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INTRODUCTION

The following Stormwater Management Report details the design of the stormwater management plan for
two proposed warehouses located in the Township of North Brunswick, Middiesex County, New Jersey and
has been prepared by Menlo Engineering Associates, Inc. in accordance with the standards of the Township
of North Brunswick, the County of Middlesex, the New Jersey Soil Conservation Service, and the New Jlersey
Department of Environmental Protection. This report supplements, and should be reviewed in conjunction
with, the project development plans prepared by Menlo Engineering Associates, Inc.

It is the intent of this report to aid and assist Engineers at the Municipal, County, and State levels in
evaluating the drainage calculations and considerations incorporated in the design as shown on the plans
submitted. This office will readily respond to questions and requests for additional calculations or
verification of the proposed design by Municipal, County, or State Engineers, and will be responsive to their
suggestions and modifications to the design in conformance to the applicable codes in the interest of land
use control consistent with environmental protection.

CRITERIA

In the hydraulic designs involved in this project, the drainage areas have been determined by electronic
digitizer from the U.S.G.S. Quadrangle map, topographic survey prepared by Control Layouts, Inc. and field
observations to determine basin limits and off-site and on-site areas. The Soil Conservation Service Soil
Survey maps are used for hydrological soil group classification. Existing and proposed conditions are
calculated for the 2, 10, 25 and 100-year flows. On-site storm sewer collection systems were sized for the
25-year storm and employed the Rational Method for design calculations.

PROJECT LOCATION & DESCRIPTION

This report examines the drainage characteristics and designs for a 20.96-acre tract of land situated in the
Township of North Brunswick, Middlesex County, New Jersey. The applicant proposes two 43,200 square
foot warehouses. Access to the site is provided through Livingston Avenue, also known as New Jersey State
Highway Route No. 26..
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STORMWATER MANAGEMENT PLAN & DESIGN

The guidelines for hydraulic design, as prepared by the Soil Conservation District, the Township of North
Brunswick, Middlesex County and the New Jersey Department of Environmental Protection have been
utilized for the drainage design of this project. The purpose of the drainage design is for the post-
development peak drainage flow pattern to continue, as it exists today.

The stormwater management plan for the site is to be constructed with one detention basin located near the
Southern property line.

Summary of the Runoff Analysis:

The 20.96-acre parcel is currently partial developed with three buildings. The project seeks to develop 7.46
acres of the Southern portion of the site. The area currently consists of 1.87 acres of impervious pavement
and 5.67 acres of woods. The existing drainage pattern drains from the North to the South portion of the site
except for 0.26 acres which drains north to the existing drainage system on Livingston avenue. The site’s HSG

is classified as D soil. In a conservative effort in quantity runoff analysis, the existing site drainage has been
analyzed as B soils and the proposed site drainage has been analyzed as D soils.

Summary Tables:

The following tables summarize the reduction of runoff for the 2, 10, 25, and 100-year storm events:

EXISTING & PROPOSED CONDITIONS

EXISTING |

RUNOFF FLOW TOTAL

FROM UNDETAINED FROM FLOW
| | AREAOF | RUNOFF STRUCTURE | FROM
‘ ANALYSIS | FROM SITE c1 SITE PERCENT
| STORM | (CFS) | (CFs) | (CFS) | (CFS) | REDUCTION | CONDITION |
| 10 | 205 | 3.3 | 1160 | 14.90 27% | Complies
s | 175 | 2.8 364 | 644 63% | Complies |

10 153 | 2.5 | 1s2 | am | 78a% | complies

|2 [ u1i [ 19 | 128 | 318 | 71% | Complies |




Summary of the Groundwater Recharge Analysis:

Base on the Soils Report the infiltration rate for Test Pit-1 is 0.75 inches per hour which triggers the
groundwater recharge requirement. Therefore, a section of the basin has been designed as an infiltration
area to infiltrate the ground water deficit generated from the proposed impervious. Nixon Soil Group B has
been used in the New Jersey Groundwater Recharge Spreadsheet program to calculate for ground water
recharge since the site consist of Elkton Loam Soil is considered Hydrologic Soil Group D.

The following tables summarizes the groundwater recharge rates:

Pre-Developed Condition Post Development Conditions
Total Annual Recharge {cf) = 363,966 Annual Recharge Deficit (¢f) = 218,232

Annual Recharge Provided (cf)= 234,567

Summary of the Water Quality Analysis:

The existing drainage area has a total of 1.87 acres of pavement area. The propose drainage area has 3.85
acres of pavement which means there is a net gain of 1.98 acres in pavement. NJDEP requires 50% TS5
removal for existing impervious areas draining towards the existing impervious areas, 80% TSS removal for
the existing impervious areas draining towards the drainage ditch and 80% for proposed drainage areas.
Water quality calculations have been provided in Appendix D.

Summary of the Rate of Runoff:

Proposed drainage area #2A, #2B, #2C, #2D & #2E drain into the wetlands along route 1. The detention basin
reduces the flow from drainage area #2A. Areas #2B, #2C, #2D and #2E remain undetained. The combine flow
meets the required reductions for the 2-year, 10-year and 100-year storm events. Proposed area #1 flows to
the existing stormwater sewer on site which enter an existing basin along Livingston Avenue. The amount of
area contributing flow to this existing basin within the proposed development has been reduced from 0.26
Acres to 0.23 Acres. The C-Value has been reduced from 0.99 to 0.68. Therefore, the hydrograph of the
proposed area #1 is completely under the hydrograph of existing drainage area #1.
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Rainfall not specified
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PRE-DEVELOPMENT DRAINAGE CONDITION

Total
0.99
0.00
0.00
0.00
0.99

Reduction QAllowed

Existing Area #1
L. Total Drainage Area: 0.26 Acres
Type
IL. Soil Groups/Types: B
IIL. Time of Concentration: 10 Minutes
IV Rainfall Intensity:
Storm Rainfall{in.
100-YR 6.54
25-YR 5.65
10-YR 5.03
2-YR 3.81
1-YR 3.20
V. Weighted 'c' Calulation:

Land Use Area % of Cover C Value
impervious 0.26 Acres 1.00 0.99
Gravel 0.00 Acres 0.00 0.76
Grass 0.00 Acres 0.00 0.25
Woods 0.00 Acres 0.00 0.45

Weighted 'c"
VL Q=cid
Q= € I A = Q_
Qyp0= 099 654 0.26 = 17
Qqs= 098 665 0.26 = 15
Q1o= 0.89 5.03 0.26 = 1.3
Q= 099 3.81 0.26 = 1.0

20%

25%
50%

13

1.0
0.5



PRE-DEVELOPMENT DRAINAGE CONDITION
Existing Area #2

1. Total Drainage Area:

II. Soil Groups/Types:

III. Time of Concentration:

IV Rainfall Intensity:

V. Weighted 'c’ Calulation:

Land Use
Impervious
Gravel
Grass
Woods
VI Q=cid
Q=
Q0=
Q=
Q10'

7.31 Acres

Storm
100-YR
25-YR
10-YR
2-YR
1-YR
Area
1.61 Acres
0.00 Acres
0.00 Acres
5.70 Acres
c 1
0.57 4.50
0.57 3.83
0.57 3.35
0.57 243

25 Minutes

Rainfall(in.
4.50

3.83
3.36
243
2.02

% of Cover
0.22
0.00
0.00
0.78

7.31
7.31
7.31
7.31

Type
B
C Value Total
0.99 0.22
0.76 0.00
0.25 0.00
0.45 0.35
Weighted 'c": 0.57
= Q Reduction QAllowed
= 18.8 20% 15.0
= 16.0
= 14.0 25% 10.5
= 10.1 50% 5.1



APPENDIX B: PROPOSED CONDITIONS



POST DEVELOPMENT RUNOFF CONDITION

L Total Drainage Area:

II. Soit Groups/Types:

1. Time of Concentration:

IV Rainfall Intensity:

V. Wsighted 'c’ Calulation:

Land Use
Impervious
Gravel
Grass
Woods
VI Q=cid
Q=
Q0=
Q5=
Qw'
Qa=

Proposed Area #1

0.23 Acres

Type
D

10 Minutes
Storm Rainfall(in.)
100-YR 6.54
25-YR 5.65
10-YR 5.03
2-YR 3.81
1-YR 3.20
Area % of Cover C Value
0.20 Acres 0.87 0.99
0.00 Acres 0.00 0.84
0.03 Acres 0.13 0.65
0.00 Acres 0.00 0.59
Weighted 'c".
c I A = Q
0.94 6.54 0.23 = 1.41
094 5.65 0.23 = 122
0.94 5.03 0.23 = 1.09
0.94 3.81 0.23 0.82

Total
0.86
0.00
0.08
0.00
0.94



POST DEVELO

PMENT RUNOFF CONDITION

Proposed Area #2B
1. Total Drainage Area: 0.11 Acres
Type
II. Soil Groups/Types: D
III. Time of Concentration: 10 Minutes
IV Rainfall Intensity:
Storm Rainfall(in.)
100-YR 6.54
25-YR 5.65
10-YR 503
2-YR 3.81
1-YR 3.20
V. Weighted 'c' Calulation:
Land Use Area % of Cover C Value
Impervious 0.09 Acres 0.82 0.98
Gravel 0.00 Acres 0.00 0.84
Grass 0.02 Acres 0.18 0.65
Woods 0.00 Acres 0.00 0.59
Weighted 'c";
VI Q=cid
Q= ¢ | A = Q
Qmu: 0.93 6.54 0.11 = 0.67
Qo= 0.93 5.65 0.11 = 0.58
Qo= 0.93 5.03 0.1 = 0.51
Q= 0.93 3.81 0.11 0.39

Total
0.81
0.00
0.12
0.00
0.93



POST DEVELOPMENT RUNOFF CONDITION
Proposed Area #2C

1. Total Drainage Area:

II. Soil Groups/Types:

III. Time of Concentration:

IV Rainfall Intensity:

V. Weighted ‘¢’ Calulation:

Land Use
Impervious
Gravel
Grass
Woods
VL Q=cid
Q=
Qq00=
Qz5=
Q10"

0.11 Acres
Type
D

10 Minutes
Storm Rainfall{in.
100-YR 6.54

25-YR 5.65

10-YR 5.03
2-YR 3.81
1-YR 3.20
Area % of Cover C Value

0.00 Acres 0.00 0.99

0.00 Acres 0.00 0.84

0.11 Acres 1.00 0.65

0.00 Acres 0.00 0.59
Weighted 'c":

[ 1 A = Q
0.65 6.54 0.11 = 0.47
0.65 5.65 0.1 = 0.40
0.65 5.03 0.11 = 0.36
0.65 3.81 0.11 = 0.27

Total
0.00

0.00
0.65
0.00
0.65



POST DEVELOPMENT RUNOFF CONDITION

Proposed Area #2D
1. Total Drainage Area: 0.39 Acres
Type
1. Soil Groups/Types: D
II. Time of Concentration: 10 Minutes
IV Rainfall Intensity:
Stol Rainfall(in.)
100-YR 6.54
25-YR 5.65
10-YR 5.03
2-YR 3.81
1-YR 3.20
V. Weighted 'c' Calulation:
Land Use Area % of Cover C Value
Impervious 0.00 Acres 0.00 0.99
Gravel 0.00 Acres 0.00 0.84
Grass 0.39 Acres 1.00 0.65
Woods 0.00 Acres 0.00 0.59
Weighted '¢":
VL Q=cid
Q= ¢ 1 A = Q.
Q0= 0.65 6.54 0.39 = 1.66
Qo= 0.65 5.65 0.39 = 1.43
Qqp= 0.65 5.03 0.39 1.28
Q= 0.65 3.81 0.39 0.97

Total
0.00
0.00
0.65
0.00
0.65



POST DEVELOPMENT RUNOFF CONDITION

Proposed Area #2E

I. Total Drainage Area:

11. Soil Groups/Types:

II. Time of Concentration:

IV Rainfall Intensity:

V. Weighted ‘¢’ Calulation:

Land Use
Impervious
Gravel
Grass
Woods
VL Q=cid
Q=
Q0=
Q5=
Qo=

Q;

0.11 Acres
Type
D

10 Minutes
Storm Rainfall(in.)
100-YR 6.54

25-YR 5.65

10-YR 5.03
2-YR 3.81
1-YR 3.20
Area % of Cover C Value

0.00 Acres 0.00 0.99

0.00 Acres 0.00 0.84

0.11 Acres 1.00 0.65

0.00 Acres 0.00 0.59
Weighted 'c":

[ 1 A = Q
0.65 6.54 0.1 = 0.47
0.65 5.65 0.1 = 0.40
0.65 5.03 0.11 = 0.36
0.65 3.81 0.1 0.27

Total
0.00
0.00
0.65
0.00
0.65



Storm Event
100 yr
25yr

10 yr
2yr

Ex. Area #2
15.0 -

10.5 -
5.1 -

Targets Values

Pr. Area #2B, #2C, #2D & #2E
33 =

26 =
1.9 =

Target Flow
11.7 cfs
11.5 cfs

8.0 cfs

3.2 cfs



POST DEVELOPMENT RUNOFF CONDITION
Proposed Area #2A

1. Total Drainage Area:

1. Soil Groups/Types:

II. Time of Concentration:

IV Rainfall Intensity:

V. Weighted ‘¢’ Calulation:

Land Use
Impervious
Gravel
Grass
Woods
VI. Q=cid
Q=
Qy00=
Q25=
Q0=
Q2=

6.62 Acres
Type
D

20 Minutes
Storm Rainfall{in.)
100-YR 4.91

25-YR 4.21

10-YR 3.7
2-YR 2.74
1-YR 2.28
Area % of Cover C Value

5.69 Acres 0.86 0.99
0.00 Acres 0.00 0.84
0.93 Acres 0.14 0.65
0.00 Acres 0.00 0.59
Weighted 'c"

c 1 A = Q
0.94 4.91 6.62 = 30.6
0.94 4,21 6.62 = 26.2
0.94 3.71 6.62 = 231
0.94 2.74 6.62 171

Total
0.85
0.00
0.09
0.00
0.94



Prop. Drainage Area

Basin 1

Reach & Link Routing Diagram for 2018.047-ModRational-NEW
| Prepared by M nlo Englnee g Associ ates, Inc., Printed 11/21/2019
HydroCAD® 10.00-24 =/n 0 HyroCADSoﬂwa‘sSolutlonch




Quick TR-55 Ver.5.46 S/N:
Executed: 08:45:51 11-21-201¢9

S etk o g e e e gk ok ok e ok ok e e ok e sk % 3 e ok 3 ko o e ok e e ke e e e ok ok ok o v ok e ok ok o ke ok ok ok ok ke ok e ok ok o e ke i ok ok ok o e e ok ok ok ok ok ok
Khkhdk kb hkhkhkkhkkhkkhkhddhkbhdhdbhhhrhkhdrhhhhdhbhhbkhhhkdkdkddkkhkrddrdhhhkx
* *

MODIFIED RATIONAL METHOD
---- Grand Summary For All Storm Frequencies ----

* % % ¥
* % % %

* w*
KRR IR TARTI R Ak bk h kAt hhhdhhhhbhhhhhrdrhkrhhkhkkkhhdhdhdkddhhhhdrrhrhhhdi
ARk AT A A A AR A AR ANI RN KRR TR R Ikhkhkhdkkkhkhkhkkrdhdhhddhhhkhkhhkhhkdhkdhhhhrkhdihkhdbttd

First peak outflow point assumed to occur at Tc hydrograph recession leg.

