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INTRODUCTION

Purpose of Report

The purpose of this report is to present the criteria and methods utilized in the design of the
stormwater management facilities and the storm sewer collection system for the project
known as Repauno Redevelopment Warehouse Building 1. This report has been prepared in
conjunction with plans titled “Preliminary and Final Site Plan Application, Repauno
Redevelopment Warehouse Building 1", and addresses the stormwater management
requirements per NJAC 7:8.

Project Location

The total site is part of Block 8, Lot 4 in the Township of Greenwich, Gloucester County, New
Jersey, which is a portion of the former DuPont Repauno tract. The site is bounded on the
north by undeveloped wooded areas, to the east by residential homes and an active day care
facifity, and to the south and west by ‘A’ Line Road.

A site location map- has been provided in Appendix J of this report for reference.

Hydrologic Methodologies

The SCS Unit Hydrograph Method was utilized to calculate the stormwater runoff volumes
and rates from the project site. Technical Release No. 55 (TR55) was utilized to obtsin runoff
curve numbers {(CNs) for the various land cover types, and to obtain coefficients to calculate
the time of concentration (TC) for each drainage area. The hydrologic model was analyzed and
designed with the HydroCAD software program. '

The following parameters were utilized in the design of the stormwater management system:

Water Quantity — The site lies within a tidal flood area; therefore, the development is not
subject to peak runoff reduction rates per NJAC 7:8-b.4(a)3.iv. However, in order to
demonstrate downstream stability according to the applicable soil erosion and sediment
control standards, we have reduced peak development runoff rates to 50% and 75% for the
respective 2-year and 10-year storm events. Hydrographs have been generated utilizing the
Delmarva Unit hydrograph and regional rainfall data for Gloucester County (as contained in the
New Jersey Department of Agriculture Technical Bulletin 2004-4.0, dated January 1, 2005).
Hydrographs for impervious & pervious areas have besn calculated separately, per NJAC 7:8-
5.6(a)4.

Water Quality - The development must treat runoff volume generated by the NJDEP 1,25~
inch, 2-hour Water Quality Storm by utilizing stormwater management methods that reduce
the developed site’s average annual total suspended solids {TSS) load for alf drainage areas,
per NJAC 7:8-6.,6. Hydrographs for impervious & pervious areas have been calculated
separately, per NJAC 7:8-5.6(a)4.




Groundwater Recharge - The development must maintain 100 percent of the existing

annual groundwater recharge volume on site under developed conditions, per NJAC 7:8-5.4
and the New Jersey Stormwater BMP Manual, Chapter 6.

PRESENT LAND USE & DRAINAGE PATTERNS

Land Use

Currently the site is undeveloped with aerial utility lines and dirt roadways traversing the
portion of the property to be redeveloped under this application. The site is predominantly
covered with trees, low vegetation, and areas of grass. Three existing wetlands areas have
been assigned 50-foot transition areas along the west side and in the central area of the site.
The wetlands areas are connected by manmade ditches classified as ordinary resource value

with no associated buffers. There is also large area of exceptional resource value wetlands 7
west of "A”Line road with a 150-foot transition area that encroaches onto the site.

Topography and Soils

Based on a recent topographic survey performed by Langan, existing grades at the site
generally range from approximate el 4 to el 9 (NAVDS8) and are characterized by ponding
topography. The majority of the site drains westward into the large wetlands area, while the
remainder of the site drains east towards the alley that separates the property from the
residential units.

V XIQN3ddV

The following soil types are located within the site.

Symbol Description ‘Slopes HSG
MamuAv Mannington-Nanticoke-Udorthents Complex 0-1% C/D
UddcB Udorthents, Dredged Coarse Materials 0-8% D
USDOWB Urban Land — Downer Complex 0-5% D*

The soil boundaries and soil unit symbols for the soit types was determined by the NRCS
Web Soil Survey, as specified in the New Jersey Department of Agriculture Technical Bulletin
2006-1.0, dated June 1, 2006. A copy of the Soil Survey has been provided in Appendix J for

reference.

*Hydraulic soil group D was attributed to soils classified as Urban Land. based on the site's
surrounding soils, test borings, observed depths to groundwater, and susceptibility to coastal
flooding. Test Pit Logs are provided in Appendix |.

Present Drainage Areas

A map titled “Present Drainage Areas" is included in Appendix J of this report. This map
delineates the present drainage areas and the time of concentration flow path to the analysis
points. Runoff hydrographs have been calculated for each area shown under its present
conditions in order to determine present drainage characteristics for the portiocn of the site
under development.
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The present drainage areas are defined as follows:

“DA-1A" — Central portion of the site to be developed that drains to the large wetlands area
to the west and requires reduction;

“DA-1B” - Western portion of the site in wetlands not being disturbed and does not require
reduction factors; :

“DA-1C” —~ Central portion of the site in wetlands not being disturbed and does not require
reduction factors;

“DA-2" — Eastern portion of the site to the drains toward the residential lots:
Refer to Appendix A for a complete summary of the present drainage areas.

The peak runoff rates for the present conditions were calculated by adding the hydrographs of
drainage areas contributing to Analysis Point Out—Site< because of the varying site conditions
and time of concentrations the times at which peak rate occurred were not equal. A detailed
hydrograph calculation sheet is located in Appendix A. Also included are the peak reduction

rates utilized to determine the maximum discharge rates under developed conditions as
designated by NJAC 7:8-5.4{a)3iii.

Table 1 below summarizes the peak runcff rates that were calculated to the large wetlands

area to the west for the present conditions, as calculated by the hydrograph addition
calculations provided in Appendix A.

TABLE No. 1
Peak Discharge Summary for Present Conditions
Storm Freguency / Peak Runoff Rate {CFS)
Analysis Point 2-Year 10-Year 100-Year

DA-TA 2.80 21.72 49,29

Required Reduction Factors 50% 75% CN/A

Target Discharge 4.90 16.29 N/A
DA-1B 5.89 12.50 27.44

DA-1C - 0.61 1.30 2.86
Target Total Peak Discharge 11.40* 30.09* 79.57*

* The peak site discharge rate is derived from the addition of the hydrographs. See Appendix
A for the target total peak discharge rate calculations

Table 2 below summarizes the peak runoff rates that were calculated to the residential units

for the present conditions, as calculated by the hydrograph calculations provided in Appendix
A.

TABLE No. 2
Peak Discharge Summary for Present Conditions
Storm Frequency / Peak Runoff Rate (CFS)

Analysis Point 2-Year 10-Year 100-Year

Target Total Peak Discharge 3.36 6.73 14.10

Refer to Appendix A for supporting calculations.

V XIGQN3ddV
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DEVELOPED LAND USE & DRAINAGE DESIGN

Land Use

The site will be developed in two phases, each containing one warehouse building and
associated loading areas, and parking for both cars and trucks. When fully developed, the
tloor area of the two warehouse buildings will total 301,196 SF. Two ponds are proposed to
provide stormwater management for the development of the two proposed buildings; those
ponds are hydraulically connected by a 36" pipe. In total, the project proposes 15.37 acres of
impervious surface and an overall disturbance of 20.2 acres.

The normal water surface elevation (NW.S)) of the ponds was determined based on the
results of the geotechnical investigation. Specifically the two test pits in Wet Pond 1 indicate
an average seasonal high water table elevation 3.00 (NGVD 88). Since the two wet ponds are
hydraulically connected, Wet Pond 2 will have the same N.W.S.. Refer to appendix | for the
soil test pit logs.

Wet Pond 1;

N.W.S Elevation: 3.00

Test Pit No. 3 Test Pit No. 4
Surface Elevation 6.0 Surface Elevation 8.3
Seasonal High Water Seasonal High Woater
Elevation (SHWE) 4.5 Elevation (SHWE} 2.3
Groundwater Elevation | 1.8 Groundwater Elevation | 1.8’

Developed Drainage Areas

A map titled "Developed Drainage Areas” is included in Appendix J of this report. This map
delineates the developed drainage areas to the analysis points. Runoff hydrographs have
been calculated for each area shown under its developed conditions in order to determine
developed drainage characteristics for the portion of the site under development.

The developed drainage areas are defined as follows:

“DA-1A" - The portion of the site that is directed to the wet ponds;

“DA-1B” ~ Central portion of the site in undisturbed wetlands that is be routed around the
ponds;

“DA-1C" - Western portion of the site that continues to drain into the existing wetlands;
“DA-1A UNC” — The disturbed portion of the site that drains off-site and toward the existing
wetlands;

“DA-2 UNC" — The disturbed portion of the site that drains off-site and toward the residential

lots;

Refer to Appendix B for a complete summary of the developed drainage areas.
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Stormwater Quantity

. The proposed detention basins have been designed to reduce the peak runoff rates under

developed conditions for the 2-year and 10-year storm event. The total peak discharge from
the site under developed conditions must be at or below the reduced present peak runoff
rates at the analysis point calculated above in Table 1 and 2.

Table No. 1 summarizes the results of the runoff calculations under developed conditions
. showing that all discharge rate reductions are met at the existing wetlands area.

TABLE No. 1
Total Peak Discharge Summary for Developed Conditions
Storm Frequency / Peak Runoff Rate (CFS) Ik
Analysis Point 2-Year 10-Year 100-Year I
DA-1A 2.32 12.10 4360 \ A
DA-TA UNC 1.36 2.52 h.03
Total Peak Discharge 4.83*% 12.53* 45.28*
Target Peak Discharge 4.90 16.29 N/A >
DA-1B 5.89 12.50 27.44 ' ' m
DA-1C 0.31 1.30 286 Z
Total Peak Discharge 11.20*% 20.91* 87.19*% b
* The total peak discharge rate is derived from the addition of the hydrographs of the basins >
discharge & the uncontrolled drainage areas. See Appendix B for the target total peak

_discharge rate calculations.

Table No. 2 summarizes the results of the runoff calculations under developed conditions

showing that all discharge rate reductions are met for discharge Qff-Site. »

TABLE No. 2 : r:;l

Peak Discharge Summary for Developed Conditions ] g

Storm Freguency / Peak Runoff Rate {CFS) | 5

Analysis Point 2-Year . 10-Year 100-Year i| @
Target Total Peak Discharge 0.59 119 . 2.49

P —

Refer to Appendix B for supporting calculations.

Stormwater Quality

hours 1o meet the required TSS removal rate of 80%.

The wet ponds have been designed to meet New Jersey Stormwater Quality Requirements
per NJAC 7:8-5.5 and the New Jersey Stormwater BMP Manual, Chapter 9.11. The TSS
removal rate for a wet pond is based on the ratio of its permanent pool volume to the Water
Quality storm runoff volume & the extended detention time. The ratio of permanent pool
volume to the water quality storm is 3.88 and the extended detention time is 20.2 hours, The :
TSS removal rate for Basin 1 is 88%. _ g

I
|
The proposed development will incorporate a wet pond providing extended detention of 18
|
|
|
|
|




Refer to Appendix C for supporting calculations.

- Groundwater Recharge

The proposed development was analyzed utilizing the NJDEP Annual Groundwater Recharge
Analysis Spreadsheet (based on GSR-32), described in Chapter 6 of the New Jersey
Stormwater BMP Manual, along with existing and proposed impervious/pervious coverage
information. Based on spreadsheet, the existing soils and land coverage have no annual

groundwater recharge volume. Therefore, there will be no post development annual recharge
volume deficit.

Refer to Appendix F for Supporting calculations.

Emergency Spillway

The ponds have an effective height less than or equal to & feet. Therefore, the ponds are not
classified as a dam, per NJAC 7:20-1.8(a)4.

The minimum design storm that was utilized to calculate the required emergency spillway
capacity is the 24-hour, 100-year frequency, Type Ili storm. The emergency spiliway has been

designed assuming the principal spiliway is malfunctioning and will not altow any discharge or
flow. :

The minimum width of the spillway at the highest settled embankment height is 10 feet.

The top of wall around each basin has been designed to be a minimum of one foot above the

water surface in the detention basin with the emergency spillway flowing at the design
depth. _

Two eight-inch thick, anti-seep collars are proposed along the outlet pipes and are designed
per NRCS requirements.

Refer to Appendix D for supporting calculations.

Low Impact Design Strategies

Soil

The NJDEP Low Impact Development checklist has been included in Appendix G to discuss
the Low Impact Developrment strategies incorporated into the design of this project.

Erosion and Sediment Control
22=.=rosion and Sediment Control

The project has been designed to0 meet all soil erosion and sediment control criteria including
provisions for the prevention of soil erosion during construction, as shown on the Soil Erosion
& Sediment Control plan and detail sheets.

Point of Discharge Stability — There is no well-defined channel to discharge to and it can be
reasonably assumed due to the naturally flat topography that developed flow from the ponds
will disperse over a broad area. To meet the Standards for SESC in NJ, Chapter 21, page 4,
two basin outlet structures have been designed to ensure peak flows from the 25-year storm

V XION3ddv
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event do not exceed 10 CFS. The discharge locations have been separated by at least 50 fest
horizontally to avoid mixing of flows. The diameter of the outlet pipe has been increased and
its slope has been reduced to minimize discharge velocities. Supporting calculations can be
found in Appendix G.

Demonstrating Off-Site Stability — In order to demonstrate stability downstream of the point
of discharge, the developed condition peak flow rate was reduced to 50% and 75% of the
predevelopment peak flow rate for the 2- and 10-year storm events, as required in the
Standards for SESC in NJ, Chapter 21, page 6.

A summary of the flow velocity through the emergency spiltway exit channel has been
provided in Appendix D.

Permanent conduit outlet protection has been provided at all headwall and flared end section
dgischarge points throughout the site. Calculations for all proposed riprap aprons and scour
holes can be found in Appendix G.

torm Sewer

The storm sewer system has been designed in accordance with the Township Ordinances.
The Greenwich Township IDF curve, as determined by NOAA Atlas 14 was utiiized 0
determine the storm intensity. A minimum time of concentration of 10 minutes was utilized
in the design.

All proposed storm sewer has been designed for the 2b-year storm event. The stcrm pipe
discharging from the stormwater management basin has been designed for the 100-year
routed outflow from the basin.

Al storm sewer calculations have been tabulated and may be seen in Appendix H of this
report. A map titled “Inlet Drainage Areas” is included in Appendix J of this report.

CONCLUSION

In conclusion, the proposed development has been designed in accordance with NJAC 7:8
(NJDEP Stormwater Management Regutations) and the New Jersey Stormwater BMP
Manual criteria for water quantity, water quality and groundwater recharge, as well as the
latest Standards for Soil Erosion and Sediment Control. The proposed stormwater
management design will safely convey all developed runoff from the project.

\\Jangan,com\data\lsw\dat82\130063201\0 ffice Data\ﬁeports\stormwatsr\STDRMWATER MAMAGEMENT AEPORT dpcx
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DA 2

Reach

DA-1A DAIB DA-1C

jts

Wetlands

Routing Diagram for Existing DA
Prepared by Langan Eng & Env Srvcs, Inc, Printed 11/3/2015
HydroCAD® 10.00 sin 08132 @ 2013 HydroCAD Software Solutions LLC
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Present Condtions
Existing DA : Type i 24-hr 2-Year Rainfall=3.30"

Prepared by Langan Eng & Env Srvcs, Inc Printed 11/3/2015
HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC

Summary for Subcatchment EX-1A: DA-1A

Runoff = 9.80cfs @ 12.39 hrs, Volume= 1.573 af, Depth> 1.15"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type HI 24-hr 2-Year Rainfali=3.30"

Area (ac) CN __ Description
3.660 80 >75% Grass cover, Good, HSG D
6.190 77 Woods, Good, HSG D
6.450 70 Woods, Good, HSG C
0.080 89 Dirtroads, HSGD

16.380 75 Weighted Average
16.380 75 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description

(min)  (feet) (ft/ft)  (ft/sec) (cfs)
14.6 150. 0.0160 - 017 Sheet Flow,
Grass: Short n=0.150 P2=3.30"
5.7 630 0.0130 1.84 Shallow Concentrated Flow,

Unpaved Kv= 16.1fps

20.3 780 Total

Subcatchment EX-1A: DA-1A
Hydrograph

Type lll 24-hr

2-Year Rainfall=3.30"

“J | Runoff Area=16.380 ac
1 | Runoff Volume=1.573 af
s1 | Runoff Depth>1.15"

=] | Flow Length=780"

4 | Tc=20.3 min

CN=75/0

Flow (cfs)

R e L L LI S R R AL X R KRS R L L
0 1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time {hours)




Present Condtions
Existing DA Type il 24-hr 2-Year Rainfall=3.30"

Prepared by Langan Eng & Env Srvcs, Inc ) Printed 11/3/2015
HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC

Summary for Subcatchment EX-1B: DA-1B

Runoff = 5.89cfs @ 12.33 hrs, Volume= 0.876 af, Depth> 1.27"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type lll 24-hr 2-Year Rainfall=3.30"

Area(ac) CN Description

7.950 77 Woods, Good, HSG D
0.260 80 >75% Grass cover, Good, HSG D
0.040 89 Dirtroads, HSG D

8.250 77  Weighted Average
8.250 77 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
{(min) (feet) (fifft)  (ft/sec) (cfs)
18.0 Direct Entry,

Subcatchment EX-1B: DA-1B
Hydrograph

Type lll 24-hr
2-Year Rainfall=3.30"

] | Runoff Area=8.250 ac
+] | Runoff Volume=0.876 af
£ | | Runoff Depth>1.27"
£ 5] | Tc=18.0 min

CN=77/0

a ‘I" T [N T T Tt 11 |.. r.. Tl
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time (hours)



Present Condtions
Existing DA Type lil 24-hr 2-Year Rainfall=3.30"
Prepared by Langan Eng & Env Srvcs, Inc Printed 11/3/2015
HydroCAD® 10.00 s/n 08132 @ 2013 HydroCAD Software Solutions LLC - 3

Summary for Subcatchment EX-1C: DA-1C

Runoff = 061cfs @ 12.33 hrs, Volume= 0.091 af, Depth> 1.27"

Runoff-by-SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type lll 24-hr 2-Year Rainfall=3.30" .

Area (ac) CN Description
0.820 77 Woods, Good, HSG D
0.040 70 Woods, Good, HSG C
0.860 77 Weighted Average
0.860 77 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet) (ft/it)  (ft/sec) (cfs) -

18.0 Direct Entry,

Subcatchment EX-1C: DA-1C

Hydrograph
. 655 . o . . . . . . .

[o1chs ]

o.s-; Type Il 24-hr
053 | 2-Year Rainfall=3.30"
**1 | Runoff Area=0.860 ac

O:j Runoff Volume=0.091 af
.ss] | Runoff Depth>1.27"

Flow (cfs)

o.3-§ Tc=18.0 min
o2s{ | CN=77/0

T s s 'w.-'-|. T LN AN S v T T T T T
¢ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 o4
Time {hours)



hgan Eng & Env Srvces, Inc
n 08132 © 2013 HydroCAD Sofiware Solutions LLC

Present Condtions
Type ill 24-hr 2-Year Rainfall=3.30"

Printed - 11/3/2015

' Present Condtions
Existing DA Type Il 24-hr 2-Year Rainfall=3.30"

Prepared by Langan Eng & Env Srvcs, Inc Printed 11/3/2015
HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC

Summary for Subcatchment EX-1C: DA-1C
@ 12.33 hrs, Volume= 0.091 af, Depth> 1.27"

UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs

Summary for Subcatchment EX-2: DA 2

Runoff = 3.36cfs @ 12.35 hrs, Volume= 0.511 af, Depth> 1.47"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type Ill 24-hr 2-Year Rainfall=3.30"

Area (ac) CN Description

0.300 77  Woods, Good, HSG D
3.640 80 >75% Grass cover, Good, HSG D
0.240 89 Dirt roads, HSG D

4.180 80 Weighted Average
4180 80 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description

{min) (feet) {ft/ft)  (ft/sec) (cfs)
15.4 150 0.0140 0.16 Sheet Flow,
Grass: Short n=0.150 P2=3.30"
43 440 0.0110 1.69 Shallow Concentrated Flow,

Unpaved Kv=16.1fps

19.7 590 Total

Subcatchment EX-2: DA 2
Hydrograph

153

| | Type lll 24-hr

31 | 2-Year Rainfall=3.30"
| | Runoff Area=4.180 ac
| 1 Runoff Volume=0.511 af
2| | Runoff Depth>1.47"

| | Flow Length=590"
Tc=19.7 min

CN=80/0

Flow (cfs)

T T S B I I A Ee e I B Tl R | T T 1
11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time {hours}




Present Condtions
Existing DA , Type Il 24-hr 10-Year Rainfail=5.00" .

Prepared by Langan Eng & Env Srvcs, Inc Printed 11/3/2015
HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC

Summary for Subcatchment EX-1A: DA-1A

Runoff = 21.72cfs @ 12.35 hrs, Volume= - 3.319 af, Depth> 2.43"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type Il 24-hr 10-Year Rainfall=5.00"

Area (ac) CN  Description

3.660 80 >75% Grass cover, Good, HSG D
6.190 77  Woods, Good, HSG D

6.450 70  Woods, Good, HSG C

0.080 89 Dirt roads, HSG D

16.380 75  Weighted Average
16.380 75 100.00% Pervious Area

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

14.6 150 0.0160 0.17 Sheet Flow,
. Grass: Short n=0.150 P2= 3.30"
57 630 0.0130 1.84 Shallow Concentrated Flow,

Unpaved Kv= 16.1 1ps

20.3 780 Total

Subcatchment EX-1A: DA-1A

Hydrograph
244 : . o _
233 7 -ﬂ Runoif
' |

=4 | Type Ill 24-hr
1 | 10-Year Rainfall=5.00"

i] | Runoff Area=16.380 ac
E Runoff Volume=3.319 af
133 Runoff Depth>2.43"
] | Flow Length=780_‘
oy | T¢=20.3 min

1 | CN=75/0

33
e . P e 0 M 12 13 14 15 15 17 6 76 20 21 % 2 o8

Time (hours)

Flow (cfs)




Present Condtions
Existing DA Type lil 24-hr 2-Year Rainfall=3.30"

Prepared by Langan Eng & Env Srvcs, Inc

Printed - 11/3/2015
HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Soitware Sq_lutions LLC ] )

Summary for Link 1: Wetlands

Inflow Area = 25 490 ac, 0.00% Impervious, Inflow Depth > 1.20" for 2-Year event
Inflow = 16.27 cfs @ 12.37 hrs, Volume= 2.540 af
Primary == 16.27 cfs @ 12.37 hrs, Volume=" 9 540 af, Atten= 0%, Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs

Link 1: Wetlands
Hydrograph
8 Inflow
183 i Primaryl
| Inflow Area=25.490 HEEA
147
13—5:

Flow (cfs)

L A IR SRR R SRS T TITTT L
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Time (hours) '




Present Condtions
Existing DA Type Ili 24-hr 10-Year Rainfall=5.00"

Prepared by Langan Eng & Env Srvcs, Inc ‘ : Printed 11/3/2015
HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC

Summary for Subcatchment EX-1B: DA-1B

Runoff = 12.50 cfs @ 12.31 hrs, Volume= 1.792 af, Depth> 2.61"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type Il 24-hr 10-Year Rainfall=5.00"

Area (ac) CN  Description
7.950 77 Woods, Good, HSG D
0.260 80 >75% Grass cover, Good, HSG D
0.040 89 Dirt roads, HSG D
8250 77 Weighted Average
8.250 77 100.00% Pervious Area

Tc Length Slope Velogity Capacity Description
(min) __ (feet) (ft/ft) _ (ft/sec) (cfs)

18.0 Direct Entry,

Subcatchment EX-1 B: DA-1B
Hydrograph

-1 | Type lli 24-hr N
#{ | 10-Year Rainfall=5.00"
o} | Runoff Area=8.250 ac
] | Runoff Volume=1.792 af

£ 1| Runoff Depth>2.61"
¢ 1| Tc=18.0 min

5- CN=77IO

4]
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Prepared by Langan Eng & Env Srvcs, Inc
HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC

Present Condtions
Existing DA Type Il 24-hr 10-Year Rainfall=5.00"
Printed 11/3/2015

Summary for Subcatchment EX-1C: DA-1C

Runoff =  1.30cfs@ 12.31 hrs, Volume= 0.187 af, Depth> 2.61"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs

Type lll 24-hr 10-Year Rainfall=5.00"

Area (ac) CN Description

0.820 77 Woods, Good, HSG D
0.040 70 Woods, Good, HSG C

0.860 77  Weighted Average
0.860 77 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
{min)  {feet) {ft/it) _ (ft/sec) (cfs)

18.0 Direct Entry,

Subcatchment EX-1C: DA-1C
Hydrograph

A

Type lil 24-hr
10-Year Rainfall=5.00" g%
] | Runoff Area=0.860 ac &
Runoff Volume=0.187 af i
Runoff Depth>2.61"
Tc=18.0 min '
CN=77/0

Flow (cfs)

Time (hours})

Sas T R L L L RN LAY L LA
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| Present Condtions
Existing DA Type Il 24-hr 10-Year Rainfall=5.00"

Prepared by Langan Eng & Env Srvcs, Inc Printed 11/3/2015

HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions ELC
Summary for Subcatchment EX-2: DA 2

Runoff = 6.73cfs @ 12.32 hrs, Volume= 1.001 af, Depth> 2.87"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type Il 24-hr 10-Year Rainfall=5.00"

Area (ac) CN Description
0.300 77 Woods, Good, HSG D
3.640 80 >75% Grass cover, Good, HSG D
0.240 89 Dirtroads, HSG D
4180 80 Weighted Average
4180 80 100.00% Pervious Area

Tc Length Slope Velocity Capacify DCescription
(min)  (feet) (ft/ft)  (ft/sec) {cfs)

15.4 150 0.0140 0.16 Sheet Flow,
.- Grass: Short n= 0.150 P2=3.30"
4.3 440 0.0110 1.69 Shallow Concentrated Flow,

Unpaved Kv=16.1fps

19.7 590 Total

Subcatchment EX-2: DA 2
Hydrograph

. .
Type lll 24-hr N
s | 10-Year Rainfall=5.00"
Runoff Area=4.180 ac
Runoff Volume=1.001 af

Z .] | Runoff Depth>2.87"
2 1| Flow Length=590'
1 | Te=19.7 min

CN=80/0

"’ !"‘\""f""l BRI LR R R Tro T L | o 1
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 116 17 18 198 20 2 2'2 23 24
Time (hours)




‘ Present Condtions
Existing DA Type lil 24-hr 10-Year Rainfail=5.00"

Prepared by Langan Eng & Env Srvcs, Inc Printed 11/3/2015
HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC

Summary for Link 1: Wetlands

Inflow Area = 25490 ac, 0.00% Impervious, Inflow Depth > 2.49" for 10-Year event
Inflow = 3542 cfs @ 12.33 hrs, Volume= 5.298 af
Primary = 3542 cfs @ 12.33 hrs, Volume= 5.298 af, Atten=0%, Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs

Link 1: Wetlands
Hydrograph

B Inflow

38—; B Primary
367 Inflow Area=25.490 -
344
324
304
287
263
24
22
207
183
167
149
123
104
81 .
6]
4
2] 4
0 1%

Flow (cfs)
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Present Condfions
Existing DA Type il 24-hr 1 00-Year Rainfall=8.50"

Prepared by Langan Eng & Env Srvcs, Inc Printed 11/3/2015
HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC ‘

Summary for Subcatchment EX-1A: DA-1A

Runoff = 4929 cfs @ 12.33 hrs; Volume= 7.454 af, Depth> 5.46"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type 11l 24-hr 100-Year Rainfall=8.50"

Area (ac) CN Description
3.660 80 >75% Grass cover, Good, HSG D
6.190 77 Woods, Good, HSG D
6.450 70 Woods, Good, HSG C
0.080 89 Dirtroads, HSG D
16.380 75 Weighted Average
16.380 75 100.00% Pervious Area

Te Length Slope Velocity Capacity Description

(min) __ (feet) (ftifty  (ft/sec) (cfs)
14.6 150 0.0160 0.17 Sheet Flow,
Grass: Short n=0.150 - P2= 3.30"
57 630 0.0130 1.84 Shallow Concentrated Flow,

Unpave_d Kv= 16.1 fps
20.3 780 Total

Subcatchment EX-1A: DA-1A
Hydrograph

" T |
“1 | Type Il 24-hr | |
1 | 100-Year Rainfall=8.50"
1 | Runoff Area=16.380 ac
% | Runoff Volume=7.454 af
=] | Runoff Depth>5.46"

»{ | Flow Length=780"

2] | T¢=20.3 min

CN=75/0

Flow (cfs)

s 4 5 5 7 B 9 10 11 12 13 14 T 16 17 48 19 20 20 22 23 24
Time (hours)




Present Condtions
Existing DA : Type lll 24-hr 100-Year Rainfall=8.50"

Prepared by Langan Eng & Env Srvcs, inc Printed 11/3/2015
HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC

Summary for Subcatchment EX-1B: DA-1B

Runoff = 2744 cfs @ 12.29 hrs, Volume= 3.922 af, Depth> 5.70"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type Il 24-hr 100-Year Rainfall=8.50"

Area (ac) CN Description
7.950 77 Woods, Good, HSG D
0.260 80 >75% Grass cover, Good, HSG D
0.040 89 Dirtroads, HSG D
8.250 77  Weighted Average
8.250 77 100.00% Pervious Area

Tc Length Slope Velocity' Capacity Description
{min) (feet) (fi/ft)  .(ft/sec) fcfs)

18.0 Direct Entry,

Subcatchment EX-1B: DA-1B

Hydrograph
] o
28] : '

Type Ill 24-hr

+{ | 100-Year Rainfall=8.50"
21 | Runoff Area=8.250 ac
Runoff Volume=3.922 af
{ | Runoff Depth>5.70"

#{ | Tc=18.0 min

1 | CN=77/0

Flow (cfs)
>
[l
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Present Condtions
Existing DA Type Il 24-hr 100-Year Rainfall=8.50"

Prepared by Langan Eng & Env Srvcs, Inc Prinied 11/3/2015
HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC :

Summary for Subcatchment EX-1C: DA-1C

Runoff = 2.86cfs @ 12.29 hrs, Volume= 0.409 af, Depth> 5.70"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/tmperv., Time Span 0.00-24.00 hrs, dt=0.05 hrs
Type lll 24-hr 100-Year Rainfall=8.50"

Area (ac) CN Description
0.820 77 Woods, Good, HSG D
0.040 70 Woods, Good, HSG C
0.860 77 Weighted Average
0.860 77  100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
{min) (feet) (ft/fty  (ft/sec) (cfs)
18.0 Direct Entry,

Subcatchm_ent EX-1C: DA-1C

Hydrograph
31 .

