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1. INTRODUCTION 
 

The purpose of this report is to present the results of the Pre"Project Hydrology 
Study for four north Mare Island storm drain systems which will be partially retained 
to intercept and convey runoff from the proposed Project Zeus Development 
project.  Based on aerial topographic information prepared by 360 Aerial Surveys 
dated August 17, 2016, Vallejo Sanitation and Flood Control District (VSFCD) 
record information for the existing storm drain systems and hydrology criteria in the 
Solano County Water Agency Hydrology Manual, this Study analyzed pre"project 
hydrology and found the peak storm runoff flow rates for four discharge locations 
along the east shore of the Mare Island Strait between Ernest D. Wichels Memorial 
Causeway and Highway 37. 

 
2. PRE"PROJECT CONDITIONS 

The area of Mare Island in Vallejo, CA undergoing planning for the development of 
the Project Zeus Development project is bounded by the Ernest D. Wichels 
Memorial Causeway (Causeway) and G Street to the south, Highway 37 to the north, 
the Mare Island Strait to the east and Azuar Drive to the west.  This area was 
previously developed with buildings, streets, parking lots and utility infrastructure to 
service the needs of the United States Navy in their activities on Mare Island.  
Currently, most of the streets, parking lots and utility infrastructure remain in place.  
Some of the pavement is partially demolished and broken.  The remainder of the 
pavement throughout the area is in fair condition and is maintained to provide access 
to existing industrial businesses on the west side of Azuar Drive, and to provide 
passage from the Causeway and G Street to Highway 37.  A number of abandoned 
buildings also remain throughout the project site.  The buildings range in condition 
from highly deteriorated and partially demolished to mostly intact.   

The area studied for this analysis encompasses approximately 169 acres and is flat 
with slopes on the order of zero to 5% which generally drain from the west along 
Azuar Drive eastward to the Mare Island Strait.  Outside of the existing streets and 
buildings the land is vegetated with grasses, low shrubs and a few trees. 

According to the VSFCD record drawings, there are five storm drain systems which 
collect runoff from the area of study and discharge it to the Mare Island Strait at 5 
separate outfall locations.  The outfall locations are identified on Sheets H1A 
through H1D in the appendices of this report.  The naming convention for the 
storm drain systems and areas tributary to them is based on the name of the outfall 
(1, 2, 3A, 3B and 4). 

The storm drain systems are comprised of a combination of corrugated metal pipe 
(CMP), reinforced concrete pipe (RCP), reinforced concrete box, vitrified clay pipe 
(VCP) and transite pipe.   The age of the systems are unknown and they are 
speculated to have been modified throughout the years to suit changes in the 
development needs of the U.S. Navy.  It is also speculated that due to the notations 
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in the record drawings evidencing inaccessibility and sag conditions that the storm 
drain systems are generally in poor condition.  Also based on notation in the record 
drawings there appears to be a connection between System 1 and System 2 at L 
Street near Walnut Avenue. 

At the north end of the project site, between Azuar Drive, Walnut Avenue, L Street 
and Independence Street, the land is lower in elevation than the bounding street 
system and requires a pump station to intercept runoff and discharge it to the north 
toward the Mare Island Strait.  Identified as “SDPS"15” on Sheet H1C of this report, 
this pump station is located at the north end of Independence Street near the 
eastbound off"ramp of Highway 37 and discharges to the Mare Island Strait through 
the pipe system tied to Outfall 1, seen on Sheet H1A.  A second pump station, 
“SDPS"14” on Sheet H1C, intercepts runoff from a low area behind an existing 
building located at the corner of L Street and Walnut Avenue. 

 
3. HYDROLOGY CALCULATIONS 
 
 3.1 Hydrology Methodology and Standards, Rational Method 

 
The Study was based on the Solano County Water Agency (SCWA) Hydrology 
Manual (Hydrology Manual).  The study was performed using the 15"year design 
storm and the Rational Method. 
 
The Rational Method was used to calculate the pre"project peak flow of runoff from 
the site.  Drainage areas were calculated using AutoCAD.  Weighted runoff 
coefficients were calculated based on amounts of roof and pavement versus 
vegetated land within the drainage areas.  Rainfall intensities were based on the 
criteria specified by the Hydrology Manual for time of concentration and rainfall. 
 