Livingston Warehouse

Area = 6.62 acres Te = 20.00 minutes
VOLUMES

Frequency Adjusted Duration Intens. Qpeak Allowable Inflow Storage
(years) e minutes in/hr cfs cfs (cu.ft.) (cu.£ft.)

2 0.942 46 1.763 10.99 3.20 30,346 21,729

10 0.942 41 2.684 16.74 8.00 41,185 22,201

25 1.000 36 3.302 21.86 13.20 47,216 19,859

100 1.000 44 3.589 23.76 11.70 62,718 32,832




Quick TR-55 Ver.5.46 S/N:
Executed: 08:45:51 11-21-2019

MODIFIED RATIONAL METHOD
---- Graphical Summary for Maximum Required Storage ----

First peak outflow point assumed to occur at Tc hydrograph recession leg.

Livingston Warehouse

**********************************************************************

* RETURN FREQUENCY: 100 yr | Allowable Outflow: 11.70 cfs *
* 10" Adjustment: 1.250 | Required Storage: 32,832 cu.ft. *
K o e e e e e e e e e e e e e e %
* Peak Inflow: 23.76 cfs Inflow .HYD stored: NONE STORED *

**********************************************************************

| Td = 44 minutes | Return Freq: 100 yr
[------- Approx. Duration for Max. Storage ------ /' C adj.factor: 1.25
Tc= 20.00 minutes |
I-= 5.053 in/hr Area (ac): 6.62
.0 = 33.45 cfs Weighted C: 0.94
- Adjusted C: 1.00
F . .
L | . Required Storage
6] . .- 32,832 cu.ft. Td= 44 minutes
W | : | I = 3.589 in/hr
XX XXX X X|x x Q= 23.76 cfs
c I
£ x x
=] O00QOCCOCO0O0O0VOO0OO0O0O0O0O Q= 11.70 cfs
x o |. |x (Allow.Outflow)
o |
. X (o} | NOT TO SCALE ! X
Q | . B3 1 5 1

33.01 minutes 54.15 minutes



Quick TR-55 Ver.5.46 S/N:
Executed: 08:45:51 11-21-2019

Livingston Warehouse

*%%* Modified Rational Hydrograph *#****

Weighted C 0.9242 Area= 6.620 acres Tc = 20.00 minutes

Adjusted C = 1.000 Td= 44.00 min. I= 3.59 in/hr Qp= 23.76 cfs

RETURN FREQUENCY: 100 year storm Adj.factor = 1.25
Output file: NONE STORED

HYDROGRAPH FOR MAXIMUM STORAGE
For the 100 Year Storm

Time Time increment = 0.017 Hours
Hours Time on left represents time for first Q in each row.
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Quick TR-55 Ver.5.46
Executed: 08:45:51

S/N:

11-21-2019

Livingston Warehouse

* % % % * * GUMMARY OF RATIONAL METHCOD PEAK DISCHARGES * * * % % %

Q =

adj * C * I * A

Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres
adj = 'C' adjustment factor for each return frequency

Subarea

Runoff Area
Descr. rce acres
Impervious 0.990 5.69
Pervious 0.650 0.93

20.00

0.942

RETURN FREQUENCY =
“C' adjustment, k =
Adj. 'C' = Wtd.'C!

adj. iy

100

years

1.25
x 1.

25



Quick TR-55 Ver.5.46 S/N:
Executed: 08:45:51 11-21-2019

MODIFIED RATIONAL. METHOD
---- Summary for Single Storm Fregquency ----

First peak outflow point assumed to occur at Tc hydrograph recegsion leg.

Livingston Warehouse

RETURN FREQUENCY: 100 yr “C' Adjustment = 1.250 Allowable Q = 11.70 cfs

Hydrograph file: NONE STORED Tc = 20.00 minutes
VOLUMES
Weighted Adjusted Duration Intens. Areas Qpeak Inflow Storage
el c! minutes in/hr  acres cfs (cu. ft.) (cu.ft.)
0.942 1.000 20 5.053 6.62 33.45 40,144 26,104
0.942 1.000 30 4.200 6.62 27.80 50,047 29,486
0.942 1.000 40 3.763 6.62 24.91 | 59,792 32,553

Ahkkhdkkh Rk kR E IR TRk ARk hh kAR kk ek kkhkhhkhhkhkkhhkkhkkvkks* Storage Maximum
0.942 1.000 44 3.589 6.62 23.76 | 62,718 32,832

X 2222222222223 2R 322X 2R SRR X RSS2 R 2R A2 2 R 2 A R R At R Rl AR AR R R bl d &)

0.942 1.000 50 3.327 6.62 22.02 | 66,068 32,242
0.942 1.000 60 2.890 6.62 19.13 | 68,874 28,592
0.9242 1.000 120 1.900 6.62 12.58 | 90,562 10,396



2018.047-ModRational-NEW

Prepared by Menlo Engineering Associates, Inc.
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100 Year Storm Event

Printed 11/21/2019

Area Listing (selected nodes)

Area C Description
(acres) (subcatchment-numbers)
0.830 085 (18)
5690 0.99 (1S)
6.620 094 TOTAL AREA



100 Year Storm Event

2018.047-ModRational-NEW Rainfall Duration=44 min, Inten=3.59 in/hr, Cf=1.25

Prepared by Menlo Engineering Associates, inc. Printed 11/21/2019
HydroCAD® 10.00-24 s/n 01129 © 2018 HydroCAD Software Solutions LLC

Time span=0.00-5.00 hrs, dt=0.01 hrs, 501 points
Runoff by Rational method, Rise/Fall=1.0/1.0 xTc
Reach routing by Stor-ind+Trans method - Pond routing by Stor-Ind method

Subcatchment1S: Prop. Drainage Area Runoff Area=6.620 ac 85.95% Impervious Runoff Depth=2.63"

Tc=20.0 min Frequency Adjusted C=1.00 Runoff=23.96 cfs 1.452 af

Pond 2P: Basin 1 Peak Elev=118.86" Storage=51,158 ¢f Inflow=23.96 ¢fs 1.452 af

Outflow=11.60 cfs 0.805 af

Total Runoff Area = 6.620 ac Runoff Volume = 1.452 af Average Runoff Depth = 2.63"
14.05% Pervious = 0,930 ac  85.95% Impervious = 5.690 ac



100 Year Storm Event
2018.047-ModRational-NEW Rainfall Duration=44 min, Inten=3.59 in/hr, Cf=1.25
Prepared by Menlo Engineering Associates, Inc. Printed 11/21/2018
HydroCAD® 10.00-24 s/n 01129 © 2018 HydroCAD Software Solutions LLC

Summary for Subcatchment 1S: Prop. Drainage Area

Runoff = 23.96cfs@ 0.34 hrs, Volume= 1.452 af, Depth= 2.63"

Runoff by Rational method, Rise/Fall=1.0/1.0 xTc, Time Span= 0.00-5.00 hrs, dt= 0.01 hrs
Rainfall Duration=44 min, Inten=3.59 in/hr, Cf=1.25

Area (ac) C Ad] Description

0.830 0.65
5.690 0.99
6.620 0.94 1.00 Weighted Average, Frequency Adjusted
0.930 14.05% Pervious Area
5.690 85.95% Impervious Area
Tc Length Slope Velocity Capacity Description
(min)  (feet) (ftft) (fi/sec) (cfs)
20.0 Direct Entry,
Subcatchment 1S: Prop. Drainage Area
Hydrograph
2
23 Rainfall
2 Duration=44 min,
i Inten=3.59 in/hr,
18 Cf=1.25
g 1 Runoff Area=6.620 ac
x " Runoff Volume=1.452 af
i 12 Runoff Depth=2.63"
16 Tc=20.0 min
:‘ Frequency Adjusted C=1.00
4
2
0




100 Year Storm Event
2018.047-ModRational-NEW Rainfall Duration=44 min, Inten=3.59 in/hr, Cf=1.25
Prepared by Menlo Engineering Associates, Inc. Printed 11/21/2019
HydroCAD® 10.00-24 s/n 01129 © 2018 HydroCAD Software Selutions LLC

Hydrograph for Subcatchment 1S: Prop. Drainage Area

Time Runoft Time Runoff
(hours) (cfs) (hours) (cfs)
0.00 0.00 2.60 0.00
0.05 3.59 2.65 0.00
0.10 7.19 2.70 0.00
0.15 10.78 2.75 0.00
0.20 14.38 2.80 0.00
0.25 17.97 2.85 0.00
0.30 21.57 2,90 0.00
0.35 23.96 2.95 0.00
0.40 23.96 3.00 0.00
0.45 23.96 3.05 0.00
0.50 23.96 3.10 0.00
0.55 23.96 3.16 0.00
0.60 23.96 3.20 0.00
0.65 23.96 3.25 0.00
0.70 23.96 3.30 0.00
0.75 22.77 3.35 0.00
0.80 19.17 3.40 0.00
0.85 15.58 3.45 0.00
0.90 11.98 3.50 0.00
0.85 8.39 3.55 0.00
1.00 4,79 3.60 0.00
1.05 1.20 3.65 0.00
1.10 0.00 3.70 0.00
1.15 0.00 3.75 0.00
1.20 0.00 3.80 0.00
1.25 0.00 3.85 0.00
1.30 0.00 3.890 0.00
1.35 0.00 3.95 0.00
1.40 0.00 4.00 0.00
1.45 0.00 4.05 0.00
1.50 0.00 4.10 0.00
1.55 0.00 4.15 0.00
1.60 0.00 4,20 0.00
1.65 0.00 425 0.00
1.70 0.00 4.30 0.00
1.75 0.00 4.35 0.00
1.80 0.00 4.40 0.00
1.85 0.00 4.45 0.00
1.90 0.00 4.50 0.00
1.95 0.00 4.55 0.00
2.00 0.00 4,60 0.00
2.05 0.00 4,65 0.00
2.10 0.00 470 0.00
2.15 0.00 475 0.00
2.20 0.00 4.80 0.00
225 0.00 4.85 0.00
2.30 0.00 4.90 0.00
2.35 0.00 4.95 0.00
2.40 0.00 5.00 0.00
2.45 0.00
2.50 0.00
2.55 0.00




100 Year Storm Event
2018.047-ModRational-NEW Rainfall Duration=44 min, Inten=3.59 in/br, Cf=1.25
Prepared by Menlo Engineering Associates, Inc. Printed 11/21/2019
HydroCAD® 10.00-24 s/n 01129 © 2018 HydroCAD Software Solutions LLC

Summary for Pond 2P: Basin 1

Inflow Area = 6.620 ac, 85.95% Impervious, Inflow Depth= 2.63"

Inflow = 23.96cfs @ 0.34 hrs, Volume= 1.452 af

Outflow = 11.60cfs @ 0.91 hrs, Volume= 0.905 af, Atten=52%, Lag= 33.9 min
Primary = 11.60cfs @ 0.91 hrs, Volume= 0.805 af

Routing by Stor-Ind method, Time Span= 0.00-5.00 hrs, dt= 0.01 hrs
Peak Elev=118.86' @ 0.91 hrs Surf.Area= 16,156 sf Storage= 51,158 cf

Plug-Flow detention time= 93.3 min calculated for 0.903 af (62% of inflow)
Center-of-Mass det. time= 84.7 min ( 116.7 - 32.0 )

Volume Invert Avail.Storage Storage Description
#1 114.50 53,460 cf Custom Stage Data (Prismatic)Listed below (Recalc)
Elevation Surf.Area Inc.Store Cum.Store
(feet) (sg-ft) (cubic-feet) (cubic-feet)
114.50 0 0 0
115.00 7,560 1,880 1,890
116.00 11,480 9,520 11,410
117.00 13,320 12,400 23,810
118.00 14,800 14,060 37.870
119.00 16,380 16,590 53,460
Device Routing Invert Outlet Devices
#1  Primary 116.20' 6.0" Vert. Orifice/Grate C= 0.600
#2  Primary 118.10' 4.0'long Sharp-Crested Rectangular Weir 2 End Contraction(s)

0.5’ Crest Height

1=Orifice/Grate (Crifice Controls 1.75 cfs @ 8.89 fps)

gmary OutFlow Max=11.60 cfs @ 0.91 hrs HW=118.86" (Free Discharge)
2=Sharp-Crested Rectangular Weir (Weir Controls 9.85 cfs @ 3.38 fps)



100 Year Storm Event

2018.047-ModRational-NEW Rainfall Duration=44 min, Inten=3.59 in/hr, Cf=1.25
Prepared by Menlo Engineering Associates, Inc. Printed 11/21/2019
HydroCAD® 10.00-24 s/n 01129 © 2018 HydroCAD Software Solutions LLC
Pond 2P: Basin 1
Hydrograph
»( [23.96 cfs & Primary

Inﬂpw Area=6.620 ac
Peak Elev=118.86"
Storage=51,158 cf




100 Year Storm Event
2018.047-ModRational-NEW Rainfall Duration=44 min, Inten=3.59 in/hr, Cf=1.25
Prepared by Menlo Engineering Associates, Inc. Printed 11/21/2019
HydroCAD® 10.00-24 s/n 01129 © 2018 HydroCAD Software Solutions LLC

Hydrograph for Pond 2P: Basin 1

Time Inflow Storage Elevation Primary
(hours) (cfs) (cubic-feet) (feet) (cfs)
0.00 0.00 0 114.50 0.00
0.10 7.19 1,294 114.91 0.00
0.20 14.38 5,171 115.39 0.11
0.30 21.57 11,484 116.01 0.71
0.40 23.96 19,645 116.68 1.05
0.50 23.96 27,849 117.30 1.29
0.60 23.96 35,979 117.87 1.47
0.70 23.96 43,856 118.40 3385
0.80 18.17 49,459 118.75 9.46
0.90 11.98 51,154 118.86 11.60
1.00 4.79 50,151 118.80 10.31
1.10 0.00 47,548 118.63 7.28
1.20 0.00 45,352 118.49 511
1.30 0.00 43,769 118.39 3.79
1.40 0.00 42,569 118.31 2.94
1.50 0.00 41,621 118.25 237
1.60 0.00 40,841 118.20 1.99
1.70 0.00 40,176 118.15 1.73
1.80 0.00 39,582 118.11 1.59
1.80 0.00 39,026 118.08 1.53
2.00 0.00 38,476 118.04 1.52
2.10 0.00 37,930 118.00 1.51
2.20 0.00 37,388 117.97 1.50
2.30 0.00 36,850 117.93 1.49
240 0.00 36,316 117.89 1.48
2.50 0.00 35,786 117.86 1.47
2.60 0.00 35,259 117.82 1.46
2.70 0.00 34,737 117.79 1.44
2.80 0.00 34,219 117.75 1.43
2.90 0.00 33,705 117.71 1.42
3.00 0.00 33,195 117.68 1.41
3.10 0.00 32,689 117.64 1.40
3.20 0.00 32,187 117.61 1.39
3.30 0.00 31,689 117.57 1.38
3.40 0.00 31,195 117.64 1.37
3.50 0.00 30,705 117.50 1.35
3.60 0.00 30,219 117.47 1.34
3.70 0.00 29,738 11743 1.33
3.80 0.00 29,260 117.40 1.32
3.90 0.00 28,787 117.37 1.3
4,00 0.00 28,318 117.33 1.30
4.10 0.00 27,853 117.30 1.29
4,20 0.00 27,393 117.27 1.27
4.30 0.00 26,936 117.23 1.26
440 0.00 26,484 117.20 1.25
4.50 0.00 286,036 11717 1.24
4,60 0.00 25,593 117.13 1.23
470 0.00 25,153 117.10 1.21
4.80 0.00 24,718 117.07 1.20
4.90 0.00 24,287 117.04 1.18
5.00 0.00 23,861 117.00 1.18



Quick TR-55 Ver.5.46 8/N:
Executed: 08:45:51 11-21-2019

MODIFIED RATIONAL METHOD
---- Graphical Summary for Maximum Required Storage ----

First peak outflow point assumed to occur at Tc hydrograph recession leg.

