contact.html)



Attachment C: Culvert Analysis Results



Culvert Report

Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Thursday, Jun 17 2021

Pro. Cond. - Discharge Pt. A - Ex. (2)-36inch Culvert

Invert Elev Dn (ft) = 5.75 Calculations
Pipe Length (ft) = 56.00 Qmin (cfs) = 24.10
Slope (%) = 0.55 Qmax (cfs) = 25.20
Invert Elev Up (ft) = 6.06 Tailwater Elev (ft) = 6.18
Rise (in) = 36.0
Shape = Circular Highlighted
Span (in) = 36.0 Qtotal (cfs) = 2410
No. Barrels =2 Qpipe (cfs) = 24.10
n-Value = 0.014 Qovertop (cfs) = 0.00
Culvert Type = Circular Concrete Veloc Dn (ft/s) = 5.12
Culvert Entrance = Square edge w/headwall (C) Veloc Up (ft/s) = 5.12
Coeff. K,M,c,Y k = 0.0098, 2, 0.0398, 0.67, 0.5 HGL Dn (ft) = 6.85
HGL Up (ft) = 7.16
Embankment Hw Elev (ft) = 7.59
Top Elevation (ft) = 13.00 Hw/D (ft) = 0.51
Top Width (ft) = 50.00 Flow Regime = Inlet Control
Crest Width (ft) = 1000.00
Elev (ft} Pro. Cond. - Discharge Pt. A - Ex. (2)-36inch Culvert Hw Depth (ft}
. = [ .
. / \ .
1 / \ 494
1 / \ 3.84
_/ tntetecontrot "

Circular Culvert HGL



Culvert Report

Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc.

Pro. Cond. - Discharge Pt. B - Ex. (1)-36inch Culvert

Thursday, Jun 17 2021

Invert Elev Dn (ft) = 6.29 Calculations
Pipe Length (ft) = 68.00 Qmin (cfs) = 25.30
Slope (%) = 0.16 Qmax (cfs) = 26.50
Invert Elev Up (ft) = 6.40 Tailwater Elev (ft) = 6.18
Rise (in) = 36.0
Shape = Circular Highlighted
Span (in) = 36.0 Qtotal (cfs) = 26.30
No. Barrels =1 Qpipe (cfs) = 26.30
n-Value = 0.014 Qovertop (cfs) = 0.00
Culvert Type = Circular Concrete Veloc Dn (ft/s) = 6.58
Culvert Entrance = Square edge w/headwall (C) Veloc Up (ft/s) = 6.58
Coeff. K,M,c,Y k = 0.0098, 2, 0.0398, 0.67, 0.5 HGL Dn (ft) = 7.95
HGL Up (ft) = 8.06
Embankment Hw Elev (ft) = 8.86
Top Elevation (ft) = 13.00 Hw/D (ft) = 0.82
Top Width (ft) = 50.00 Flow Regime = Inlet Control
Crest Width (ft) = 1000.00

Pro. Cond. - Discharge Pt. B - Ex. (1)-36inch Culvert Hw Depth (ft)

5 10 15 20 25 30 35 40

0 45 50 55 80 85 70 75 80 85
Embank
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