Type Il 24-hr

100-Year Rainfall=8.50"
| | Runoff Area=0.860 ac

21 | Runoff Volume=0.409 af
| | Runoff Depth>5.70"
Tc=18.0 min

Flow (cfs)

CN=77/0

' — s s ¥ -*-'|- Troo et 'l"l'“"l““l." Tr oo iy Rt kR o R
0 1 2 3 4 5 & 7 8 9 10 11 12 13 14 15 16 17 1'8 19 20 21 22 23 24
Time (hours)



Present Condtions
Existing DA Type Il 24-hr 100-Year Rainfali=8.50"
Prepared by Langan Eng & Env Srvcs, Inc Printed 11/3/2015

HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC

Summary for Subcatchment EX-2: DA 2

Runoff = 14.10 cfs @ 12.31 hrs, Volume= 2.111 af, Depth> 6.06"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt=0.05 hrs
Type Il 24-hr 100-Year Rainfali=8.50"

Area (ac) CN  Description
0.300 77 Woods, Good, HSG D
3.6840 80 >75% Grass cover, Good, HSG D
0.240 89 Dirfroads, HSG D

4180 80 Weighted Average
4180 80 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
{min) ___ (feet) (fft)  (ft/sec) (cfs)

15.4 150 0.0140 0.16 Sheet Flow,
Grass: Short n=0.150 P2= 3.30"
4.3 440 0.0110 1.69 Shallow Concentrated Flow,

Unpaved Kv= 16.11ps

19.7 590 Total

Subcatchment EX-2: DA 2
Hydrograph

15 | - |
] | Type il 24-hr ,
100-Year Rainfall=8.50"
+1 | Runoff Area=4.180 ac
] | Runoff Volume=2.111 af
Runoff Depth>6.06"

1 | Flow Length=590

) | Tc=19.7 min
CN=80/0

Flow {cfs)

e T DU U R LA B R LR I T T T
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' Present Condtions
Existing DA Type lll 24-hr 100-Year Rainfall=8.50"

Prepared by Langan Eng & Env Srvcs, Inc - Printed 11/3/2015
HydroCAD® 10.00_s/n 08132 ® 2013 HydroCAD Software Solutions LLC

Summary for Link 1: Wetlands

Inflow Area = 25490 ac; 0.00% Impervious, Infiow Depth > 5.55" for 100-Year event

Inflow = 79.57 cfs @ 12.31 hrs, Volume= 14.785 af
Primary = 79.57 cfs @ 12.31 hrs, Volume= 11.785 af, Atten= 0%, Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs

Link 1: Wetlands
Hydrograph

8 Inflow
E : - : 8 Primary

o] Inflow Area=25.490

. Flow (cfs)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time (hours)




Appendix B

Developed Drainage Analysis

I XIAN3IddV

[(F XHIN



Building

DA-1A Pond

Subcat

l;

Reach

DA1A—|\K ‘?1 A-Perv

Wet Pands (Combined)

(2

DA~ DA-1C ncontralled DA1 Uncontrolled DA2

Analysis Paini

Routing Diagram for Dev DA two outlets
Prepared by Langan Eng & Env Srvcs, Inc, Printed 11/3/2015
HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC




_ Developed Condtions
Dev DA two outlets Type Il 24-hr 2-Year Rainfall=3.30"

Prepared by Langan Eng & Env Srvcs, Inc Printed 11/3/2015
HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC

Time span=0.00-48.00 hrs, dt=0.05 hrs, 961 points
Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv.
Reach routing by Stor-Ind+Trans method - Pond routing by Stor-Ind method

Subcatchment1Z: Uncontrolled DA1 Runoff Area=1.050 ac  18.10% Impervious Runoff Depth=1.77"
Tc=10.0 min CN=80/98 Runoff=1.36 cfs 0.155 af

SubcatchmentDA-1AlMP: DA-1A-IMP Runoff Area=8.340 ac  100.00% Impervious Runoff Depth=3.07"
Tc=15.0 min CN=0/88 Runofl=14.87 cfs 2.132 af

SubcatchmentDA-1APER: DA-1A-Perv Runoff Area=2.320 ac 0.00% Impervious Runoff Depih=1.35"
Tc=15.0 min CN=78/0 Runoff=1.91 cfs 0.260 af

SubcatchmentDA-1APond:DA-1APond  Runoff Area=1.470 ac 100.00% Impervious Runoff Depth=3.07"
Tc=10.0 min CN=0/98 Runoff=3.14 cfs 0.376 af

SubcatchmentDA1A-BLD:Building Runoff Area=6.840 ac 100.00% Impervious Runoff Depth=3.07"
: Tc=15.0 min CN=0/98 Runoff=12.20 cfs 1.748 af

SubcatchmentDEV-1B: DA-1B Runoff Area=8.250 ac  0.00% Impervious Runoff Depth=1.28"
Tc=18.0 min CN=77/0 Runoff=5.89 cfs 0.883 af

SubcatchmentDEV-1C: DA-1C Runoff Area=0.860 ac 0.00% Impervious Runoff Depth=1.28"
Tc=18.0 min CN=77/0 Runoff=0.61 cfs 0.092 af

SubcatchmentDEV-2: UncontrolledDA2 Runoff Area=0.540 ac 0.00% Impervious Runoff Depth=1.48"
Te=10.0 min CN=80/0 Runoff=0.59 cfs 0.067 af -

Pond 1P: Wet Ponds (Combined) _ Peak Elev=4.84' Storage=8.118 af Inflow=32.02 cfs 4.516 af
Primary=2.32 cfs 2.208 af Secondary=2.32 ¢fs 2.208 af Outflow=4.63 cfs 4.415 af

Link 1: AnalysisPoint Inflow=11.20 cfs 5.545 af
‘ Primary=11.20 cfs 5.545 af

Total Runoff Area = 29.670 ac  Runoff Volume = 5.712 af Average Runoff Depth = 2.31"
43.24% Pervious = 12.830 ac  56.76% Impervious = 16.840 ac




Developed Condtions
Dev DA two outlets Type lll 24-hr 2-Year Rainfall=3.30"
Prepared by Langan Eng & Env Srvcs, Inc Printed 11/3/2015
HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC '

Summary for Subcatchment 1Z: Uncontrolled DA1
Runoff = 1.36cfs @ 12.17 hrs, Volume= 0.155 af, Depth= 1.77"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type Il 24-hr 2-Year Rainfall=3.30"

Area (ac) CN  Description

0.860 80 >75% Grass cover, Good, HSG D

* 0.190 98 |mpervious

1.050 83 Weighted Average
0.860 80 81.90% Pervious Area
0.190 98 18.10% Impervious Area

Tc Length Slopé Velocity Capacity Description
(min)  (feet) (ft'ft)  (ft/sec) (cfs)

10.0 Direct Entry,

Subcatchment 1Z: Uncontrolled DA1
Hydrograpﬁ

Type lil 24-hr
2-Year Rainfall=3.30"
Runoff Area=1.050 ac

Runoff Volume=0.155 af
Runoff Depth=1.77"
Tc=10.0 min

CN=80/98

Flow (cfs)

0 2 4 & 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (hours)




. | Developed Condtions
Dev DA two outlets Type I 24-hr 2-Year Rainfall=3.30"
Prepared by Langan Eng & Env Srvcs, Inc ' : Printed 11/3/2015
HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC ‘

Summary for Subcatchment DA-1A IMP: DA-1A-IMP

Runoff = 1487 cfs @ 12.23 hrs, Volume= 2.132 af, Depth= 3.07"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= Q.05 hrs
Type Il 24-hr 2-Year Rainfall=3.30"

Area (ac) CN Description
* 8.340 98 Paved
8.340 98 100.00% Impervicus Area

Tc Length Slope Velocity Capacity Description
(min)  (feef) (ft/ft)  (ft/sec) (cfs)

15.0 Direct Entry,

Subcatchment DA-1A IMP: DA-1A-IMP

Hydrograph .

12 Type lll 24-hr -

13 2-Year Rainfall=3.30"

b | Runoff Area=8.340 ac
1o Runoff Volume=2.132 af
§ of Runoff Depth=3.07"
o Tc=15.0 min

6 CN=0/98

5 .

3]

2
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Developed Condtions
Dev DA two outlets Type Ill 24-hr 2-Year Rainfall=3.30"
Prepared by Langan Eng & Env Srvcs, Inc _ Printed 11/3/2015
HydroCAD® 10.00 s/n 08132 ® 2013 HydroCAD Software Solutions LLC

Summary for Subcatchment DA-1A PER: DA-1A-Perv
Runoff = 1.91¢fs @ 12.27 hrs, Volumes 0.260 af, Depth= 1.35"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type lll 24-hr 2-Year Rainfall=3.30"

Area (ac) CN _ Description

1.480 80 >75% Grass cover, Good, HSG D
0.840 74 >75% Grass cover, Good, HSG C

2.320 78 . Weighted Average
2.320 78 100.00% Pervious Area

Tc Length Slope Veiocity Capacity Description
(min) _ (feet) (ft/ft)  (ft/sec) (cfs)

15.0 Direct Entry,

Subcatchment DA-1A PER: DA-1A-Perv
Hydrograph

<5 Type lIl 24-hr
2-Year Rainfall=3.30"
Runoff Area=2.320 ac
Runoff Volume=0.260 af
Runoff Depth=1.35" |
Tc=15.0 min

CN=78/0

Flow (cfs)

pury
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‘ : Developed Condtions
Dev DA two outlets Type HI 24-hr 2-Year Rainfall=3.30"

Prepared by Langan Eng & Env Srvcs, Inc Printed 11/3/2015
HydroCAD® 10.00_s/n 08132 © 2013 HydroCAD Software Solutions LLC

Hydrograph for Subcatchment DA-1A PER: DA-1A-Perv

Time Precip. Perv.Excess Imp.Excess Runoff
(hours) (inches} {inches) (inches) (cfs)
0.00 0.00 0.00 0.00 0.00
1.00 0.03 - 0.00 0.00 0.00
2.00 0.07 0.00 0.00 0.00
3.00 0.10 0.00 0.00 0.00
4.00 0.14 0.00 0.00 0.00
5.00 0.19 0.00 0.00 0.00
6.00 0.24 0.00 0.00 0.00
7.00 0.30 0.00 0.00 0.00
8.00 0.38 0.00 0.00 0.00
9.00 0.48 0.00 0.00 0.00
10.00 0.62 0.00 0.00 0.00
11.00 0.83 0.02 0.00 0.06
12.00 1.65 0.30 0.00 0.71
13.00 247 0.77 0.00 0.7
14.00 2.68 0.90 0.00 0.30
15.00 2.82 1.00 0.00 0.22
16.00 2.92 1.07 0.00 0.16
17.00 3.00 _ 1.13 0.00 0.13
18.00 3.06 117 0.00 0.10
19.00 3.1 1.21 0.00 0.08
20.00 3.16 1.24 0.00 0.08
21.00 3.20 127 0.00 0.07
22.00 3.24 1.30 0.00 0.06
23.00 3.27 1.32 . 0.00 0.06
24.00 3.30 1.35 0.00 0.05
25.00 3.30 1.35 0.00 0.00
26.00 3.30 1.35 0.00 0.00
27.00 3.30 1.35 0.00 0.00
28.00 3.30 1.35 0.00 0.00
29.00 3.30 1.35 0.00 0.00
30.00 3.30 1.35 0.00 0.00
31.00 3.30 1.35 0.00 0.00
32.00 3.30 1.35 0.00 0.00
33.00 3.30 1.35 0.00 0.00
34.00 3.30 1.35 0.00 0.00
35.00 3.30 1.35 0.00 0.00
36.00 3.30 1.35 0.00 0.00
37.00 3.30 1.35 0.00 0.00
38.00 3.30 1.35 0.00 0.00
39.00 3.30 135 0.00 0.00
40.00 3.30 1.35 0.00 0.00
41.00 3.30 1.35 - 0.00 0.00
42.00 3.30 1.35 0.00 0.00
43.00 3.30 1.35 0.00 0.00
44.00 3.30 1.35 0.00 0.00
45.00 3.30 1.35 0.00 0.00
46.00 3.30 1.35 0.00 0.00
47.00 3.30 1.35 0.00 0.00

48.00  3.30 1.35 0.00 0.00
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Developed Condtions
Dev DA two outlets Type Il 24-hr 2-Year Rainfali=3.30"
Prepared by Langan Eng & Env Srvces, Inc _ Printed 11/3/2015
HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC

Summary for Subcatchment DA-1APond: DA-1A Pond
Runoff = 3.14cfs @ 12.16 hrs, Volume= 0.376 af, Depth= 3.07"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type lll 24-hr 2-Year Rainfall=3.30"

Area (ac) CN_ Description f
* 1.470 98 Wet Pond
1.470 98 100.00% Impervious Area

Tc Length  Slope Velocity Capacity Description
_ {min)  (feet) (ft/ft)  (ft/sec) (cfs)

10.0 Direct Entry,

Subcatchment DA-1APond: DA-1A Pond
Hydrograph

Type Il 24-hr
2-Year Rainfall=3.30"

Runoff Area=1.470 ac

: Runoff Volume=0.376 af
I Runoff Depth=3.07"
s Tc=10.0 min
' CN=0/98

T T T T J.. I g - e AT "";"';"" e ‘ s ‘P‘.T‘!’;‘.' o
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Time (hours)




Deveioped Condtions
Dev DA two outlets : Type lIl 24-hr 2-Year Rainfall=3.30"

Prepared. by Langan Eng & Env Srvcs, Inc Printed 11/3/2015
HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC

‘Summary for Subcatchment DA1A-BLD: Building
Runoff = 12. 20 cfs@ 12.23 hrs Volume= - 1.748 af, Depth= 3.07"

Runoff by SCS TR-20 method UH=Delmarva, Split Pervious/Imperv., Tlme Span— 0.00-48.00 hrs, dt= 0.65 hrs
Type 1ll 24-hr 2-Year Rainfall=3.30"

Area (ac) CN i Description
6.840 98 Roofs
6.840 28 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet) (ft/fit)  (ft/sec) (cfs)
15.0 Direct Entry,

Subcatchment DA1A-BLD: Building

Hydrograph
153
2] | Type Ill 24-hr
" B ) 2-Year Rainfall=3.30"
“’? N e ~ Runoff Area=6.840 ac
- Runoff Volume=1.748 af
G | : Runoff Depth=3.07"
N Tc=15.0 min
o] | i ' ~ CN=0/98

i "-" T ] Lt Bl B Ll . T '[‘ . T | g " n L LI .. .. L .
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Time (hours)
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Developed Condtions
Dev DA two outlets Type lll 24-hr 2-Year Rainfall=3.30"
Prepared by Langan Eng & Env Srvcs, Inc : Printed 11/3/2015
HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC

Summary for Subcatchment DEV-1B: DA-18

Runoff = 5.88cfs @ 12.33 hrs, Volume= 0.883 af, Depth= 1.28"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/lmperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type Nl 24-hr 2-Year Rainfall=3.30"

Area (ac) CN  Description

7.950 77  Woods, Good, HSG D
0.300 80 >75% Grass cover, Good, HSG D

8.250 77 Weighted Average
8.250 77 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min}  (feet) (ft/it)y  (ft/sec) (cfs)

18.0 Direct Entry,

Subcatchment DEV-1B: DA-1B

Hydrograph

Type Il 24-hr
2-Year Rainfall=3.30"
Runoff Area=8.250 ac

Runoff Volume=0.883 af
Runoff Depth=1.28"

Tc=18.0 min

.. CN=77/0

Flow (cfs)
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- Summary for Subcatchment DEV-1C: DA-1C

Runoff = 0.61cfs @ 12.33 hrs, Volume= 0.092 af, Depth= 1.28"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type lll 24-hr 2-Year Rainfall=3.30"

Area (ac) CN - Description
0.040 70 Woods, Good, HSG C
0.820 77  Woods, Good, HSG D
0.860 77 Weighted Average
0.860 77 100.00% Pervious Area

Tc Length Slope Velocity Capacity - Description
(min)  (feet) (fi/fft)  (ft/sec) {cfs)
18.0 Direct Entry,

Subcatchment DEV-1C: DA-1C

Hydrograph
o |
Type Il 24-hr
0867 2-Year Rainfall=3.30"
1 Runoff Area=0.860 ac
0:3 Runoff Volume=0.092 af
§ o] Runoff Depth=1.28"
Tc=18.0 min
0.25—§ “ .”CN=77IO
0.2 ;
0.15;
0.1
0.05;1

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time {hours)
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Summary for Subcatchment DEV-2: Uncontrolled DA2

Runoff = 0.59cfs @ 12.18 hrs, Volume= 0.067 af, Depth= 1.48"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type Il 24-hr 2-Year Rainfall=3.30"

Area (ac) CN Description
0.540 80 »75% Grass cover, Good, HSG D
0.540 80 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet) (fi/ft)  (ft/sec) (cfs)
10.0 Direct Entry,

Subcatchment DEV-2: Uncontrolled DA2

Hydrograph
o

e Type lll 24-hr

- 2-Year Rainfall=3.30"

. Runoff Area=0.540 ac

Runoff Volume=0.067 af
8 oss] ~ Runoff Depth=1.48"
& o3 "~ Tc=10.0 min

0.25-; _ CN=80/0

0.2

0.15-5

0.05—5

78 30 32 34 36 38 40 42 44 4

s L _— -|; .). S
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Summary for Pond 1P: Wet Ponds (Combined)

Inflow Area = 18.970 ac, 87.77% Impervious, Inflow Depth = 2.86" for 2-Year event
Inflow = 32.02cts @ 12.22 hrs, Volume= 4.516 af

Outflow = 463cfs @ 13.53 hrs, Volume= 4.415 af, Atten= 86%, Lag— 78.6 min
Primary = 232cfs @ 13.53 hrs, Volume= 2.208 af

Secondary = 2.32cfs @ 13.53 hrs, Volume= 2.208 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Starting Elev= 3.00' Surf.Area= 1.330 ac Storage= 5620 af
Peak Elev=4.84'@ 13.53 hrs Surf.Area= 1.368 ac Storage= 8.118 af (2 498 af above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time=342.6 min (1,120.5-777.9)

Volume Invert Avail.Storage Storage Description
#1 -3.00" 12.485 af Custom Stage Data (Prismatic)Listed below
Elevation Surf.Area Inc.Store Cum.Store
ffeet) (acres) (acre-feet) (acre-feet)
-3.00 0.550 0.000 0.000
-2.00 0.610 0.580 0.580
- -1.00 0.770 0.690 . 1.270
0.00 0.900 0.835 2.105
1.00 1.150 1.025 - 3.130
2.00 1.250 1.200 4.330
3.00 1.330 1.290 5,620
4.00 1.360 1.345 6.965
5.00 1.370 1.365 8.330
6.00 1.380 1.375 9.705
7.00 1.390 1.385 11.090
8.00 1.400 1.395 12.485
Device Routing Invert Qutlet Devices
#1  Device7 3.00" 8.5" Vert. Orifice/Grate C=0.600
#2 Device 8 3.00" 8.5" Vert. Orifice/Grate C= 0.600
#3 Device 7 4.90' 1.4'long x 0.5 breadth Broad-Crested Rectangular Weir

Head (feet) 0.20 0.40 0.60 0.80 1.00
Coef. (English) 2.80 2.92 3.08 3.30 3.32

#4  Device 8 4.90' 1.4'long x 0.5 breadth Broad-Crested Rectangular Weir
Head (feet) 0.20 0.40 0.60 0.80 1.00
Coef. (English) 2.80 2.92 3.08 3.30 3.32

#5 Device 7 6.25' 4.0'long x 0.5' breadth Broad-Crested Rectangular Weir
Head (feet) 0.20 0.40 0.60 0.80 1.00
Coef. (English} 2.80 2.92 3.08 3.30 3.32

#6 Device 8 6.25' 4.0'long x 0.5' breadth Broad-Crested Rectangular Weir
Head (feet) 0.20 0.40 0.60 0.80 1.00
Coef. (English) 2.80 2.92 3.08 3.30 3.32

#7  Primary 290" 36.0" Round Culvert
L=60.0" RCP, square edge headwall, Ke= 0.500




Developed Condtions
Dev DA two outlets Type Il 24-hr 2-Year Rainfall=3.30"

Prepared by Langan Eng & Env Srvcs, Inc Printed 11/3/2015
HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC

Inlet/ Qutlet Invert= 2.90' / 2.50' S=0.0067 '/ Cc=0.900
n=0.013, Flow Area= 7.07 sf

#8  Secondary 2.90" 36.0" Round Culvert
L=60.0" RCP, square edge headwall, Ke= 0.500
Inlet / Outlet Invert= 2.90'/ 2.50' S=0.0067"'" Cc= 0.900
n=0.013, Flow Area= 7.07 sf

Primary OutFlow Max=2.32 cfs @ 13.53 hrs HW=4.84' (Free Discharge)
I=Culvert (Passes 2.32 cfs of 18.46 cfs potential flow)
1=0Orifice/Grate (Orifice Controls 2.32 cfs @ 5.88 fps)
3=Broad-Crested Rectangular Weir( Controls 0.00 cfs)
5=Broad-Crested Rectangular Weir( Controls 0.00 cfs)

Secondary OutFlow Max=2.32 cfs @ 13.53 hrs HW=4.84' (Free Discharge)
g=Culvert (Passes 2.32 cfs of 18.46 cfs potential flow)
2=Qrifice/Grate (Orifice Controls 2.32 cfs @ 5.88 fps)
4=Broad-Crested Rectangular Weir( Controls 0.00 cfs)
6=Broad-Crested Rectangular Weir( Controls 0.00 cfs)

Pond 1P: Wet Ponds (Combined)

Hydrograph
; B Inflow
| B gutor
: | - Inflow Area=18.970 ac | |B&my
2] , Peak Elev=4.84"'
30 , Storage=8.118 af

Flow ([cfs)
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Hydrograph for Pond 1P: Wet Ponds (Combined)

Time Inflow Storage Elevation Outflow Primary Secondary
(hours) {cfs) {acre-feet) (feet) {cfs) {cfs) {cfs)
0.00 0.00 5.620 3.00 0.00 0.00 0.00
1.00 0.00 5.620 3.00 0.00 0.00 0.00
2.00 0.07 5.621 3.00 0.00 0.00 0.00
3.00 0.21 5.632 3.01 0.00 0.00 0.00
4.00 0.35 5.655 3.03 0.01 0.00 0.00
5.00 0.48 5.688 3.05 0.02 __ 0.0
6.00 0.61 5.730 3.08 0.07 0.03 0 03
7.00 0.83 5.780 312 0.12 0.06 0.06
8.00 1.12 5.848 3.17 0.21 0.10 .10
9.00 1.63 5.935 3.23 0.39 0.19 0.19
10.00 2.29 6.053 3.32 0.69 0.34 0.34
11.00 3.43 6.210 3.44 1.16 0.58 0.58
12.00 16.26 6.598 3.73 232 1.16 1.186
13.00 9.16 8.042 4.79 4.55 2.27 2.27
14.00 3.62 8.094 4.83 4.60 2.30 2.30
15.00 2.53 7.962 473 4.45 2.23 2,23
16.00 1.83 7.783 -4.60 423 212 212
17.00 1.39 7.575 4.45 - 3.97 1.98 1.98
18.00 1.08 7.361 4.29 3.67 1.84 1.84
19.00 0.92 7.152 4.14 3.36 1.68 1.68
20.00 0.82 6.960 4.00 3.04 1.52 1.52
21.00 0.75 6.787 3.87 2.71 1.36 1.36
22.00 0.68 6.634 3.75 2.39 1.20 1.20
23.00 0.61 6.503 3.66 2.08 1.04 1.04
24.00 0.54 6.392 3.57 1.76 0.88 0.88
25.00 0.02 6:278 3.49 1.38 0.69 0.69
26.00 0.00 6.178 341 1.06 0.53 0.53
27.00 0.00 6.101 3.36 0.82 0.41 0.41
28.00 0.00 6.041 3.31 0.65 0.32 0.32
29.00 0.00 5.993 3.28 0.52 0.26 0.26
30.00 0.00 5.954 3.25 0.43 0.21 0.21
31.00 0.00 5.922 3.22 0.36 0.18 0.18
32.00 0.00 5.894 3.20 0.30 0.15 0.15
33.00 0.00 5.871 3.19 0.26 0.13 0.13
34.00 0.00 5.852 317 0.22 0.1 0.11
35.00 0.00 5.835 3.16 0.18 0.09 0.09
36.00 0.00 5.821 3.15 0.17 0.08 0.08
37.00 0.00 5.808 3.14 0.15 0.08 0.08
38.00 0.00 5.796 3.13 0.14 0.07 0.07
39.00 0.00 5.785 31z 0.13 0.086 0.06
40.00 0.00 5775 3.12 0.12 0.06 0.06
41.00 0.00 5.766 3.1 0.1 0.05 0.05
42.00 0.00 5.757 3.10 0.10 0.05 0.05
43.00 0.00 5.750 3.10 0.09 0.04 0.04
44.00 0.00 5.743 3.09 0.08 0.04 0.04
45.00 0.00 5737 3.09 0.07 0.04 0.04
46.00 0.00 5.731 3.08 0.07 0.03 0.03
47.00 0.00 5.726 3.08 0.06 0.03 0.03
48.00 .00 5.721 3.07 0.06 0.03 0.03

Developed Condtions
Type Hl 24-hr 2-Year Rainfall=3.30"
Printed 11/3/2015
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Summary for Link 1: Analysis Point

Inflow Area = 29.130 ac, 57.81% Impervious, Inflow Depth > 2.28" for 2-Year event
Inflow = 11.20cfs @ 12.37 hrs, Volume= 5.545 af
Primary = 11.20cfs @ 12.37 hrs, Volume= 5.545 af, Atten= 0%, Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Link 1: Analysis Point

Hydrograph
N Inflow I
12 : i | | B Primary
o | - Inflow Area=29.130 ac

Flow (cfs)
@
i
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Hydrograph for Link 1: Analysis Point