Livingston Warehouse

LR A2 2 AR A SRR AR SRR iR sttt iRl AR R 2238 XX T 2 2

* RETURN FREQUENCY: 25 yr | Allowable Outflow: 13.20 cfs *
* 'C' Adjustment: 1.100 | Required Storage: 19,859 cu.ft. *
K m e o e e e e e e e m Er r e e e e e e m e o = = = = = e = . e = ———— = = — — *
* DPeak Inflow: 21.86 cfs Inflow .HYD stored: NONE STORED *

I3 AR AR AAZ AR EAR SRR R AR R R 2R 2 R 2SR X 2R i R XA 2R R XY SR 0]

| Td = 36 minutes | Return Freq: 25 yr
e Approx. Duration for Max. Storage ------ / C adj.factor: 1.10
l
|
' Tc= 20.00 minutes
| I = 4.353 in/hr Area (ac): 6.62
| . 0= 28.82 cfs Weighted C: 0.94
. Adjusted C: 1.00
F )
L | Required Storage
o] . - 19,859 cu.ft. Td= 36 minutes
W | \ I = 3.302 in/hr
X X XXX X X|X XXX XXX XRKXXHK Q= 21.86 cfs
c I
£ p 4 X
s ©C0O0O0QCQCOO0O0CO0O0O0O0O0O0 Q= 13.20 cfs
. p'd o x (Allow.Outflow)
o}
X (o} NOT TO SCALE x

0

30.84 minutes 43.92 minutes



Quick TR-55 Ver.5.46 S/N:
Executed: 08:45:51 11-21-2019

Livingston Warehouse

**%% Modified Rational Hydrograph #*%%k*

Weighted C 0.942 Area= 6.620 acres Tc = 20.00 minutes

Adjusted C 1.000 Td= 36.00 min. I= 3.30 in/hr Qp= 21.86 cfs

RETURN FREQUENCY: 25 year storm Adj.factor = 1.10
Output file: NONE STORED

HYDROGRAPH FOR MAXIMUM STORAGE
For the 25 Year Storm

Time Time increment = 0.017 Hours
Hours Time on left represents time for first Q in each row.

0.000 0.00 1.0 2.19 3.28 4,37 5.46 6.56
0.117 7.65 8.74 9.84 10.93 12.02 13.12 14 .21
0.233 15.30 16.39 17.49 18.58 19.67 20.77 21,86
0.350 21.86 21.86 21.86 21.86 21.86 21.86 21.86
0.467 21.8s6 21.86 21.86 21.86 21.86 21.86 21.86
0.583 21.86 21.86 20.77 12.67 18.58 17.49 16.39
0.700 15.30 14.21 13.12 12.02 10.93 9.84 8.74
0.817 7.65 6.56 5.46 4.37 3.28 2.19° 1.09
0.933 0.00




Quick TR-55 Ver.5.46 S/N:

Executed: 08:45:51 11-21-2019

* %

Q =

Livingston Warehouse

adj * C * I * A

* % % * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * %

Where: QO=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres
adj = 'C' adjustment factor for each return frequency

Subarea Runof f Area

Descr. c acres
Impervious 0.990 5.69
Pervious 0.650 0.93

20.00

0.942

RETURN FREQUENCY = 25

“C' adjustment, k = 1.1
Adj. 'C' = Wtd.'C' x 1.

Adj. I Total
o in/hr acres

years

1



Quick TR-55 Ver.5.46 S/N:
Executed: 08:45:51 11-21-2019

MODIFIED RATIONAIL, METHOD
---- Summary for Single Storm Frequency ----

First peak outflow point assumed to occur at Tc hydrograph recession leg.

Livingston Warehouse

RETURN FREQUENCY: 25 yr “C' Adjustment =

------------------------------------------

Weighted Adjusted Duration Intens.

s el minutes in/hr
0.942 1.000 20 4 _.353
0.942 1.000 30 3.540

LA AR R R AL LR ESELE I T T T T TR LR L TR R R R RO R R R SRCRRt A RIS W) Storage Maximum

0.942 1.000 36 3.302

1.100 Allowable Q = 13.20 cfs
TCc = 20.00 minutes
VOLUMES
Areas Qpeak Inflow Storage
acres cfs {cu.ft.) {cu.ft.)
6.62 28.82 34,583 18,743
6.62 23.43 42,183 19,256
6.62 21.86 | 47,216 19,859

*****************l\‘*************************************‘*********************

0.942 i1.000 40 3.143
0.942 1.000 50 2.747
0.942 1.000 60 2.350
0.942 1.000 120 1.500

[ e R )

.62
.62
.62
.62

20.81
18.18
15.56

©.93

49,941 19,658
54,549 17,071
56,005 11,578

Qpeak < Qallow



25 Year Storm Event
2018.047-ModRational-NEW Rainfall Duration=36 min, Inten=3.30 in/hr, Cf=1.10

Prepared by Menlo Engineering Associates, Inc. Printed 11/21/2019
HydroCAD® 10.00-24 s/n 01129 © 2018 HydroCAD Software Solutions LLC

Summary for Subcatchment 1S: Prop. Drainage Area

Runoff = 2203cfs@ 0.34 hrs, Volume= 1.092 af, Depth= 1.98"

Runoff by Rational method, Rise/Fall=1.0/1.0 xTc, Time Span= 0.00-5.00 hrs, dt= 0.01 hrs
Rainfall Duration=36 min, Inten=3.30 in/hr, Cf=1.10

Area (ac) C Adj Description

0.930 0.65
5.690 0.99
6.620 0.94 1.00 Weighted Average, Frequency Adjusted
0.930 14.05% Pervious Area
5.690 85.95% Impervious Area
Tc Length Slope Velocity Capacity Description
(min) __ (feet) (ftft)  (fi/sec) (cfs)
20.0 Direct Entry,
Subcatchment 1S: Prop. Drainage Area
Hydrograph
2| 22.03cfs [ o)
2 Rainfall
204 Duration=36 min,
:;_% Inten=3.30 in/hr,
16 ] _ Cf=1 10
P Runoff Area=6.620 ac
4 Runoff Voliime=1.092 af
S Runoff Depth=1.98"
: Tc=20.0 min
o Frequency Adjusted C=1.00
y:
8
2
1.
0

0 1 2 3 4 5
Time (hours)



25 Year Storm Event
2018.047-ModRational-NEW Rainfall Duration=36 min, Inten=3.30in/hr, Cf=1.10
Prepared by Menlo Engineering Associates, Inc. Printed 11/21/2019
HydroCAD® 10.00-24 s/n 01129 © 2018 HydroCAD Software Solutions LLC

Hydrograph for Subcatchment 1S: Prop. Drainage Area

Time Runoff Time Runoff
(hours) (cfs) (hours) (cfs)
0.00 0.00 2.60 0.00
0.05 3.30 2.65 0.00
0.10 6.61 2.70 0.00
0.16 9.91 275 0.00
0.20 13.22 2.80 0.00
0.25 16.52 2.85 0.00
0.30 19.83 2.90 0.00
0.35 22.03 2.95 0.00
0.40 22.03 3.00 0.00
0.45 22.03 3.05 0.00
0.50 22.03 3.10 0.00
0.55 22.03 3.15 0.00
0.60 2203 3.20 0.00
0.65 18.72 3.25 0.00
0.70 15.42 3.30 0.00
0.75 1212 3.35 0.00
0.80 8.81 3.40 0.00
0.85 5.51 3.45 0.00
0.20 220 3.50 0.00
0.95 0.00 3.55 0.00
1.00 0.00 3.60 0.00
1.05 0.00 3.65 0.00
1.10 0.00 3.70 0.00
1.15 0.00 3.75 0.00
1.20 0.00 3.80 0.00
1.25 0.00 3.85 0.00
1.30 0.00 3.90 0.00
1.35 0.00 3.95 0.00
1.40 0.00 4.00 0.00
1.45 0.00 4,05 0.00
1.50 0.00 4.10 0.00
1.55 0.00 4.15 0.00
1.60 0.00 4.20 0.00
1.65 0.00 4,25 0.00
1.70 0.00 4.30 0.00
1.75 0.00 4.35 0.00
1.80 0.00 4.40 0.00
1.85 0.00 4.45 0.00
1.90 0.00 4.50 0.00
1.95 0.00 4.55 0.00
2.00 0.00 460 0.00
2.05 0.00 4,65 0.00
2.10 0.00 4.70 0.00
2.15 0.00 4.75 0.00
2.20 0.00 4.80 0.00
2.25 0.00 4.85 0.00
2.30 0.00 4.90 0.00
2.35 0.00 4,95 0.00
2.40 0.00 5.00 0.00
2.45 0.00
2.50 0.00
2.55 0.00




25 Year Storm Event
2018.047-ModRational-NEW Rainfall Duration=36 min, Inten=3.30 in/hr, Cf=1.10

Prepared by Menlo Engineering Associates, Inc. Printed 11/21/2019
HydroCAD® 10.00-24 s/n 01129 © 2018 HydroCAD Software Solutions LLC

Summary for Pond 2P: Basin 1

Inflow Area = 6.620 ac, 85.95% Impervious, Inflow Depth= 1.98"

Inflow = 22.03cfs @ 0.34 hrs, Volume= 1.092 af

Outflow = 364cfs@ 0.88 hrs, Volume= 0.584 af, Atten=83%, Lag= 32.3 min
Primary = 3.64cfs@ 0.88 hrs, Volume= 0.584 af

Routing by Stor-Ind method, Time Span= 0.00-5.00 hrs, dt= 0.01 hrs
Peak Elev= 118.38' @ 0.88 hrs Surf.Area= 15,398 sf Storage= 43,580 cf

Plug-Flow detention time= 125.8 min calculated for 0.584 af (53% of inflow)
Center-of-Mass det. time= 116.6 min ( 144.6 - 28.0)

Volume invert Avail.Storage _ Storage Description
#1 114.50' 53,460 cf Custom Stage Data (Prismatic)Listed below (Recalc)
Elevation Surf.Area Inc.Store Cum.Store
(feet) (sg-ft) (cubic-feet) (cubic-feet)
114.50 0 0 0
115.00 7,560 1,890 1,890
116.00 11,480 9,520 11,410
117.00 13,320 12,400 23,810
118.00 14,800 14,060 37,870
119.00 16,380 15,590 53,460
Device Routing Invert Outlet Devices
#1  Primary 115.20' 6.0" Vert. Orifice/Grate C= 0.600
#2 Primary 118.10' 4.0' long Sharp-Crested Rectangular Weir 2 End Contraction(s)

0.5' Crest Height

Primary OutFlow Max=3.64 cfs @ 0.88 hrs HW=118.38' (Free Discharge)
1=Orifice/Grate (Orifice Controls 1.62 cfs @ 8.24 fps)
2=Sharp-Crested Rectangular Weir (Weir Controls 2.02 cfs @ 1.84 fps)



25 Year Storm Event
2018.047-ModRational-NEW Rainfall Duration=36 min, Inten=3.30 in/hr, CF=1.10
Prepared by Menlo Engineering Associates, Inc. Printed 11/21/2019
HydroCAD® 10.00-24 s/n 01129 © 2018 HydroCAD Software Solutions LLC

Pond 2P: Basin 1
Hydrograph

B Inflow
B Primary

Inflow Area=6.620 ac
Peak Elev=118:38'
Storage=43,580 cf

OANBEMODI®O

Time {hours)



25 Year Storm Event
2018.047-ModRational-NEW Rainfall Duration=36 min, Inten=3.30 in/hr, Cf=1.10
Prepared by Menlo Engineering Associates, Inc. Printed 11/21/2019
HydroCAD® 10.00-24 s/n 01129 © 2018 HydroCAD Software Solutions LLC

Hydrograph for Pond 2P: Basin 1

Time inflow Storage Elevation Primary
(hours) (cfs) (cubic-feet) (feet) (cfs)
0.00 0.00 0 11450 0.00
0.10 6.61 1,180  114.90 0.00
0.20 13.22 4,756  115.35 0.06
0.30 19.83 10,568  115.93 0.65
0.40 22,03 18,063 116.55 0.99
0.50 2203 25,591 117.13 1.23
0.60 22.03 33,046 117.67 1.41
0.70 16.42 39,254 118.09 1.54
0.80 8.81 42,800 118.33 3.09
0.80 2.20 43,528  118.37 3.60
1.00 0.00 42,489  118.31 2.89
1.10 0.00 41556  118.25 233
1.20 0.00 40,787 11820 1.96
1.30 0.00 40,128 118.15 1.71
1.40 0.00 39,538  118.11 1.58
1.50 0.00 38,983  118.07 1.63
1.60 0.00 38,434 118.04 1.52
1.70 0.00 37,888  118.00 1.51
1.80 0.00 37,346 117.96 1.50
1.90 0.00 36,809  117.93 1.49
2.00 0.00 36,275 117.89 1.48
210 0.00 35,745  117.86 1.47
2.20 0.00 35,219 117.82 1.46
2.30 0.00 34697 117.78 1.44
2.40 0.00 34,179 117.75 1.43
2.50 0.00 33,665 117.71 1.42
2,60 0.00 33,156  117.68 1.41
2.70 0.00 32,650 117.64 1.40
2.80 0.00 32,148  117.61 1.39
2.890 0.00 31,650 117.57 1.38
3.00 0.00 31,157 117.54 1.37
3.10 0.00 30,667 117.50 1.35
3.20 0.00 30,182  117.47 1.34
3.30 0.00 29,701 117.43 1.33
3.40 0.00 29,224 11740 1.32
3.50 0.00 28,751 117.36 1.31
3.60 0.00 28,282  117.33 1.30
3.70 0.00 27,818 117.30 1.28
3.80 0.00 27,357 117.26 1.27
3.90 0.00 26,901 117.23 1.26
4.00 0.00 26,449 117.20 1.25
410 Q.00 26,002 117.16 1.24
4.20 0.00 25568  117.13 1.23
4.30 0.00 25119  117.10 1.21
4.40 0.00 24,685 117.07 1.20
4.50 0.00 24,254 117.03 1.19
460 0.00 23,828  117.00 1.18
4.70 0.00 23407  116.97 1.17
4.80 0.00 22989 116.94 1.15
4.90 0.00 22576  116.91 1.14
5.00 0.00 22168  116.88 1.13



Quick TR-55 Ver.5.46 S/N:
Executed: 08:45:51 11-21-2019

200 H

th

MODIFIED RATIONAL METHOD
---- Graphical Summary for Maximum Required Storage ----

First peak outflow point assumed to occur at Tc hydrograph recession leg.