The terms of the Rational Method are defined as follows: 
 

Q=CIA  
 
Where:  
 
Q = Flow Rate (cubic feet per second, cfs) 
C = Runoff Coefficients  
I = Rainfall Intensity (inches per hour, in/hr)  
A = Tributary Area (acres, ac)  

  
 3.2 Runoff Coefficient 

 
The runoff coefficients used in this report come from the standards issued by the 
SCWA Hydrology Manual.  From Table 3"2, C=0.85 was used for impervious (roof 
and pavement) areas and C=0.30 was used for vegetated areas.  A weighted runoff 
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coefficient was calculated using the terms below: 
 
Weighted Runoff Coefficients are defined as follows: 
 

C	weighted =	C1A1	+	C2A2	+	C3A3	…A1	+ A2	+ 	A3	…  

 
 3.3 Rainfall Intensity  

 
Intensities for a 15"year frequency storm event come from the mean annual 
precipitation (MAP) from Figure 2"2, and the time of concentration. 
 
Time of Concentration was calculated as follows: 

 
Tc = T0 (overland flow) + Tc (channelized flow) + Tp (pipe flow) 

 
Where: 
 
Tc = total time (minutes) 
T0 (overland flow) = initial time of concentration (minutes) 
Tc (channelized flow) = channelized flow travel time (minutes) 
Tp (pipe flow) = pipe flow travel time (minutes) 
 

The initial time of concentration was calculated using Equation3"2 from the 
Hydrology Manual, or 5 minutes, whichever was greater.  Equation 3"2 is defined as 
follows: 

�� =	� �
(80	�	�� �� ) ∗ (18.5 − 16.5 ∗ #)										(Equation	3 − 2) 

 
Channelized flow travel time and pipe flow travel time were calculated from 
Manning’s Equation in conjunction with hand calculations, Express software, and 
Excel. 

 
 3.4 Pipe Capacity 
 

Pipe Capacities were calculated using a computer program, AutoCAD Express Tools 
(Express).  Pipe parameters (diameter, slope, manning’s roughness coefficient, etc.), 
were input into Express and the program calculated pipe capacity based on 
Manning’s Formula. 
 
The pipe parameters were based upon existing data for the storm drain systems 
including pipe type, diameter, and invert elevations where they were available.  If 
data was unavailable for the pipe systems, it was assumed they were reinforced 
concrete pipe at a minimum slope of 0.5%. 
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3.5 Pump Stations 

 
For the purposes of this study, it was assumed that the peak flow of runoff from the 
area tributary to the pump stations was automatically discharged, at the rate at which 
it arrived, into the storm drain systems downstream of the pump stations. 

 
 
4. RESULTS 

The following are the results of the hydrologic calculations for the Pre"Project conditions of 
the Project Zeus Development site: 

 Peak Runoff, 15"Year Storm Event 
Point of Concentration 

(P.O.C.) 
Peak Runoff 

15"Year Storm Event 
(cubic feet per second; cfs) 

Outfall 1 52.07 
Outfall 2 63.74 

Outfall 3A 2.74 
Outfall 3B 23.20 
P.O.C. 4"1* 4.00 
P.O.C. 4"2* 6.39 
P.O.C. 4"3* 1.88 

*Because System 4 primarily serves property outside of the project site, peak flow rates were calculated at the 3 potential locations of 
connection to System 4 rather than determining the peak runoff for the entire system at Outfall 4 or the capacity of the pipe at Outfall 4. 

 
 Outfall Pipe Capacity 

Outfall* Pipe Size and Type Pipe Capacity 
(cubic feet per second; cfs) 

Outfall 1 30” Reinforced Concrete Pipe 14.65 
Outfall 2 36” Reinforced Concrete Pipe 20.02 

Outfall 3A 18” Corrugated Metal Pipe 2.10 
Outfall 3B 30” Reinforced Concrete Pipe 13.77 

*Because System 4 primarily serves property outside of the project site, peak flow rates were calculated at the 3 potential locations of 
connection to System 4 rather than determining the peak runoff for the entire system at Outfall 4 or the capacity of the pipe at Outfall 4. 