Time Inflow Elevation Primary Time Inflow Elevation Primary

(hours) (cfs) (feet) (cfs) (hours) (cfs) . (feet) {cfs)
0.00 0.00 0.00 0.00 25.50 1.21 0.00 1.21
0.50 0.00 0.00 0.00 26.00 1.06 0.00 1.06
1.00 0.00 0.00 0.00 26.50 0.92 0.00 0.92
1.50 0.00 0.00 0.00 27.00 0.82 0.00 0.82
2.00 0.00 0.00 0.00 27.50 0.73 0.00 0.73
2.50 0.00 0.00 0.00 | 28.00 0.65 . 0.00 0.65
3.00 0.01 0.00 0.01 28.50 0.58 0.00 0.58
3.50 0.01 0.00 0.01 29.00 0.52 0.00 0.52
4.00 0.01 0.00 0.01 29.50 0.47 0.00 0.47
4.50 0.02 0.00 0.02 30.00 0.43 0.00 0.43
5.00 0.03 0.00. 0.03 30.50 0.39 0.00 0.39
5.50 0.05 0.00 0.05 31.00 0.36 0.00 0.36
6.00 0.07 0.00 0.07 31.50 0.33 0.00 0.33
6.50 0.10 0.00 0.10 32.00 0.30 0.00 0.30
7.00 0.13 0.00 0.13 32.50 0.28 0.00 0.28
7.50 0.17 0.00 017 33.00 0.26 0.00 0.26
8.00 0.22 0.00 0.22 33.50 0.24 0.00.- 0.24
8.50 0.31 0.00 0.31 34.00 0.22 0.00 - 0.22
9.00 0.41 0.00 0.41 34.50 0.20 0.00 0.20
9.50 0.53 0.00 0.53 35.00 0.18 0.00 0.18

10.00 0.72 0.00 0.72 35.50 0.17 0.00 0.17
10.50 0.98 0.00 0.98 36.00 017 0.00 - 0.17
11.00 1.40 0.00 1.40 36.50 0.16 0.00 0.16
11.50 2.04 0.00 2.04 37.00 0.15 0.00 0.15
12.00 510 0.00 510 37.50 - 014 0.00 0.14
12.50 10.85 0.00 10.85 38.00 0.14 0.00 0.14
13.00 7.85 0.00 7.85 38.50 0.13 0.00 0.13
13.50 6.48 0.00 6.48 39.00 0.13 0.00 0.13
14.00 5.96 0.00 5.96 39.50 0.12 0.00 0.12
14.50 5.65 0.00 5.65 40,00 0.12 .. 0.00 0.12
15.00 5.42 0.00 542 40.50 0.11 0.00 0.11
15.50 5.20 0.00 5.20 41.00 0.1 0.00 - 011
16.00 4.96 0.00 4.96 41.50 0.10 0.00 0.10
16.50 472 0.00 472 42.00 0.10 0.00 0.10
17.00 452 0.00 4.52 42.50 0.09 0.00 0.08
17.50 4.31 0.00 4.31 43.00 0.09 0.00 0.09
18.00 4.11 0.00 411 43.50 0.08 0.00 0.08
18.50 3.90 0.00 3.90 44.00 0.08 0.00 0.08
19.00 3.72 0.00 3.72 44.50 0.08 0.00 0.08
19.50 3.55 0.00 3.55 45.00 0.07 0.00 0.07
20.00 3.37 0.00 3.37 45.50 0.07 0.00 0.07
20.50 3.19 0.00 3.19 46.00 0.07 0.00 0.07
21.00 3.02 0.00 3.02 46.50 0.06 0.00 0.06
21.50 2.85 0.00 2.85 47.00 0.06 0.00 0.06
22.00 2.67 0.00 2.67 47.50 0.06 0.00 0.06
22.50 2.50 0.00 2.50 48.00 0.08 0.00 0.06
23.00 232 000 2.32

23.50 2.16 0.00 2.16

24.00 198 0.00 1.98

24.50 1.65 0.00 1.65

25.00 1.40 0.00 140
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Time span=0.00-48.00 hrs, dt=0.05 hrs, 961 points
Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv.
Reach routing by Stor-Ind+Trans method - Pond routing by Stor-Ind method

Subcatchment1Z: Uncontrolled DA1 Runoff Area=1.050 ac  18.10% impervious Runoff Depth=3.23"
Tc=10.0 min CN=80/98 Runoff=2.52 cfs (.283 af

SubcatchmentDA-1AIMP: DA-1A-IMP Runoff Area=8.340 ac 100.00% Impervious Runoff Depth=4.78"
Te=15.0 min CN=0/98 Runoff=22.72 cfs 3.310 af

SubcatchmentDA-1APER: DA-1A-Perv Runoff Area=2.320 ac  0.00% Impervious Runoff Depth=2.71"
Tc=15.0 min CN=78/0 Runoff=3.98 c¢fs 0.524 af

SubcatchmentDA-1APond:DA-1APond  Runoff Area=1.470 ac  100.00% Impervious Runoff Depth=4.76"
Tc=10.0 min CN=0/98 Runoff=4.80 cfs 0.583 af

SubcatchmentDA1A-BLD:Building Runoff Area=6.840 ac  100.00% Impervious Runoff Depth=4.76"
Te=15.0 min CN=0/98 Runoff=18.63 cfs 2.715 af

SubcatchmentDEV-1B: DA-1B . Runoff Area=8.250 ac  0.00% Impervious Runoff Depth=2.62"
Tc=18.0 min CN=77/0 Runoff=12.50 cfs 1.803 af

SubcatchmentDEV-1C: DA-1C Runoff Area=0.860 ac 0.00% Impervious Runoff Depth=2.62"
Tc=18.0 min CN=77/0 Runoff=1.30 cfs 0.188 af

SubcatchmentDEV-2: Uncontrolled DA2 Runoff Area=0.540 ac 0.00% Impervious Runoff Depth=2.82"
. : Te=10.0 min CN=80/0 Runoff=1.19 ¢fs 0.130 af

Pond 1P: Wet Ponds (Combined) Peak Elev=5.68" Storage=9.264 af Inflow=49.99 cfs 7.133 af
Primary=6.05 cfs 3.511 af Secondary=6.05 cfs 3.511 af Outflow=12.10 cfs 7.022 af

Link 1: AnalysisPoint inflow=20.91 cfs 9.296 af
Primary=20.91 cfs 9.296 af

Total Runoff Area = 29.670 ac Runoff Volume = 9.537 af Average Runoff Depth = 3.86"
43.24% Pervious = 12.830 ac  56.76% Impervious = 16.840 ac
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Summary for Subcatchment 1Z: Uncontrolled DA1
Runoff = 252cfs@ 1217 hrs, Volume=  *  0.283 &f, Depth= 3.23"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt=0.05 hrs
Type Il 24-hr 10-Year Rainfall=5.00"

Area (ac) CN Description
0.860 80 >75% Grass cover, Good, HSG D

* 0.180 98 Impervipus
- 1.050 83 Weighted Average
0.860 80 81.90% Pervious Area
0.190 98 18.10% Impervious Area

Tc Lengfh Siope Velocity Capacity Description
(min)  (feet) (it/ft)  (ft/sec) (cfs)

10.0 Direct Entry,

Subcatchment 1Z: Uncontrolled' DA1
Hydrograph

Type Il 24-hr

| . 10-Year Rainfall=5.00"

o . Runoff Area=1.050 ac
| Runoff Volume=0.283 af |

Runoff Depth=3.23"

|| Tc=10.0 min
q| & . o CN=80/98

Flow (cfs)
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Summary for Subcatchment DA-1A IMP: DA-1A-IMP

Runoff = 2272 cfs @ 12.23 hrs, Volume= 3.310 af, Depth= 4.76"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type Il 24-hr 10-Year Rainfall=5.00"

Area (ac) CN Description
* 8.340 98 Paved
8.340 98 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet) (ft/fty  (ft/sec) (cfs)
15.0 Direct Entry,

Subhcatchment DA-1A IMP: DA-1A-IMP

Hydrograph

2] | Type Il 24-hr

= | 10-Year Rainfall=5.00"

i | - | Runoff Area=8.340 ac
15 ) Runoff Volume=3.310 af
£ 143 o . Runoff Depth=4.76"
2 N . ~ Tc=15.0 min

q . CN=0/98

el

3_

2
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Summary for Subcatchment DA-1A PER: DA-1A-Perv

Runoff = 398 cfs @ 12.26 hrs, Volume= 0.524 af, Depth= 2.71"

Runoff by SCS TR-20 method, UH=Delmarva, Spiit Pervious/imperv., Time Span- 0.00-48.00 hrs, dt= 0.05 hrs
Type |ll 24-hr 10-Year Rainfall=5.00" ‘ : '

Arga (ac) CN Description
K 480 80 >75% Grass cover, Good, HSG D
0.840 74 >75% Grass cover, Good, HSG C
2.320 78 Weighted Average
2.320 78 100.00% Pervious Area

Tc Length Slope Velocity Capacity Descri ption
(min).  (feet) (ft/t)  (ft/sec) (cfs)
15.0 ‘ Direct Entry,

Subcatchment DA-1A PER: DA-1A-Perv
Hydrograph

‘] . | Type Ill 24-hr
' B § 10-Year Rainfall=5.00"
Runoff Area=2.320 ac
Runoff Volume=0.524 af
- g Runoff Depth=2.71"
o] . Tc=15.0 min
' = ~ CN=78/0

Flow (cfs)
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Summary for Subcatchment DA-1APond: DA-1A Pond

Runoff = 480cfs @ 12.16 hrs, Volume= 0.583 af, Depth= 4.76"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type Ill 24-hr 10-Year Rainfall=5.00"

Area (ac) CN Description
* 1.470 98 Wet Pond
1.470 98 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet) (ftft)  (ft/sec) fcis)

10.0 Direct Entry,

Subcatchment DA-1APond: DA-1A Pond

Hydrograph

|
Type it 24-hr

10-Year Rainfall=5.00"
Runoff Area=1.470 ac
Runoff Volume=0.583 af
Runoff Depth=4.76"
Tc=10.0 min

CN=0/98

Flow (cfs)
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HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC -

Summary for Subcatchment DA1A-BLD: Building

Runoff = 18.63cfs @ 12.23 hrs, Volume= - 2.715 af, Depth= 4.7¢6"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/imperv., Time Span= 0.00-48.00 hrs, di= 0. 05 hrs
Type [l 24-hr 10-Year Rainfall=5.00"

Area (ac) CN Description
* 6.840 98 Roofs _
6.840 a8 100.00% Impervious Area

Tc Length Slope Velocity Capacity Descrlptlon
{(min)  (feet) (ft/ft)  (ft/sec) {cfs)

15.0 Direct Entry,

Subcatchment DA1A-BLD: Building

Hydrograph

20 " _

o N Type Il 24-hr

" " ’ S 10-Year Rainfall=5.00"

e o : SR Runoff Area=6.840 ac
o | - | Runoff Vol_umie-_=2.71 5 af
S 1 k o Runoff Depth=4.76"
£y i | Tc=15.0 min

: CN=0/98

3]

:_

2.

.
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Developed Condtions
Dev DA two outlets Type Il 24-hr 10-Year Rainfall=5.00"

Prepared by Langan Eng & Env Srvcs, Inc Printed 11/3/2015
HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC

Summary for Subcatchment DEV-1B: DA-1B

Runoff = 12.50cfs @ 12.31 hrs, Volume= 1.803 af, Depth= 2.62"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type lll 24-hr 10-Year Rainfall=5.00"

Area(ac) CN Description

7.950 77  Woods, Good, HSG D
0.300 80 >75% Grass cover, Good, HSG D

8.250 77  Weighted Average
8.250 77 100.00% Pervicus Area

Tc Length Slope Velocity Capacity Description
{min) (feet) (ft/ft)  (ft/sec) (cfs)

18.0 Direct Entry,

Subcatchment DEV-1B: DA-1B
Hydrograph

o

Type lll 24-hr

10-Year Rainfall=5.00"
Runoff Area=8.250 ac
Runoff Volume=1.803 af
Runoff Depth=2.62"
Tc=18.0 min

CN=77/0

Flow (cfs)
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Developed Condtions
Dev DA two outlets Type Ill 24-hr 10-Year Rainfall=5.00"

Prepared by Langan Eng & Env Srvcs, Inc Printed 11/3/2015
HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC

Summary for Subcatchment DEV-1C: DA-1C

Runoff = 1.30cfs @ 12.31 hrs, Volume= 0.188 af, Depth= 2.62"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, di= 0.05 hrs
Type Il 24-hr 10-Year Rainfali=5.00"

Area (ac) CN Description
0.040 70  Woods, Good, HSG C
0.820 77 _ Woods, Good, HSG D
0.860 77 Weighted Average
0.860 77 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet) (fuit)  (ft/sec) (cfs)
18.0 Direct Entry,

Subcatchment DEV-1C: DA-1C

Hydrograph
(1 - |
| Type Il 24-hr
10-Year Rainfall=5.00"
Runoff Area=0.860 ac
Runoff Volume=0.188 af
Runoff Depth=2.62"
Tc=18.0 min
CN=77/0

Flow (cfs)

O 2 4 6 B 10 42 14 18 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (hours)




o Developed Condtions
Dev DA two outlets Type Il 24-hr 10-Year Rainfall=5.00"

Prepared by Langan Eng & Env Srvcs, Inc Printed 11/3/2015
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| Summary for Subcatchment DEV-2: Uncontrolled DA2

Runoff = 1.19cfs @ 12.17 hrs, Volume= 0.130 af, Depth= 2.89"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type Il 24-hr 10-Year Rainfall=5.00"

Area (ac) . CN  Description
0.540 80 >75% Grass cover, Good, HSG D
0.540 80 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
fmin) (feet) (ft/ft)  (fi/sec) {cfs)
10.0 Direct Entry,

Subcatchment DEV-2: Uncontrolled DA2
Hydrograph

LR

Type Il 24-hr

10-Year Rainfall=5.00"
Runoff Area=0.540 ac
Runoff Volume=0.130 af
Runoff Depth=2.89"
Tc=10.0 min

CN=80/0

Flow (cfs)
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Developed Condtions
Dev DA two outlets . Type Il 24-hr 10-Year Rainfall=5.00"

Prepared by Langan Eng & Env Srvcs, Inc Printed 11/3/2015
HydroCAD® 10.00 s/n 08132 ® 2013 HydroCAD Software Solutions LLC

Summary for Pond 1P: Wet Ponds (Combined)

Inflow Area = 18.970 ac, 87.77% Impervious, Inflow Depth = 4.51" for 10-Year event

Inflow = 4999 cfs @ 12.22 hrs, Volume= 7.133 af

Qutflow = 1210 cfs @ 13.09 hrs, Volume= 7.022 af, Atten= 6%, Lag= 52.3 min
Primary = 6.06cfs @ 13.09 hrs, Volume= 3.511 af :
Secondary = 6.05cfs @ 13.09 hrs, Volume= 3.511 af

Routing by Stor-Ind method Time Span= 0.00-48.00 hrs, dt= 0.05 hrs.
Starting Elev=3.00' Surf.Area= 1.330 ac Storage=5.620af =~ S
Peak Elev=5.68'@ 13.09 hrs Surf.Area=1.377 ac Storage= 9.264 af (3.644 af above start)
Plug-Flow detention time=1,154.1 min calculated for 1.400 af (20% of inflow)

Center-of-Mass det. time= 310.8 min ( 1,081.5-770.7 )

Volume Invert  Avail.Storage Storage Description
#1 -3.00° 12.485 af Custom Stage Data (Prismatic)Listed below
Elevatlon Surf.Area Inc.Store Cum.Store
~ {feet) (acres) (acre-feet) {acre-feest)
-3.00 0.550 0.000 0.000
-2.00 0.610 0.580 0.580
-1.00 0.770 0.690 - 1.270
0.00 0.200 0.835 2.105
1.00 1.150 1.025 3.130
2.00 1,250 1.200 4.330
3.00 1.330 1.290 5.620
4.00 1.360 1.345 6.965 _
5.00 1.370 1.365 8.330
6.00 1.380 1.375 9.705
7.00 1.390 1.385 11.090
8.00 1.400 1.395 12.485
Device Routing Invert Qutlet Devices
#1 Device 7 3.00" 8.5 Vert. Orifice/Grate C=0.600
#2 Device 8 3.00" B8.5" Vert. Orifice/Grate C= 0.600
#3 Device7 - 490" 1.4'long x 0.5 breadth Broad-Crested Rectangular Weir

Head (feet) 0.20 0.40 0.60 0.80 1.00
Coef. (English) 2.80 2.92 3.08 3.30 3.32

#4  Device 8 490" 1.4'long x 0.5' breadth Broad-Crested Rectangular Weir
Head (feet) 0.20 0.40 0.60 0.80 1.00
Coef. (English) 2.80 2.92 3.08 3.30 3.32

#5 Device 7 6.25' 4.0'long x 0.5' breadth Broad-Crested Rectangular Weir
Head (feet) 0.20 0.40 0.60 0.80 1.00
Coef. (English) 2.80 2.92 3.08 3.30 3.32

#6 Device 8 6.25' 4.0'long x 0.5' breadth Broad-Crested Rectangular Weir
Head (feet) 0.20 -0.40 0.60 0.80 1.00
Coef. (English) 2.80 2.92 3.08 3.30 3.32

#7  Primary 2.90" 36.0" Round Culvert
L=60.0' RCP, square edge headwall, Ke=0.500




‘ Developed Condtions
Dev DA two outlets Type Hll 24-hr 10-Year Rainfall=5.00"

Prepared by Langan Eng & Env Srvcs, Inc Printed 11/3/2015
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Inlet / Qutlet nvert= 2.90'/ 2.50' S=0.0067 "/ Cc= 0.900
n=0.013, Flow Area= 7.07 sf
#8  Secondary 2.90' 36.0" Round Culvert
- L=860.0" RCP, square edge headwall, Ke= 0.500
Inlet / Outlet Invert=2.90'/ 2.50' S=0.0067 "'/ Cc= 0.900
n=0.013, Flow Area=7.07 sf

Primary OutFlow Max=6.05 cfs @ 13.09 hrs HW=5.68" (Free Discharge)
7=Culvert (Passes 6.05 cfs of 32.37 cfs potential flow)
1=0Orifice/Grate (Orifice Controls 2.89 cfs @ 7.34 fps)
3=Broad-Crested Rectangular Weir(Weir Controls 3.15 cfs @ 2.89 fps)
5=Broad-Crested Rectangular Weir{ Controls 0.00 cfs)

Secondary OutFlow Max=6.05 cfs @ 13.09 hrs HW=5.68' (Free Discharge)
8=Culvert (Passes 6.05 cfs of 32.37 cfs potential flow)
2=0rifice/Grate (Orifice Controls 2.89 cfs @ 7.34 fps}
4=Broad-Crested Rectangular Weir(Weir Controls 3.15 cfs @ 2.89 fps)
6=Broad-Crested Rectangular Weir( Controls 0.00 cfs)

Pond 1P: Wet Ponds (Combined)

Hydrograph
B Inflow
- Outflow
. Inflow Area=18.970 ac Secondary
o Peak Elev=5.68'

Storage=9.264 af

40

¥
T

Flow (cfs)
[oh]
g
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Dev DA two outlets

Prepared by Langan Eng & Env Srvcs, Inc

HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC

Hydrograph for Pond 1P: Wet Ponds (Combined)

Time Inflow Storage Elevation Outflow anary Secondary
{hours) (cfs) (acre-feet) (feet) {cfs) {cfs) . (cfs)
0.00 0.00 5,620 3.00 0.00 0.00 0.00
1.00 0.01 5.620 3.00 - 0.00 0.00 0.00
2.00 0.25 5.630 3.01 0.00 0.00 0.00
3.00 0.48 5.660 3.03 0.01 0.01 0.01
4.00 0.70 5.707 3.06 0.04 0.02 0.02
5.00 0.89 5.767 3.1 011 . 005
6.00 1.07 5.838 3.16 0.18 0.09 0,09
7.00 1.41 5.915 3.22 0.35 017 0.17
8.00 1.85 6.013 3.29 0.57 0.29 0.29
9.00 285 6.134 3.38 0.91 0.46 0.46
10.00 3.70 6.299 3.50 1.45 0.73 0.73
11.00 5.48 6.522 3.67 2.13. 1.06 1.08
12.00 25.54 7.131 412 3.32 1.66 1.66
13.00 14.22 9.256 5.67 12.02 6.01 - 8.0
14.00 5.44 9.010 5.49 9.52 4.76 4,76
15.00 3.80 8.707 5.27 713 3.57 3.57
16.00 2.83 §.459 5.09 5.70 2.85 2.85
17.00 214 8.230 - 4.93 4.80 2.40 2.40
18.00 1.67 8.005 476 4.50 2.25 2.25
19.00 1.41 7.769 4.59 4.22 2.11 211
20.00 1.27 7.544 4.42 3.92 1.96 1.96
21.00 1.15 7.331 4.27 3.63 1.81 1.81
22.00 1.05 7.135 4.12 3.33 1.66 1.66
23.00 0.94 6.954 3.99 3.038 1.51 1.51
24.00 0.84 6.790 3.87 272 1.36 1.36
25.00 0.02 6.605 3.73 2.33 117 117
26.00 0.00 6.431 3.60 1.89 0.94 0.94
27.00 0.00 6.295 3.50 1.44 0.72 0.72
28.00 0.00 6.191 3.42 1.10 0.55 0.55
29.00 0.00 6.111 3.37 0.85 0.42 0.42
30.00 0.00 6.048 3.32 0.67 0.34 0.34
31.00 0.00 5.999 3.28 0.53 0.27 0.27
32.00 0.00 5.958% 3.25 0.44 0.22 0.22
33.00 0.00 5.926 3.23 0.37 0.18 0.18
34.00 0.00 5.898 3.21 0.31 0.16 0.16
35.00 0.00 5.874 3.19 0.26 0.13 0.13
36.00 0.00 5.854 3.17 0.22 0.11 0.1
37.00 0.00 5.837 3.16 0.19 0.09 0.09
38.00 0.00 5.823 3.15 0.17 -0.08 0.08
39.00 0.00 5.810 3.14 0.15 0.08 0.08
40.00 0.00 5.797 3.13 0.14 0.07 0.07
41.00 0.00 5.786 312 0.13 0.06 0.06
42.00 0.00 5776 3.12 0.12 0.06 0.06
43.00 0.00 5.767 3.1 0.11 0.05 0.05
44.00 0.00 5.759 3.10 0.10 0.05 0.05
45.00 0.00 5.751 3.10 0.09 0.04 0.04
46.00 0.00 5.744 3.09 0.08 0.04 0.04
47.00 0.00 5.737 3.09 0.07 0.04 0.04
48.00 0.00 5732 3.08 0.07 0.03 0.03

005

Developed Condtions
Type Il 24-hr 10-Year Rainfal=5.00"
Printed 11/3/2015
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Summary for Link 1: Analysis Point

Infiow Area = 29.130 ac, 57.81% Impervious, Inflow Depth > 3.83" for 10-Year event
Inflow = 20.91cfs @ 12.51 hrs, Volume= 9.296 af
Primary = 2091 cfs @ 12.51 hrs, Volume= 9.296 af, Atten=0%, Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

A

Link 1: Analysis Point

Hydrograph

23]
223
214
204
199
184
173
163
154
147
13
123
ok
104
93
87
73
6
5
43
EN
24
1“, W o

Flow (cfs)
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Inflow Area=29.130 ac
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Hydrograph for Link 1: Analysis Point

Time Inflow Elevation Primary Time Inflow Elevation - Primary
(hours) (cfs) {feet) {cfs) (hours) {cfs) {feet) {cfs)
0.00 0.00 0.00 . 0.00 25.50 2.11 0.00 211
0.50 0.00 0.00 0.00 26.00 1.89 0.00 1.89
1.00 0.00 0.00 0.00 26.50 165  0.00 1.65
1.50 0.00 0.00 0.00 27.00 1.44 0.00 1.44
2.00 0.01 0.00 0.01 27.50 1.26 0.00 1.28
2.50 0.01 0.00 0.01 28.00 1.10 0.00 1.10
3.00 0.02 0.00 0.02 28.50 0.96 0.00 0.96
3.50 0.02 0.00 0.02 29.00 0.85 0.00 0.85
4.00 0.05 0.00 0.05 29.50 0.75 0.00 0.75
4.50 0.08 0.00 0.08 30.00 0.67 0.00 0.67
5.00 0.12 0.00 0.12 30.50 0.60 0.00 0.60
5.50 0.16 0.00 - 0.16 31.00 0.53 0.00 0.53
6.00 0.20 0.00 0.20 31.50 0.48 0.00 0.48
6.50 0.28 0.00 0.28 32.00 0.44 000 - 044
7.00 0.36 0.00 0.36 32.50 0.40 0.00 - 0.40
7.50 0.46 0.00 0.46 33.00 0.37 0.00 0.37
8.00 0.60 0.00 0.60 33.50 0.34 0.00 0.34
8.50 0.77 0.00 0.77 34.00 0.31 0.00 - 0.31
9.00 1.02 0.00 1.02 34.50 0.29 0.00 0.29
9.50 1.39 0.00 1.39 35.00 0.26 0.00 0.26
10.00 1.84 0.00 1.84 35.50 0.24 0.00 0.24
10.50 2.39 0.00 239 | 36.00 0.22 0.00 0.22
11.00 3.07 0.00 3.07 36.50 0.20 0.00 0.20
11.50 411 0.00 4.11 37.00 0.19 0.00 0.19
12.00 9.93 0.00 9.93 37.50 0.18 000 018
12.50 20.91 0.00 20.91 38.00 0.17 0.00 0.17
13.00 18.43 0.00 18.43 3850 - 0.16 0.00 .0.16
13.50 14.64 0.00 14.64 39.00 0.15 0.00 0.15
14.00 11.99 0.00 .11.99 39.50 0.15 0.00 0.15
14.50 10.17 0.00 10.17 40.00 0.14 - 0.00 0.14
15.00 8.88 0.00 8.88 40.50 0.13 0.00 0.13
15.50 7.86 0.00 7.86 41.00 0.13 0.00 0.13
16.00 6.99 0.00 6.99 41.50 0.12 0.00 0.12
16.50 6.26 0.00 6.26 42.00 0.12 0.00 0.12
17.00 578  0.00 578 42.50 0.11 0.00 0.1
17.50 5.51 0.00 5.51 43.00 0.11 0.00 0.11
18.00 - 527 0.00 5.27 43.50 0.10 0.00 0.10
18.50 5.05 0.00 5.05 44.00 0.10 0.00 0.10
19.00 4.86 0.00 4.86 44.50 0.09 0.00 0.09
19.50 4.68 0.00 4.68 45.00 0.09 0.00 0.09
20.00 4.51 0.00 4.51 45.50 0.08 0.00 0.08
20.50 4.33 0.00 4.33 46.00 0.08 0.00 0.08
21.00 4.16 0.00 416 46.50 0.08 0.00 0.08
21.50 3.98 0.00 3.98 47.00 0.07 0.00 0.07
22.00 3.81 0.00 3.81 47.50 0.07" 0.00 0.07
22.50 3.64 0.00 3.64 48.00 0.07 0.00 0.07
23.00 3.47 0.00 3.47
23.50 3.29 0.00 3.28
24.00 3.11 0.00 3.11
24.50 2.67 0.00 2.67
25.00 2.35 0.00 2.35




Dev DA two outlets
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Time span=0.00-48.00 hrs, dt=0.05 hrs, 961 points
Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv.
Reach routing by Stor-Ind+Trans method - Pond routing by Stor-Ind method

Subcatchment1Z: UncontrolledDA1

SubcatchmentDA-1AIMP: DA-1A-IMP

SubcatchmentDA-1APER: DA-1A-Perv

SubcatchmentDA-1APond:DA-1APond

SubcatchmentDA1A-BLD:Building

SubcatchmentDEV-1B: DA-1B

SubcatchmentDEV-1C: DA-1C

SubcatchmentDEV-2: Uncontrolled DA2

Pond 1P: Wet Ponds (Combined)

Runoif Area=1.050 ac  18.10% Impervious Runoff Depth=6.49"
Tc=10.0 min CN=80/98 Runoff=5.03 cfs 0.568 af