Livingston Warehouse

**************************************************************'k*******

* RETURN FREQUENCY: 10 yr | Allowable Outflow: B.00 cfs *
* 'C' Adjustment: 1.000 | Required Storage: 22,201 cu.ft. =
Ll %
* Peak Inflow: 16.74 cfs Inflow .HYD stored: NONE STORED *

**********************************************************************

| Td = 41 minutes | Return Freq: 10 yr
f------- Approx. Duration for Max. Storage ------ / C adj.factor: 1.00
Tc= 20.00 minutes
I= 3.853 in/hr Area (ac): 6.62
. Q = 24.04 cfs Weighted C: 0.94
.- Adjusted C: 0.94

- Required Storage

. .- 22,201 cu.ft. Td= 41 minutes
| . I = 2.684 in/hr
XAXXXXXIXXXXXXXXXXX Q= 16.74 cfs
I
x x
Q= 8.00 c¢fs
x o x (Allow.Qutflow)
o
. X © NOT TO SCALE X

OC0OO0ODOOOOOOOO0O0O0O
|

|

|

|

|

—_———p

33.34 minutes 51.44 minutes



Quick TR-55 Ver.5.46 S/N:
Executed: 08:45:51 11-21-2019

Livingston Warehouse

*%%% Modified Rational Hydrograph *#*#¥%*
0.942 Area= 6.620 acres Tc = 20.00 minutes

Weighted C

Adjusted C

0.942 Td= 41.00 min. I= 2.68 in/hr Qp= 16.74 cfs

RETURN FREQUENCY: 10 year storm Adj.factor = 1.00
Output file: NONE STORED

HYDROGRAPH FOR MAXIMUM STORAGE
For the 10 Year Storm

Time Time increment = 0.017 Hours

Hours Time on left represents time for first Q in each row.
0.00C 0.00 0.84 1.67 2.51 3.35 4.19 5.02

117 5.86 6.70 7.53 8.37 9.21 10.05 10.88

0.233 11.72 12.56 13.39 14.23 15.07 15.90 16.74
0.350 16.74 16.74 16.74 le.74 16.74 16.74 16.74
0.467 16.74 16.74 16.74 16.74 16.74 16.74 16.74
0.583 16.74 16.74 1l6.74 16.74 16.74 l6.74 16.74
0.700 15.90 15.07 14.23 13.39 12.56 11.72 10.88
0.817 10.05 9.21 8.37 7.53 6.70 5.86 5.02
0.933 4.19 3.35 2.51 1.67 0.84 0.00




Quick TR-55 Ver.5.46

S/N:
Executed: 08:45:51

11-21-2018

Livingston Warehouse

* %k % *x % ¥ GUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * % % x

Where: Q=cfs,
adj =
Subarea Runoff Area
Descr. cr acres
Impervious 0.990 5.69
Pervious 0.650 0.93

Q =

20.00

0.942

adj * C * T * A
C=Weighted Runoff Coefficient, I=in/hour, A=acres
'C' adjustment factor for each return frequency

RETURN FREQUENCY = 10
“C' adjustment, k =1
Adj. 'C' = Wtd.'C' x 1

adj. 1

0.942 3.853 6.

years



Quick TR-55 Ver.5.46 S/N:
Executed: 08:45:51 11-21-2019

MODIFIED RATIONAL METHOD
---- Summary for Single Storm Fregquency ----

First peak outflow point assumed to occur at Tc hydrograph recession leg.

Livingston Warehouse

RETURN FREQUENCY: 10 yr *C' Adjustment = 1.000 Allowable Q = 8.00 cfs

Hydrograph file: NONE STORED Tc = 20.00 minutes
VOLUMES

Weighted Adjusted Duration Intens. Areas Qpeak Inflow Storage

C el minutes in/hr acres cfs (cu.ft.) (cu.ft.)
0.942 0.942 20 3.8B53 6.62 24 .04 28,843 19,243
0.942 0.942 30 3.080 6.62 19.21 34,581 20,582
0.942 0.942 40 2.720 6.62 16.97 | 40,719 22,185

IZXE222EERASIETI SRS XL A RA SIS A2 2222l R ass el Storage Maximum

0.942 0.942 41 2.684 6.62 16.74 | 41,185 22,201

RIS ETTRR AT RS S S SRS 22 R 2R R R RS RS LR R R RS AR R ARttt ARt R S

0.942 0.9242 50 2.360 6.62 14.72 | 44,162 21,173
0.942 0.942 60 2.000 6.62 12.48 | 44,911 17,591
0.942 0.942 120 1.260 6.62 7.86 | Opeak < Qallow



10 Year Storm Event
2018.047-ModRational-NEW Rainfall Duration=41 min, Inten=2.68 in/br
Prepared by Menlo Engineering Associates, Inc. Printed 11/21/2019
HydroCAD® 10.00-24 s/n 01129 © 2018 HydroCAD Software Solutions LLC

Summary for Subcatchment 1S: Prop. Drainage Area

Runoff = 16.82cfs @ 0.34 hrs, Volume= 0.950 af, Depth= 1.72"

Runoff by Rational method, Rise/Fali=1.0/1.0 xTc, Time Span= 0.00-5.00 hrs, dt= 0.01 hrs
Rainfall Duration=41 min, Inten=2.88 in/hr

Area (ac) C Description

0.930 0.65
5.690 0.99 _
6620 0.94 Weighted Average
0.930 14.05% Pervious Area
5.690 85.95% Impervious Area
Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/'sec) (cfs)
20.0 Direct Entry,
Subcatchment 1S: Prop. Drainage Area
Hydrograph
;ﬁlm
16“-' Rainfall
: Duration=41 min,
1. Inten=2.68 in/hr
i Runoff Area=6.620 ac
£ 10 Runoff Volume=0.950 af
g Runoff Depth=1.72"
B Tc=20.0 min
5 C=0.94
4_
3
2
1.
0-

0 1 2 3 4 5
Time (hours)



10 Year Storm Event
2018.047-ModRational-NEW Rainfall Duration=41 min, Inten=2.68 in/hr

Prepared by Menlo Engineering Associates, Inc. Printed 11/21/2019
HydroCAD® 10.00-24 s/n 01128 © 2018 HydroCAD Software Solutions LLC

Hydrograph for Subcatchment 1S: Prop. Drainage Area

Time Runoff Time Runoff
(hours) (cfs) | (hours) _ (cfs)
0.00 0.00 2.60 0.00
0.05 2.52 2.65 0.00
0.10 5.04 2.70 0.00
0.15 7.57 2.75 0.00
0.20 10.09 2.80 0.00
0.25 12.61 2.85 0.00
0.30 15.13 2.90 0.00
0.35 16.82 2.95 0.00
0.40 16.82 3.00 0.00
0.45 16.82 3.05 0.00
0.50 16.82 3.10 0.00
0.55 16.82 3.15 0.00
0.60 16.82 3.20 0.00
0.65 16.82 3.25 0.00
0.70 15.98 3.30 0.00
0.75 13.45 3.35 0.00
0.80 10.93 3.40 0.00
0.85 8.41 3.45 0.00
0.90 5.89 3.50 0.00
0.95 3.36 3.55 0.00
1.00 0.84 3.60 0.00
1.05 0.00 3.65 0.00
1.10 0.00 3.70 0.00
1.15 0.00 3.75 0.00
1.20 0.00 3.80 0.00
1.25 0.00 3.85 0.00
1.30 0.00 3.90 0.00
1.35 0.00 3.95 0.00
1.40 0.00 4.00 0.00
1.45 0.00 4.05 0.00
1.50 0.00 410 0.00
1.65 0.00 4.15 0.00
1.60 0.00 4.20 0.00
1.65 0.00 425 0.00
1.70 0.00 4.30 0.00
1.75 0.00 4.35 0.00
1.80 0.00 4.40 0.00
1.85 0.00 445 0.00
1.90 0.00 4.50 0.00
1.95 0.00 4.55 0.00
2,00 0.00 4.60 0.00
2.05 0.00 4.65 0.00
2,10 0.00 470 0.00
2.15 0.00 4,75 0.00
2.20 0.00 4.80 0.00
2.25 0.00 4.85 0.00
2.30 0.00 4.90 0.00
2.35 0.00 4.95 0.00
2.40 0.00 5.00 0.00
2.45 0.00
2.50 0.00
2.55 0.00




10 Year Storm Event
2018.047-ModRational-NEW Rainfall Duration=41 min, inten=2.68 in/hr
Prepared by Menlo Engineering Associates, Inc. Printed 11/21/2019
HydroCAD® 10.00-24 s/n 01129 © 2018 HydroCAD Software Solutions |LLC

Summary for Pond 2P: Basin 1

Inflow Area = 6.620 ac, 85.95% Impervious, Inflow Depth= 1.72"

Inflow = 16.82cfs @ 0.34 hrs, Volume= 0.950 af

Outflow = 152cfs @ 0.99 hrs, Volume= 0.498 af, Atten= 91%, Lag= 38.8 min
Primary = 152cfs @ 0.99 hrs, Volume= 0.498 af

Routing by Stor-Ind method, Time Span= 0.00-5.00 hrs, dt= 0.01 hrs
Peak Elev= 118.03' @ 0.99 hrs Surf.Area= 14,841 sf Storage= 38,252 cf

Plug-Flow detention time= 134.1 min calculated for 0.498 af (52% of inflow)
Center-of-Mass det. time= 123.6 min ( 154.1 - 30.5 )

Volume Invert Avail.Storage  Storage Description
#1 114.50' 53,460 cf Custom Stage Data (Prismatic)Listed below (Recalc)
Elevation Surf.Area inc.Store Cum,Store
(feet) (sg-ft) (cubic-feet) (cubic-feet)
114.50 0 0 0
115.00 7,560 1,890 1,890
116.00 11,480 9,520 11,410
117.00 13,320 12,400 23,810
118.00 14,800 14,060 37,870
119.00 16,380 15,590 53,460
Device Routing Invert Outlet Devices
#1  Primary 115.20' 6.0 Vert. Orifice/Grate C=0.600
#2  Primary 118.10' 4.0'long Sharp-Crested Rectangular Weir 2 End Contraction(s)

0.5' Crest Height

=Orifice/Grate (Orifice Controls 1.52 cfs @ 7.73 fps)

%mary OutFlow Max=1.52 cfs @ 0.99 hrs HW=118.03' (Free Discharge)
2=Sharp-Crested Rectangular Weir ( Controls 0.00 cfs)



10 Year Storm Event

2018.047-ModRational-NEW Rainfall Duration=41 min, Inten=2.68 in/hr
Prepared by Menlo Engineering Associates, Inc. Printed 11/21/2019
HydroCAD® 10.00-24 s/n 01129 © 2018 HydroCAD Software Solutions LLC
Pond 2P: Basin 1
Hydrograph
B Inflow
18- ® Primary

Inﬂ‘pw Area=6.620 ac
Peak Elev=118.03'
Storage=38,252 cf
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10 Year Storm Event
2018.047-ModRational-NEW Rainfall Duration=41 min, Inten=2.68 in/hr

Prepared by Menlo Engineering Associates, Inc. Printed 11/21/2019
HydroCAD® 10.00-24 s/n 01128 © 2018 HydroCAD Software Solutions LLC

Hydrograph for Pond 2P: Basin 1

Time Inflow Storage Elevation Primary
(hours) (cfs) (cubic-feet) (feet) (cfs)
0.00 0.00 0 114.50 0.00
0.10 5.04 908 114.85 0.00
0.20 10.09 3,632 115.22 0.00
0.30 15.13 8,104 115.70 0.47
0.40 16.82 13,816 116.21 0.82
0.50 16.82 19,531 116.67 1.04
0.60 16.82 25177 117.10 1.22
0.70 15.98 30,740 117.51 1.36
0.80 10.83 35,076 117.81 1.45
0.90 5.89 37,570 117.98 1.50
1.00 0.84 38,236 118.02 1.52
1.10 0.00 37,719 117.99 1.51
1.20 0.00 37,178 117.95 1.50
1.30 0.00 36,642 117.92 1.48
1.40 0.00 36,109 117.88 1.47
1.50 0.00 35,581 117.84 1.46
1.60 0.00 35,056 117.81 1.45
1.70 0.00 34,535 117.77 1.44
1.80 0.00 34,019 117.74 1.43
1.90 0.00 33,506 117,70 1.42
2.00 0.00 32,998 117.67 1.41
210 0.00 32,493 117.63 1.40
2.20 0.00 31,993 117.5¢ 1.38
2.30 0.00 31,496 117.56 1.37
2.40 0.00 31,004 117.52 1.36
2.50 0.00 30,516 117.49 1.36
260 0.00 30,032 117.46 1.34
2.70 0.00 29,552 117.42 1.33
2.80 0.00 29,076 117.38 1.32
2.90 0.00 28,604 117.35 1.30
3.00 0.00 28,137 117.32 1.29
3.10 0.00 27,674 117.29 1.28
3.20 0.00 27,215 117.25 1.27
3.30 0.00 26,760 117.22 1.26
3.40 0.00 26,310 117.19 1.25
3.50 0.00 25,863 117.16 1.23
3.60 0.00 25,421 117.12 1.22
3.70 0.00 24,984 117.09 1.21
3.80 0.00 24,550 117.06 1.20
3.80 0.00 24,121 117.02 1.19
4.00 0.00 23,696 116.99 1.17
4.10 0.00 23,276 116.96 1.16
4.20 0.00 22,860 116.93 1.16
4.30 0.00 22,448 116.90 1.14
4.40 0.00 22,041 116.87 1.12
4.50 0.00 21,638 116.84 1.11
4.80 0.00 21,240 116.80 1.10
4.70 0.00 20,846 116.77 1.09
4.80 0.00 20,457 116.74 1.08
4.90 0.00 20,072 116.71 1.06
5.00 0.00 19,692 116.68 1.05



Quick TR-55 Ver.5.46

Executed: 08:45:51

S/N:

11-21-2019

MODIFIED RATIONAL METHOD
~---- Graphical Summary for Maximum Required Storage ----

First peak ocutflow point assumed to occur at Tc hydrograph recession leg.