 
 
As seen in the results for Peak Runoff and Outfall Pipe Capacity, each of the outfalls is 
under capacity to convey peak flows from a 15"year storm event.  In the event that a 15"year 
storm event occurs, it is anticipated that runoff will back up and be detained within in each 
of the storm drain systems and as inundation in the surrounding land, until such time that 
storm intensities decrease and runoff is allowed to be released at or below the capacity of the 
outfall pipe. 
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Table 3-4A. Solano County Design Rainfall for San Francisco Bay Drainage Region
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38 0.50 0.67 0.80 8.07 8,45 8.95 2.32 3 82 4.20 5.66 7.84 8.83 9.03 10.04 80.68 32.80 83,06 85.02 86.97 19.29 28,85 48,32
40 0.52 0.73 0.84 8.33 8,52 2.05 2.44 3,29 4.42 5.96 7.50 8.55 9,53 30,58 81.25 3275 83 77 85.82 87.85 20.33 30,40 50.86
45 0,59 0.79 0.95 3,27 8.73 23! 2.73 3.70 4,98 6,70 8,40 9,62 30.73 33.93 82.68 84.39 8533 37.84 20,05 22*5 34.27 57,22

10-Year Return Period
.≥I~L 5MinIIOMinhI5MinI3OMinI Hr 2Hr I I 6W I I2Hr) 8DayI 2DayI 3Da,l 40ev! soa,I 6DayI 8DavII0dayjI5Dayi2ODayi30T3ayi6orJay~ Year

‘4
‘5
36
87
88
39
20
22
24
26
28
30
32
34
36
38
40
43

0,22
023
0.25
0,27
0.28
0.30
0.33
0,34
0.38
0,48
0,44
0.47
0 50
0.33
0,56
0,59
0.63
0,70

0.30 0.35 0,47 0,64 0,86 3.02 1.37
032 038 0,53 0.68 0.92 8.09 8.41
0.34 040 0.54 0.73 098 837 857
0,36 0.43 0.57 0.77 I 04 I 24 I 67
0,38 0.45 0,68 0,82 I 30 8.33 I 77
0.40 0,48 0.64 0.86 116 8 38 1.86
0,42 0.30 0.68 0,93 ‘22 3.46 ‘96
0.46 053 0.74 800 325 8,60 216
0,5! 0.60 0,88 8 09 I 47 3 75 235
0.55 0.65 0.88 888 I 59 1.89 255
0,59 070 095 827 87 2,04 2,75
063 075 103 336 884 219 2,94
0,67 0.80 8,08 1,46 896 2.33 3 84
0,72 085 385 855 208 2.48 3.34
076 090 322 3.64 2.20 262 353
0.80 0.95 .28 8.73 2.33 2.77 3.73
0,84 8,00 8.35 3,82 2,45 2.9! 3.92
0,95 I 33 1.52 2.05 2.75 3,28 4,48

3.85 2,49 3.40 3,54 3.93 4,88
98 2.67 3.62 3,80 422 4.43

2!! 2,85 3,83 4.06 450 474
225 302 405 432 479 505
2,38 3,20 4.27 4.58 5.08 5.37
253 3,38 4.49 4.84 5,37 5,68
264 3.56 4.70 5,80 566 6,00
29! 3.98 5,34 5.62 6.24 6.63
317 4,27 5,58 6.34 6.82 1,25
343 4,62 6.08 6,67 7,40 7,88
370 498 6,45 739 798 8.58
396 5.33 6,88 773 8.56 9 84
4.23 5.69 7,32 8,23 9,83 977
449 6,05 775 875 97! 3040
475 640 839 9.2 10.29 8802
5.02 6.76 8,63 9.79 30,87 83,65
5,28 7,0! 9.06 80,38 83,45 32.28

4,42 4.89 5,44 6.23 7,45 8,25 88,85 20,22
476 5,27 5 85 670 7.97 8,83 82.74 28.67
509 5.65 627 737 8,48 9,45 83.64 2338
5.42 6,03 6,68 7.64 9,00 80.04 14,53 24,56
315 6.48 780 811 9,5! 30,64 35,43 26,00
6,08 679 7 53 859 30.02 ‘3,23 86.33 27.45
642 7 37 793 9.06 10.54 83,83 17,22 28.89
7.08 793 875 3000 83.37 83.02 39,03 38.78
774 869 9 58 8094 82,59 14.21 20.83 34.67
841 945 3043 II 88 83.62 85.48 22.60 37,56
907 028 ‘8,24 82,83 14,65 36.60 2439 40.45
9.74 80,97 32,07 83,77 85.68 87.79 26.38 43,34
30,40 83.73 32.90 84.78 8670 88.98 2797 46.22
3807 82.49 3373 85.65 81.73 2088 2976 498!
‘173 325 1456 86,60 3876 28.37 3156 52.00
32,39 14,01 35.39 37,54 8979 22,56 33,33 54,89
33.06 84.77 36.22 08.48 20,82 2375 35 84 5778