Runoff Area=8.340 ac 100.00% Impervious Runoff Depth=8.26"
Te=15.0 min CN=0/98 Runoff=38.80 cfs 5.741 af

Runoff Area=2.320 ac  0.00% Impervious Runoff Depth=5.85"
Te=15.0 min CN=78/0 Runoiff=8.58 cfs 1.132 af

Runoff Area=1.470 ac  100.00% Impervious Runoff Depth=8.26"
Tc=10.0 min CN=0/28 Runoff=8.19 cfs 1.012 af

Runoff Area=6.840 ac 100.00% Impervious Runoff Depth=8.26"
Tc=15.0 min CN=0/38 Runoff=31.82 cfs 4.708 af

Runoff Area=8.250 ac  0.00% Impervious Runoff Depth=5.73"
Tec=18.0 min CN=77/0 Runoff=27.44 cfs 3.943 af

Runoff Area=0.860 ac 0.00% Impervious Runoff Depth=5.73"
Te=18.0 min CN=77/0 Runoff=2.88 cfs 0.411 af

Runoff Area=0.540 ac  0.00% Impervious Runoff Depth=6.10"
Tc=10.0 min CN=80/0 Runoff=2.49 cfs 0.274 af

Peak Elev=6.84' Storage=10.873 af Inflow=87.19 ¢fs 12.593 af

Primary=21.80 cfs 6.235 af Secondary=21.80 cfs 6.235af OQutflow=43.60 c¢fs 12.470 af

Link 1: AnalysisPoint

Total Runoff Area = 29.670 ac Runoff Volume = 17.788 af Average Runoff Depth = 7.19"

43.24% Pervious = 12.830 ac  56.76% Impervious = 16.840 ac

Inflow=67.19 cfs- 17.391 af
Primary=67.19 cfs 17.391 af
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Dev DA two outlets Type Il 24-hr 100-Year Rainfall=8.50"
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Summary for Subcatchment 1Z: Uncontrolled DA1

Runoff = 5.03cfs @ 12.16 hrs, Volume= 0.568 af, Depth= 6.49"

Runoff by SCS TR-20 method, UH=Delmarva, Spiit Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type |l 24-hr 100-Year Rainfall=8.50"

Area{ac) CN Description
0.860 80 >75% Grass cover, Good, HSG D
* 0.190 98 Impetvious
1.050 83 Weighted Average
(.860 80 81.20% Pervious Area
0.190 98 18.10% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) _ (feet) (ft/ft)  (fi/sec) (cfs) -
10.0 Direct Entry,

Subcatchment 1Z: Uncontrolled DA1
Hydrograph

L&

- Type Il 24-hr
100-Year Rainfall=8.50"
Runoff Area=1.050 ac
Runoff Volume=0.568 af
Runoff Depth=6.49"
Tc=10.0 min

CN=80/98

Flow (cfs)

D2 4 6 8 1C 1l2 14 16 18 20 22 214 26 28 30 32 34 356 38 40 42 44 46 48
Time {hours)
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Summary for Subcatchment DA-1A IMP: DA-1A-IMP
Runoff = 3880cfs@ 1223 hrs, Volume= 5.741 af, Depth= 8.26"

Runoff by SCS TR-20 method, UH=Delmarva, Spilit Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type Il 24-hr 100-Year Rainfall=8.50"

Area (ac) CN Description

* 8.340 98 Paved

8.340 98 100.00% Impervious Area

Tc  Length Slope Velocity Capacity Description
(min) _ (feet) (ft/ft)  (ft/sec) (cfs)

15.0 Direct Entry,

Subcatchment DA-1A IMP: DA-1A-IMP
Hydrograph

P — i
;g;;( - R _
RPE ¢ ._: Type lll 24-hr
3 B 100-Year Rainfall=8.50"
301 | - | Runoff Area=8.340 ac
25 g ' B _ Runoff Volume=5.741 af
24 N - Runoff Depth=8.26"
| Y Tc=15.0 min
164 N CN=0/98

Flow (cfs)
N
N
I
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Dev DA two outlets Type ll 24-hr 100-Year Rainfall=8.50"
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Summary for Subcatchment DA-1A PER: DA-1A-Perv

Runoff = 8.58 cfs @ 12.24 hrs, Volume= 1.132 af, Depth= 5.85"

Runoff by SCS TR-20 method, UH=Delmarva, Splt Pervious/imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type Ill 24-hr 100-Year Rainfall=8.50" : :

Area (ac) CN Description _
- 1.480 80 >75% Grass cover, Good, HSG D

0.840 74 >75% Grass cover, Good, HSG C
2320 78 Weighted Average

2.320 78 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet) (fifft)  (ft/sec) {cfs)
15.0 Direct Entry,

'Subcatchment DA-1A PER: DA-1A-Perv

Hydrograph
] S
9 _ __
] £ Type Il 24-hr
- 100-Year Rainfall=8.50"
g Runoff Area=2.320 ac
] Runoff Volume=1.132 af
g 4 Runoff Depth=5.85"
B Tc=15.0 min
CN=78/0
-
2]
]
=‘--i

' T IR Ty T I-' 1 Y ‘“’q:‘.q; _‘-7".7.-7- s Ry e " ".'I"I'.I'.- - ‘ Sy
10 12 14 - 16 18 20 22 24 26 28 30 32 3'4 36 38 40 42 44 46 48
Time (hours)
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Developed Condtions
Dev DA two outlets Type Il 24-hr 100-Year Rainfall=8.50"

Prepared by Langan Eng & Env Srvcs, Inc Printed 11/3/2015
HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solut|ons LLC

Summary for Subcatchment DA-1APond: DA-1A Pond

Runoff = 8.19cfs @ 12.16 hrs, Volume= 1.012 af, Depth= 8.26"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/imperv., Time Span 0.00-48.00 hrs, dt=0.05 hrs
Type lll 24-hr 100-Year Ralnfa!! 8.50"

Area(ac) CN Description
* 1.470 98 Wet Pond
1.470 98 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet) (ftift)  (ft/sec) (cfs)

10.0 Direct Entry,

Subcatchment DA-1APond: DA-1A Pond

Hydrograph

] : L

5 B Type Il 24-hr

11 B 100-Year Rainfall=8.50"

] | Runoff Area=1.470 ac

10 - Runoff Volume=1.012 af
g s B Runoff Depth=8.26"
: ,_ | Tc=10.0 min

i’ CN=0/98

& ---:-'--r'.- T |7 T w--|‘- T B :_:;7_‘-7\__..7;-;-._7_- — -'A
0 6 B8 10 12 14 1'6 18 éﬂ 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (hours)




' Developed Condtions
Dev DA two outlets Type Il 24-hr 100-Year Rainfall=8.50"

Prepared by Langan Eng & Env Srvcs, Inc Printed - 11/3/2015
HydroCAD® 10.00 s/n 08132 ® 2013 HydroCAD- Software Solutions LLC ) .

Summary for Subcatchment DA1A-BLD: Building .
Runoff = 31.82cfs @ 12.23 hrs, Volume= 4.708 af, Depth= 8.26"

Runoff by SCS TR-20 method, UH=Delmarva, Spiit Pervious/Imperv., Time Span= 0 00-48.00 hrs, dt= 0.05 hrs
Type lll 24-hr 100-Year Rainfall=8.50"

Area (ac) CN Description
r. .. 6840 98 Roofs I
5.840 a8 100. 00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ftift)  (it/sec) (cfs)

15.0 Direct Entry,

Subcatchment DA1A-BLD: Building

Hydrograph
wi| : . |
- ) | Type lll 24-hr |
26 . B , . 100-Year Rainfall=8.50"

-1 B S Runoff Area=6.840 ac
224 . Runoff Volume=4.708 af
g2 N ~ Runoff Depth=8.26"
S CN=0/98

= L ‘.,.[.H..._,.,'..,.l._. R T N 1'-.".1-‘- T e S ' e = .
0 2 4 & B 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (hours)
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_ Developed Condtions
Dev DA two outlets _ Type Il 24-hr 100-Year Rainfali=8.50"
Prepared by Langan Eng & Env Srvcs, Inc Printed 11/3/2015
HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC

Summary for Subcatchment DEV-1B: DA-1B

Runoff = 2744 cfs @ 12.29 hrs, Volume= 3.943 af, Depth= §.73"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type Ill 24-hr 100-Year Rainfall=8.50"

Area (ac) CN Description

7.950 77 Woods, Good, HSG D
0.300 80 >75% Grass cover, Good, HSG D

8.250 77  Weighted Average
8.250 77 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet) (ft/ft)  (ft/sec) (cfs)

18.0 Direct Entry,

Subcatchment DEV-1B: DA-1B
Hydrograph

of '
'

- . Type Il 24-hr

100-Year Rainfall=8.50"

Runoff Area=8.250 ac

Runoff Volume=3.943 af

Runoff Depth=5.73"

Tc=18.0 min

CN=77/0

Flow (cfs}

* . - |'.'H|---'r"f — |'.n.,'.'...|‘.ﬁ _ -| R Ll ‘ ) Do
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (hours)



Developed Condtions
Dev DA two outlets Type I 24 hr 100-Year Rainfall=8.50"

Prepared by Langan Eng & Env Srvcs, Inc Pnnted 11/3/2015
HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC

Summary for Subcatchment DEV-1C: DA-1C

Runoff = 2.86cfs @ 12.29 hrs, Volume= - 0.411 af, Depth= 5. 73"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt— 0.05 hrs
Type lII 24-hr 100-Year Rainfall=8.50"

Area (ac) CN Description
0.040 70 Woods, Good, HSG C
0.820 77 Woods, Good, HSG D
0.860 77 Weighted Average
0.860 77 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) {feet) (fuft)  (ft/sec) {cfs) ,
18.0 Direct Entry,

Subcatchment DEV-1C: DA-1C
Hydrograph

3
- .

Type Il 24-hr

100-Year Rainfall=8.50"
_ 8 B Runoff Area=0.860 ac
2 . - Runoff Volume=0.411 af
‘ ] Runoff Depth=5.73"
Tc=18.0 min

- CN=77/0

Flow (cfs)

L e et e 1----¢.' v . I— ™ a - . -| D ! I I P ’
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 3|4 36 38 40 42 44 46 48
Time t(hours)




Developed Condtions
Dev DA two outlets Type ilf 24-hr 100-Year Rainfali=8.50"

Prepared by Langan Eng & Env Srvcs, Inc Printed 11/3/2015

HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Sofiware Solutions LLC

Summary for Subcatchment DEV-2: Uncontrolled DA2

Runoff = 249cfs @ 12.17 hrs, Volume= 0.274 af, Depth= 6.10"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type Hll 24-hr 100-Year Rainfall=8.50"

Area(ac) CN Description
0.540 80 >75% Grass cover, Good, HSG D
0.540 80 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) - (feet) {ft/ift)  (ft/sec) (cfs)
10.0 Direct Entry,

Subcatchment DEV-2: Uncontrolled DA2
Hydrograph

5

Type lll 24-hr

100-Year Rainfall=8.50"
Runoff Area=0.540 ac
Runoff Volume=0.274 af
Runoff Depth=6.10"
Tc=10.0 min

CN=80/0

Flow (cfs)

t v T 1 1 1 .;.IJ . ...'l e A S . - - o o . -
10 42 14 16 18 20 22 24 26 23 30 32 34 36 38 40 42 44 45 48
Time (hours)
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‘ Developed Condtions
Dev DA two outlets Type Il 24-hr 100-Year Rainfall=8.50"

Prepared by Langan Eng & Env Srvcs, Inc Printed 11/3/2015
HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC .

- Summary for Pond 1P: Wet Ponds (Combined) -

Inflow Area = 18.970 ac, 87.77% Impervious, Inflow Depth = 7.97" for 100-Year event
Inflow = 8719 cfs @ 12.22 hrs, Volume= 12.593 af

Outflow =  43.60cfs@ 12.70 hrs, Volume=  12.470 af, Atten= 50%, Lag=28.8 min
Primary = 21.80cfs @ 12.70 hrs, Volume= 6.235 af

Secondary = 21.80cfs @ 12.70 hrs, Volume= 6.235 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, di=0.05hrs -
Starting Elev=3.00" "Surf.Aréa= 1.330 ac - Storage= 5620af v .o o T
Peak Elev= 6.84' @ 12.70 hrs Surf.Area= 1.388 ac Storage= 10.873 af (5.253 af above start)

Plug-Flow detention time= 578.4 min calculated for 6.850 af (54% of inflow)
Center-of-Mass det. time= 236.3 min (999.4 - 763.2)

Volume Invert  Avail.Storage  Storage Description
#1 -3.00' 12.485af Custom Stage Data (Prismatic)Listed below
Elevation ~ Surf.Area Inc.Store Cum.Store
(feet) (acres) (acre-feet) (acre-feet)
-3.00 0.550 0.000 0.000
-2.00 0.610 . 0.580 0.580
-1.00 0.770 0.690 1.270
0.00 0.900 0.835 2.105
1.00 1.150 1.025 3.130
2.00 1.250 1.200 4.330
3.00 '1.330 1.290 5.620
4.00 1.360 1.345 | 6.965
5.00 1.370 1.365 8.330
6.00 1.380 1.375 9.705
7.00 1.390 1.385 11.090
8.00 1.400 1.395 12.485
Device Rauting Invert Qutlet Devices
#1 Device 7 3.00' 8.5" Vert. Orifice/Grate C=0.600
#2 - Device 8 3.00' 8.5 Vert. Orifice/Grate C=0.600
#3 Device 7 4.90' 1.4'long x 0.5 breadth Broad-Crested Rectangular Weir

Head (feet) 0.20 0.40 0.80 0.80 1.00
Coef. (English) 2.80 2.92 3.08 3.30 3.32
#4 Device 8 4.90' 1.4'long x 0.5 breadth Broad-Crested Rectangular Weir
Head (feet) 0.20 0.40 0.60 0.80 1.00
Coef. (English) 2.80 2.92 3.08 3.30 3.32 :
#5 Device 7 6.25' 4.0'long x 0.5' breadth Broad-Crested Rectangular Weir
Head (feet) 0.20 0.40 0.60 0.80 1.00
Coef. (English) 2.80 2.92 3.08 3.30 3.32
#6 Device 8 6.25' 4.0'long x 0.5' breadth Broad-Crested Rectangular Weir
Head (feet) 0.20 0.40 0.60 0.80 1.00
Coef. (English) 2.80 2.92 3.08 3.30 3.32
#7  Primary 2.90' 36.0" Round Culvert
L=60.0' RCP, square edge headwall, Ke= 0.500




Developed Condtions
Dev DA two outlets Type Il 24-hr 100-Year Rainfall=8.50"

Prepared by Langan Eng & Env Srvcs, Inc Printed 11/3/2015
HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC

Inlet/ Outlet Invert= 2.90'/ 2.50' S=0.0067 "/ Cc= 0.900
n=0.013, Flow Area=7.07 sf
#8  Secondary 2.90' 36.0" Round Culvert
' L=60.0" RCP, square edge headwall, Ke= 0.500
Inlet / Outlet Invert=2.90'/ 2.50' S=0.0067'" Cc= 0.900
n=0.013, Flow Area= 7.07 sf '

Primary OutFlow Max=21.74 cfs @ 12.70 hrs HW=6.84' (Free Discharge)
t_7=Culvert (Passes 21.74 cfs of 48.39 cfs potential flow)

1=Orifice/Grate (Orifice Controls 3.54 cfs @ 8.99 fps)

3=Broad-Crested Rectangular Weir(Weir Controls 12.59 cfs @ 4.63 fps)
5=Broad-Crested Rectangular Weir(Weir Controls 5.61 cfs @ 2.37 fps)

1T

Secondary OutFlow Max=21.74 cfs @ 12.70 hrs HW=6.84' (Free Discharge)
8=Culvert (Passes 21.74 cfs of 48.39 cfs potential flow)
2=Orifice/Grate (Orifice Controls 3.54 cfs @ 8.99 fps)
4=Broad-Crested Rectangular Welr (Weir Controls 12.59 cfs @ 4.63 fps)
6=Broad-Crested Rectangular Weir(Weir Controls 5.61 cfs @ 2.37 fps)

Pond 1P: Wet Ponds (Combined)

Hydrograph
: B inflow
: ‘ ] ggtﬂnw
. — rimal
os: N Inflow_ Area—;1 8.970 ac | |w Sotamsary
90 | _ Peak Elev=6.84"
85

80 | Storage=10.873 af

Flow (cfs)
[4)]
3

AN REARNRA RS K L B L E Ly A e d v SRR I
10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time {hours}



Developed Condtions
Dev DA two outlets Type Il 24-hr 100-Year Rainfall=8.50"

Prepared by Langan Eng & Env Srvcs Inc - Printed 11/3/2015
HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC ‘

Hydrograph for Pond 1P: Wet Ponds (Combined)

Time Inflow Siorage Elevation Outflow Primary Secondary
{hours) {cfs) {acre-feet) (feef) {cfs} {cfs) (cfs)
0.00 0.00 5.620 3.00 0.00 0.00 0.00
1.00 0.20 5.623 3.00 0.00 - 0.00 0.00
2.00 0.76 5.664 3.03 0.01 0.01 0.01
3.00 113 5.740 3.09 0.08. 0.04 0.04
4.00 1.46 | 5.837 3.16 0.18 0.09 0.09
5.00 1.76. 5.945 3.24 041 021 0219
6.00 2.03 - 6.057 322 0.70 0.35 0.35
7.00 2.62 6.175 341 1.05 0.52. 0.52
8.00 3.41 6.318 3.52 1.52 0.76 - 0.76
9.00 4.83 6.503 3.66 2.08 1.04 1.04
10.00 6.66 6.780 - 3.86 2.70 1.35 1.35
11.00 9.75 7.192 417 342 1.71 1.71
12.00 44.82 8.317 4.99 5.07 2.54 2.54
13.00 24.64 10.677 6.70 36.65 18.33 18.33
14.00 9.38 0.788 6.06 17.86 - 8.93 8.93
15.00 6.73 9.237 5.66 11.81 5.91 5.91
16.00 4.87 8.891 5.41 8.51 4.25 4.25
17.00 3.69 8.621 5.21 6.59 3.29 3.29
18.00 2.88 8.400 5.05 542 - 2.7 2.71
19.00 243 8.199 4.90 4.73 - 2.36 2.36
20.00 218 8.008 476 4.51 2.25 2.25
21.00 1.98 7.817 4.62 4.28 2.14 2.14
22.00 1.80 7.630 449 4.04 2.02 2.02
23.00 1.62 7.447 4.35 3.79 1.90 1.90
24.00 1.44 7.271 422 3.54 1.77 1.77
25.00 0.04 7.035 4.05 3.17 1.58 - 1.58
26.00 0.00 6.792 3.87 2.73 1.36 1.36
27.00 0.00 6.585 3.72 229 1.14 1.14
28.00 0.00 6.415 3.59 1.84 0.92 0.92
29.00 0.00 6.282 3.49 1.40 0.70 0.70
30.00 0.00 6.181 3.42 1.07 0.53 0.563
31.00 0.00 8.104 3.36 0.83 0.41 0.41
32.00 0.00 6.043 3.31 0.66 0.33 0.33
33.00 0.00 5.994 3.28 0.52 0.26 0.26
34.00 0.00 5.955 3.25 0.43 0.22 0.22
35.00 0.00 5.923 3.23 0.38 0.18 0.18.
36.00 0.00 5.895 3.20 0.31 0.15 0.15
37.00 0.00 . 5.872 3.192 0.26 0.13 0.13
38.00 0.00 5.852 3.17 0.22 0.11 0.11
39.00 0.00 5.836 3.16 0.18 0.09 0.09
40.00 0.00 5.821 3.15 017 0.08 0.08
41.00 0.00 5.808 3.14 0.15 0.08 0.08
42.00 0.00 5.796 3.13 0.14 0.07 0.07
43.00 0.00 5.785 312 0.13 0.06 0.086
44.00 0.00 5.775 3.12 0.12 0.06 0.06
45.00 0.00 5.766 3.1 0.11 0.05 0.05
46.00 0.00 5.758 3.10 0.10 0.05 0.05
47.00 0.00 5.750 3.10 0.09 0.04 0.04

48.00 0.00 5.743 3.09 0.08 0.04 0.04




Developed Condtions
Dev DA two outlets ' Type Il 24-hr 100-Year Rainfal{=8.50"
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Summary for Link 1: Analysis Point

Inflow Area = 29.130 ac, 57.81% Impervious, Inflow Depth > 7.16" for 100-Year event
Inflow = 67.19cfs @ 12.59 hrs, Volume= 17.391 af
Primary = 67.19cfs @ 12.59 hrs, Volume= 17.391 af, Atten= 0%, Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-48.00 hrs, dt=0.05 hrs

Link 1: Analysis Point

Hydrograph
S . N =
70'; B713 ¢ Inflow Area=29_130 ac

Flow (cfs)

T T LU I T
10 12 14 16 18 20 22 24 26 28 30 32 34 36 33 40 42 44
Time {hours)




a : Developed Condtions
Dev DA two outlets Type lil 24-hr 100-Year Rainfall=8.50"

Prepared by Langan Eng & Env Srvcs, Inc Printed 11/3/2015
HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC -

Hydrograph for Link 1: Analysis Point

Time Inflow Elevation Primary Tirme Inflow Elevation Primary

{hours) (cfs) (feet) {cfs) | (hours) (cfs) (feet) (cfs)
0.00 0.00 0.00 0.00 25.50 296 0.00 296
0.50 0.00 0.00 0.00 26.00 2.73 0.00 2.73
1.00 0.00 0.00 0.00 26.50 2.50 0.00 2.50
1.50 0.01 . 0.00 0.01 27.00 2.29 0.00 2.29
2.00 0.02 0.00 0.02 27.50 2.06 0.00 2.06
2.80 0.04 0.00 0.04 | 28.00 .1.84 0.00 1.84
3.00 0.09 0.00 0.09 28.50 1.80 0.00 1.60
3.50 0.14 0.00 . 0.14 29.00 1.40 0.00 1.40
4.00 0.20 0.00 0.20 29.50 1.22 0.00 1.22
4.50 0.31 0.00 0.31 30.00 1.07 0.00 1.07
5.00 0.43 0.00 0.43 30.50 0.93 0.00 0.93
5.50 0.56 0.00 0.56 31.00 0.83 0.00 0.83
6.00 0.73 0.00 0.73 31.50 0.74 0.00- 0.74
6.50 0.92 0.00 0.92 32.00 0.66 0.00 0.66
7.00 1.19 0.00 1.19 32.50 0.58 0.00 0.58
7.50 1.52 0.00 1.52 33.00 0.52 0.00 0.52
8.00 1.91 0.00 1.91 33.50 0.47 0.00 0.47
8.50 2.36 0.00 2.36 34.00 0.43 0.00 0.43
9.00 2.91 0.00 2.91 34.50 0.40 0.00 0.40
9.50 3.56 0.00 3.56 35.00 0.36 0.00 0.36

10.00 4.27 0.00 4.27 35.50 0.33 0.00 0.33
10.50 5.15 0.00 515 36.00 0.31 0.00 0.31
11.00 6.30 0.00 6.30 36.50 0.28 0.00 - 0.28
11.50 8.27 0.00 8.27 37.00 0.26 0.00 0.26
12.00 20.78 0.00 20.78 37.50 0.24 0.00 0.24
12.50 85.45 0.00 65.45 38.00 0.22 0.00 0.22
13.00 49.77 0.00 49.77 38.50 0.20 0.00 0.20
13.50 30.14 0.00 30.14 39.00 0.18 0.00 0.18
14.00 22.67 0.00 22.67 39.50 0.17 . 0.00 0.17
14.50 18.24 0.00 18.24 40.00 0.17 0.00 0.17
15.00 15.18 0.00 15.18 40.50 0.16 0.00 0.16
15.50 12.81 0.00 12.81 41.00 0.15 0.00 0.15
16.00 10.97 0.00 10.97 41.50 0.15 0.00 0.15
16.50 9.52 0.00 9.52 42.00 0.14 0.00 .14
17.00 8.44 0.00 8.44 42.50 0.13 0.00 0.13
17.50 7.58 0.00 7.58 43.00 0.13 0.00 0.13
18.00 6.87 - 0.00 6.87 43.50 0.12 0.00 0.12
18.50 6.31 0.00 6.31 44 .00 0.12 0.00 0.12
19.00 5.95 0.00 5.95 44.50 0.11 0.00 0.11
19.50 5.77 0.00 577 45.00 0.11 0.00 0.11
20.00 5.60 0.00 5.60 45.50 0.10 0.00 0.10
20.50 543 0.00 543 46.00 0.10 0.00 0.10
21.00 527 0.00 5.27 46.50 0.09 0.00 0.09
21.50 511 0.00 5.11 47.00 0.09 0.00 0.09
22.00 4.94 0.00 4,94 47.50 0.08 0.00 0.08 .
22.50 478 0.00 478 48.00 0.08 0.00 0.08
23.00 4.61 0.00 4.61

23.50 4.44 0.00 4.44

24.00 4.26 0.00 4.26

24 .50 3.60 0.00 3.60

25.00 3.21 0.00 3.21




| Appendix C
NJDEP Water Quality Analysis
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DA1A-BLD DA-1A IMP DA-1A PER

* Building DA-1A-INP DAL1A-Perv

DA-1APOND

I —

DA-1A POND
Wet Ponds {(Combined)

HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC

Reach A Routing Diagram for Dev DA WQ
Prepared by Langan Eng & Env Srvcs, Inc, Printed 11/3/2015




' WQ Analysis
Dev DA WQ NJ DEP 2-hr Quality Rainfall=1.24"

Prepared by Langan Eng & Env Srvcs, Inc Printed 11/3/2015
HydroCAD® 10.00_sin 08132 © 2013 HydroCAD Software Solutions LLC : Page 2

Time span=0.00-48.00 hrs, di=0.03 hrs, 1601 points
Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv.
Reach routing by Stor-Ind+Trans method - Pond routing by Stor-ind method

SubcatchmentDA-1AIMP: DA-1A-IMP Runoff Area=8.340 ac 100.00% Impervious Runoff Depth=1 02"
Te=15.0 min CN=0/98 Runoff=12.24 cfs. 0.712 af

SubcatchmentDA-1APER: DA-1A-Perv Runoff Area=2.320 ac 0.00% Impervious Runoff Depth=0.13"
Tc=15.0 min CN=78/0 Runoff=0.34 cfs 0.025 af

SubcatchmentDA-1APOND: DA-1A POND Runoff Area=1.470 ac 100.00% Impervious Runoff Depth=1.02"
Te=10.0 min  CN=0/98 Runoff=2.72 ¢fs 0.126 af

SubcatchmentDA1A-BLD:Building Runoff Area=6.840 ac  100.00% Impervious Runoff Depth=1.02"
‘ Tc=15.0 min  CN=0/98 Runoff=10.04 cfs 0.584 af

Pond 1P: Wet Ponds (Combined) Peak Elev=3.80' Storage=6.823 af Inflow=25.04 cfs 1.447 af
Primary=1.39 cfs 0.695 af Secondary=1.39 cfs 0.695 af Outflow=2.79 cfs 1.390 af

Total Runoff Area = 18.970 ac Runoff Volume = 1.447 af Average Runoff Depth = 0.92"
12.23% Pervious = 2.320 ac  87.77% Impervious = 16.650 ac




WQ Analysis
Dev DA WQ NJ DEP 2-hr Quality Rainfali=1.24"
Prepared by Langan Eng & Env Srvcs, Inc - Printed 11/3/2015
HydroCAD® 10.00_s/n 08132 © 2013 HydroCAD Software Solutions LLC Page 3

Summary for Subcatchment DA-1A IMP: DA-1A-IMP

Runoff = 1224 cfs @ 1.24 hrs, Volume= 0.712 af, Depth= 1.02"

Runoif by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.03 hrs
NJ DEP 2-hr Quality Rainfall=1.24"

Area (ac) CN Description

* 8.340 98 Paved

8.340 98 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
{min)  (feet) (ft/ft)  (ft/sec) (cfs)

15.0 Direct Entry,

Subcatchment DA-1A IMP: DA-1A-IMP

Hydrograph . _

_ 12—;‘ s | NJ DEP 2-hr
" Quality Rainfall=1.24"
¢ Runoff Area=8.340 ac

o Runoff Volume=0.712 af

£ ] Runoff Depth=1.02"