Livingston

Warehouse
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RETURN FREQUENCY:
'C!' Adjustment: 1.000

2 yr

10.929 cfs
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Td =

46 minutes

Approx. Duration for Max. Storage

Allowable Outflow:
Required Storage:

Inflow .HYD stored: NONE STORED

| Return Freq:
C adj.factor: 1.00

_______

*
*

3.20 cfs
21,729 cu.ft.

*

2 yr

I
|
20.00 minutes |
2.867 in/hr | Area (ac): 6.62
17.88 cfs | Weighted C: 0.94
| Adjusted C: 0.94
|
Required Storage |
-- 21,729 cu.ft. | Td= 46 minutes
| | © = 1.763 in/hr
x‘x % X X Q = 10.99 cfs
x
0O 0000CODOO0OO0OOOOO Q= 3.20 cfs
o x (Allow.CQutflow)

_—0

36.42 minutes

NOT TO SCALE

X

.18 minutes



Quick TR-55 Ver.5.46 S/N:
Executed: 08:45:51 11-21-2019

Livingston Warehouse

**%* Modified Rational Hydrograph *****

Weighted C 0.942 Area= 6.620 acres Te = 20.00 minutes

Adjusted C 0.942 Td= 46.00 min. I= 1.76 in/hr Qp= 10.99 cfs

RETURN FREQUENCY: 2 year storm Adj.factor = 1.00
Output file: NONE STORED

HYDROGRAPH FOR MAXIMUM STORAGE
For the 2 Year Storm

Time Time increment = 0.017 Hours

Hoursg Time on left represents time for first Q in each row.
0.000 0.00 0.55 1.10 1.65 2.20 2.75 3.30
0.117 3.85 4.40 4.95 5.50 6.05 6.60 7.15
0.233 7.70 8.25 8.80 9.35 9.90 10.45 10.99
0.350 10.9% 10.99 10.929 10.99 10.99 10.99 10.99
0.467 10.99 10,99 10.99 10.99 10.99 10.99 10.99
0.583 10.29 10.98 1c.29 10.98 10.929 10.99 10.99
0.700 10.99 10.99 10.99 10.99 10.99 10.45 9.90
0.817 9.35 8.80 8.256 7.70 7.15 6.60 6.05
0.9233 5.50 4.85 4.40 3.85 3.30 2.75 2.20
1.050 1.65 1.10 0.55 0.00



Quick TR-55 Ver.5.46
Executed: 08:45:51

8/N:

11-21-2019%

Livingston Warehouse

%* % % % * *x SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * % *

Q =

adj * C * I * A

Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres

adj =
Subarea Runoff Area
Descr., ! acres
Impervious 0.990 5.69
Pervious 0.650 0.93

20.00

0.942

'¢' adjustment factor for each return frequency

RETURN FREQUENCY = 2
“C' adjustment, k =1
Adj. 'C' = Wtd.'C'

Adj. I Total
in/hr acres

years




Quick TR-55 Ver.5.46 S/N:
Executed: 08:45:51 11-21-2019

MODIFIED RATIONAIL METHOD
---~ Summary for Single Storm Frequency ----

First peak outflow point assumed to occur at Tc hydrograph recession leg.

Livingston Warehouse

)

RETURN FREQUENCY: 2 yr “C' Adjustment = 1.000 Allowable Q = 3.20 cfs
Hydrograph file: NONE STORED Tc = 20.00 minutes
_ VOLUMES
Weighted Adjusted Duration Intens. Areas Qpeak | Inflow Storage
~Ct o minutes in/hr acres cfs | (cu.ft.) (cu.ft.
______________________________________________________ |-____________________
0.942 0.9242 20 2.867 6.62 17.88 21,457 17,617
0.942 0.242 30 2.200 6.62 13.72 24,701 19,045
0.942 0.942 40 1.927 6.62 12.02 28,8432 21,330
************************************************************ Storage Maximum
0.942 0.9242 46 1.763 6.62 10.99 | 30,346 21,729
****************************************************************************
0.942 0.942 50 1.653 6.62 10.31 | 30,938 21,591
0.942 0.942 60 1.380 6.62 8.61 | 30,988 19,839
0.942 0.942 120 0.850 6.62 5.30 | 38,174 15,949



2 Year Storm Event
2018.047-ModRational-NEW Rainfall Duration=46 min, Inten=1.76 in/hr
Prepared by Menlo Engineering Associates, inc. Printed 11/21/2019
HydroCAD® 10.00-24 s/n 01128 © 2018 HydroCAD Software Solutions LLC _

Summary for Subcatchment 1S: Prop. Drainage Area

Runoff = 11.04cfs @ 0.34 hrs, Volume= 0.700 af, Depth= 1.27"

Runoff by Rational method, Rise/Fall=1.0/1.0 xTc, Time Span= 0.00-5.00 hrs, dt= 0.01 hrs
Rainfall Duration=46 min, Inten=1.76 in/hr

Area (ac) C__ Description

0930 0.65
5.690 0.99
6.620 0.94 Weighted Average
0.930 14.05% Pervious Area
5.690 85.95% Impervious Area
Tc Length Slope Velocity Capacity Description
(min) _ (feet)  (fi/ft) (ft/sec) (cfs)
20.0 Direct Entry,
Subcatchment 1S: Prop. Drainage Area
Hydrograph
‘zf/?lmchs ]
- Rainfall
103 Duration=46 min,
N Inten=1.76 in/hr
® Runoff Area=6.620 ac
g7 Runoff Volume=0.700 af
6 "
£ ] Runoff Depth=1.27"
. Tc=20.0 min
. C=0.94
2
1 -

0 ‘ 1 L2 3 4 &
Time (hours)



2 Year Storm Event
2018.047-ModRational-NEW Rainfall Duration=46 min, Inten=1.76 infhr
Prepared by Menlo Engineering Associates, Inc. Printed 11/21/2018
HydroCAD® 10.00-24 s/n 01129 © 2018 HydroCAD Software Solutions LLC

Hydrograph for Subcatchment 1S: Prop. Drainage Area

Time Runoff Time Runoff
(hours) (cfs) (hours) (cfs)
0.00 0.00 2.60 0.00
0.05 1.66 2.65 0.00
0.10 3.31 2.70 0.00
0.156 4.97 2.76 0.00
0.20 6.63 2.80 0.00
0.25 8.28 2.85 0.00
0.30 9.94 2.90 0.00
0.35 11.04 2.95 0.00
0.40 11.04 3.00 0.00
0.45 11.04 3.05 0.00
0.50 11.04 3.10 0.00
0.55 11.04 3.15 0.00
0.60 11.04 3.20 0.00
0.65 11.04 3.25 0.00
0.70 11.04 3.30 0.00
0.75 11.04 3.35 0.00
0.80 9.94 3.40 0.00
0.85 8.28 3.45 0.00
0.90 6.63 3.50 0.00
0.95 4.97 3.55 0.00
1.00 3.31 3.60 0.00
1.05 1.66 3.65 0.00
1.10 0.00 3.70 0.00
1.15 0.00 3.75 0.00
1.20 0.00 3.80 0.00
1.25 0.00 3.85 0.00
1.30 0.00 3.90 0.00
1.35 0.00 3.95 0.00
1.40 0.00 4.00 0.00
1.45 0.00 4,05 0.00
1.50 0.00 4.10 0.00
1.55 0.00 4.15 0.00
1.60 0.00 4.20 0.00
1.65 0.00 4,25 0.00
1.70 0.00 4.30 0.00
1.75 0.00 4.35 0.00
1.80 0.00 4.40 0.00
1.85 0.00 4.45 0.00
1.90 0.00 4.50 0.00
1.95 0.00 4.55 0.00
2.00 0.00 4.60 0.00
2.05 0.00 4.65 0.00
2.10 0.00 4.70 0.00
2.15 0.00 475 0.00
2.20 0.00 4.80 0.00
225 0.00 4.85 0.00
2.30 0.00 4.90 0.00
2.35 0.00 4.95 0.00
2.40 0.00 5.00 0.00
2.45 0.00
2.50 0.00
2.55 0.00




2 Year Storm Event
2018.047-ModRational-NEW Rainfall Duration=46 min, Inten=1.76 in/hr

Prepared by Menlo Engineering Associates, Inc. Printed 11/21/2019
HydroCAD® 10.00-24 s/n 01128 © 2018 HydroCAD Software Solutions LLC

Summary for Pond 2P: Basin 1

Inflow Area = 6.620 ac, 85.95% Impervious, Inflow Depth= 1.27"

Inflow = 11.04cfs @ 0.34 hrs, Volume= 0.700 af

Outflow = 128cfs @ 1.06 hrs, Volume= 0.400 af, Atten=88%, Lag=43.3 min
Primary = 1.28cfs@ 1.06 hrs, Volume= 0.400 af

Routing by Stor-Ind method, Time Span= 0.00-5.00 hrs, dt= 0.01 hrs
Peak Elev= 117.29' @ 1.06 hrs Surf.Area= 13,752 sf Storage= 27,759 cf

Plug-Flow detention time= 130.5 min calculated for 0.399 af (57% of inflow)
Center-of-Mass det. time= 120.3 min ( 153.3 - 33.0)

Volume invert Avail.Storage Storage Description
#1 114.50' 53,460 cf Custom Stage Data (Prismatic)Listed below (Recalc)
Elevation Surf.Area Inc.Store Cum.Store
(feet) (sa-ft) (cubic-feet) (cubic-feet)
114.50 0 0 0
115.00 7,560 1,890 1,890
116.00 11,480 9,520 11,410
117.00 13,320 12,400 23,810
118.00 14,800 14,060 37,870
119.00 16,380 15,580 53,460
Device Routing Invert Outlet Devices
#1  Primary 115.20' 6.0" Vert. Orifice/Grate C= 0.600
#2 Primary 118.10' 4.0' long Sharp-Crested Rectangular Weir 2 End Contraction(s)

0.5' Crest Height

1=Orifice/Grate (Orifice Controls 1.28 cfs @ 6.53 fps)

Emary OutFlow Max=1.28 cfs @ 1.06 hrs HW=117.29' (Free Discharge)
2=Sharp-Crested Rectangular Weir ( Controls 0.00 cfs)



2 Year Storm Event

2018.047-ModRational-NEW Rainfall Duration=46 min, Inten=1.76 in/hr
Prepared by Menlo Engineering Associates, Inc. Printed 11/21/2019
HydroCAD® 10.00-24 s/n 01129 © 2018 HydroCAD Software Solutions LLC
Pond 2P: Basin 1
Hydrograph
B Inflow
12 B Primary

Inflow Area=6.620 ac
Peak Elev=117.29'
Storage=27,759 cf
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2 Year Storm Event
2018.047-ModRational-NEW Rainfall Duration=46 min, Inten=1.76 in/hr

Prepared by Menlo Engineering Associates, Inc. Printed 11/21/2019
HydroCAD® 10.00-24 s/n 01129 © 2018 HydroCAD Software Solutions LLC

Hydrograph for Pond 2P: Basin 1

Time inflow Storage Elevation Primary
(hours) (cfs) (cubic-feet) (feet) (cfs)
0.00 0.00 0 114.50 0.00
0.10 3.31 506 114.78 0.00
0.20 6.63 2,385  115.06 0.00
0.30 9.94 5358 11541 0.13
0.40 11.04 9,136 115.79 0.55
0.50 11.04 12,869  116.13 0.78
0.60 11.04 16,535 116.43 0.94
0.70 11.04 20,150 116.72 1.07
0.80 9.94 23,654  116.99 1.17
0.20 6.63 26,200 117.18 1.24
1.00 3.31 27,534 117.28 1.28
1.10 0.00 27,668  117.29 1.28
1.20 0.00 27,210 117.25 1.27
1.30 0.00 26,756  117.22 1.26
1.40 0.00 26,305 117.19 1.25
1.50 0.00 25,859 117.15 1.23
1.60 0.00 25,417 11712 1.22
1.70 0.00 24,979  117.09 1.21
1.80 0.00 24,546 117.06 1.20
1.90 0.00 24117  117.02 1.19
2.00 0.00 23692 116.99 1.17
2.10 0.00 23272 116.96 1.16
2.20 0.00 22856  116.93 1.156
2.30 0.00 22444  116.90 1.14
2.40 0.00 22,037 116.87 1.12
2.50 0.00 21,635 116.83 1.11
2.60 0.00 21,236  116.80 1.10
2.70 0.00 20,842 118.77 1.09
2.80 0.00 20,453 116.74 1,08
2.80 0.00 20,068 116.71 1.06
3.00 0.00 19,688 116.68 1.05
3.10 0.00 19,312 116.65 1.04
3.20 0.00 18,841 116.62 1.02
3.30 0.00 18,575  116.60 1.01
3.40 0.00 18,213  116.57 1.00
3.60 0.00 17,855 116.54 0.99
3.60 0.00 17,503  116.51 0.97
3.70 0.00 17,155 116.48 0.96
3.80 0.00 16,811 116.45 0.95
3.80 0.00 16,472 11643 0.93
4,00 0.00 16,138  116.40 0.92
4.10 0.00 15,809  116.37 0.91
4.20 0.00 15485  116.35 0.89
4.30 0.00 15,165  116.32 0.88
440 0.00 14850  116.29 0.87
4.50 0.00 14,540 116.27 0.85
460 0.00 14,235 116.24 0.84
4.70 0.00 13,935  116.22 0.83
4.80 0.00 13,639  116.19 0.81
4.90 0.00 13,349 116.17 0.80

5.00 0.00 13063  116.14 0.79



APPENDIX C: PIPE CALCULATIONS, RIP RAP, SCOUR HOLE, SPILLWAY
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PREFORMED SCOUR HOLE CALCULATIONS

The following calculations are done in accordance with The Soil Conservation District’s

Standards for Conduit Qutlet Protection.