5,94 8,00 10.13 11,62 32.90 83,85 34 72_,_ 6,67 38.29 20.84 23.39 26.73 39,62 65,00
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Table 3-2. Runoff Coefficient for 10-Year Return Frequency~

(~/7

June 1999
074\98-04\hydro

3-7

Land Use I C°’~

Residential
Apartments/condominiums 0.50 to 0.70

Single family (6 - 8 units per acre) 0.50 to 0.60

Single family (4 - 6 units per acre) 0.40 to 0.50
Single family (2 - 4 units per acre) 0.30 to 0.40
Single family (1 - 2 units per acre) 0.25 to 0.35

Commercial
Downtown 0.70 to 0.95

Neighborhood 0.50 to 0.70

Industrial
Light 0.50 to 0.80
Heavy 0.60 to 0.90

Parks, cemeteries 0.10 to 0.25

Playgrounds 0.20 to 0.35

Railroad yard 0.20 to 0.35

Unimproved urban areas 0.10 to 0.30

AgriculturallOpen Space

Cultivated 0.20 to 0.50

Oak Timber & Brush 0.10 to 0.40

Surface Types
Asphaltic and Concrete 0.70 to 0.95
Brick 0.70 to 0.85

Roofs 0.75 to 0.95

Lawns 0.15 to 0.35

PastureF

E
L

0.15 to 0.45 1
-4 UJ\~(Z~A

j

I
(a) For other return periods, adjust C coefficient based on Figure 3-1.
~ For areas with slopes of 1 percent or less, use values in the low end of the

given range; for areas with slopes greater than 1 percent and up to
5 percent, use values in the middle of the given range; for areas with slopes
greater than 5 percent, use values in the high end of the given range.

SCWA Hydrology
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Culvert Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Monday, Nov 7 2016

36in RCP

Invert EIev Dn (ft) = 101.40 ILko~~f ~~ Calculations
Pipe Length (ft) = 50.00 ~ Qmin (cfs) = 22.25
Slope (%) = 5.00 Qmax (cfs) = 22.25
Invert Elev Up (ft) = 103.90 Tailwater Elev (ft) Critical
Rise (in) = 36.0
Shape = Circular Highlighted
Span (in) = 36.0 • o a c s) = 22.25
No. Barrels = I Q.ipe(c~) = 22.25
n-Value = 0.015 Qovertop (cfs) = 0.00
Culvert Type = Circular Concrete Veloc Dn (Ws) = 12.46
Culvert Entrance = Square edge w/headwall (C) Veloc Up (ft/s) = 6.21
Coeff. K,M,c,Y,k = 0.0098, 2, 0.0398, 0.67, 0.5 HGL Dn (ft) 102.30

HGL Up (ft) = 105.42
Embankment Hw EIev (ft) = 106.04
Top Elevation (ft) = 108.57 Hw/D (ft) = 0.71
Top Width (ft) = 10.00 Flow Regime = Inlet Control
Crest Width (ft) = 10.00

Ele ft 36in RCP Hw Depth ~ft

109.00 5.10

10800 4.10

107.00 3.10

lOo.00 r~ 10

105.00 1 10

10400

1C3 00

102.00

~~1O0 -290

10000 -390
0 25 30 35 65 7Q

C rcularCu iert HGL Embank
f~each ft



Culvert Report
Hydraflow Express Extension for Autodesk® Aut0CAD® Civil 3D® by Autodesk, Inc.

2lin CMP

Monday, Nov 7 2016

Invert Elev Dn (ft)
Pipe Length (ft)
Slope (%)
Invert EIev Up (ft)
Rise (in)
Shape
Span (in)
No. Barrels
n-Value
Culvert Type
Culvert Entrance
Coeff. K,M,c,Y,k

Embankment
Top Elevation (ft)
Top Width (ft)
Crest Width (ft)

= 101.53 llR~-~ 4~’
= 50.00 I~eA- c@ot~~k~~

= 5.00
= 104.03

21.0
Circular
21.0
I
0.024
Circular Corrugate Metal Pipe
Headwall
0.0078, 2, 0.0379, 0.69, 0.5

= 108.57
= 10.00
= 10.00

Calculations
Qmin (cfs)
Qmax (cfs)
Tailwater Elev (ft)

Highlighted
fQtotal (cfs)
I Qpip~(cfs_

Qovertop (cfs)
Veioc Dn (ftls)
Veloc Up (ft/s)
HGL Dn (ft)
HGL Up (ft)
Hw Elev (ft)
Hw/D (ft)
Flow Regime