£ o Tc=15.0 min
= CN=0/98
43

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48

Time (hours)




WQ Analysis

Dev DA WQ NJ DEP 2-hr Quality Rainfall=1.24"
Prepared by Langan Eng & Env Srvcs, Inc Printed 11/3/2015
HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC Page §

Summary for Subcatchment DA-1A PER: DA-1A-Perv
Runoff = 70.34 cfs @ 1.36 hrs, Volume= 0.025 af, Depth= 0.13"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.03 hrs
NJ DEP 2-hr Quality Rainfall=1.24"

Area(ac) CN Description
1.480 80 >75% Grass cover, Good, HSG D
-0.840 74 >75% Grass cover, Good, HSG C
2.320 78  Weighted Average
2.320 78 100.00% Pervious Area

Tc Length Slope Velocity Capacity -Description
(min)  (feet) (ft/ft)  (ft/sec) {cfs)
15.0 ' Direct Entry,

Subcatchment DA-1A PER: DA-1A-Perv
Hydrograph

0.364 034 ofs

o] @ NJ DEP 2-hr

0.32

NEN R S Quality Rainfall=1.24"
sl TS S Runoff Area=2.320 ac

0.26

o] M | Runoff Volume=0.025 af

0.2- o | Runoff Depth=0.13"
o Tc=15.0 min

0.16 . . :
0.14 CN=78/0
0.12 .
0.1
008
0.06
0.04
0.02

Flow (cfs)

0 2 4 & 8 10 12 14 16 18 2022242628 30 32 34 36 38 40 42 44 46 48
Time (hours)
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WQ Analysis
DevDAWQ NJ DEP 2-hr Quality Rainfall=1.24"
Prepared by Langan Eng & Env Srvcs, Inc -Printed 11/3/2015
HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC Page 7

Summary for Subcatchment DA-1A POND: DA-1A POND

Runoff = 272cfs @ 1.17 hrs, Volume= 0.126 af, Depth=_1.02"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.03 hrs
NJ DEP 2-hr Quality Rainfall=1.24"

Area (ac) CN Description

* 1470 98 Pond

1470 98 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (fifit)  (ft/sec) {cfs)

10.0 Direct Entry,

Subcatchment DA-1A POND: DA-1A POND
Hydrograph

5’ |
g NJ DEP 2-hr

Quality Rainfall=1.24"
Runoff Area=1.470 ac

Runoff Volume=0.126 af

g Runoff Depth=1.02"
£ Tc=10.0 min
CN=0/98

11

0 2 4 6 8 10 12. 14; 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (hours)




WQ Analysis

Dev DA WQ NJ DEP 2-hr Quality Rainfali=1.24"
Prepared by Langan Eng & Env Srvcs, Inc : Printed 11/3/2015
HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC _ _ Page 9

Summary for Subcatchment DA1A-BLD: Building
Runof =  10.04cfs@ 1.24 hrs, Volume= 0.584 af, Depth= 1.02"

. Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span=0.00-48.00 hrs, dt= 0.03 hrs
NJ DEP 2-hr Quality Rainfall=1.24" '

Area (ac) CN Description
* 6.840 98 Roofs
6.840 98 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet) (fifft)  (ft/sec) (cfs)

15.0 Direct Entry,

Subcatchment DA1A-BLD: Building

’ Hydrograph ' .
o a - NJ DEP 2-hr
| | Quality Rainfall=1.24"
=N ' | ~ Runoff Area=6.840 ac
1 &8 ‘ I Runoff Volume=0.584 af
t @ 0000 o | Runoff Depth=1.02"
g s | T¢=15.0 min
AR CN=0/98

10 12 14 16 18 20 22 24 26 28 30 32 34 36 33 40 42 44 46 48
Time (hours)




wa Analysis

Dev DA WQ NJ DEP 2-hr Quality Rainfall=1.24"
Prepared by Langan Eng & Env Srvcs, Inc Printed 11/3/2015
HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC ] Page 11

Summary for Pond 1P: Wet Ponds (Combined)

inflow Area = 18.970 ac, 87.77% Impervious, Inflow Depth = 0.92" for Quality event
Inflow = 2504 cfs@ 1.23 hrs, Volume= 1.447 af

Oufflow = 279c¢fs @ 2.22 hrs, Volume= 1.390 af, Atten=89%, Lag= 59.4 min
Primary = 1.39cfs @ 2.22 hrs, Volume= 0.695 af

Secondary = 139cfs @ 2.22 hrs, Volume= 0.695 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.03 hrs
Starting Elev= 3.00" Surf.Area=1.330 ac Storage= 5.620 af
Peak Elev=3.89' @ 2.22 hrs Surf.Area= 1.357 ac Storage= 6.823 af (1.203 af above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outﬂow)
Center-of-Mass det. time= 367.9 min (455.3-87.4)

Volurne Invert  Avail.Storage Storage Description
#1 -3.00" 12.485 af Custom Stage Data (Prismatic)Listed below
Elevation Surf.Area inc.Store Cum.Store
(feet) (acres) {acre-feet) (acre-feet)
-3.00 0.550 0.000 0.000
-2.00 0.610 0.580 0.580
-1.00 0.770 0.690 1.270
0.00 0.900 0.835 2.105
1.00 1.150 1.025 3.130
2.00 1.250 1.200 4.330
3.00 1.330 1.290 5620 <— | ermanent Pool
4.00 1.360 1.345 6.965 Volume
5.00 1.370 1.365 8.330
6.00 1.380 1.375 9.705
7.00 1.390 1.385 11.090
8.00 1.400 - 1.395 12.485 i
Device Routing Invert Qutlet Devices :
#1  Primary 3.00" 8.5" Vert. Orifice/Grate C=0.600 5
#2  Secondary 3.00" 8.5™ Vert. Orifice/Grate C= 0.600
#3  Primary 4.90' 1.4'long x 0.5' breadth Broad-Crested Rectangular Weir

Head (feet) 0.20 0.40 0.60 0.80 1.00
Coef. (English) 2.80 2.92 3.08 3.30 3.32 ‘
#4  Secondary 4.90' 1.4'long x 0.5 breadth Broad-Crested Rectangular Weir
: Head (feet) 0.20 0.40 0.60 0.80 1.00
Coef. (English) 2.80 2.92 3.08 3.30 3.32
#5  Primary 6.25' 4.0"long x 0.5' breadth Broad-Crested Rectangular Weir

Head (feet) 0.20 0.40 0.60 0.80 1.00
Coef. (English) 2.80 2.92 3.08 3.30 3.32
#6  Secondary 6.25" 4.0'long x 0.5' breadth Broad-Crested Rectangular Weir
Head (feet) 0.20 0.40 0.60 0.80 1.00
Coef. (English} 2.80 2.92 3.08 3.30 3.32

;73
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WQ Analysis
NJ DEP 2-hr Quality Rainfall=1.24"

Dev DA wWQ
Prepared by Langan Eng & Env Srvcs, Inc Printed 11/3/2015
HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC _ Page 12
Primary OutFlow Max=1 .39 cfs @ 2.22 hrs HW=3.89' (Free Discﬁarge)
1=Orifice/Grate (Orifice Controls 1.39 cfs @ 3.54 fps)
3=Broad-Crested Rectangular Weir( Controls 0.00 cfs)
5=Broad-Crested Rectangular Weir( Controls 0.00 cfs)
Secondary OutFlow Max=1.39 cfs @ 2.22 hrs HW=3.89' | (Free Discharge)
2=0Orifice/Grate (Orifice Controls 1.39 cfs @ 3.54 fps)
4=Broad-Crested Rectangular Weir( Controls 0.00 cfs)
6=Broad-Crested Rectangular Weir( Controls 0.00 cfs)
Pond 1P: Wet Ponds (Combined)
Hydrograph
: : M Inflow
B0k ds N _ _ 2 Qutllow ’
264 _ - Inflow Aréa=1 8.970 ac | |mtany
* Peak Elev=3.89'
“ . - | Storage=6.823 af

Flow {cfs)

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 45 48
Time (houts) )




Dev DA WQ

Prepared by Langan Eng & Env Srvcs, Inc

WQ Analysis
"NJ DEP 2—hr Quality Rainfall=1.24"
Printed 11/3/2015

HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC Page 13
Hydrograph for Pond 1P: Wet Ponds (Combined)
Time Inflow Storage Elevation Outflow Primary Secondary
{hours) (cfs) (acre-feet) (feet) (cfs) (cfs) {cfs)
0.00 0.00 5.620 3.00 0.00 0.00 0.00
1.50 15.76 6.477 3.64 2.01 1.00 1.00
3.00 0.08 6.704 3.81 2.55 1.27 1.275~___ |Peak WQ Volume
4.50 0.00 6.430 3.60 1.89 0.94 0.94 @ 2.20 hrs
6.00 0.00 6.238 3.46 1.25 0.63 0.63
7.50 0.00 6.110 3.36 0.85 0.42 0.42
9.00 0.00 6.022 3.30 0.60 0.30 0.30
10.50 0.00 5.959 3.25 0.44 0.22 0.22
12.00 0.00 5911 3.22 0.34 017 0.17
13.50 0.00 5.874 3.19 0.26 0.13 0.13
15.00 0.00 5.845 3.17 0.20 0.10 0.10
16.50 0.00 5.823 3.15 0.17 0.08 0.08
18.00 0.00 5.803 3.14 0.15 0.07 0.07
19.50 0.00 5.786 3.12 0.13 0.06 0.06
21.00 0.00 5771 3.1 0.11 . 0.06 0.06
22.50 0.00 5.759 3.10 0.10 0.05 0.05¥~___|10% WQ Volume
24.00 0.00 5.747 3.09 0.08 0.04 0.04 @ 22.40 hrs
25.50 0.00 5.737 3.09 0.07 0.04 0.04
27.00 0.00 5729 3.08 0.06 0.03 0.03
28.50 0.00 5.721 3.08 0.06 0.03 0.03
30.00 0.00 5715 3.07 0.05 0.02 0.02
31.50 0.00 5.709 " 3.07 0.04 0.02 0.02
33.00 0.00 5.704 3.06 0.04 0.02 0.02
34.50 0.00 5.700 3.06 0.03 0.02 0.02
36.00 0.00 5.6906 3.06 0.03 0.01 0.01
37.50 0.00 5.693 3.05 0.02 0.01 0.01
39.00 0.00 5.690 3.05 0.02 0.01 0.1
40.50 0.00 5.687 3.05 0.02 0.01 0.01
42.00 0.00 5.685 3.05 0.02 0.01 0.01
43.50 0.00 5.683 3.05 0.02 0.01 0.01
45,00 0.00 5.681 3.05 0.02 0.01 0.01
46.50 0.00 5.679 3.04 0.02 0.01 0.01
48.00 0.00 5677 3.04 0.02 06.01 0.01

— a



Appendix D

Emergency Spillway Analysis
&

- Anti-Seep Collar Calculations
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DA1A-BLD DA-1A IMP DA-1A PER

" Building DA-1A-INIP

DA-1APond

DA-1A Pond

Wet Ponds (Combined)

Reach Routing Diagram for Dev DA Spillway
Prepared by Langan Eng & Env Srves, lnc, Printed 11/3/2015
HydroCAD® 10.00 sin 08132 © 2013 HydroCAD Software Solutions LLC




Spillway Calcs
Dev DA Spillway Type Il 24-hr 100-Year Rainfali=8.50"

Prepared by lL.angan Eng & Env Srvcs, Inc Printed 11/3/2015
H_ydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC

Summary for Subcatchment DA-1A IMP: DA-1A-IMP

Runoff = 38.80cfs @ 12.23 hrs, Volume= 5.741 af, Depth= 8.2G6"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type Ili 24-hr 100-Year Rainfall=8.50"

Area{ag) CN Description
* 8.340 98 Paved
8.340 98 100.00% !mpervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet) (ftift)  (fi/lsec) (cfs)
15.0 Direct Entry,

Subcatchment DA-1A IMP: DA-1A-IMP
Hyﬂrogr_aph

423 . | |
o __ Typelll24-hr
349 100-Year Rainfall=8.50"
e Runoff Area=8.340 ac
Runoff Volume=5.741 af
Runoff Depth=8.26"
T¢=15.0 min
CN=0/98

263
24
224
20
183
16
14
12
10
GE
6
4
-
0 2 4 & 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 486 48
Time {hours}

Flow (cfs)




: Spillway Calcs
Dev DA Spillway Type Il 24-hr 100-Year Rainfall=8.50"

Prepared by Langan Eng & Env Srvcs, Inc Printed 11/3/2015
HydroCAD® 10.00 s/n 08132 @ 2013 HydroCAD Software Solutions LLC

Summary for Subcatchment DA-1A PER: DA-1A-Perv

Runoff = 8.58 ¢fs @ 12.24 hrs, Volume= 1.132 af, Depth= 5.85"

Runoff by SCS TR-20 rhethod, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs .
- Type Il 24-hr 100-Year Rainfall=8.50"

Area(ac) CN Description
1.480 80 >75% Grass cover, Good, HSG D
0.840 74 >75% Grass cover, Good, HSG C

2.320 78 Weighied Average
2.320 78 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft)  (ft/sec) (cfs)
15.0 Direct Entry,

Subcatchment DA-1A PER: DA-1A-Perv
Hydrograph

T L4

Type lll 24-hr
100-Year Rainfall=8.50"

] Runoff Area=2.320 ac

5 Runoff Volume=1.132 af

£ Runoff Depth=5.85"
£ Tc=15.0 min
] CN=78/0

e S EEAEARRARARAR ~—1"-'| ‘.
a8 10 12 1'4 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (hours)




: Spillway Calcs
Dev DA Spillway Type Il 24-hr 100-Year Rainfall=8.50"

Prepared by Langan Eng & Env Srvcs, Inc Printed 11/3/2015
HydrocCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Soluiions LLC

Summary for Stibcatchment DA-1APond: DA-1A Pond
Runoff = 8.19cfs @ 12.16 hrs, Volume= 1.012 af, Depth= 8.26"

Runoff by SCS TR-20.method, UH=Delmarva, Split Pervious/Imperv., Time Span 0.00-48.00 hrs, dt=0.05 hrs
Type Il 24-hr 100-Year Rainfall=8.50"

Area (ac) CN Description
* 1470 98 Wet Pond
1.470 98  100.00% impervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet) {ft/ft)  (ft/sec) (cfs) :
10.0 Direct Entry,

Subcatchment DA-1APond DA-1A Pond

R Hydcugraph, - ) -
of | .
] . [a18ofs ] - .
8] & Type lll 24-hr |
£ 100-Year Rainfall=8.50"
! T Runoff Area=1.470 ac
9 M Runoff Volume=1.012 af
g s . B R Runoff Depth=8.26"
2, R o ~ Tc=10.0 min
! . | | CN=0/98
o

0o 2 4 6 B 10 12 14 18 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time -(hours)




' Spillway Calcs
Dev DA Spillway Type Il 24-hr 100-Year Rainfall=8.50"

Prepared by Langan Eng & Env Srvcs, Inc Printed 11/3/2015
HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Scoftware Solutions LLC

Summary for Subcatchment DA1A-BLD: Building

Runoff = 31.82cfs @ 12.23 hrs, Volume= 4.708 af, Depth= 8.26"

Runoff by SCS TR-20 method, UH= Delmarva Split Per\nous!lmperv Time Span= (. 00-48 00 hrs, dt= 0.05 hrs
Type lll 24-hr 100-Year Rainfall=8.50"

Area (ac) CN Description
* 6.840 98 Roofs
6.840 98 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet) (ft/ft)  (ft/sec) (cfs)
15.0 Direct Entry,

Subcatchment DA1A-BLD: Building
Hydrograph

]
32 Type Il 24-hr
) 100-Year Rainfall=8.50"
264 - B Runoff Area=6.840 ac
22- 8 Runoff Volume=4.708 af
24 | : Runoff Depth=8.26"
16 | ~ Tc=15.0 min
ot ' ' CN=0/98

Flow (cfs)

Gaani T T R A
0 2 4 6 8 10 12 14 16 18 20 22 24 26 23 30 32 34 36 38 40 42 44 46 48
Time (hours)




o Spillway Calcs
- Dev DA Spiliway Type lil 24-hr 100-Year Rainfall=8.50"
Prepared by Langan Eng & Env Srvcs, Inc _ - Printed 11/3/2015
HydroCAD® 10.00 s/n 08132 ©® 2013 HydroCAD Software Solutions LLC .

| Summary for Pond 1P: Wet Ponds (Combined)

Inflow Area = 18.970 ac, 87.77% Impervious, Inflow Depth = 7.97" for 100-Year event

Inflow = 87.19cfs @ 12.22 hrs, Volume= 12.593 af ‘
Outflow = 69.50 cfs @ 12.46 hrs, Volume= 7.261 af, Atten=20%, Lag= 14.4 min
Primary = 69.50 cfs @ 12.46 hrs, Volume= 7.261 af -

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Starting Elev= 3.00' Surf.Area=1.330 ac Storage= 5.620 af
Peak Elev=7.32"@ 1246 hrs Surf. Aréa=1.393 ac Storage= 11.531 af (5917 af above start)

Plug-Flow detention time=763.7 min calculated for 1.639 af (13% of inflow)
Center-of-Mass det. time= 123.4 min ( 886.6 - 763.2 )

Volume Invert _ Avail.Storage _ Storage Description
#1 -3.00 12.485 af Custom Stage Data (Prismatic)isted below
Elevation Surf. Area Inc.Store Cum.Store -
(fest)- (acres) (acre-feet) (acre-feet)
-3.00 0.550 0.000 0.000
-2.00 0.610 0.580 0.580
-1.00 0.770 0.690 1.270
0.00 -0.900 0.835 . 2105
1.00 1.150 1.025 : 3.130
2.00 1.250 1.200 4,330
3.00 1.330 1.290 5.620
4.00 1.360 1.345 6.965
5.00 1.370 1.365 8.330
6.00 1.380 1.375 9.705
7.00 1.390 1.385 11.090
8.00 1400 1.395 12.485
Device _Routing Invert OQutlet Devices -
#1  Primary 6.90' 100.0'long x 10.0' breadth Broad-Crested Rectangular Weir

Head (feet) 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60
Coef. (English) 2.49 2.56 2.70 2.69 2.68 2.69 2.67 2.64

Primary OutFlow Max=68.47 cfs @ 12.46 hrs HW=7.31 (Free Discharge)
1=Broad-Crested Rectangular Weir(Weir Controls 68.47 cfs @ 1.65 fps)



Dev DA Spillway
Prepared by Langan Eng & Env Srvcs, Inc

Spillway Calcs
Type Ill 24-hr 100-Year Rainfall=8.50"
Prlnted 11/3/2015

HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC

Flow (cfs)

95
903
853
803
753
703
657
603
553
50
457
404
359
309
259
207
154
104

5

Pond 1P: Wet Ponds (Combmed)

OE v“:l"i-. si o

Hydrograph
Inflow Area=18.970 ac
- Peak Elev=7.32'
~ g | Storage=11.531 af

B Inflow
@ Primary

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (hours)




_ _ Spillway Calcs
Dev DA Spillway ' Type lll 24-hr 100-Year Rainfall=8.50"

Prepared by Langan Eng & Env Srvcs, Inc Printed 11/3/2015
HydrocCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC :

Hydrograph for Pond 1P: Wet Ponds (Combined)

Time inflow Storage Elevation Primary
{hours) (cfs} (acre-feet) (feet) {cfs)
0.00 . 0.00 5.620 3.00 0.00
1.00 0.20 \ 5.623 3.00 0.00
2.00 0.76 5.665 3.03 0.00
3.00 1.13 5.743 3.09 0.00
4.00 ©1.46 5.851 317 0.00
5.00 1.76 . 5984 . 3.27 0.00
6.00 2.03 B 3.39 0.00
7.00 2.62 6.329 3.53 0.00
8.00 3.41 6.578 3.71 0.00
9.00 4.83 6.911 - 3.96 0.00
10.00 6.66 7.385 4.31 0.00
11.00 9.75 8.049 4.79 0.00
12.00 44.82 9.500 5.85 0.00
13.00 24.64 11.280 7.14 29.02
14.00 9.38 11112 . 7.02 9.95
15.00 6.73 - 11.077 6.99 7.14
16.00 4.87 11.044 6.97 5.27
17.00 3.69 11.020 6.95 3.88
18.00 2.88 11.005 6.94 3:05
19.00 243 10.995 6.93 249
20.00 218 10.991 6.93 2.24
21.00 1.98 . 10.987 6.93 2.02
22.00 1.80 10.984 6.92 1.84
23.00 1.62 10.981 6.92 1.66
2400 - 1.44 10.977 6.92 1.48
25.00 0.04 10.954 6.90 0.16
26.00 0.00 10.952 6.90 0.00
27.00 0.00 10.952 6.90 0.00
28.00 0.00 10.952 6.90 0.00
29.00 0.00 10.952 6.90 0.00
30.00 0.00 10.952 6.90 0.00
31.00 0.00 10.952 6.90 0.00
32.00 0.00 10.952 6.90 0.00
33.00 0.00 10.952 6.90 0.00
34.00 0.00 10.952 6.90 0.00
35.00 0.00 10.952 6.90 0.00
36.00 0.00 10.952 6.90 0.00
37.00 0.00 10.952 6.90 0.00
38.00 0.00 10.952 6.90 - 0.00
39.00 0.00 10.952 6.90 0.00
40.00 0.00 10.952 6.90 0.00
41.00 0.00 10.952 6.90 0.00
42.00 0.00 10.952 6.90 0.00
43.00 0.00 10.952 6.90 0.00
44.00 0.00 10.852 6.90 0.00
45.00 0.00 10.952 6.90 0.00
46.00 0.00 10.952 6.90 0.00
47.00 0.00 10.952 6.90 0.00

48.00 0.00 10.852 6.90 0.60
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APPENDIX A

Low Impact Development Checklist

A checklist for identifying nonstructural stormwater management
strategies incorporated into proposed land development

According to the NJDEP Stormwater Management Rules at NJA.C. 7:8, the groundwater recharge,
stormwater quality, and stormwater quantity standards established by the Rules for major land development
projects must be met by incorporating nine specific nonstructural stormwater management strategies into
the project’s design to the maximum extent practicable.

To accomplish this, the Rules require an applicant seeking land development approval from a regulatory
board or agency to identily those nonstructural sirategies that have been incorporated into the project’s
design. In addition, if an applicant contends that it is not feasible to incorporate any of the specific strategies
into the project’s design, particularly for engineenng, environmental, or safety reasons, the Rules further
require that the applicant provide a basis for that contention.

This checklist has been prepared to assist applicants, site designers, and regulatory boards and agencies
in ensuring that the nonstrucrural stormwater management requirements of the Rules are met. It provides
an applicant with a means o identify both the nonstructural sirategies incorporated into the development’s
design and the specific low impact development BMPs (LID-BMPs) that have been used to do so. It can also
help an applicant explain the engineering, environmental, and/or safety reasons that a specific nonstructural
strategy could not be incorporated into the development’s design.

The checklisi can also assist municipalities and other land development review agencies in the
development of specific requirements for borh nonsiructural strategies and 11D-BMPs in zoning and/or Jand
use ordinances and regulations. As such, where requirements consistent with the Rules have been adopted,
they may supersede this checklist.

Finally, the checklist can be used during a pre-design meeting between an applicant and pertinent Teview
personnel to discuss local nonstructural strategies and LID-BMPs requirements in order to optimize the

“development’s nonstructural stormwater management design.

Since this checklist is intended to promole the use of nonsiructural stormwater management straiegies
and provide guidance in their incorporation in land development projects, municipalities are permitted to
revise it as necessary to meet the goals and objectives of their specific stormwatet management program and
plan within the limits of N.JA.C. 7:8. .
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Low Impact Development Checklist

A checklist for identifying nonstructural stormwater management
strategies incorporated into proposed land development

Municipah'ty; Township of Greenwich

County: Gloucester County Date: 03/31/2016

Review board or agency.__ Township of Greenwich

Proposed Iand development name: DRP Gibbstown Logistics Center - Phase 1

Lot(s): __14 Block{s): _8 (P/0) .

Project or application number: 130088802 (Langan Engineering Project Number)

Delaware River Parthners LLC, C/.O Fortress Worldwide
Applicant’s name: Transportation and Infrastructure General Partnership

Apph'cant’s address: 1345 Avenue of the Americas, 46th floor

New York, NY 10105

Telephone: _ 305-520-2300 Fax:

Email address:

Designer‘s name: Langan Engineering and Environmental Services, Inc

Designer’s‘ address: 989 Lenox Drive, Suite 124,

Lawrenceville, NJ 08648

Telephone: 609-282-8000 ‘ Fax: 609-282-8001

Email address’ ewilkes@langan.com

New Jersey Stormwater BMP Manual « Appendix A: Low Impact Devetopment Checktist » February 2004 - Page A-2
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Part 1: Description of Nonstructural Approach to Site Desig:i

In narrative form, provide an overall description of the nonstructural stormwater management approach
and strategies incorporated into the proposed site’s design. Attach additional pages as necessary. Details of
each nonstructural strategy are provided in Part 3 below.

The disturbance during construction will be limited to the necessary areas as

required. Specifically retaining walls are utilized to reduce impact to wetlands

wooded areas. Curb cuts have been proposed to disconnect impervious surfaces and

allow stormwater to flow through grassed areas prior to entering the storm sewer and

extend the developed time of concentraticn. Scour holes and retaining walls will

’

be constructed to minimize disturbance within wetlands. 2 landscape buffer has

been provided between the propcsed warehouse and residents All disturbance is

within HSG D soils that do not encourage ground water recharge.

New Jersey Stormwater BMP Manual = Appendix A: Law Impact Development Checklist  Fabruary 2004 » Page A-3



Part 2: Review of Local Stormwater Management Regulations

Title and date of stormwater management regulations used in development design:

Teownship of Greenwich Codes

Do regulations include nonstructural requirements? Yes: __ X _ No:

If yes, briefly describe:

Use of nonstructural BMPS, or Low Impact Development Techniques are required as part

of the stormwater management design.

List LID-BMPs prohibited by local regulations: _ NONE

Pre-design meeting held? Yes: Date: No: X
Meeting held with: _

Pre-design site walk held? Yes: Date: No: _*#
Site walk held with:

Other agencies with-stormwater review furisdiction:

Name:

Required approval:

Name:

Gloucester Soil Conservation District

S50il Ercsion and Sediment Control Certification

NJDEP

Required approval:

Name:

Wetlands GP and FHA IP

Required approval:

New Jersey Stormwater BMP Manual « Appendix A: Low Impact Development Checklist = February 2004 « Page A-4



Part 3: Nonstructural Strategies and LID-BMPs in Design

3.1 Vegetation and Landscaping

Effective management of both existing and proposed site vegetation can reduce a development’s adverse
impacts on groundwater recharges and runoff quality and quantity. This section of the checklist helps
idenrify the vegetation and landscaping strategies and nonstructural LID-BMPs that have been incorporated
inio the proposed development’s design to help maintain existing recharge rates and/or minimize or prevenl

increases in runoff quantity and peliutant loading.

A. Has an inventory of existing site vegetation been performed? Yes: No: X
If yes, was this inventory a factor in the site’s layout and design? Yes: No:
B. Does the site design ﬁtﬂize any of the following nonstructural LID-BMPs?
Preservation of natural areas?  Yes: X No: If yes, specily % of site: 33%
Native ground cover? Yes: X No: . 1f yes, specify % of site: _14%
Vegetated buffers? Yes: X No: It ye;, specify % of site: __2%
C. Do the land development regulations require these nonstructural LID-BMPs?
Preservation of natural areas?  Ves: No: X If yes, specify % of site:
Native ground cpver? Yes: No: X If yes, specify % of site:
Vegetated buffers? | Yes: No: X If yes, specify % of site:
D. If vegetated filter strips or buffers are utilized, specify their functions:
Reduce runoff volume increases through lower runoff coefficient: ~ Yes: - No: N/a
Reduce runoff pellutant loads through munoff treatment: Yes: No: N/A
Maintain groundwater recharge by preserving natural areas: Yes: No: N/2

New Jersey Stormwater BMP Manual « Appendix A: Low Impact Development Checklist « February 2004 «
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3.2 Minimize Land Disturbance

Mimimizing land disturbance is a nonstructural LID-BMP that can be applied during both the development’s
construction and post-construction phases. This section of the checklist helps identify those land
disturbance strategies and nonstructural LID-BMPs that have been incorporated into the proposed
development’s design to minimize land disturbance and the resultant change in the site’s hydrclogic

character.
. A, Have inventories of existing site soils and slopes been performed? Yes: _ X No:
If yes, were these inventories factors in the site’s layout and design? Yes: __ ¥ No:

B. Does the development's design utilize any of the following nonstructural LID-BMPs?

Restrict permanent site disturbance by land owners? ' Yes: No: ¥
1f yes, how:

.