Length of Bottom: Width of Bottom: ‘ 1
4 H A

L=(3)Do W =)W

(3) (2o w 4 Wr
Length of Side Slopes in all directions: L u
H=03)Y Y = Depth of Scour Hole L J

A
Total Lenth (Lt): Total Width (Wr):
\ / Y
Lr=L+2(H) Wr=W + 2(H)
\ v A
Y
d50 Stone Size: \
If, Y= (l)Do Then, d, = (0'0125 )qm Where g = 9 in cfs per foot
2 Tw D
If. ¥ = Do Then, d,, = (0.0082}]133
Tw
Minimum dso= 6.00 inches
Calculations for discharge into a basin based on:
Q of 25 yr storm, and
Tw=difference between 2 yr storm elevation in basin and culvert invert.
For areas where Tw cannot be computed, Tw=0.2Do
Outfall| Q(cfs)| Y(in) | Do(in) | Wo(in) | TW(ft) | Lo(ft) | W(ft) | d50(in)

A1 16.05 12.0 36 36 0.60 15.0 12.0 6.00

B1 4.60 7.5 14 23 0.40 9.0 7.6 6.00

C3 3.64 7.5 15 15 3.20 7.5 6.3 6.00

D1 7.45 12.0 30 30 0.40 13.5 11.0 6.00

* Rip-Rap to extend to top of banks of channel




EMERGENCY SPILLWAY CALCULATIONS

BASIN #1
Inflow
Qmo = 24.0 cfs
Target
Q-|5o = 150% of Q1on = cfs
Length
Height(H) = 0.40
Q= c x Lengthf) x  H*?
= 3.1 X L x  H¥®
L = ft

Velocity Over Spillway

Q = Velocity(ft/sec) x Length(ft) x Height(ft)
= Vv 0.4
vV = 2.0 fi/sec

2.0 < 20 ? No Erosion Protection Required




APPENDIX D: WATER QUALITY



Prop. Drainage Area

Routing Diagram for 2018.047-ModRational-NEW
Prepared by Menlo Engineering Associates, Inc., Printed 11/21/2019
HydroCAD® 10.00-24 s/n 01129 © 2018 HydroCAD Softwere Solutions LLC




Water Quality Storm Event
2018.047-ModRational-NEW Rainfall Duration=120 min, Inten=0.62 in/hr
Prepared by Menlo Engineering Associates, Inc. Printed 11/22/2019
HydroCAD® 10.00-24 s/n 01129 ® 2018 HydroCAD Software Solutions LLC

Summary for Subcatchment 1S: Prop. Drainage Area

Runoff = 389cfs@ 0.34 hrs, Volume= 0.643 af, Depth= 1.17"

Runoff by Rational method, Rise/Fall=1.0/1.0 xTc, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Rainfall Duration=120 min, Inten=0.62 in/hr

Area (ac) C Description
0.930 0.65
5.690 0.9

6.620 0.94 Weighted Average
0.930 14.05% Pervious Area
5.690 85.95% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) __ (feet) (firft)  (f/sec) (cfs)

20.0 Direct Entry,
Subcatchment 1S: Prop. Drainage Area
Hydrograph

Rainfall
Duration=120 min,
3 Inten=0.62 in/hr
Runoff Area=6.620 ac
g Runoff Volume=0.643 af
ke Runoff Depth=1.17"
Tc=20.0 min
1 C=0.94

0123456789101112131415161718192021222324252627282930
Time (hours)



Water Quality Storm Event
2018.047-ModRational-NEW Rainfall Duration=120 min, Inten=0.62 in/hr

Prepared by Menlo Engineering Associates, Inc. Printed 11/22/2019
HydroCAD® 10.00-24 s/n 01129 © 2018 HydroCAD Software Solutions LLC

Hydrograph for Subcatchment 1S: Prop. Drainage Area

Time Runoff Time Runoff Time Runoft
(hours) (cfs) (hours) (cfs) (hours) (cfs)
0.00 0.00 10.40 0.00 20.80 0.00
0.20 2.33 10.60 0.00 21.00 0.00
0.40 3.89 10.80 0.00 21.20 0.00
0.60 3.89 11.00 0.00 21.40 0.00
0.80 3.89 11.20 0.00 21.60 0.00
1.00 3.89 11.40 0.00 21.80 0.00
1.20 3.89 11.60 0.00 22.00 0.00
1.40 3.89 11.80 0.00 22.20 0.00
1.60 3.89 12.00 0.00 22.40 0.00
1.80 3.89 12.20 0.00 22.60 0.00
2.00 3.89 12.40 0.00 22.80 0.00
2.20 1.56 12.60 0.00 23.00 0.00
2.40 0.00 12.80 0.00 23.20 0.00
2.60 0.00 13.00 0.00 23.40 0.00
2.80 0.00 13.20 0.00 23.60 0.00
3.00 0.00 13.40 0.00 23.80 0.00
3.20 0.00 13.60 0.00 24.00 0.00
3.40 0.00 13.80 0.00 24,20 0.00
3.60 0.00 14.00 0.00 24.40 0.00
3.80 0.00 14.20 0.00 24,60 0.00
4.00 0.00 14.40 0.00 24.80 0.00
4.20 0.00 14.60 0.00 25.00 0.00
4.40 0.00 14.80 0.00 25.20 0.00
4.60 0.00 15.00 0.00 25.40 0.00
4.80 0.00 15.20 0.00 25.60 0.00
5.00 0.00 15.40 0.00 25.80 0.00
5.20 0.00 15.60 0.00 26.00 0.00
5.40 0.00 15.80 0.00 26.20 0.00
5.60 0.00 16.00 0.00 26.40 0.00
5.80 0.00 16.20 0.00 26.60 0.00
6.00 0.00 16.40 0.00 26.80 0.00
6.20 0.00 16.60 0.00 27.00 0.00
6.40 0.00 16.80 0.00 27.20 0.00
6.60 0.00 17.00 0.00 2740 0.00
6.80 0.00 17.20 0.00 27.60 0.00
7.00 0.00 17.40 0.00 27.80 0.00
7.20 0.00 17.60 0.00 28.00 0.00
7.40 0.00 17.80 0.00 28.20 0.00
7.60 0.00 18.00 0.00 28.40 0.00
7.80 0.00 18.20 0.00 28.60 0.00
8.00 0.00 18.40 0.00 28.80 0.00
8.20 0.00 18.60 0.00 29.00 0.00
8.40 0.00 18.80 0.00 29,20 0.00
8.60 0.00 19.00 0.00 29.40 0.00
8.80 0.00 19.20 0.00 29.60 0.00
9.00 0.00 19.40 0.00 29.80 0.00
9.20 0.00 19.60 0.00 30.00 0.00
9.40 0.00 19.80 0.00
9.60 0.00 20.00 0.00
9.80 0.00 20.20 0.00
10.00 0.00 20.40 0.00
10.20 0.00 20.60 0.00




Water Quality Storm Event
2018.047-ModRational-NEW Rainfall Duration=120 min, inten=0.62 in/hr

Prepared by Menlo Engineering Associates, Inc. Printed 11/21/2019
HydroCAD® 10.00-24 s/n 01129 © 2018 HydroCAD Software Solutions LLC

Summary for Pond 2P: Basin 1

Inflow Area = 6.620 ac, 85.95% Impervious, Inflow Depth= 1.17"

Inflow = 3.83cfs@ 0.34 hrs, Volume= 0.643 af

Outflow = 1.16cfs @ 2.24 hrs, Volume= 0.557 af, Atten=71%, Lag= 113.7 min
Primary = 1.15c¢fs @ 2.24 hrs, Volume= 0.557 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Peak Elev=116.92' @ 2.24 hrs Surf.Area= 13,177 sf Storage= 22,780 cf

Plug-Flow detention time= 234.7 min calculated for 0.557 af (87% of inflow)
Center-of-Mass det. time= 227.1 min ( 297.1 - 70.0)

Volume Invert Avail.Storage  Storage Description
#1 114.50' 53,460 cf Custom Stage Data {Prismatic)Listed below (Recailc)
Elevation Surf.Area Inc.Store Cum.Store
(feet) (su-ft) (cubic-feet) (cubic-feet)
114.50 0 0 0
115.00 7.560 1,890 1,890
116.00 11,480 9,520 11,410
117.00 13,320 12,400 23,810
118.00 14,800 14,060 37,870
119.00 16,380 15,590 53,460
Device Routing Invert  Outiet Devices
#1  Primary 115.20' 6.0" Vert. Orifice/Grate C= 0.600
#2  Primary 118.10' 4.0’ long Sharp-Crested Rectangular Weir 2 End Contraction(s)

0.5' Crest Height

1=Orifice/Grate (Orifice Controls 1.15 cfs @ 5.84 fps)

4TEimary OutFlow Max=1.15 cfs @ 2.24 hrs HW=116.92' (Free Discharge)
2=Sharp-Crested Rectangular Weir ( Controls 0.00 cfs)



Water Quality Storm Event

2018.047-ModRational-NEW Rainfall Duration=120 min, Inten=0.62 in/hr
Prepared by Menlo Engineering Associates, Inc. Printed 11/21/2019
HydroCAD® 10.00-24 s/n 01128 © 2018 HydroCAD Software Solutions LLC

Pond 2P: Basin 1

Hydrograph

B inflow
B Primary

Inflow Area=6.620 ac
Peak Elev=116.92'
Storage=22,780 cf

Flow (cfs)
N

012 38 4567 8 9 101112 18 14 15 16 17 18 18 20 21 22 23 24 25 26 27 28 29 30
Time (hours)



2018.047-ModRational-NEW Rainfall Duration=120 min, inten=0.62 in/hr

Prepared by Menlo Engineering Associates, Inc. Printed 11/21/2019
HydroCAD® 10.00-24 s/n 01129 © 2018 HydroCAD Software Solutions LLC

Hydrograph for Pond 2P: Basin 1

Time Inflow Storage Elevation Primary
(hours) (cfs) (cubic-feet) (feet) (cfs)
0.00 0.00 0 114.50 0.00
0.10 1.17 210 114.67 0.00
0.20 2.33 840 114.83 0.00
0.30 3.50 1,891 115.00 0.00
0.40 3.89 3,267 116.17 0.00
0.50 3.89 4,662 115.34 0.06
0.60 3.89 6,016 115.48 0.21
0.70 3.89 7,309 115.62 0.39
0.80 3.89 8,547 116.74 0.51
0.80 3.89 9,747 115.85 0.60
1.00 3.89 10,918 115.96 0.67
1.10 3.89 12,065 116.06 0.74
1.20 3.89 13,190  116.15 0.79
1.30 3.89 14,296 116.25 0.84
1.40 3.89 15,384 116.34 0.82
1.50 3.89 16,456 116.43 0.93
1.60 3.89 17,514 116.51 0.97
1.70 3.89 18,557 1186.59 1.01
1.80 3.89 19,587 116.68 1.05
1.90 3.89 20,604 116.76 1.08
2.00 3.89 21,610 116.83 1.11
2.10 272 22,396 116.89 1.14
2.20 1.56 22,756  116.92 1.15
230 0.39 22,692 116,92 1.14
240 0.00 22,306 116.89 1.13
2.50 0.00 21,900 116.86 1.12
260 0.00 21,498 116.82 1.1
2.70 0.00 21,102 116.79 1.10
2.80 0.00 20,710 116.76 1.08
2.90 0.00 20,322 116.73 1.07
3.00 0.00 19,939 116.70 1.06
3.10 0.00 19,560 116.67 1.05
3.20 0.00 19,186 116.64 1.03
3.30 0.00 18,817 116.61 1.02
3.40 0.00 18,452 116.59 1.01
3.50 0.00 18,091 116.56 0.99
3.60 0.00 17,735 116.53 0.98
3.70 0.00 17,384 116.50 0.97
3.80 0.00 17,038 116.47 0.96
3.90 0.00 16,696 116.44 0.94
4.00 0.00 16,359 116.42 0.93
4.10 0.00 16,027 116.39 0.92
4.20 0.00 15,699 116.36 0.90
4.30 0.00 15,376 116.34 0.89
4.40 0.00 15,058 116.31 0.88
4.50 0.00 14,745 116.28 0.86
460 0.00 14,437 11626 0.85
4,70 0.00 14,133 116.23 0.84
4.80 0.00 13,834 116.21 0.82
4.90 0.00 13,541 116.18 0.81
5.00 0.00 13,252 116.16 0.80
5.10 0.00 12,968 116.13 0.78

5.20 0.00 12,689  116.11 0.77



2018.047-ModRational-NEW Rainfall Duration=120 min, Inften=0.62 in/hr

Prepared by Menlo Engineering Associates, Inc. Printed 11/21/2019
HydroCAD® 10.00-24 s/n 01129 © 2018 HydroCAD Software Solutions |.LC

Hydrograph for Pond 2P: Basin 1 (continued)

Time Inflow Storage Elevation Primary
(hours) (cfs) (cubic-feet) (feet) (cfs)
5.30 0.00 12,415 116.09 0.75
5.40 0.00 12,145  116.06 0.74
5.50 0.00 11,881 116.04 0.73
5.60 0.00 11,622 116.02 0.71
5.70 0.00 11,368 116.00 0.70
5.80 0.00 11,119 115.97 0.68
5.60 0.00 10,875 115.95 0.67
6.00 0.00 10,637 115.93 0.66
6.10 0.00 10,403 115.91 0.64
6.20 0.00 10,175 115.88 0.83
6.30 0.00 9,951 115.87 0.61
6.40 0.00 9,734 115.85 0.60
6.50 0.00 9,521 1156.83 0.58
6.60 0.00 9,314  115.81 0.57
6.70 0.00 9,112 116.79 0.55
6.80 0.00 8,916 11577 0.54
6.90 0.00 8,725 1156.76 0.52
7.00 0.00 8,539 115.74 0.51
7.10 0.00 8,360 1156.72 0.49
7.20 0.00 8,185 115.70 0.48
7.30 0.00 8,016 115.69 0.46
7.40 0.00 7,852 11567 0.45
7.50 0.00 7.694 115.66 0.43
7.60 0.00 7,542 115.64 0.41
7.70 0.00 7.396 115.63 0.40
7.80 0.00 7,266  115.61 0.38
7.90 0.00 7,123 115.60 0.36
8.00 0.00 6,996 116.59 0.34
8.10 0.00 6,875 115.57 0.33
8.20 0.00 6,760 115.56 0.31
8.30 0.00 6,651 115.56 0.30
8.40 0.00 6,546 116.54 0.28
8.50 0.00 6,447 115.53 0.27
8.60 0.00 6,353 1156.52 026
8.70 0.00 6,263  115.51 0.24
8.80 0.00 6,177  115.50 0.23
8.90 0.00 6,006 11549 0.22
9.00 0.00 6,018 115.48 0.21
9.10 0.00 5944 115.48 0.20
9.20 0.00 5,874 115.47 0.19
9.30 0.00 5,808 115.46 0.18
9.40 0.00 5,742 116.46 0.17
9.50 0.00 5,681 11545 0.17
9.60 0.00 5,622 115.44 0.16
9.70 0.00 5,566 115.44 0.15
9.80 0.00 5,613 115.43 0.15
9.90 0.00 5,461 115.43 0.14
10.00 0.00 5412 116.42 0.13
10.10 0.00 5,365  115.41 0.13
10.20 0.00 5,320 115.41 0.12
10.30 0.00 5,277 115.41 0.12
10.40 0.00 5,235 115.40 0.1

10.50 0.00 5,195 115.40 0.1



2018.047-ModRational-NEW Rainfall Duration=120 min, Inten=0.62 in/hr
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Hydrograph for Pond 2P: Basin 1 (continued)