= 11.34
= 11.34
= Critical

= 11.34
= 11.34
= 0.00
= 8.28
= 6.15
= 102.50
= 105.28
= 106.04
= 1.15
= inlet Control

E e ft 21in CMI’ H ~ Depth ft

4 p_

i a,

2 PT

1 0

C ft•’

-003

-1 03

-203

-403

C~rcu~ar Culvert HGL Embank
Reach ft
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Channel Report
Hydraflow Express Extension for Autodesk® Aut0CAD® Civil 3D® by Autodesk, Inc. Monday, Nov 7 2016

3Oin RCP

Circular Highlighted
Diameter(ft) = 2.50 Depth(ft) = 2.50

Q(cfs) = 14.22
Area (sqft) = 4.91

Invert Elev (ft) = 102.00 Velocity (ftls) = 2.90
Slope (%) = 0.16 Wetted Perim (ft) = 7.85
N-Value = 0.015 Crit Depth, Yc (ft) = 1.27

TopWidth(ft) = 0.00
Calculations EGL (ft) = 2.63
Compute by: Known Depth
Known Depth (ft) = 2.50

EIev(ft) Section

105.00

104.50

104.00

103.50

103.00

102.50

102.00

101.50
0 2 3

Reach (ft)
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Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Thursday, Nov 3 2016

Outfall I Capacity

Circular Highlighted
Diameter (ft) = 2.50 Depth (ft) = 2.50

Q (cfs) = 14.65
Area (sqft) = 4.91

Invert Elev (ft) = 101.26 Velocity (ft/s) = 2.99
Slope (%) = 0.17 Wetted Perim (ft) = 7.85
N-Value = 0.015 Crit Depth, Yc (ft) = 1.29

TopWidth(ft) = 0.00
Calculations EGL (ft) = 2.64
Compute by: Known Depth
Known Depth (ft) = 2.50

EIev (ft) Section

104.00

103.50

103.00

102.50

102.00

101.50
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100.50
2 3

Reach (ft)
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Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Thursday, Nov 3 2016

Outfall 2 Capacity

Circular Highlighted
Diameter (ft) = 3.00 Depth (ft) = 3.00

Q (cfs) = 20.02
Area (sqft) = 7.07

Invert Elev (ft) = 101.17 Velocity (ft/s) = 2.83
Slope (%) = 0.12 Wetted Perim (ft) = 9.42
N-Value = 0.015 Crit Depth, Yc (ft) = 1.44

Top Width (ft) = 0.00
Calculations EGL(ft) = 3.12
Compute by: Known Depth
Known Depth (ft) = 3.00

Elev ~ Section Depth (ft)

105.00 3.83

104.00 2.83

103.00 1.83

102.00 0.83

101.00 -0.17

100.00 -1.17
0 2 3 5

Reach (ft)
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Channel Report
Hydraflow Express Extension for Autodesk® Aut0CAD® Civil 3D® by Autodesk, Inc. Thursday, Nov 3 2016

Outfall 3A Capacity

Circular Highlighted
Diameter(ft) = 1.50 Depth(ft) = 1.50

Q(cfs) = 2.100
Area (sqft) = 1.77

Invert Elev (ft) = 106.64 Velocity (ft/s) = 1.19
Slope (%) = 0.16 Wetted Perim (ft) = 4.71
N-Value = 0.026 Crit Depth, Yc (ft) = 0.55

TopWidth(ft) = 0.00
Calculations EGL(ft) = 1.52
Compute by: Known Depth
Known Depth (ft) = 1.50

Elev ~ Section Der

109.00 2.36

108.50 1.86

108.00 1.36

107.50 0.86

107.00 0.36

106.50 -0.1’

106.00 -0.6’
2 4

Reach (ft)
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Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Thursday, Nov 3 2016

Outfall 3B Capacity

Circular Highlighted
Diameter(ft) = 2.50 Depth(ft) = 2.50

Q (cfs) = 13.77
Area (sqft) = 4.91

lnvertElev(ft) = 101.00 Velocity(ft/s) = 2.80
Slope (%) = 0.15 Wetted Perim (ft) = 7.85
N-Value = 0.015 CritDepth,Yc(ft) = 1.25

TopWidth(ft) = 0.00
Calculations EGL (ft) = 2.62
Compute by: Known Depth
Known Depth (ft) = 2.50

EIev (ft) Section

104.00

103.50

103.00

102.50

102.00

101.50

101.00

100.50
2 3

Reach (ft)
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