; Restrict temporary site disturbance during construction? Yes: X No:

lfyes,how: S1lt fencing will discourage construction equipment from leaving

approved limit of distrubance.

Consider soils and slopes in selecting disturhance limits? Yes: _X No:

Ifyes, how: The development minimizes disturbance to the wetlands areca and

existing woods as much as possible.

C. Speatfy percentage of site to be cleared: 67% Regraded: 16%
D. Specify percentage of cleared areas done so for buildings: 23%
For driveways and parking; 28% For roadways: 0%

New Jersey Stormwater BMP Manual » Appendix A: Low Impact Development Checklist « February 2004 » Page A-6




E. What design criteria and/or site changes would be required to reduce the percentages in C and D above?

The project was designed to adeguately park the anticipated use. Retaining

walls have been utilized to reduce clearing limits.

F. Specify site’s hydrelogic soil group (HSG) percentages:

HSG A: HSG B: HSG C: HSG D:__100.0%

G. Specily percentage of each HSG that will be permanently disturbed:

HSGA: _ HSG B HSG C: HsGD:  67-0%

H.Locating site disturbance within areas with less permeable soils (HSG C and D) and minimizing
disturbance within areas with greater permeable soils (HSG A and B) can help maintain groundwater
recharge rates and reduce runoff volume increases. In light of the HSG percentages in F and G above,
what other practical measures if any can be taken to achieve this? -

All disturbance takes place within HSG D scils.

L. Does the site inclade Karst topography? , Yes: No: _X

If yes, discuss measures taken to limit Karst impacts:

New Jersey Stormwater BMP Manual » Appendix A: Low Impact Development Checklist « February 2004 < Page A-7
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3.3 Impervious Area Management

New impervious surfaces at a development site can have the greatest adverse effect on groundwater recharge
and stormwater quality and quantity. This section of the checklist helps identify those nonstructural
strategies and LID-BMPs that have been incorporated into a proposed development’s design to
comprehensively manage the extent and impacts of new impervious surfaces. ‘

a0

A. Specify impervious cover at site: Existing: 1.0

Proposed: 51.0%

B. Specify maximum site.impervious coverage allowed by regulations: 80%

C. Compare proposed street cartway widths with those required by regulations:

Type of Steet ] M | i ey
Residential access — low intensity N/A |
Residential access — mediur intensity N/A g
Residential access — high intensity with parking _ N/A
Residential access — high intensity without parking N/B
Neighborhood N/A
Minor collector — low intensity without parking N/A
Minor collector — with one parking lane N/B
Minor collector — with two parking lanes N/B
Miner collector — without parking N/A
Major collector N/A

D. Compare proposed parking space dimensions with those required by regulations:

Proposed: 2 *18' Regulations: __2'x18"

E. Compare proposed number of parking spaces with those required by regulations:

277

Proposed: Regulations: _273

New Jersey Stormwater BMP Manual = Appendix A: Low Impact Development Checkljst s February 2004 = Page A-8




E. Specify percentage of total site impervious cover created by buildings:

By driveways and parking: By roadways:

(. What design criteria and/or site changes would be required to reduce the percentages in F above?

H. Specify percentage of total impervious area that will be unconnected:

Total site: _ 0% Buildings: 0% Driveways and parking: __ 0% Roads: 0%

L Specify percentage of total-impervious area that will be porous:

Total site: 0% Buildings: __ 0% _ Driveways and parking: 0% Roads: 0%
J. Specify perceniage of total building roof area that wilt be vegetated: 0%
K. Specify percentage of total parking area located beneath buildings: 0%

L. Specify percentage of toral parking located within muli-level parking deck: _ 0%

New Jersey Stormwater BMP Manual « Appendix A: Low Impact Development Checklist « February 2004 « Page A-9




3.4 Time of Concentration Modifications

Decreasing a site’s time of concentration (Tc) can lead directly to increased site runoff rates which, m tum,
can create new and/or aggravate existing erosion and ficoding problems downstream. This section of the
checklist helps identify those nonstructural strategies and 1TD-BMPs that have been incorporated into the
proposed.development’s design to effectively minimize such Te decreases.

When reviewing Tc modification strategies, it is important to remember that a drainage area’s Tc should
reflect the general conditions throughout the area. As a result, Tc modifications must generally be applied
throughout a drainage area, not just along a specific T¢ route.

A. Specify percentage of site’s total stormwater conveyance system length that will be:

Storm sewer:  95% Vegetated swale: 0% Natural channel: 0%

Stovmwater management facility: 5% Other:

Note: the total length of the stormwater conveyance system should be measured [rom the site’s
downstream property line to the. downstream limit of sheet flow at the system’s headwaters.

B. What design criteria and/or site changes would be required to reduce the storm sewer percentages and
increase the vegetated swale and natural chanmnel percentages in A above?

The introduction of additicnal drainage swales would result in

additional disturbance to the adjacent wetlands as well as the

removal of additiocnal trees.

C. In conveyance system subareas that have overland or sheet flow over impervious surfaces or turf grass,
what practical and effective site changes can be made to:

Decrease overland flow slope: The landscaped areas have been designed to

the minimum slopes possible to maintaln adequate flow.

Increase overland flow roughness:

New Jersey Stormwater BMP ManuaL = Appendix A: Low Impact Development Checklist « February 2004 - Page A-10
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3.5 Preventative Source Controls

The most effective way to address water quality concerns is by pollution prevention. This section of the
checklist helps identify those nonstructural strategies and LID-BMPs thar have been incorporated into the
proposed development’s design to reduce the exposure of pollutants to prevent their release into the
stormwater runoff. ‘

A. Trash Receptacles

Specily the number of trash receptacles provided: HONE

Specify the spacing between the trash receptacles: NONE

Compare trash receptacles proposed with those required by regulations:

Proposed: NONE Regulations: NONE

. Pet Waste Stations

Specify the number of per waste stations provided: NCNE

Specify the spacing between the pet waste stations: NONE

Compare pet waste stations proposed with those required by regulations:

Proposed: HONF, Regulations: NONE

. Inlets, Trash Racks, and Other Devices that Prevent Discharge of Large Trash and Debris

Specify percentage of total inlets thar comply with the NJPDES storm drain nlet criteria: 1gns

. Maintenance

Specify the frequency of the following maintenance activities:

Street sweeping: Proposed: NONE Regulations: NONE

Licter collection: Proposed: NONE Regulations: NONE

Identify other stormwater management measures on the site that prevent discharge of large trash and
debris:

New Jersey Stormwater BMP Manual = Appendix A: Low Impact Development Checklist » February 2004 « Page A-il




E. Prevenrion and Containment of Spills

Identify locations where pollutants are located on the site, and the features that prevent these pollutants

from being exposed to stormwater runoff:

Pollutant:

Fluids from vehicles Location: Parking Lots

Feature utilized to prevent pollutant exposure, harmful accumulation, or contain spills:

Pollutant:

Location:

Feature utilized to prevent pollutant exposure, harmful accumulation, or ceontain spills:

Pollutant:

Location:

Feature utilized 1o prevent pollutant exposure, harmful accumulation, or contain spills:

Pollutant:

Location:

Feature utilized to prevent pollutant exposure, harmful accumulation, or contain spills:

Pollutant:

. ™
Location:

Mew Jersey Stormwater BMP Manual - Appendix A: Low Impact Development Checklist » February 2004 « Page A-12




Part 4: Compliance with Nonstructural Requirements
of NJDEP Stormwater Management Rules

1. Based upon the checklist responses above, indicate which nonstructural strategies have been incorporated

into the proposed development’s design in accordance with N.J.A.C. 7:8-5.3(b):

No. Nonstructural Strategy Yes No
1. Protect areas that provide water quality benefits or areas particularly
susceptible to erosion and sediment loss X
2. Minimize impervious surfaces and break up ot disconnect the flow of runcff
over impervious strfaces. %
3. Maximize the protection of natural drainage features and vegeration ¥
4 Minimize the decrease in the pre-construction time of concentration. %
3. Minimize land disturbance including clearing and grading %
5. Minimize s0il compaction. X
7. Provide low maintenance landscaping that encourages retention and planting
of native vegetation and minimizes the use of lawns, fertilizers, and pesticides. %
8. Provide vegetated open-channel conveyance systems discharge into and
through stable vegetated areas %
8. Provide preventative source controls. %

2. For those strategies that have not been incorporated into the praoposed development’s design, provide

engineering, environmental, and/or safety reasons. Attached additional pages as necessary.

New Jersey Stormwater BMP Manual » Appendix A: Low Impact Development Checklist « February 2004 - Page A-13




Appendix F

NJDEP Annual Groundwater Recharge Analysis
(GSR-32)
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APPENDIX G
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Appendix G

: Soil Erosion & Sediment Control Stability

: Analysis

i & 3
Conduit Outlet Protection Calculations

i?




DA1A-BLD

Building

DA-1APond

DA-1A Pond

DA-1A PER.

DA-1A IMP

DA-1A-|

Wet Ponds (Com$

Routing Diagram for Dev DA two outlets
Prepared by Langan Eng & Env Srvcs, Inc, Printed 11/3/2015

HydroCAD® 10.00 s/n 08132 © 2013 HydreCAD Software Solutions LLC




Developed Conditions -
Type Il 24-hr 25-Year Rainfall=6.20"
Printed 11/3/2015

Dev DA two outlets

Prepared by Langan Eng & Env Srves, Inc
HydroCAD® 10.00_s/n 08132 © 2013 HydroCAD Software Solutions LLC

Summary for Subcatchment DA-1A IMP: DA-1A-IMP

Runoff = 2824 cfs @ 12.23 hrs, Volume= 4.143 af, Depth= 5.96"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/imperv., Time Span= 0.00-48.00 hrs, dt=0.05 hrs
Type 1l 24-hr 25-Year Rainfali=6.20" : ,

Area (ac) _CN Description
* 8340 98 Paved _ _
8340 98 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min)___ (feet) (ft/ft) _ (ft/sec) (cfs)
. 150 Direct Entry,

Subcatchment DA-1A IMP: DA-1A-IMP

A Hydrograph
28 Type Il 24-hr
25.Year Rainfall=6.20"
2 Runoff Area=8.340 ac
203 Runoff Volume=4.143 af
e Runoff Depth=5.96"
& 1 Tc=15.0 min
1?@ CN=0/98
o
6
41
2
A T T R T R & M S i % 3 40 42 44 4 40

Time {hours)




, Developed Conditions
Dev DA two outlets Type I 24-hr 25-Year Rainfall=6.20"

Prepared by Langan Eng & Env Srvcs, Inc Printed 11/3/2015
HydroeCAD® 10.00 s/n 08132 ® 2013 HydroCAD Software Solutions LLG - :

Summary for Subcatchment DA-1A PER: DA-1A-Perv

Runoff = 5.53cfs @ 12.25 hrs, Volume= 0.726 af, Depth= 3.76"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type Il 24-hr 25-Year Rainfall=6.20"

Area (ac) CN Description
1.480 80 =>75% Grass cover, Good, HSG D
0.840 74 >75% Grass cover, Good, HSG C
2.320 78 Weighted Average
2.320 78 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet) {ft/ft)  (ft/sec) (cfs)

15.0 Direct Entry,

Subcatchment DA-1A PER: DA-1A-Perv
Hydrograph

o - R . ) C . .

] Type lll 24-hr

25-Year Rainfall=6.20"

Runoff Area=2.320 ac

Runoff Volume=0.726 af

Runoff Depth=3.76"

Tc=15.0 min

CN=78/0

Flaw (cfs)

T e r r P A P P N B RN
12 14 16 18 2lD 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (hours)

rer
0 2 4 6 8 10




} _ Developed Conditions
Dev DA two outlets Type Hl 24-hr 25-Year Rainfall=6.20"

Prepated by Langan Eng & Env Srvcs, Inc Printed 11/3/2015
HydroCAD® 10.00_s/n 08132 © 2013 HydroCAD Software Salutions LLC

Summary for Subcatchment DA-1APond: DA-1A Pond

Runoff = 596 cfs @ 12:16 hrs, Volume= 0.730 af, Depth= 596"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type lll 24-hr 25-Year Rainfall=6.20" , :

Area (ac) CN _Description
* - 1470 98 Wet Pond
1.470 98  100.00% Impervious Area

Tc Length Slope Velocity Capacity Description -
(min) _ (feet) (ft/ft)  (fi/sec) (cfs)
10.0 Direct Entry,

Subcatchment DA-1APond: DA-1A Pond
Hydrogr..apfn

|

Type 1l 24-hr
25-Year Rainfall=6.20"
Runoff Area=1.470 ac
Runoff Volume=0.730 af
Runoff Depth=5.96"
T¢=10.0 min |
CN=0/98

4

Flow (cfs)

o a8 B 1o 12 14 15 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 4B
Time {hours}




i Developed Conditions
" pev DA two outlets Type il 24-hr 25-Year Rainfall=6.20"

| Prepared by Langan Eng & Env Srvcs, Inc Printed 11/3/2015
- HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC

Summary for Subcatchment DA1A-BLD: Building

Runoff =  2316cfs @ 12.23 hrs, Volume= 3.398 af. Depth= 5.96"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type lll 24-hr 25-Year Rainfall=6.20"

Area (ac) CN Description
* 6.840 98 Roofs
6.840 98 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
{min)  (fest) (ft't)  (ft/sec) (cfs)
15.0 Direct Entry,

Subcatchment DA1A-BLD: Building
Hydrograph 7

25 - X | |
2 - ~ Type lll 24-hr
¥ 25-Year Rainfall=6.20"
io] . Runoff Area=6.840 ac
6] i 'Runoff Volume=3.398 af
£ 13 I Runoff Depth=5.96"
& 2] - Tc=15.0 min
| | | CN=0/98

0 2 4 6 B 10 12 14 16 18 20 22 24 26 28 30 32 34 3 33740 42 44 ds 48
Time {hours)




- Developed Conditions
Dev DA two outlets Type ill 24-hr 25-Year Rainfall=6.20"
Prepared by Langan Eng & Env Srves, Inc ‘ Printed 11/3/2015
HydroCAD® 10.00_s/n 08132 © 2013 HydroCAD Software Solutions LLC

Summary for Pond 1P: Wet Ponds (Combined)

Inflow Area = 18.970 ac, 87.77% impervious, Inflow Depth = 5.69" for 25-Year event

Inflow = 62.73cfs @ 12.22 hrs, Volume= 8.998 af
Outflow = 19.47 cfs @ 12.95 hrs, Volume= 8.882 af, Atten=69%, Lag=43.7 min
Primary = 9.73 cfs @ 12.95 hrs, Volume= 4.441 af
Secondary = 9.73cfs @ 12.95 hrs, Volume= 4.441 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Starting Elev= 3.00" Surf.Area= 1.330 ac Storage= 5.620 af _
Peak Elev= 6.16' @ 12.95 hrs Surf.Area= 1382 ac Storage= 9.923 af (4.303 af above start)

Plug-Flow detention time= 837.9 min calculated for 3.259 af (36% of inflow)
Center-of-Mass det. time=279.9 min { 1,047.3 - 767.4)

Volume Invert  Avail.Storage  Storage Description .
#1 -3.00' 12.485 af Custom Stage Data (Prismatic)Listed below
Elevation Suri.Area inc.Store Cum.Store
(feet) (acres) (acre-feet) {acre-feet)
-3.00 0.550 0.000 0.000
-2.00 0.610 - 0.580 0.580
400 . 0770 . .0.690 1.270
0.00 0.900 0.835 2.105
1.00 - 1.180 - 1.025 3.130
2.00 1.250 - .1.200 4.330
3.00 1.330 1.220 . 5.620
4.00 -1.360 1.345 6.965
5.00 1.370 1.365 8.330
6.00 1.380 1.375 9.705
7.00 1.390 1.385 11.090
8.00 1.400 1.395 12.485
Device Routing invert Qutliet Devices
#1  Device 7 3.00' 8.5" Vert. Orifice/Grate C= 0.600
#2 Device 8 3.00' 8.5" Vert. Orifice/Grate C=0.600 _
#3 Device 7 490 1.4'long x 0.5 breadth Broad-Crested Rectangular Welr

Head (feet) 0.20 0.40 0.60 0.80 1.00
Coef. (English) 2.80 2.92 3.08 3.30 3.32
#4 Device 8 490" 1.4'long x 0.5' breadth Broad-Crested Rectangular Weir
Head (feet) 0.20 0.40 0.60 0.80 1.00
Coef. (English) 2.80 2.92 3.08 3.30 3.32
#5 Device 7 6.25' 4.0'long x 0.5' breadth Broad-Crested Rectangular Weir
Head (feet) 0.20 0.40 0.60 0.80 1.00
Coef. (English) 2.80 2.92 3.08 3.30 3.32
#6 Device 8 6.25 4.0'long x 0.5 breadth Broad-Crested Rectangular Weir
Head (feet) 0.20 0.40 0.60 0.80 1.00
, Coef. (English) 2.80 2.92 3.08 3.30 3.32
#7  Primary 2.90' 36.0" Round Culvert
L=60.0' RCP, square edge headwall, Ke= 0.500




i

! Developed Conditions
}° Dev DA two outlets Type Il 24-hr 25-Year Rainfall=6.20"

Prepared by Langan Eng & Env Srvcs, Inc Printed 1.1/3/2015
HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLC

Inlet / Qutlet Invert=2.90'/2.50' S=0.0067"" Cc= 0.900
n= 0.013, Flow Area= 7.07 sf

#8  Secondary 2.90' 36.0" Round Culvert
L=60.0" RCP, square edge headwall, Ke=0.500
Inlet./ Outlet Invert= 2.90'/ 2.50' S=0.0067 "/ Cc= 0.900
n= 0.013, Flow Area= 7.07 sf

Primary OutFlow Max=9.73 cfs @ 12.95 hrs HW=6.16" (Free Dlscharge)
T 7=Culvert (Passes 9.73 cfs of 40.24 cfs potenial flow)
1=0rifice/Grate (Orifice Controls 3.18 cfs @ 8.06 fps)
3=Broad-Crested Rectangular Weir(Weir Controls 6.55 cfs @ 3.72 fps)
5=Broad-Crested Rectangular Weir( Conirols 0.00 cfs)

Secondary OutFlow Max=9.73 cfs @ 12,95 hrs HW=6.16" (Free Discharge)
T 8=Culvert (Passes 9.73 cfs of 40.24 c¢fs potential flow)
2=0rifice/Grate (Orifice Controls 3.18 cfs @ 8.06 fps) _
4=Broad-Crested Rectangular Weir(Weir Controls 6.55 cfs @ 3.72 fps)
6=Broad-Crested Rectangular Weir( Controls 0.00 cfs)

Pond 1P: Wet Ponds (Combined)

H.ydrograph” .
. 8 Inflow
: Qutflaw
704 ) Inflow Area=18.970 ac | |gor,,
653 ' _ Peak Elev=6.16"
%0 - - Storage=9.923 af |

Flow (cfs)

ﬁ_g.ﬁcrs

k-

o 6 B 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (hours)




Developed Conditions
Dev DA two outlets Type lll 24-hr 25-Year Rainfall=6.20"
Prepared by Langan Eng & Env Srvcs, Inc " . Printed 11/3/2015
HydroCAD® 10.00 s/n 08132 © 2013 HydroCAD Software Solutions LLG - - '

Hydrograph for Pond 1P: Wet P'onds (Combined)

Time Inflow Storage Elevation Qutflow F’rimary Secondary
{hours) (cfs) (acre-feet) {feet) {cfs) {cfs) (cfs)
0.00 0.00 5.620 3.00 0.00. 0.00 0.00
1.00 0.05 5.620 3.00 - 0.00 0.00 0.00
2.00 0.41 5.640 3.01 0.01 0.00 0.00
3.00 0.70 5.685 3.05 0.02 0.01 0.01
4.00 0.96 5.749 3.10 0.09 0.04 . 0.04. -
5.00 1.19 5.827 3.15 _..917 009 . . 008 .  _ o
5.00 1.40 59814 3.22 0.34 0.17 0.17
7.00 1.81 6.008 3.29 056 0.28 0.28
8.00 2.37 6.121 3.37 0.88 0.44 044
9.00 3.39 6.264 3.48 1.34 0.67 0.67
10.00 4.71 6.462 =~ 3.63 C1.97 0.98 - 0.98
11.00 6.93 6.744 3.84 2.63 - 1.32 132
12.00 32.14 7.524 4.41 3.90 1.95 1.95
13.00 17.79 9,920 6.16 19.43 9.71 9.71
14.00 6.79 9.386 5.77 13.38 6.69 6.69
15.00 487 8.951 5.45 2.00 4.50 4,50
16.00 3.53 8.654 5.24 6.78. 3.39 3.39
17.00 287 8.404 5.05 544 272 272
18.00 2.08 8.186 4.89 4.71 - 2.35 2.35
19.00 1.76 7.963 473 - 445 2.23 223
20.00 1.58 7.744 4.57 419 2.09 2.09
21.00 1.44 7.534 442 3.91 1.96 1.96
22.00 1.30 7.336 427 3.63 1.82 1.82
23.00 1.17 7.149 4.14 3.35 1.68 1.68
24.00 1.04 6.976 4.01 3.07 1.53 1.53
25.00 0.03 6.768 3.85 2.68 1.34 1.34
26.00 0.00 6.566 3.70 2.24 1.12 1.12
27.00 0.00 6.399 3.58 1.79 0.88 0.89
28.00 0.00 6.270 3.48 1.36 0.68 0.68
29.00 0.00 6.172 3.41 . 1.04 0.52 0.52
30.00 0.00 6.096 3.36 0.81 0.40 . 0.40
31.00 0.00 6.037 3.31 0.64 0.32 0.32
32.00 0.00 5.990 3.27 0.51 0.25 0.25
33.00 0.00 5.952 3.25 0.42 0.21 0.21
34.00 0.00 5.820 3.22 0.36 0.18 0.18
35.00 0.00 5.892 3.20 0.30 0.15 0.15
36.00 0.00 5.870 3.19 0.25 0.13 0.13
37.00 0.00 5.850 3.17 0.21 011 0.1
38.00 0.00 5834 3.16 0.18 0.09 -0.09
39.00 0.00 5.820 315 . 0.16 - 0.08 0.08
40.00 0.00 5.807 3.14 0.15 - 0.08 0.08
41.00 0.00 5,795 3.13 014 0.07 0.07
42.00 0.00 5.784 312 0.13 0.06 0.06
43.00 "0.00 5774 3.1 0.11 0.06 0.06
44.00 0.00 5.785 3.1 0.10 0.05 0.05
45.00 0.00 5.757 3.10 0.10 0.05 0.05
46.00 0.00 5.749 3.10 0.09 0.04 0.04
47.00 0.00 5742 3.09 0.08 0.04 0.04

48.00 0.00 5.736 3.09 0.07 0.04 0.04




7: Based on "Standards for Soil Erosion and Sediment Control in New Jersey," Jan. 2014

TABLE 12-1 ALLOWABLE VELOCITIES FOR VARIOUS SOILS

Given:

Rip Rap Apron required?

Do (max inside height)
W, {max inside width}

Q {discharge)
*g (unit discharge, = Q/W.) =
** Tw {tail water)

ves {1=vyes, 0=no)

4  feet
4  feet
43.86 cfs {25-year Storm)
11.0 cfs/ foot
3.00 feet

* for the conduit desfgn storm or the 25 year storm, whichever is greater
** for areas where Tw cannot be computed, use Tw = 0.2 Do For discharge

into detention basins, Tw shall equal the 2 year storm elevation in the basin.

Riprap

Apron Dimensions

W =3W,+04L,

SOIL TEXTURE ALLOWABLE VELOCITY
, . (ft./sec.)
1. Sand 1.8
2. Sandy Loam 2.5
13. Silt loam (also high lime clay}, loam 30
4. Sandy clay loam 35
5. Ciay loam . 4,0
6. Ciay, fine gravel, gradded loam to gravel 50
7. Cobbles b5
8. Shale (non-weathered) 6.0
Soil type where outfall is located = 2 {Note: Select number designating soil texture above)
allowable velocity = 25  fi/sec
v lvelocity) = 6.49 ft/sec

from Storm Sewer Conveyance

from Storm Sewer Conveyance

The length of the apron, L (in feet), shall be determined from the formula:

L=08L 41D

¢ ' DIIZ
q
Il =3
a Djé

Where there is no well-defined channel immediately downstream of the apron, the width, W,

Tw < ¥% Dy

Tw> %Dy

of the outlet end of the apron shall be as follows:

La:

0 feet

La=

17 feet

For tailwater elevation greater than or equal to the elevation of the center of the pipe,

W= 19

feet ]

For tallwater elevation less than the elevation of the center of the pipe,

W=3W,6+L,

W= 0

feet

Where L, is the length of the apron determined from the formula and W is the culvert width.
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[~ Riprap Median Stone Diameter !

The median stone diameter, Dsp, in feet, shall be determined from the formula:

0.016 ‘Where g = Q/Ds : -
For Horizontal Apron: LDy = —r g _ !
n :|

D= 0.13feet  OR Dso = | 3.0 inches |

' |

Note: For discharge into Detention Basins, analyze the hydraulic characteristics of the basin for the design storm |
to determine the cembination of conduit discharge and tailwater that results in the largest required D50 stone size. 3 inch minimun ]
1

Riprap Lining Thickness

The thickness of riprap lining shall meet at least one of the following criteria:
1. Athickness of at least three times the Duo size if a filter Jayer is not used. t= 9.0 inches | 1'|
2. Athickness of at |east two times the Dso size if a filter layer is used. 1= 6.0 inches 3

Wo §*
——*—«] 1—*—- 3 Wo For tailwater elevation greater than or equal I
X to the elevation of the center of the pipe li

_]5 a= 17 feet .

p———

W= 19 feet
Wao E} : . . {
*..-l I-— 3 Wo For tailwater elevation fess than the il
] elevation of the center of the pipe ‘ ‘ i‘i
'
{ —lZ ;
= L.= 0 feet ik
1 .
-
-t | I
- : |
W= 0  feet I
' Project: HW-100 , } ;:|
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Based on "Standards for Soil Erosion and Sediment Control in New Jersey," Jan. 2014

TABLE 12-1 ALLOWABLE VELOCITIES FOR VARIOUS SOILS

SOIL TEXTURE ALLOWABLE VELOCITY
: {fi./sec.)

1. Sand _ 1.8
2. Sandy Loam 25
3. Silt loam (also high lime clay), loam 3.0
4, Sandy clay loam 35
5. Clay loam ' 4.0
6. Clay, fine gravel, gradded loam to gravel 5.0
7. Cobbles b5
8. Shale (non-weatherad) 6.0

Soil type where outfall is located = 2 (Note: Select number designating soil texture above)

allowable velocity = =~ 2.5 ft/sec
v (velocity) = 436 fifsec from Storm Sewer Conveyance
Rip Rap Apron required? Y85 {1 =vyes, 0=no)
Do (max inside height} = 1.5 feet

W, {max inside width)

(1 {discharge)

*g (unit discharge, = QW)
** Ty (tail water)

1l

1.5 feet

13.65 c¢fs (25-year Storm)
9.1 -cfs/foot

4.00 feet

* for the conduit design storm or the 25 year storm, whichever is greater
** for areas whers Ty cannot be computed, use Tw = 0.2 Da For discharge
into detention hasins; Tw shall equal the 2 year storm slevation in the basin.