Time Inflow Storage Elevation Primary
(hours) (cfs) (cubic-feet) (feet) (¢fs)
10.60 0.00 5,157 1156.39 0.10
10.70 0.00 5,120 115.38 0.10
10.80 0.00 5,085 115.38 0.10
10.90 0.00 5,051 115.38 0.09
11.00 0.00 5,018 115.38 0.09
11.10 0.00 4,986 115.37 0.09
11.20 0.00 4,955 115.37 0.08
11.30 0.00 4,926 115.37 0.08
11.40 0.00 4,897 116.36 0.08
11.50 0.00 4,870 115.36 0.07
11.60 0.00 4,844 115.36 0.07
11.70 0.00 4,818 116.35 0.07
11.80 0.00 4,794 115.35 0.07
11.90 0.00 4,770 116.35 0.07
12.00 0.00 4,747 115.35 0.06
12.10 0.00 4,724 1156.34 0.06
12.20 0.00 4,702 115.34 0.06
12.30 0.00 4,681 115.34 0.06
12.40 0.00 4,661 115.34 0.06
12.50 0.00 4,641 115.33 0.05
12.60 0.00 4,622 115.33 0.05
12.70 0.00 4,603 115.33 0.05
12.80 0.00 4,585 115.33 0.05
12.90 0.00 4,567 115.33 0.05
13.00 0.00 4,550 115.32 0.05
13.10 0.00 4,533 115.32 0.05
13.20 0.00 4,517 115.32 0.04
13.30 0.00 4,51 115,32 0.04
13.40 0.00 4,486 115.32 0.04
13.50 0.00 4,472 116.32 0.04
13.60 0.00 4,457 11531 0.04
13.70 0.00 4,443 1156.31 0.04
13.80 0.00 4,430 115.31 0.04
13.90 0.00 4,417 1156.31 0.04
14.00 0.00 4,404 115.31 0.04
14.10 0.00 4,392 116.31 0.03
14.20 0.00 4,379  115.31 0.03
14.30 0.00 4,367 115.30 0.03
14.40 0.00 4,35  115.30 0.03
14.50 0.00 4,344  115.30 0.03
14.60 0.00 4,333 115.30 0.03
14.70 0.00 4,322 1156.30 0.03
14.80 0.00 4,311 115.30 0.03
14.90 0.00 4,301 115.30 0.03
15.00 0.00 4,290 115.29 0.03
15.10 0.00 4,280 115.29 0.03
15.20 0.00 4,270 116.29 0.03
15.30 0.00 4,261 115.29 0.03
15.40 0.00 4,251 115.29 0.03
15.50 0.00 4,242 115.29 0.03
15.60 0.00 4,233 115.29 0.02
15.70 0.00 4,224 115.2¢ 0.02

15.80 0.00 4215 11529 0.02



2018.047-ModRational-NEW Rainfall Duration=120 min, Inten=0.62 in/hr
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Hydrograph for Pond 2P: Basin 1 (continued)

Time Inflow Storage Elevation Primary
(hours) (cfs) (cubic-feet) (feet) (cfs)
16.90 0.00 4,207 115.28 0.02
16.00 0.00 4,198 115.28 0.02
16.10 0.00 4,190 115.28 0.02
16.20 0.00 4,182 115.28 0.02
16.30 0.00 4,174 115.28 0.02
16.40 0.00 4167 115.28 0.02
16.50 0.00 4,159 115.28 0.02
16.60 0.00 4,152 115.28 0.02
16.70 0.00 4,145 115.28 0.02
16.80 0.00 4,138 115.28 0.02
16.90 0.00 4,131 115.28 0.02
17.00 0.00 4,124 115.28 0.02
17.10 0.00 4,117 115.27 0.02
17.20 0.00 4,111 116.27 0.02
17.30 0.00 4,105 115.27 0.02
17.40 0.00 4,098 115.27 0.02
17.50 0.00 4,092 115.27 0.02
17.60 0.00 4,086 115.27 0.02
17.70 0.00 4,081 115.27 0.02
17.80 0.00 4,075 115.27 0.02
17.90 0.00 4,069 115.27 0.02
18.00 0.00 4,064 116.27 0.01
18.10 0.00 4,059 115.27 0.01
18.20 0.00 4,053 115.27 0.01
18.30 0.00 4,048 115.27 0.01
18.40 0.00 4,043 115.27 0.01
18.50 0.00 4,038 115.27 0.01
18.60 0.00 4,034 115.27 0.01
18.70 0.00 4,029 115.26 0.01
18.80 0.00 4,024 115.26 0.01
18.90 0.00 4,020 115.26 0.01
19.00 0.00 4,015 115.26 0.01
19.10 0.00 4,011 115.26 0.01
18.20 0.00 4,006 115.26 0.01
19.30 0.00 4,002 115.26 0.01
19.40 0.00 3,997 115.26 0.01
19.50 0.00 3,993 115.26 0.01
19.60 0.00 3,989 115.26 0.01
19.70 0.00 3,985 115.26 0.01
19.80 0.00 3,981 115.26 0.01
19.90 0.00 3,976 115.26 0.01
20.00 0.00 3,972 115.26 0.01
20.10 0.00 3,968 115.26 0.01
20.20 0.00 3,964 115.26 0.01
20.30 0.00 3,960 116.26 0.01
20.40 0.00 3,957 115.26 0.01
20.50 0.00 3,963 115.26 0.01
20.60 0.00 3,949 115.26 0.01
20.70 0.00 3,945 116.25 0.01
20.80 0.00 3,941 115.25 0.01
20.90 0.00 3,938 115.25 0.01
21.00 0.00 3,934 1156.25 0.01

21.10 0.00 3,931 116.26 0.01



2018.047-ModRational-NEW Rainfall Duration=120 min, Inten=0.62 in/hr
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Hydrograph for Pond 2P: Basin 1 (continued)

Time inflow Storage Elevation Primary
(hours) (cfs) (cubic-feet) (feet) (¢fs)
21.20 0.00 3,927 115.25 0.01
21.30 0.00 3,923 115.25 0.01
21.40 0.00 3,920 115.25 0.01
21.50 0.00 3,917 115.25 0.01
21.60 0.00 3,913 116.25 0.01
21.70 0.00 3,910 115.25 0.01
21.80 0.00 3,906 115.25 0.01
21.80 0.00 3,903 115.25 0.01
22.00 0.00 3,800 115.25 0.01
22.10 0.00 3,807 115.25 0.01
2220 0.00 3,894 115.25 0.01
22.30 0.00 3,890 116.25 0.01
2240 0.00 3,887 115.25 0.01
22.50 0.00 3,884  115.25 0.01
22.60 0.00 3,881 115.25 0.01
22.70 0.00 3,878 11525 0.01
22.80 0.00 3,875 115.25 0.01
22.90 0.00 3,872 115625 0.01
23.00 0.00 3869 115.25 0.01
23.10 0.00 3,866 115.25 0.01
23.20 0.00 3,864 115.25 0.01
23.30 0.00 3,861 115.24 0.01
23.40 0.00 3,858 115.24 0.01
23.50 0.00 3,855 115.24 0.01
23.60 0.00 3,852 115.24 0.01
23.70 0.00 3,850 115.24 0.01
23.80 0.00 3,847 115.24 0.01
23.90 0.00 3,844 115.24 0.01
24.00 0.00 3,842 115.24 0.01
2410 0.00 3,839 115.24 0.01
24.20 0.00 3,837 115.24 0.01
24.30 0.00 3,834 115.24 0.01
24.40 0.00 3,832 115.24 0.01
24,50 0.00 3,829 115.24 0.01
24.60 0.00 3,827 115.24 0.01
24.70 0.00 3,824  115.24 0.01
24.80 0.00 3,822 11524 0.01
2490 0.00 3,820 115.24 0.01
25.00 0.00 3,817 11524 0.01
25.10 0.00 3,815 115.24 0.01
25.20 0.00 3813 115.24 0.01
25.30 0.00 3.810 11524 0.01
2540 0.00 3,808 115.24 0.01
25.50 0.00 3,806 115.24 0.01
25.60 0.00 3,804  115.24 0.01
2570 0.00 3,802 115.24 0.01
25.80 0.00 3,799 11524 0.01
2590 0.00 3797 11524 0.01
26.00 0.00 3,795  115.24 0.01
26.10 0.00 3793 11524 0.01
26.20 0.00 3,791 115.24 0.01
26.30 0.00 3,788 115.24 0.01

26.40 0.00 3,787 115.24 0.01
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Hydrograph for Pond 2P: Basin 1 (continued)

Time Inflow Storage Elevation Primary
(hours) (cfs) (cubic-feet) (feet) (cfs)
26.50 0.00 3,785 115.24 0.01
26.60 0.00 3,783 115.24 0.01
26.70 0.00 3,781 115.24 0.01
26.80 0.00 3,779 115.24 0.01
26.90 0.00 3,777 115.24 0.01
27.00 0.00 3,775 115.23 0.01
27.10 0.00 3,774 115.23 0.01
27.20 0.00 3,772 115.23 0.01
27.30 0.00 3,770 115.23 0.01
27.40 0.00 3,768 115.23 0.00
27.50 0.00 3,766 115.23 0.00
27.60 0.00 3,765 115.23 0.00
27.70 0.00 3,763 115.23 0.00
27.80 0.00 3,761 115.23 0.00
27.90 0.00 3,760 115.23 0.00
28.00 0.00 3,758 115.23 0.00
28.10 0.00 3,756 115.23 0.00
28.20 0.00 3,755 115.23 0.00
28.30 0.00 3,753 1156.23 0.00
28.40 0.00 3,751 115.23 0.00
28.50 0.00 3,750 115.23 0.00
28.60 0.00 3,748 115.23 0.00
28.70 0.00 3,747 115.23 0.00
28.80 0.00 3,745 115.23 0.00
28.90 0.00 3,744 115.23 0.00
29.00 0.00 3,742 1156.23 0.00
29.10 0.00 3,741 115.23 0.00
29.20 0.00 3,739 115.23 0.00
29.30 0.00 3,738 115.23 0.00
29.40 0.00 3,736 115.23 0.00
29.50 0.00 3,735 115.23 0.00
29.60 0.00 3,733 115.23 0.00
29,70 0.00 3,732 115.23 0.00
29.80 0.00 3,731 115.23 0.00
28.90 0.00 3,729 115.23 0.00

30.00 0.00 3728 11523 0.00
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State of Nefr Jersey
DEPARTMENT OF ENVIRONMENTAL PROTECTION
CHRIS CHRISTIE Bureau of Nonpoint Pollution Control BOB MARTIN
Gavernor Division of Water Quality Commissioner
401-02B
KIM GUADAGNO
Lt Governor Post Office Box 420

Trenton, New Jersey 08625-0420
609-633-7021 Fax: 609-777-0432
http://www.smte.nj.us/dep/dwabnpc_home.htm

March 21, 2017

Derek M. Berg

Contech Engineered Solutions, LLC
71 US Route 1, Suite F
Scarborough, ME 04074

Re:  Revised MTD Lab Certification
Continuous Deflective Separator (CDS®) Stormwater Treatment Device by Contech Engineered
Solutions, LLC
On-line Installation

TSS Removal Rate 50%

Dear Mr. Berg:

This revised certification letter supersedes the Department’s prior certification dated January 9, 2015. This
revision was completed to reflect the updated Manufactured Treatment Device (MTD) scaling methodology
as agreed upon by the manufacturers’ working group on September 19, 2016. In part, the updated scaling for
hydrodynamic MTDs is based on the depth of the reference (tested) MTD from the top of the false floor
utilized during removal efficiency testing, not from the physical bottom of the unit. Based on the above
decision, Table A-2 of the NICAT Technology ~ Verification report located  at
tlgt_p_://www.n_'cgt.org?upIoads/newDoc__s/CDSVeriﬁcationRe_g ortFinall ndf has been revised, and Table 1
noted below has been added.

The Stormwater Management rules under N.J.A.C. 7:8-5.5(b) and 5.7 (c) allow the use of manufactured
treatment devices (MTDs) for compliance with the design and performance standards at N.J.A.C. 7:8-5 if the
pollutant removal rates have been verified by the New Jersey Corporation for Advanced Technolo

(NJCAT) and have been certified by the New Jersey Department of Environmental Protection (NJDEP).

Contech Engineered Solutions, LLC has requested an MTD Laboratory Certification for the CDS®
Stormwater Treatment Device.

The verification is subject to the “Procedure for Obtaining Verification of a Stormwater Manufactured
Treatment Device from New Jersey Corporation for Advance Technology” dated January 25, 2013. The
applicable protocol is the “New Jersey Laboratory Testing Protocol to Assess Total Suspended Solids
Removal by a Hydrodynamic Sedimentation Manufactured Treatment Device” dated January 25, 2013,

NJCAT verification documents submitted to the NJDEP indicate that the requirements of the aforementioned

protocol have been met or exceeded. The NJCAT letter also included a recommended certification TSS

removal rate and the required maintenance plan. The NJCAT Verification Report with the Verification
I
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Appendix dated September 2014 (Revised January 2017) for this device is published online at

http.//www.njcat.orp/verification-rocess/technoloov-verification-database html.

The NJDEP certifies the use of the CDS® Stormwater Treatment Device by Contech Engineered
Solutions, LLC at a TSS removal rate of 50% when designed, operated, and maintained in accordance
with the information provided in the Verification Appendix and the following conditions:

1. The maximum treatment flow rate (MTFR) for the manufactured treatment device (MTD) is
calculated using the New Jersey Water Quality Design Storm (1.25 inches in 2 hrs) in N.J.A.C.
7:8-5.5.

2. The CDS® Stormwater Treatment Device shall be installed using the same configuration

reviewed by NICAT and shall be sized in accordance with the criteria specified in item 6
below.

3. This CDS® Stormwater Treatment Device cannot be used in series with another MTD or a

media filter (such as a sand filter) to achieve an enhanced removal rate for total suspended
solids (TSS) removal under N.J.A.C. 7:8-5.5.

4. Additional design criteria for MTDs can be found in Chapter 9.6 of the New Jersey

Stormwater Best Management Practices (NJ Stormwater BMP) Manual which can be found
on-line at www.nistormwater.org.

5. The maintenance plan for a site using this device shall incorporate, at a minimum, the
maintenance requirements for the CDS® Stormwater Treatment Device. A copy of the
maintenance plan is attached to this certification. However, it is recommended to review the
maintenance website at
http:/fwww.conteches.com/products/stormwater-management/treatment/cds.as) x#1822141-
technical-info for any changes to the maintenance requirements.

6. Sizing Requirements:
The example below demonstrates the sizing procedure for the CDS®:

Example: A 0.25-acre impervious site is to be treated to 50% TSS removal using a
CDS®. The impervious site runoff (Q) based on the New Jersey Water
Quality Design Storm was determined to be 0.79 cfs.

Maximum Treatment Flow Rate (MTFR ) Evaluation:

The site runoff (Q) was based on the following;
time of concentration = 10 minutes
i=3.2 in‘hr (page 5-8, Fig. 5-3 of the NJ Stormwater BMP Manual)
¢=0.99 (runoff coefficient for impervious)
Q=ciA=0.99x3.2x0.25=0.79 cfs

Given the site runoff is 0.79 cfs and based on Table 1 below, the CDS® Model CDS-4 with an MTFR
of 0.93 cfs would be the smallest model approved that could be used for this site that could remove
50% of the TSS from the impervious area without exceeding the MTFR.