Riprap Apron Dimensions

from Storm Sewer Conveyance

I, The length of the apron, L (in'feet), shall be determined from the formula:

L =4 D‘f,z)+ D T

_ q T

I =3 _ w
o 4 Dj/z

Il Where there is no well-defined channel immediately downstream of the apron, the width, W,

< ¥ Do

> % Dy

of the outlet end of the apron shall be as follows:

L.=

0 feet -

La:

23 feet

For tailwater elevation greater than or equal to the elevation of the center of the pipe,

W=3W,104L, W =|

14 feet ]

For tailwater elevation less than the elevation of the center of the pips,

W= 0 feet

W=3W +L,

Where La is the length of the apron determined from the formula and W, is the culvert width,

-~
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Riprap Median Stone Diameter

The median stone diarﬁeter, Dsq, in feet, shall be determined from the formula:

_ . 0.016
For Horizontal Apron: Ly = T‘ q >
Dso=  0.08 feet OR

Where q = Q/Da

Dso =

3.0 inches |

Note: For discharge into Detention Basins, analyze the hydraulic characteristics of the basin for the design storm

to determine the combination of conduit discharge and tailwater that results in the largest required D50 stone size. 3 inch minimum

¥

Riprap Lining Thickness

The thickness of riprap lining shall meet at least one of the following criteria:
1. Athickness of at least three times the Dsp size if a filter layer is not used.

2. Athickness of at least two times the Dso size if a filter layer is used.

9.0 inches |

6.0 inches

Wo E}
. 3 W,
—] e
1
i _|5 =

For tailwater elevation greater than or equal
to the elevation of the center of the pipe

23 feet

pe—are
= e

For tailwater elevation less than the
glevation of the center of the pipe

= L.= 0 feet
1
4
— ]
W= 0  feet
Project: HW-200
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Based on "Standards for Soil Erosion and Sediment Controf in New Jersey," Jan. 2014

- TABLE 12-1 ALLOWABLE VELOCITIES FOR VARIOUS SOILS

SOIL TEXTURE ALLOWABLE VELOCITY
{ft./sec.)
1. Sand , 1.8
2. Sandy Loam _ 2.5
3. Silt loam (also high lime clay), loam 3.0
4. Sandy clay loam 35
5. Clay loam 4.0
6. Clay, fine gravel, gradded loam 1o gravel 5.0
7. Cobbles | 5.5
8. Shale (non-weathered) 6.0
Soil type where outfall is located = 1 {Note: Select number designating soil texture above)
allowable velocity = 1.8 ft/sec
v ivelocity) = 411 ft/sec

from Storm Sewer Conveyance

Rip Rap Apron required? Yes (1 =yes, 0=rno)
Given.
D, {max inside heightl = 1.5 feel
Ws (max inside width) = 1.5 feet :
Q (discharge) = 1.83 cfs (2b-year Storm) from Storm Sewer Conveyance
*q {unit discharge, = QW) = 1.2 ¢fs/foot
** Tw (tail water} = 030 feet 20% of diameter of pipe

* for the conduit design storm or the 25 year starm, whichaver is greater
** for areas where T cannot be computed, use Tw = 0.2 D, For discharge
into detention basins, Tw shall equal the 2 year storm elevation in the basin.

Riprap Apron Dimensions

I. The length of the apron, L {in feet), shall be determined from the formula:

La:(l.S—qﬁ)HDa Tw < % Do L.= 12 feet
q V Tw > % Ds L, = 0 feet
L, =3—= a
D% |

Il. " Where there is no well-defined channel immediately downstream of the apron, the width, W
of the outlet end of the apron shall be as follows:

r

For tailwater elevation greater than or equal to the elevation of the center of the pipe,
W =3W, 1 04L, W= 0 feet

For tailwater elevation less than the elevation of the center of the pipe,
W =3W,+L,_ w=| 17 feet 1

Where L. is the length of the apron determined from the formula and W, is the culvert width.

Project: HW-200
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Riprap Median Stone Diameter

The median stone diameter, Dsq, in feef[, shall be determined from the formula:

0.016 Where g = Q/D;
For Horizontal Apron: Dy, = T g
D= 007 fest  OR Do=f 3.0 inches |

Note: For discharge into Detention Basins, analyze the hydraulic characteristics of the basin for the design storm
io detarmine the combination of conduit discharge and tailwater that results in the largest required D50 stone size. 3 inch minimund

Riprap Lining Thickness

The thickness of riprap lining shall mest at least one of the following criteria:
1. Athickness of atleast three times the Dso size if a filter layer is not used. t=| 9.0 inches
2. Athickness of at least two times the Deo size if a filter layer is used. t= 6.0 inches

Wo §
—.-i > — 3wo

For tailwater elevation greater than or equal
1o the elevation of the center of the pipe

0 feet

For tailwater elevation less than the

T elevation of the center of the pipe

L.= 12 feet

L4

W= 17  feet
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Based on "Standards for Soil Erosion and Sediment Control in New Jersey," Jan. 2014

TABLE 12-1 ALLOWABLE VELOCITIES FOR VARIOUS SOILS

SOIL TEXTURE ALLOWABLE VELOCITY
: {ft./sec.)
1. Sand 1.8
2. Sandy Loam 25
3. Silt loam (also high lime clay}, loam 3.0
4. Sandy clay loam 35
5. Clay loam 4.0
6. Clay, fine gravel, gradded loam to gravel 50
7. Cobbles 5.5
8. Shale (non-weathered) 6.0
Soil type where cutfall is located = 2 INote: Select number designating soll texture above)
allowable velacity = 25 ft/sec
v{velocity) = 6.44 ft/sec

Rip Rap Apron required?

Given:
L. (max inside height)
W, {max inside width)

Q (discharge) =

*qg (unit discharge, = O/W,)

** T, (tail water) =

yes (1 =yes, 0 =no)

3  feet

3 feet
3511 cfs (25-year Storm)
11.7 cfs / foot
3.00 feet

* for the conduit design storm or the 25 year storm, whichever is greater
*¥ for areas where Tw cannot be computed, use Tw = 0.2 Do For discharge

intc detenticn basins, Tw shall equal the 2 year storm elevation in the basin

Riprap Apron Dimensions

from Storm Sewer Conveyance

from Storm Sewer Conveyance

[. The length of the apron, L (in feet), shall be determined from the formula:

I} :(13D”2)+7D

q
L =3
a Djé

Tw 7< T Do

Tw> %Dy

L=

0 feet

La=

21 feet

Il. Where there is no well-defined channel immediately downstream of the apron, the width, W,
of the outlet end of the apron shall be as follows:

For tailwater elevation greater than or equai to the elevation of the center of the pipe,

W =| 18 feet ]

W =3W,+04L,

For tailwater elevation less than the elevation of the center of the pipe,

W=3W 6 +L,

W= 0

feet

Where L is the length of the apron determined from the formula and W, is the culvert width.
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Riprap Median Stone Diameter

The median stone diameter, Dso, in feet, shall be determined from the formula:

0.016 Where g = Q/D,
For Horizontal Apron: Dy =———qg'™®
TW
D= 0.14feet  OR Dso = | 3.0 inches |

Note: For discharge into Detention Basins, analyze the hydraulic characteristics of the basin for the design storm
to determine the combination of conduit discharge and tailwater that results in the largest required D5Q stone size. 3 inch minimum

Riprap Lining Thickness

The thickness of riprap lining shal! meet at least one of the following criteria:

1. Athickness of at least three times the Dsp size if a filter layer is not used. t= 9.0 inches
2. Athickness of at least two times the Dso size if a filter layer is used. t= 6.0 inches
Wo
H _ _
——-I = 3VWo For tailwater elevation greater than or equal

[ to the elevation of the center of the pipe

: _ls a=_21 feet

———
-

For tailwater elavation less than the
] elevation of the center of the pipe

b L.= 0 feet
X )\ 4
- ; l
1
W= 0 feet
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LA NEA N RIP-RAP APRON DESIGN CALCULATIONS

. EMNGINEERING & ENVIRONNVENTAL SERGCES Repauno Redevelopment '
989 Lennox Drive ' Lawrenceville, NJ TOWNSHIP OF GREENWICH, GLOUCESTER COUNTY, NJ
P: 609.282.8000 F: 609.282.8001 Project No. Date: By: Ckd: Sheet. No.
NJ Certificate of Authorization No: 24GA27996400 130088802 11/3/2015 DTF EFW : ‘20f2

Wangan.com\data\LAWAdata8\ 130088802\Enginaering Data\Site\Stormwater2015-11-03 F!ég.'er Repauno Rip-Rap Design Basin 3.xisx

e -




3/31/2016

SCOUR HOLE CALCULATIONS Job # 130088802
NJ Standards for SESC, Ch. 12, January 2014 Job Name: Repauno Flagler
Structure: HW 501 ' Designed by: EFW
Checked by: KJw
Q= 21.80 c.f.s. Wo= 3.00 Ft.
LANEAN Do= 3.00 Ft. qQ=QWo= 727 ¢ f.s.
TW= 0.60 Ft.
(For areas where Tw cannot be computed, use Tw = 0.2Do)
dso Stone size formula When Y = 1/2 Do
ds0 =0.0125 * gr.33 = 0.29 Ft. = 4 " Stone Calculated
- TW 4 " Stone Used for Construction
1.50 ‘=Y
dso Stone size formula When Y = Do
d50 =0.0082 * g*1.33 = 0.19 Ft. = 3 " Stone Calculated
TW 3 " Stone Used for Construction
3.00° =Y
NJ Standards require dso=3" min, NJDOT requires d50=6" min
Y = Depth of scour hole below culvert invert
+— Totall. —»
[ L=3Do= 9,00 *
l ¥ T W=2Wo= 6,00 *
E Wo < Lﬁ- %
. j 2 |fY = 1/2Do
|| oW 5 [fy=1/2D.
T k j¢ TotalL= 18.00 ,TotalwW= 15.00
l IfY=Do
D TotalL= 27.00 ,TotaiW= 24.00
F | sHiv max.
Y=0.500
T orBo § !- . e L
Y T =Us, Stone size x 2 if filter fabric is used
T T =d5, Stone size x 3 if no filter fabric is used
tructure HW 501 Design Summary | |
, TotalL= 18" L= 9"
Select Scour Hole Design TotalW= 15 W= 6
‘ Depth of scour hole (Y)= 1.5 i
Y =1/2 Do Use Fiiter Fabric | dso stone size= 4 | i
Thickness of riprap (M= 8" ”
Volume of riprap (V) = 6.67 CY |
Notes;: 1‘[
] |
j
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SCOUR HOLE CALCULATIONS Job # 130088802

NJ Standards for SESC, Ch. 12, January 2014 Job Name: Repauno Flagler
Structure: HW 601 Designed by: EFW
Checked by: KJwW
Q= 21.80 c.f.s. Wo= 3.00 Ft.
LANGAN Do= 3.00 Ft. q=Q/Wo=  7.27 c.fs.
TW= 0.60 Ft.
(For areas where Tw cannot be computed, use Tw = 0.2Do)

3/31/2016

dso Stone size formula When Y =1/2 Do

TW

3.00'=Y

d50 =0.0126* gM.33 = 0.29 Ft. = 4 " Stone Calculated
™ 4 " Stone Used for Construction
1.50'=Y
dso Stone size formula _ WhenY = Do
dso =0.0082 * g*.33 = 0.19 Ft. = 3 " Stone Calculated

3 " Stone Used for Construction

NJ Standards require d5¢=3" min, NJDOT requires d50=6" min

Y = Depth of scour hole below culvert invert
+— TotalL —¥»

e \T L=3Do= 9.00 °
i W=2Wo= 6.00 °
Wo L.l | =
w T [IfY=1/2D0
T = TotalL= 18.00 ,TotalwW= 15.00
e R
l If Y =Do
D Total L= 27.00 , Total W= 24.00
' IHAY Max.
Y=0.5D0
T or Do W . - o
ry — T =d5; Stone size x 2 if filter fabric is used
I T T ~d5; Stone size x 3 if no filter fabric is used -
Structure HW 601 Design Summary
TotalL= 18" L= 9
Select Scour Hole Design Total W= 15" W= 6"
Depth of scour hole (Y) = 1.5°
Y =1/2 Do Use Filter Fabric -dso stone size = 4"
Thickness of riprap (T) = 8"
Volume of riprap (V)= 6.67 CY

Notes:

L

Wangan.com\data\TR\data8\120088802\Enginesring Data\Site\Stormwater\Conduit Qutlet Protection

HW&01




Appendix H

Storm Sewer Tabulation
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NOAA Atlas 14, Volume 2, Version 3
Location name: Greenwich Township, New
Jersey, US*

Latitude: 39.8279°, Longitude: -75.2937°

Elevation: 6 ft*
* source: Google Maps

POINT PRECIPITATION FREQLENCY ESTIMATES

G.M. Bonnin, D. Martin, B. Lin, T. Farzybok, M.Yekta, and D. Riley
NOAA, National Wealther Service, Siver Spring, Maryland

PE_tabular | PF araphical | Maps & aerlals

) PF tabular
PD&-based point precipitation frequency estimates with 90% confidence intervals (in inches/hour)’ T
. L Average recurrence interval {years)
Duration

1 2 5 10 25 50 100 200 500 1000

S-min 418 4.97 5.83 " 6.44 7.19 7.69 8.18 8.60 9.11 9.48
(3.84-4.85) || (4.56-5.41) || (5.34-6.35) || (5.90-7.02) (6.54-7.82) || (6.96-8.39) || (7.37-8.98) || (7.69-9.46) || (8.05-10.1 ) |l (B-32-105)

10-min 3.34 3.97 4.67 5.15 572 6.13 6.50 6.82 721 || 747
(3.07-3.64) | (3.65-4.33) | (4.26-5.08) || (4.72-5.62) || (5.21-6.24) (5:54-6.68) || (5.86-7.12) || (6.10-7.50) || (6.37-7.97) (6.55-8.30)

L‘Is-min ” 2.78 " 3.33 ] 3.94 ” 4.35‘, 4.84 517 ” 548 L 5.74‘” 6.04 " 5.257
(2.56-3.03) || (3.06-3.63) || (3.61-4.29) (3.98-474) || (440-6.27) || (4.68-5.64) | (4.93 6.00) (5.13-8.31) || (5.34-6.68) || (5.48-6.95)

30-min " 1.91 “ 230 2.80 3.15 1 3.58 389 ] 4.19 ‘ 4.47 481 " 5.06
i {1.75-2.08) || (2.11-2.51) || (2.56-3.05) (2.88-3.43) || (3.26-3.90) || (3.52-4.25) (3.78-4.59) || (3.99-4.91} || (4.25-5.32) (4.43-5.63)

60-min 119 144 1.79 2.05 2,39 2.64 2.39 W 313 3.45 369
(1.69-1.29) }| (1.33-1.57) || (1.64-195) || (1.8 2.23) (2.17-260) || (2.39-2.88) | (2.60-3.16) || (2.80-3.44) {3.05-3.82) || (3.24-4.11)
2hr 0.716 0.868 1.08 1.25 1.47 1.63 1.0 1.97 2.20 2.37

(0.652-0.754)i/(0.793-0.951)}| {0.988-1.19) | (1.13 1.37) {1.32-1.61) || (1.47-1.79) || (1.61-1.99) || (1.74-2.18) || (1.9-2.44) (2.05-2.65)

2 hr 0.519 0.629 0.787 . 0.908 1.07 1.20 1.33 1.47 1.65 1.79
(0.476-0.569 {0.575-0.689 (0.718—0.862) (0.627-0.926 (0 968-1.18) (1.08-1.32) {1.16-1.47 (1.29-1.62) (1.43-1.83) (1.53-1.99)
6-hr 0.322 0.389 0.484 0.562 0.671 0.759 “ 0.852 0.948 1.08 1.19
(0-295-0.354)]((0.356-0.428)| {0 442-0.532) (0.511-0.617)|(0.605-0.736) |{0.679-0,635)/(0.754-0. 530 (0.830-1.05) || (0.931-1:21) | {1.01-1.34)
12-hr 0.194 ¢.234 0.293 0.342 0.415 0.477 0.543 0.615 0.719 0.807
— 1l{c-177-0.214)}j(0.213-0.258) |j0.267-0 329)1(0.311-0.377))|(0.372-0.457)| (0.423-0.525)|(0.476—0.601 | 0.531-0.683)) |{0.606-0.5804)(|{0.667-0,907)

24-hr 0.112 0.136 0.172 0.202 0.247 0.286 0.328 0.374 0.442 [ 0.499
(0.103-0.122)j{0.125-0.148)}1(0.158-0.187)]|{0.185-0.221 (0.225 0,280 (0.258-0.310)l/(0.295-0.354)] (6 333-0.404)] {0.3890.476) (0.435-0.538)

2-da 0.064 0.078 0.099 o116 0.141 0.162 0.185 0.210 0.246 0.276
Y |(0.059-0.070) (0.071-0.085)|(0.099-0.107}|(0.106-0.126) |{0.128-0.153) (0.147-0.176)}|{0. 167-0.201)(0.188-0.228) 0 218-0.267) (0.242-0.299)

3-da 0.045 0,055 0.069 0.081 0.099 0.113 0129 —| 0.146 0.170 0.191
Y li0.042-0.049) (0.050-0.080}0.064-0.075){1(0.075-0.088Y |i0.090-0. 1073 {0 103-0.123 {0-116-0.140)(0.131-0.158)) (0. 151-0.185)(0. 168-0.207)

d4-da 0.036 0.043 0.055 0.064 0.077 0.08¢ || 0.101 0.114 —’ 0433 0148
Y [li0.033-0.039) (0.040-0.047)| 40 050-0.059)(0.059-0 069} |(0.071-0.084)| {0.081-0.096) (0.091-0.109)1(0.102-0.123)|[(0.128-0.144) {2131 0. 181
7-da 0.024 0.028 0.025 0.041 0.049 0.056 0.064 0.072 0.083 0.093
Y _}0.022-0.026){(0.026-0 031 (0033 0.036)[/(0.038-0.044) (0046 0.053)| 0.052-0.06 1) (0.058-0.066) 0.065-0.078)|{0.075-0.080)|(0.083-0,100)
10-da 0.019 0.022 0.027 0.031 0.037 0.042 0.047 0.052 0.059 0.066
L ¥ ||0.017-0.020) (0.021-0.024)(/{0.0250.029)(0.029-0.034} |(0.034-0.040) (0.039-0.045)[/(0.043-0.050)| k0 047-0.056} {0.0540.054) 0.059-0.071)

20-da 0.013 0.015 6.018 0.020 0.023 0.026 0.028 0.031 0.034 ” 0.037
y (0-012-0.013)}/(0.014-0.016) {0.017-0.018) (0.019-0.021) |(0.022-0.025){|{0.024-0.027 (0-026-0.030)/|{0.029-0.033)| 0.032-0.037) (0.034-0.040)

30-da 0.010 0012 0.014 0.016 0.018 0.020 0.022 0.023 0.025 - 0,027
Y l0.010-0.011)f0.01 ~0.013)1|(0.014-0.015}[1{0.015-0.017}{|(0.017-0.019)}|(9.019-0.024}10.020-0 023 (0.022-0.025}) (0 024-0.027){|(0.025-0.028

45-da 0.008 0.010 0.012 0.013 0.015 0016 | 0.017 0.018 0.019 0.020
¥ Jl(0.008-0.009)(0.010-0.011 |(0.011-0.013)((0.012-0.014)}|(0.014-0.016)| [(0.015-0.017) (0.0160.078)}|(0.017-0.019)!|0.618-1.020){[¢0.019-0.021)

60-da 0.008 0.009 D.011 0.012 0.013 0.014 0.015 0.015 0.016 0.017
Y (0.007-0.008)/(0.008-0.010)|[{5.010-0.0113/{0.01 1-0.012)({0.012-0.013)| k0.01 3-0.014}){}(0.014-0.015) (0.045-0.016)[{0.015-0.017)|(0.016-0.018
Hecipita!iun frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS). .
[Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates (for a

given duraticn and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds are not
checked against probable maximum precipitatfon (PMP) estimates and may be higher than currently valid PMP values.

|Please refer to NOAA Allas 14 document Tor more information.

Back to Top
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River Drive Center 1 §19 River Drive  Elmwood Park, NJ 07407 T:201.794.6900 F:201.794.0366

To: Kevin Webb / Langan

From: Arthur C. Roesler, P.E.

info: - Ed Wilkes / Langan

Date: 23 October 2015

Re: Preliminary Geotechnical Evaluation

Proposed Flagler Repauno Warehouse Development
Greenwich, Gloucester County, NJ
Langan Project No.: 130088801

This memorandum provides a brief summary of our initial findings from our preliminary
geotechnical investigation and our geotechnical thoughts regarding foundation support for the
‘proposed Flagler Repauno Warehouse Development in Greenwich Township, Gloucester
County, New Jersey.

SITE DESCRIPTION
Site Location

The approximate _34—acfe development site is [ccated in Greenwich Township, Gloucester
County, New Jersey (a portion of Tax Block 8, Lot 4). The site is bound by wooded land and a
warehouse development to the north, an existing road, railroad lines, and wooded land to the
west, existing railroad lines and residential development to the south, and North Repauno
Avenue, a residential development, and a daycare facility to the east.

The site is currently covered with trees, low vegetation, and areas of grass. Existing wetlands
are identified at the west side of the site and the central portion of the site. Rased on a recent
topographic su'rvey'performed_ by our firm, existing grades at the site generally range from
approximate el 4 to el 9 (NAVDSS).

Proposed Construction

Based on the Concept Constraints Plan dated 22 October 2015 prepared by our firm, we
understand that the development will consist of the following:

¢ Construction of two warehouse buildings having approximate footprints of
appreximately 204,120 ft* and 94,600 ft* with finished floor elevations (FFE) at
approximate el 14.8. The warehouse will have associated loading dock aprons.

« Construction of asphalt surface parking lots and access drives.

¢ Construction of two stormwater basins.
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M EM 0 Proposed Flagler Repauno Warehouse Development
Greenwich, Gloucester County, MNJ

Langan Project No.: 130088801
23 October 2015 {DRAFT) .

Based on the concept plan, proposed site grades will generally range from approximately el 6 to
el 14, which will require fills up to approximately 10 feet.

At the time of this report, we have not been provided information regarding the proposed
structure loads. Based on our experience, we have assumed typical column and floor loads
associated with similar structures for our analysis. Once it becomes available, we should
review the preliminary structural loading information for the building so that we may evaluate
and modify, if necessary, the preliminary recommendations provided herein.

SUBSURFACE INVESTIGATION

The geotechnical field investigation for this study consisted of drilling 8 berings, excavating
6 test pits, and installing 2 temporary groundwater monitoring wells at accessible site areas.
Refer to the attached figure for boring/test pit/well locations.

The borings and test pits were completed under the full-time inspection of a field engineer from
our office and with the direct supervision of our project Professional Engineer. Our field
engineer maintained logs of all explorations, classified encountered scils, and obtained
representative material samples. The individual boring logs and test pit logs are provided in
Appendices A and B, respectively. Surface elevations at the boring and test pit locations were
provided by our surveyors.

Borings

The borings for the preliminary investigation were drilled by Craig Geotechnical Drilling

Company, Inc. between 13 and 16 October 2015 using a CME-75 truck-mounted drill rig. The

‘borings were advanced to depths of 25 and 50 feet below existing grade using mud-ratary

techniques. In general, soil samples were collected continuously to 12 feet and at B-foot

intervals thereafter. A standard 2-inch-outer-diameter split-spoon sampler was used to obtain

samples of the underlying soil strata. The Standard Penetration Test (SPT}' was accomplished -
as part of the sampling procedure (in accordance with ASTM D-1586) and the SPT results were

recorded by our inspecting engineer. A safety hammer was used as part of the SPT test for all

sampling in the borings.

Groundwater levels were recorded when first observed within each'boring. In addition, water

levels were measured during our field work within the two temporary groundwater monitoring
wells.

' The Standard Penstration Test (SPT) is a measure of the soil density and consistency. The SPT N-value is defined
as the number of blows required to drive & 2-inch Q.D. splitbarrel sampler 12 inches, after an initial penetration of
6 inches using a 140 pound hemmer falling freely for 30 inches.

Page 2 of 7
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Boreholes were grouted upon completion in accordance with NJDEP requirements.

Test Pits

The test pits for this study were excavated by Hemmel Excavating on 12 October 2015 using a
John Deere 310 Backhoe. Test pits were excavated to depths ranging from 5 to 10 feet below
surrounding grade. The test pits were excavated to determine the general nature of the fill
material beneath the site, to determine the depth that below-grade elements extend, and to
determine the type of foundation suppert for the existing buildings throughout the site. Our
field engineer ocbserved and recorded subsurface conditions and groundwater levels in the test
pit excavations. |

Upon completion, all test pits were backfilled in lifts and lightly compacted with the bucket of
the backhoe.

SUBSURFACE GONDITIONS

Based on the results of the borings and test pits performed for this study, the subsurface
conditions generally consisted of a surface layer of topsail overlying successive layers of sand,
clay, and a lower sand. The following sections describe the encountered subsurface conditions.

* Topsoil - Dark brown fine to coarse sand with varying amounts of silt, gravel, and
roots was encountered in the majority borings and test pits. The topsoil layer was
found to be approximately 6 to 12 inches thick.

e Sand - Brown to gray fine to coarse sand with varying amounts of silt and gravel was
encountered across the site. This layer was found to be loose to very dense as
evidenced by SPT N-values obtained from the drilled borings.

» Clay — Dark gray clay with varying amounts of silt and sand and trace amounts of
organics, wood, and mica was encountered beneath the sand in borings B-3, B-4, B-5,
B-7, and B-8. This layer was typically found to be medium stiff to very stiff as
evidenced by SPT N-values obtained from the drilled borings. The clay was found to
be approximately 3 feet to over 30 feet thick. The clay was encountered to the
termination depth at several of the boring.locations.

An approximate 4 to 10 foot thick layer of soft clay was encountered in borings B-5
and B-8. The top of the soft clay was encountered at approximately 15 to 30 feet
below existing grades, corresponding to approximate el -8 to el -24.

* |lower Sand - Gray fine to coarse sand with varying amounts of silt and gravel was
encountered beneath the clay. This layer was typically found to be dense to very
dense as evidenced by SPT N-values obtained from the drilled borings.

Page 3 of 7
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-r l

* Groundwater was first encountered in the borings at depths ranging from 4 to 6 feet
below existing grades, corresponding to approximate el 0 to el 4. The groundwater
level in the borings was determined based on the inferred moisture content of the soil
samples. :

Groundwater was also first observed in the test pits at depths ranging from
approximately 3.5 to 7.5 feet below existing grades, corrésponding to approximate
el 1 to el 2. The groundwater level in the test pits was inferred from observed water
seepage from the sidewalls of the test pits.

Temporary groundwater level observation wells were installed in borings B-1 and B-7.
The groundwater levels were observed at approximate el 0 to el 3.

Evidence of a seasonal high groundwater table was only evident in test pits TP-4 and
TP-5. Soil mottling was observed in these two test pits at or slightly above the
observed groundwater levels. In TP-4 soil mottling was observed at approximate
el 2.3. The soil mottling was observed in a layer that contained a higher fines content
than the soil above and blotches of gray, brown, and reddish-brown were noted. Soil
mottling within coarse textured sandy soils is typically less distinct and not as gray in
color as those associated with finer textured soils. Therefore, it is possibie that the
water levels rise higher than. indicated by the observed groundwater levels in the
other test pits but that evidence of soil mottling was not observed due to the coarser
nature of the soils. '

B

Please note that groundwater levels are expected to fluctuate with weather and
seasonal conditions.

GEOTECHNICAL THOUGHTS

The following is a summary of our geotechnical thoughts regarding the proposed site
development.

Foundation Support

Due to the presence of loose sand beneath the proposed warehouse building footprints, we
anticipate that these soils are currently unsuitable to provide foundation support for the
proposed building. We recommend that the following options be considered for support of the
proposed warehouse building. :

1. Shallow foundations with Slab—or{;grade construction subsequent to ground
improvement consisting of either deep dynamic compaction (DDC) or rapid impact
compaction {RIC). -

Page 4 of 7
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2. Shallow foundations with slab-on-grade construction subsequent to ground
improvement consisting of Compacted Stone Columns.

3. Deep foundations consisting of driven timber piles to support column/wall and floor
loads. For this option, the floor slab needs to be a pile supported structural slab.

We anticipate that an option to remove the loose sand and replace with approved, compacted
fill would be impracticable due to the shallow depth of groundwater.

Additional evaluation of the underlying clay is necessary to determine whether the options
presented above are still feasible. Due to the presence of the soft clay at two of the boring
locations, additional ground improvement consisting of surcharging, installation of deeper
compacted stone columns, or driving of deeper piles would be necessary.