The sizing table corresponding to the available
specifications regarding each model can be found in

A-2,

—

Table 1 CDS Models

system models is noted below. Additional
the Verification Appendix under Table A-1 and

| Manhole | Treatment | ]
Diameter | Chamber | MTFR
CDS Model | (ft.) Depth (cfs)
#®)

 CDS3 | 3 | 330 | o0s
| CDS4 | 4 | 3s0 0.93
| CDSs | s 37 | 13

CDS-6 6 4.50 2.1
| CDST 7 525 | 23

CDS-3 8 | 600 37 .
_CDS10 | 10 | 750 | 58 |

CDS-12 | 12 9.00 8.4

* Treatment Chamber Depth is defined as the depth below the invert to the top of the false floor
installed at 50% sediment depth.

A detailed maintenance plan is mandatory for any project with a Stormwater BMP subject to the Stormwater
Management Rules, N.J.A.C. 7:8. The plan must include all of the items identified in the Stormwater
Management Rules, N.I.A.C. 7:8-5.8. -Such items include, but are not limited to, the list of inspection and
maintenance equipment and tools, specific corrective and preventative maintenance tasks, indication of
problems in the system, and training of maintenance personnel. Additional information can be found in
Chapter 8: Maintenance and Retrofit of Stormwater Management Measures,

If you have any questions regarding the above information, please contact Mr. Shashi Nayak of my office at
(609) 633-7021.

Sincerely,

C James J. Murphy, Chief

Bureau of Nonpoint Pollution Control

Attachment: Maintenance Plan

c Chron File
Richard Magee, NJCAT
Vince Mazzei, NJDEP - DLUR
Ravi Patraju, NJDEP - BES
Gabriel Mahon, NJDEP - BNPC
Shashi Nayak, NJDEP -~ BNPC



Infiltration Basin Drain Time Calculation

Livingston Warehouse
Township of North Brunswick, Middlesex County, New Jersey
2018.047

Design Summary:

o Portion of WQ Design Storm Volume = 3,770 CF
o Infiltration Area = 6,560 SF
o Design Permeability Rate = Boring B-5: 0.75 in/hr / F.S. 2 = 0.38 inches/hour

in.
WQ Design Storm Volume _ 3770cf x (125

I+ = 18.148 hr-> 18.15 Hours

rain Time = =
Drain Time (Infiltration Area x Design Permeability) (6,560 sfx 0.3852)

The Proposed Drain Time for the Infiltration Basin is 18.15 hours which is less than the allowable
maximum drain time of 72 hours. Therefore, the infiltration basin drains within the maximum allowable
time frame.



TSS Removal Rate Calculations

Basin TSS Removal Rate

Time to Peak Peak Storage 10% Peak | Time to 10% Detention time used % TSS
Elevation (hr) Volume for WQ Storage Wavelime (12<=Td<=24) (hr) Removal
Design Storm (cf) | Volume (cf) (hr) ;
2.2 22,780 2,278.00 27.3 25.1 60
%TSS Removal Rate = 40 +{{t-12/12)x20] t=25.1 hrs.
= 40 +[1x20]
60
TSS Removal Rate for BMPs in Series
Total TSS Removal Rate = A+B-[(AxB)/100] A= First Defense

60% TSS Removal Rate
= 60+50-((60x50)/100)

B= Basin
= 60+20 50% TSS Removal Rate

The total Removal Rate = 80 % TSS Removal




MEA #2018.047 Water Quality Calculations for Livingston Warehouse 12112019

Area | Impervious | Existing WQ |(WQunits| WQ% | WQunits |NewPvmt| WQ |[WQunits| WQ% |WQ units .
Area Description 1D Area (sf) | Pvmt (s8f) | Required | Required | Provided | Provided (sf) Required | Required | Provided | Provided | WQ Measure(s)
Existing Vegetated Areas
replaced with Building A1 86,237 - 0% - 0% - - 0% - 0% -~ n/a
Existing Vegetated Areas
replaced with Pavement At 154,965 | 71,429.00 80% 57143 | 80% 57,143 83,536 80% 66,820 | 80% 66,829 | .CDS & Basin
Proposed Pavement Areas |AZB &
not be treated Al 12,718 11,324 50% 5662 | 80% 9,059 1,394 80% 1,115 0% - CDS & Basin
Summary 253,920 82,753 62,805 66,202 84,930 67.944 66,829
WQUnits | WQ %
Total Required 130749 78.0%
Total Provided 133031 79.3%




APPENDIX E: WATER BALANCE



pewkney | Annual Groundwater Recharge Analysis (based on GSR-32) Project Name:  Llvinston Warehouse
5o Select Township | E_._._._.."_v o_""__sﬁ_n Description: 2018.047
[Novasher 3093 ... [MIDDLESEX €O, NORTH BRUNSWICK TWP 489 148 Analysis Date: 11/20/19
Pre-Developed Conditions Post-Developed Conditions
Annual Annual Annual Annual
u.p__-air.. ) h—nh. TR-66 Land Cover Soll z-ﬂ.._..a. wﬂ”.-a-.n. . -_.nhu:. ’ hﬂ. TR Land Cover soll a.ﬂ“_.,ao JH..H.
1| 1408 Impervious arsas Nixon 0.0 : 1| 1819 Impervious areas 0.0 g
2| &87 Woosds Nixon 148 NoE 2| 107 Woods Nixon 14.5 56,801
3| .22 Open space Nixon 14.5 64,582 s| 17 Open space Nixon 146 89,233
4 4
6 (]
s ]
7 7
8 8
9 9
10 10
1 1
12 12
13 1
14 14
18 16
Tolal Tola! Tolal Total
Ansural Annual Annual Annu)
Total = 210 Recharge |  Recharge Total = 2.0 Recharge |  Rechargs
{in) (el (in) (cu.ft)
48 353,968 Annual Recharge Requirements Calculation | 1.9 148,734
inpenvicus
E@agﬂo to Prosarve = 100% Area (. 792,356
Post-Development Annual Recharge Deficit= 218,232  |(cubic feet)
For esch land segment, first spter the area, then salact TR-55 Lund Cover, then select Sall. Start from tha top of the table
and procood daumward. Don't leave bank rows (With A=0) [n bebwaen your segment sriiries. Rows with As0 will not be Recharge Efficiency Parameters Calculations (area averages)
displaysed or used In calculstions. Far Impervious aress outside of standand lots select “Imparvicus Aress” as the Land Cover. RWC= 2383 _A_a DRWC= 3.22 ~ (n)
Boll typa for kmpervious 2reas €70 only reguirad If an Intitration faciity wil be bullt within thasa areas. ERWC = 1.00 Jan) EDRWC= 0.84 |5}




[Project Name
‘Livinston Ware

Description
2018.047

|Analysis Date
11/20/19

ground)

BMP or LID Type

Symbol Value Unl
Qdesign 017 __:

0.24 _5

s

Depth of lower surface of
BMP, must ba>=dBMPu

Post-development Land
Segment Location of BMP

m_ﬁsgngwg
or undeterminad

SegBMP

109 ?—

CALCULATION CHECK MESSAGES

0.02 |unitiess Volume Belance-> Soive Problem to satisfy Annual Recharge
3,827 [cu.ft dBMP Check—> O
_vﬂwalﬂ&-ﬂ: Annual Rechar ge W or ksheet System Performance Calculated Parameters dEXC Check—> O
Past-D Deficit Recharge
(or desired recharge Videf 218,232 foust oﬁc_ﬂm:v Recharge 234,567 |cutt
volume BMP Location-=> Location is s#iscted a5 distnbutes OF iselarTInRG
Represents
Post-D Impervious Area Avg BMP Recharge
Aimp 288,330 [sqft Lok 80.2% |% infiltration
(or target impervious Area) Efficiency Recharged |OTHER NOTES
%Reinfal]
Zone Water Capacly | RWC .53 _5 became Runoff 77.9% % Pdasign s accurats anly after BMP dimensions are updatad to maeke rech valume= defici voluma, The portion
RWC Modified to DRWC 322 __... Runoff 30.6%
consider dEXC infiltrated % of BMP nfiktration prior to @liing and the area occupled by BMP are ignored in thess calculatians, Resulls are
) %Runoff
Cilmatls Factor CHtactor s _ao = Rechargsd 8.9% % sonsstive 1o dBMP, make sure dBMP selacted is amall enough for BMP 10 ompty In lesa than 3 days. For land
%Rainfall
verage Annual P Pavg 459 _____ Rechar: 7.7% % Segment Location of BMP if you sefeot “impervious areas® RWC will ba minimal but not zero as determined by
fim *




APPENDIX F: LOW IMPACT DEVELOPMENT



NJDEP Nonstructural Strategies Points System (NSPS)
Version: January 31, 2006

Note: Input Values in Yellow Cells Only

Project:  [Livingston Warehouse |
Date: [December 30, 2020 |

User: |GSO |

Notes:

Step 1 - Provide Basic Major Development Site Information

A. Specify Total Area in Acres of Development Site Described in Steps 2 and 3 = | 210 | Acres

B. Specify by Percent the Various Planning Areas Located within the Development Site:

State Plan Planning Area: PA-1 PA-2 PA-3 PA-4 PA-4B PA-5 Total % Area

Percent of Each Planning Area within Site: | 100.0% | | | | | |  100.0% |

Note: See User's Guide for Equivalent Zones within Designated Centers and the NJ Meadowlands, Pinelands, and Highlands Districts



Step 2 - Describe Existing or Pre-Developed Site Conditions

A. Specify Existing Land Use/Land Cover Descriptions and Areas:

Specify Land Use/Land Cover in Acres for Each HSG

Site Use/Cover

Segment Land Use/Land Cover Description HSG A HSG B HSG C HSG D Subtotals Points
1 Wetlands and Undisturbed Stream Buffers 0.8 0.8 12
2 Lawn and Open Space 5.2 5.2 44
3 Brush and Shrub 0.0 0
4 Meadow, Pasture, Grassland, or Range 0.0 0
5 Row Crop 0.0 0
6 Small Grain and Legumes 0.0 0
7 Woods - Indigenous 5.7 5.7 69
8 Woods - Planted 0.0 0
9 Woods and Grass Combination 0.0 0
10 Ponds, Lakes, and Other Open Water 0.0 0
11 Gravel and Dirt 0.0 0
12 Porous and Permeable Paving 0.0 0
13 Directly Connected Impervious 9.4 9.4 0
14 Unconnected Impervious with Small D/S Pervious 0.0 0
15 Unconnected Impervious with Large D/S Pervious 0.0 0

HSG Subtotals (Acres): 0.0 0.0 0.0 21.0 Total Area: 21.0
HSG Subtotals (%): 0.0% 0.0% 0.0% 100.0% Total % Area: 100.0%

Points Subtotal: [ 126 |
Total Existing Site Points: [ 1256 |



Step 3 - Describe Proposed or Post-Developed Site Conditions

A. Specify Proposed Land Use/Land Cover Descriptions and Areas:

Specify Land Use/Land Cover in Acres for Each HSG

Site Use/Cover
_Segment Land Use/Land Cover Description HSG A HSG B HSG C HSG D Subtotals
1 Wetlands and Undisturbed Stream Buffers 0.6 0.6
2 Lawn and Open Space S/ 5.7
3 Brush and Shrub 0.0
4 Meadow, Pasture, Grassland, or Range 0.0
5 Row Crop 0.0
6 Small Grain and Legumes 0.0
7 Woods - Indigenous 1.4 1.4
8 Woods - Planted 0.0
9 Woods and Grass Combination 0.0
10 Ponds, Lakes, and Other Open Water 0.0
11 Gravel and Dirt 0.0
12 Porous and Permeable Paving 0.0
13 Directly Connected Impervious 11.7 11.7
14 Unconnected Impervious with Small D/S Pervious 0.0
15 Unconnected Impervious with Large D/S Pervious 1.6 1.6
HSG Subtotals (Acres): 0.0 0.0 0.0 21.0 Total Area:
HSG Subtotals (%): 0.0% 0.0% 0.0% 100.0% Total % Area:

Points Subtotal:
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B. Compare Proposed Impervious Coverage with Maximum Allowable Impervious Coverage:

Total Directly Connected Impervious Coverage = 56% % of Site
Total Unconnected Impervious Coverage with Small D/S Pervious = 0% % of Site
Total Unconnected Impervious Coverage with Large D/S Pervious = 8% % of Site
Total Site Impervious Coverage = 63% % of Site
Effective Site Impervious Coverage = 60% % of Site
Specify Source of Maximum Allowable Impervious Coverage: [ Table | (None or Table)
Allowable Site Impervious Cover from Maximum Impervious Cover Table: [ 72% |

Note: See Maximum Impervious Cover Table Worksheet for Details

Points Subtotal: [ 6 |

C. Compare Proposed Site Disturbance with Maximum Allowable Site Disturbance:

Total Proposed Site Disturbance = % of Site
Maximum Allowable Site Disturbance by Municipal Ordinance = % of Site

Points Subtotal: [0 |

D. Describe Proposed Runoff Conveyance System:

Total Length of Runoff Conveyance System = 5150 Feet
Length of Vegetated Runoff Conveyance System = 765 Feet
% of Total Runoff Conveyance System That is Vegetated = 15%

Points Subtotal: [__ 11 |

E. Residential Lot Clustering:

Percent of Total Site Area that will be Clustered = % of Site

Minimum Standard Lot Size as Per Zoning (Note: 1/2 Acre or Greater) = Acres

Maximum Proposed Cluster Lot Size (Note:1/4 Acre or Less) = Acres

Percent of Clustered Portion of Site to be Preserved as Vegetated Open Space = % of Clustered Site Portion

Points Subtotal: [____ 0 |



F. Will the Following be Utilized to Minimize Soil Compaction?

Proposed Lawn Areas will be Graded with Lightweight Construction Equipment:
Percent of Proposed Lawn Areas to be Graded with Such Equipment:

No

25%

(Yes or No)
% of Lawn Areas

G. Are Any of the Following Stormwater Management Standards Met Using Only Nonstructural Strategies and Measures?

Groundwater Recharge Standards (NJAC 7:8-5.4-a-2):
Stormwater Runoff Quality Standards (NJAC 7:8-5.5):
Stormwater Runoff Quantity Standards (NJAC 7:8-5.4-a-3):

Note: If the Answers to All Three Questions at G Above are "Yes", Adequate Nonstructural Measures have been Utilized.

No

No

No

(Yes or No)
(Yes or No)
(Yes or No)

Points Subtotal: [ 0 |

Points Subtotal: [__ 0|

Total Proposed Site Points: H

Ratio of Proposed to Existing Site Points: | 82% |
Required Site Points Ratio: | 80% |

Nonstructural Point System Results: _

Proposed Nonstructural Measures are Adequate _
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