Deep Dynamic Compaction

DDC would typically consist of using a crane to repeatedly drop a heavy weight in a gnd pattern
over the building footprint and 10 feet beyond

The dynamic compaction program should consist of three separate passes as discussed below:

* The first high-energy: pass should consist of dropping the weight at least four times at
each location on a 12 foot spacing square grid.

* The second high-energy pass should consist of dropping the weight at least four times
at each location on a 12 foot spacing square grid, offset 6 feet from the previous
location.

* A final ironing pass should be performed to give 100% coverage to the proposed
building footprint using a square weight with a drop height of approximately 15 feet.

After each pass, the craters would be leveled with a bulldozer by grading the scil subgrade |nto‘
the craters.

For DDC, there is a risk assaciated with causing damage to adjacent structures and utilities due
to vibrations during the DDC operations. This risk could be mitigated by excavating isolation
trenches along the perimeter of the site, of keeping an adequate distance away from sensitive
structures and utilities.

Rapid Impact Compaction (RIC)

RIC achieves shallow ground densification at sites consisting of loose, granular scils by using
energy waves from a hydraulic hammer varying in weight from 7 to 10 tons that rapidly and
repeatedly impacts the ground. ‘

Page 5 of 7
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RIC should be performed in a grid pattern within the proposed building limits and 10 feet
beyond. At this time, we recommend that the RIC program consist of 1 to 3 separate passes
dependent on the soil response during densification. Adequate rest periods between passes is
anticipated to be necessary due to the high water table.

After each pass, the craters should be leveled with a bulldozer by grading the soil subgrade into
the craters. |

Compacted Stone Columns

Compacted Stone Columns are columns constructed of remmed aggregate which act as a soil
reinforcing element.. The elements typically are constructed by augering a hole and backfilling
the excavated shaft with compacted lifts of crushed stone. The crushed stone is placed in

approximately one-foot-thick lifts and compacted with a special hydraulic tamper attached to an

excavator. The compacted stone columns improve the greund conditions by providing a still
composite ground mass.

Due to the shallow groundwater table, we recommend that the Impact Pier System by
Geopier® or approved equivalent method be used to construct the compacted stone columns.
The Impact Pier method displaces the soil during stone column instzllation rather than creating
an augered haole with spoils. The cavity associated with the Impact Pier is created by a speciaily
designed mandrel that is pushed and vibrated into the ground. Stone is placed into the cavity as
the mandrel is withdrawn. The mandrel also acts as a tamper {0 compact the stone. Grout can
be added to the compacted stone matrix to provide additional stiffness to the element.

Deep Foundations

Alternatively, the proposed building can be supported on a deep foundation system consisting
of driven piles. At this time, we anticipate a suitable deep foundation for the proposed buildings
can be timber piles to provide an individual pile capacity of about 20 to 25 tons. Tlmber pile
lengths are expected to about 20 to 30 feet.

A pile-supported structural slab should be used in building areas where pile foundations are
utilized. The structural slab should be designed to include support for below slab utilities which
shouid be hung from the structural slab.

Other Considerations
e Grades within the proposed buildings and throughout the site will be raised by up to
10 feet to achieve finished grades. We recommend that finished construction be

delayed as long as possible after placing the fill so that the majority of any potential fill-
induced settlements can ocour prior to the finished surface construction.
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¢ Clearing and grubbing of all trees {including remova!l of any associated root systems) and
vegetation designated for removal should be performed prior to commencing grading or
fill placement. Topsoeil -should be stripped from all proposed building and pavement
areas, and should be stockpiled and protected from erosion. Topsoil should be evaluated
by the Environmental Engineer and Landscape Architect for re-use in landscape areas.

* Any environmental issues should be considered with respect to impacts on the
geotechnical aspects’ of the work as described in this report and together with
recommendations regarding on-site reuse of site materials, construction dewatering,
and off-site disposal of materials and groundwater.

* All work should also be performed so as not to adversely impact neighboring structures,
adjacent roadways, and utilities to remain. Protection of these elements should be
provided as necessary during the course of all construction activities at the site.

Additional Work

¢ During our preliminary investigation, we collected undisturbed samples of the clay fayer. !
However, we have not budgeted for the consolidation and strength testing of the |
undisturbed samples in our original proposal. We recommend performing this additional
laboratory testing to help us evaluate the potential long-term settlements associated
with placing fill and constructing warehouse buildings above a layer of potentially soft,
compressible clay. The cost for this additional testing and our evaluation would be
approximately $3,000.

e Once the conceptual design has been finalized, we recommend performing a final
geotechnical investigation consisting of drilling additional borings, excavation of
additional test pits, and installation of permanent groundwater monitoring welis.

Wangan.comidata\TR\dataB\130088301\0ffice Data\Reports\GeatechnicalPralim Geotech Evaluation Mame (10-23-15).docx
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Log of Boring B-1 (MW-1) Sheet 1 of 2
Project Flagler Repauno - Proposed Warshouse Froject No.
Development 130088801
Location ) Elevation and Datum
Repauno Avenue, Greenwich Twp., NJ Approx. el 5.9 (NAVD 88)
Drilling Company Date Started Date Finished
Craig Geolechnical Drilling Co., Inc. 101315 101315
Drilling Equipment Completion Depth Rock Depth
CME 75 Truck-Mounted Drill Rig 35# N/E
- | Size and Type of Bit Disturbed Undisturbed Core
% 3-7/8" Drag Bit Number of Samples 11 _ _
¢i| Casing Diameter (in) Casing Depth (ft) ) First Completion 24 HR.
S 4" 1.D. Steel + [Watertevel (f) y 5 5.5 5.8
g Casing Hammf—}rA‘_Ito !Weight (bs) 140 Ibs | Drop (in} 3" Driling Foreman —
3| sampler R . om War,
f,ﬁ 2" 0.D. Split Spoon inspecting Engineer
Wei Ib Dy i
2 Sampler Hammer Safaty | eiaht (Ibs) 140 Ibs ' P ) e Kyle Lawsan
3| 2a Sarnple Data
2| =2 |Elev. _ Depth | 8 o |5 |s5-c| NVale R_emarks )
ol B2 |y Sample Description scale | E| E|8E/2%E| ®owsm {Drilling Fluid, Daplh of Casing,
5| =% ' 5| F|@Fseg Fluid Loss, Driling Resislarice, ec.)
o +5.9 = il i 10 20 30 40
e ' 0 T Began drilling at 3:50 AM
'% - 7] 154 Dark brown f-m SAND, some silt, trace roots, trace C Is.1al E 2 SSQO' o 2' g ’ :
5'_ \ organics (moist) [TOPSOIL] Ve :_w = 3
% Brown f-m SAND, some silt (maist) A I H Y5 7
n [ ] =
IE’ - ) s-1B = 3
i_é 5 Brown f-m SAND, some silt (maist) N 1 = 3 : S$2'to4
a - -1 = i
L - = 3 i i
£ - s 3 [sg e, s
&l - 1 | E
q M - ____ L4 = 4 i .
Brown f-c SAND, trace silt, trace fine gravel (moist to wet) - ] = a Drrlle'd to 4 .
c ] = 8S4't06
YL £ J9eE 4
= 5 48 = = 6 Sample wet at 5.
_ ﬁ_ s 11 5 5
Brown Silty f-c SAND (wet) S = I SS61e 8
N ] = 7
| REMT-E
Brown f-c SAND, frace silt, tfrace shells (wet) r ] = 10
A - g - % 19 Drilled to &
Brown f-¢ SAND, some silt, trace fine gravel (wet) : ] = 3 SS 8o 10
C 1e( H 18
- % o [2H 8], q. =1.25101.5 tsf
3.9 - ] H 8
1\ Light gray Silty CLAY (wet) /110 =15 $S10'to 12/
Light gray f-c SAND, trace silt, trace fing gravel (wet) C 1o i 18 ,
N B P S = 58
C ] 5[40 ;
C ] E 30
- 12
- 13 il
- 14 "
[ |
. . 15 £ Drilled to 15",
Light gray f-c SAND, some fine gravel, trace silt {wet) - 15 (0B o 18 : S8 15'to 162"
B Jo®H | ss
— 16 —. = 50/2" sop"
- 17
= 18 —




LA N E A N Log of Boring B-1 (MW-1) . Sheet 2 .of 2
' Profect Flagler Repauno - Proposed Warehouse Project No.
Development 130088801
Laocation Elevation and Datum
Repauno Avenue, Greenwich Twp., NJ Approx, el 5.9 (NAVD 88)
o Sample Data . R "
72 |Ekev. : - Depth | & . N-val emarks
B2 N Sample Description selo | £ | &|32|E BS| (s {Driling Fluid, Depth of Casing,
=z 3|~ o 13ta Fluid Loss, Driling Resistance, etc.)
_ 18 10 20 30 4.D
z r ]
] L .
o L ]
8 19
2 r ] i
] L 3 :
2 . : . — 20 = ' - | Drilled to 20°
z Light gray to reddish-brown f-c SAND, some silt, trace f-c r E = 25 Do o<
&E N b = 1 D 58 20't0 22
wf gravel (wet} - 7 = 24 :
i —21{fuE T 59 '
=1 C 7 = 35 :
2| - N = ‘
C ] = 44
s} C 22
£ - . 1
ki C ] :
zf 23
z B ]
z| N 1
3 — 24 -
™| - —
3 B 1
Light gray f-c SAND, trace fine gravel, trace silt {wet) } % : = 31 Drilied to 25'.
' ' C ] H §S 25' to 26-10"
B 1o l,H 39 :
- 26 — o5 B © 86
c ] = 47 . :
C ] = 50/4" H
- 27 ;
- 28
- 29
L 30 ] i
Light gray f-c SA i L - =R Driiled to 30",
ght gray f-c SAND, trace fine gravel, trace silt (wet) F 1.1 B SS 3010 310"
i ol 115 =3 I IR ‘
- A e | T |
o ] = 50/3" ; . ' !
— 32 — ' :‘
St - 4 i
k|- r ] I
g Light gray Silty f-c SAND (wet) FETE | Drilled to 33'
E N C ] = 58 33'to 35
3 — % |eH<| ® :
gl AR DY L= K PN i
4 =
af C ] = 45
- £ — 35 - =
| 2 End of Boring at 35 L . Finished boring at 10:30 AiM.
= N 7 Borehole flushed with clean |
B — 36 water and a temporary well Ul
8 C ] installed upon completion. i
2 r 7 Soil cuttings placed in steel Ll
2 — 37 5 drum, Prior to b
E A demobitization, the
| & r ] temporary well was removed
E = - 38 and the barehole was
- i ] grouted.
2 C ]
3 — 39
L 2 C ]
_ § r ] [
' =405
i
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Log of Boring

B-2

Sheet 1 of 2

Flagler Repauno - Proposed Warehouse
Development )

Project No.
130088801

Repauno Avenue, Greenwich Twp., NJ

Elevation and Datum
Approx. el 8 (NAVD 88)

‘
£
:

0/23/2016 5:11:30 PM ... Reporl: Log - LANGAN ...Templale WVU BASEBALL SOIL LOGS.GPJ

WLANGAN.COMIDATAITR\DATAS1 3008880 \ENGINEERING DATAVGEOTECHNICALVGINTL OGS\ 30088B01.GP.

Drilling Company Date Siarted Date Finished
Craig Geotechnical Drilling Co., Inc. 10/15/15 10/15/15
Drilling Equipment Completion Depth Rock Depth
CME 75 Truck-Mounted Drill Rig 251t N/E
Size and Type of Bit : Number of \ Disturbed Undisturbed Core
3-7/8" Drag Bit Lmber of Samples 9 - -
Casing Diameter {in Casing Depth (ft First Completion 24 HR,
d N(.’Pz . asing Depif { )_ Water Level {ft.) hvi 8 s _ 4 _
Casing Hammer 'Weight (lbs) | Drop (in) Driling Foreman
" . Tom Ward
2" 0.D. Split Spoon Inspecting Engineer
Wei :
Sampler Hammer Safety | gt (Ios) 140 Ibs IDmp () 30" Kyle Lawson
2 Sample Data R "
23 . Deoth | & : [eo Val emarks
ue Sample Description sonle | 8| L (32828 B (Driling Fluid, Depi: of Casing,
XS R I i o Fluid Loss, Drilling Resistance, etc.)
0 = r |o 10 20 30 40
| SRR S N - I .
S o Dark brown f-m SAND, some sili, trace roots, trace - T Jsaal B 2 ] Began drilling at 10:40 PM.
\_organics (moist) [TOPSQIL] Vs T 3 B 4 S50t 2
Brawn f-m SAND, trace silt (moist) — 1 - oH = 7 |»
C ] = :
C ) 1518 5 3
Brown f-m SAND, some silt (moist) C . EREER SS2'to 4
r ] H 3
(3] -
3 .1 @ = Qo 54
SR R = R
C ] § 5
Brown f-m SAND, some silt, trace fine gravel (moist) :_ 4 7 = g 85 4'to '
_____________ - e d9eHe|
_______________ [ A lE —
Light gray SAND, trace fine gravel, tra’ce silt {(moist) I 19 = 12
C 3 H 25
. . V6 g g
Light gray f-c SAND, trace fine gravel, trace silt (wet) F . = 18 SS 6108
C ] = Sample wet at 6'.
C 1 |nHe| 8
= 7 LR H ~
C N = 16
C g ] g 19
Brownish-gray f-m SAND, trace fine gravel, trace silt (wet) [ ] = |20 gg”grd t01%'|-
:_ =] _: L? m; ) 38 o
E T 19°g |
g 10 : = e
Light gray f-c SAND, trace fine gravel, trace silt (wet) r ] = 6 SS10'to 12
r lel B 12
1S5 BEY
= 19" |
C ] H i1
- 12 -
- 13 -
- 14 ]
, _ - 15 . :
Light gray to tan f-m SAND, trace silt (wet) C 10|35 |20 Dritled to 15",
L 50/1" EQ/M" 55 15 to 157"
= 16
17
C ]

Y
[s4]
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LA N EA N Log of Boring B-2 ' Shegt' | 2 __of >

Project Flagler Repauno - Proposed Warehouse Project No.
Development 130088801
Location Elevation and Datum
Repauno Avenue, Greenwich Twp., NJ Apprax. el-8 (NAVD 88)
2 | : . Sample Data
zd |Elav, . Depth | B ( & [ _[|5gs| NVaue N Remarks .
R Sample Description Scale | £ | E[BE/288| ®lowsin) (Driting Flid, Depth of Casing,
£33 3| F (258 ea Fluid Logs, Driling Resistance, etc.)
- 18 =z 10 20 3‘0 0
= F N C
o} L ]
8 C 19 3
9 N ]
-
3 r . P
4 . . — 20 = 0 . .
z Light gray to tan f-c SAND, trace fine gravel, trace silt, trace [ ] = 19 [ Drllledl to 20"
@ clay {wet) 5 . 5 a7 : SS 20 to 23"
< 21 aH e 97
> C ] - |50 ‘z
% C ] g 48
F 22 ]
[=1
! C N
& C N : ‘
: — 23 — E . .
Z Light gay f-c SAND, some silt, trace fine gravel (wet) C ] = 19 P Drilled to 23"
L 2 C ] H I~ : $S 23" ta 25'
3 [ o4 P leg e 484
- C 1 ”’E T 22
. - L | =
& - 25 = i
,f,'; End of Boring at 25". C . - Finished drilling at 11:15 AM.
: B 4 Borehale grouted upon
z C o5 completion.
n C ]
b ~ 27
s Co ]
ﬁ - -]
Y C ]
g - 28
F ]
2 B ]
- L ]
)‘ =] [ 4
| ° - 30 -
(2]
| & L i
=l - N
.- - 31 o
2 L]
= — 32
E T - -1
[ O L 4
o u N
5 s .
¥ - 33 ]
| = C .
.g - 34 -
1; r ]
i - 35 7
f -]
- 36
- 37 |
38
— 39
- a0
=—40.5- ‘




LA NEA N Log of Boring B-3 Sheet 1 of 3

Project Flagler Repauno - Proposed Warehouse Project No.
Development 130088801
. Location Elevation and Datum
Repauno Avenue, Greenwich Twp., NJ Approx. el 4.1 (NAVD 88)
Driling Company Date Started Date Finished
i Craig Geotechnical Drilling Co., Inc. 10{16/15 10/16/15
Drilling Equipment Completion Depth Rock Depth _
) CME 75 Truck-Mounted Drill Rig ' 50 ft N/E
= | Size and Type of Bit Disturbed Undisturbed Core
' % 3-7/8" Drag Bit Number of Samples 16 . R
(| Casing Diameter (ir) ) Casing Depth (ft} First Completion 24 HR.
% N/A _ | Water Level (tt.) bvd 28 v _ L 4 B
g Casing Harmmer_ lWeight (les) . 'Drop (in) ) Drilling Foreman
2| Sampler R ] Tom Ward
i é 2" 0.D. Split Spoon . . Inspecting Engineer
=T - -
- Sampler Hammer Safety |Wmg ) 140 1bs | rob () g5 Kyle Lawson
2 2 Sample Data
z| 22 |Eev. L Depth | 5 | o |3 |s<e| MNvae _ Remarks
o K= R Sample Description Scale | €| E12E[228| (Rows) (Driling Fluid, Depth of Casing,
B Za ' 2[F 278 % Fluid Loss, Drillng Resistance, etc.)
E +4.1 i i 0 10 20 3=0 4_EI
2 Dark gray to brown fine SAND, some silt, trace fine gravel, - lsial B 3 : Began Drilling at 11:50 AM,
2F 3.8 trace organics, trace grass (moist) [FILL] C A o 5 i :
<l r b = i S
ol . . | ] wr] o P . '
' =1y Brown f-m SAND, some silt, trace roots {moist) N 1 . “H < |5 fo P S5 0102
. :.m' _ - se( H 2 - :
g - = ‘- o g !
h p Brown f-m SAND, some silt (moist to wat) - 2 ] = 3 : SS2to4 i
. 8 C ] g Wet at 3.75",
& ;- :_ 3 _: g % g E . 5 h1 Drilled to 4'. |
=1 L - =
z|- r ] H
s NIENE: NI
. E Brown f-m SAND, some silt, trace mica (wet) r ] = 4 : S34'108
b} C ] = 5 '
8 -5 JA[BIR|, Pk
g C ] =
E 1.9 - b H 5
; z} BrownTo gray Silty --c SAND (wel) T~ E %3 = Py SS6'to 8
. o C 3 = 3
2l -7 B BER|, T
8 N ] =
2l A _____._. - = 3 Drilled to 8.
gl- Brown f-m SAND, trace siit (wet) - 8 : 5 |9 | ™N\-Ss 810 10"
£ C ] H P
2 T g JR|el = o
5: B 1? w§ RE
8 % o 10 g = 10
E : Brownish gray f-c SAND, trace silt {wet) C ] = |6 §810'to 12
2 r ] =
9 . {wi,H 8 '
% :— 11 —: & |8 2 2 8 16 |
gl C ] £ 8 |
Er C 12 7 - Drilled to 15". |
2f C . o :
[} L 1
g — 13
2 X ]
g-? - -
§ — 14 5
3 C 1
g Brownish gray f-c SAND, trace silt (wet) L 15 H e S5 15 17
= o i — i
T I ] H 11
E - 16 a A § 2 12 23 ‘
s C ] = h
9 - . = 12 : :
z - 17 7 n Drilled to 20°. .
2 C ] ! y
3 N |
= 18 |




WLANGAN.COMDATA\TRADATABI1 3008880 1{ENGINEERING DATAVGEOTECHMICALGINTLOGS 130088801 GP ..

10/23/2015 5111:35 PM ... Reporl: Log - LANGAN ... Template WU BASEBALL SOIL LOGS.GPJ

LANGAN

DRAFT

Log of Boring B-3 Sheet 2 of 3
Project Flagler Repauno - Proposed Warehouse Project No.
Development 130088801
Location ‘ Elevation and Datum
Repauno Avenue, Greenwich Twp., NJ Approx. el 4.1 (NAVD 88)
22 Sample Data R k
3 |Elev. - h | & . - : emarks
- ey Sample Description Depth 2212|838 momm {Driling Fhuid, Depth of Casing,
£a . S|FIg=lgeg Fluid Loss, Drilling Resislance, etc )
Z o 10 20 30 40
- — 18 — l T
- 19 |
Brown Silty f-c SAND, trace clay, trace fine gravel (wet) :_ 20 : = 3 SS 20" to 22
/A | o1 gl ], e =0.25-0.5 tsf
Dark gray to gray Sandy CLAY, some silt, trace fine gravel L 1% H 4 Q502505 s
(wet) C ] = 5
Dark gray Sitty f-m SAND, trace fine gravel (wet) — 22 Drilled to 25",
- 23
- 24
0o Dark gray Silty CLAY, some arganics, trace waod, trace T 25 = 7 5SS 25' to 27"
roots (wet) N ] = ]
T o5 19 0B | ®| b
i N 1= B q.=1.75-2.5tsf
C ] = 10
Dark gray Silty CLAY, trace organics, trace wood, trace ; 27 . = 14 SS 27" to 29'
ga%e roots (wet) - = q,=1.5-1.75 tsf
— 0 .
Dark gray Silty CLAY, trace organics, frace fine sand (wet) c 28 . “B
C k108 ; q,~1.5 tsf
29 Drilled to 30".
A e L ____ L s 4 . '
Dark gray Silty CLAY, trace fine sand, frace mica (wet) C i = S5 30'to 32
7 L 1= qu=1.5-2 tsf
’ r ] =
- 32— 5 ' o 34"
Dark gray Sitty CLAY, trace f-m sand, trace mica {wet) -] = 88321034
. . PN =
/ - 3215 |58 a2 tsf
- 34 . Drilled to 35'.
" L ]
Dark gray Silty Clay, trace f-m sand, trace mica {wet) C 3% 7 = S5 35 to 37
4 F E 5
” . 36 : 2 [ g
g 15 [°H q,~1.5-2 tsf
/ C ] = 7
37 Drilled to 40",
- 38
- 30 -
554 ) . =40 - : . !
7 Dark gray Sitty CLAY, trace f-m sand, trace mica {wet) r 0 E s S5 40'to 42




LANGAN

Log of Boring B-3

Sheet 3 of 3

Flagler Repauno - Proposed Warehouse
Development

Project No.
130088801

Repauno Avenue, Greenwich Twp., NJ

Elevation and Datum

Approx. el 4.1 (NAVD 88)

10123.’20-15 5:11-35 PM ... Repart: Log - LANGAN ... Template WvU BASERALL SOIL LOGS.GPJ

GPJ

22 Sample Data R "
o3 : - e N emarks
fig Sample Description 2@2}2 £|8|5g|8zs Jé..i’;’.‘-!-ﬁ% (Driting Fluid, Dapth of Casing,
% S| & se3 Fluid Loss, Driling Resislance, elc,)
ane | = 10 20 30 40 ]
= =J.J 3 ': ‘ | '
~ 4l Jw| 2 ®l1a
F o odnlag 3l | 9=2.5 st
N 10 H
oo = 12
42 Drilled to 45,
- 43
- 44
Dark gray Silty CLAY, trace f-m sand, trace mica (wet) :_ 45 ] = 6 S8 45" to 47
:_ 46 . ﬁ m; =+ ! 14 QU=2'0t5f
SRR -0 = I
L ] 5 12
47 7 Drilled ta 48"
Dark gray Silty CLAY, trace f-m sand, trace mica {wet) :_ 48 1 = 3 S5 48" to 50
C 1o | H 7 q,=1.5-1.75 tsf
—49 9% 9 & 15
C 1wl g |e
C ] = 1
End Boring at 50" 30 Finished drilling at 1:30 PM.
C ] Borehole grouted upan
:_ 51 { completion.
- 52
53 -
- 54
- 55
— 56
- 57
TE
- 59
- 60 -
- 61
- 62

h
[




LANGAN

' DRAFT

:30 PM .. Report: Log - LANGAN ... Template WU BASEBALL SOIL LOGS.GPJ

. 10/23/2015 5:

WLANGAN.COM\DATAITRADATAS\ 3008880 NENGINEERING DATAVGEQTECHNICAL\GINTI.CGS\ 30068801.GR.

Log of Boring B-4 Sheet 1 of 2
Project Flagler Repaune - Proposed Warehouse Project No.
Development 130088801
Location Elevation and Datum
Repauno Avenue, Greenwich Twp., NJ Approx. el 6 (NAVD 88)
Drilling Company Date Started Date Finished
Craig Geotechnical Drilling Co., Inc. 10/M16/15 10M86/15
Drilling Equipment Completion Depth Rock Depth
CME 75 Truck-Mounted Drill Rig 25 ft N/E
Size and Type of Bit Number of Saml Disturbed Undisturbed Core
3-7/8" Drag Bit umber of Samples 9 - - -
Casing Dlameteh(;nA) . Casing Depth (ﬁ)_ Water Level {ft) First . Cinpletlon ] ZEIR. ]
| Casing Hammer_ | Weight {bs) | Drop fin] Driling Foreman
Sampler R . Tom Ward
2" 0.D. Split Spoon - _ Inspecting Engineer
Wei D i
Sampler Hammer Safety | elght (Ibs) 140 Ibs ‘ rop (in) 30" Kyle Lawson
24 o Sample Data
2 |Elev. - Depth | § | o |3 |swe| Nvaue Remarks
£z | Sample Description Scale s E| 2 |BEI22%!  (Blowsm) {Diilling Fluid, Depth of Casing,
32 S|FIE=|ge E Fluid Loss, Drriling Resistance, elc.)
+6.0 0 = = 10 20 30 40
+58__Brown f-c SAND, some silt, frace fine gravel (moist) ___ 1s1a B 4 D Began drilling at 7:40 AM.
Grayish brown o SAND, trace st (moisty -~~~ — — r . = 2 ‘ 550102 :
— 1 we @ , 14 S8 2'to 4
- Js18 B 5
Brown f-m SAND, frace silt (moist) R $S2'to 4"
C ] = 3
-3 JaBgel, F
z: ] g 4
i T 4 S Sample wet at 4
Brown f-m SAND, trace silt (wet) - . = 5 ample wet at 4'.
F . = Drilled to 4'.
- b = 5 S5 4'fo &'
-5 G [BES| mt
C 5 ] E 8
C 7 =5 |4 S36'to 8'
Brown f-m SAND, trace silt (wet) r 141 B 5
-7 48N Bﬁ
- 1@ - 3
C ] = 3
, - 8 = |4 Drilled to 8"
Brown -m SAND, trace silt (wet) r ] = S5 8't0 10"
Rl
40 - 10 = . .
Grayish brown Silty f-m SAND, trace clay (wet) E E = SS10%t0 12
PP
Grayish brown Silty f-m SAND, trace clay (wet) - 12 3 Drilled ta 15"
- 13 -
- 14 '
15 o 4T
Brown f-m SAND, trace silt {wet) V1 T E S5 1510 17
- 16 5 5 |85
— 17 a Drilled to 20",

18




LANGAN

Log of Boring

B-4

Sheet 2 of 2

Profect

Flagler Repauno - Prbposed Warehouse
Development

Project No.

130088801

Location

Repauno Avenue, Greenwich Twp., NJ

Elevation and Datum

Approx. el 6 (NAVD 88)

Elev.
{ft)

| MATERIAL
SYMBOL

Sample Description

Sal

mple D

ata

Depth
Scale

Number
Type

Recov
{in)

Penedlr.
reslsl
BL/Gin

N-Value
{Blowsift)

Remarks

(Drilling Fluid, Depth of Casing,
Fluid Loss, Drilling Resislance, ate.)

late WU BASEBALL SOIL LOGS.GPJ

=] -47.0

Brownish gray f-c SAND, trace silt, trace fine gravel (wet)

ary
[s.-}

——
©w
vl

10 20 30 40

[\*] 5]

- ]
IR N

S-8

85
[T

RS
N

14

lllllllllilrlll\lllillll

-18.04

Dark gray Silty CLAY, some organics, trace fine sand (wet)

%]
[4%)

Il\llllll
]
=
IIIIIIIII
s5-9
88
LTI

24

.. 10/23/2015 5:11:38 PM ... Report: Log - LANGAN ... Tel

" '.\LAN‘GAN.COMIDATA\TR\DATABH30085501\ENGINEERING DATAGECTECHNICALVGINTLOGS130088801. GPJ .

End of Boring at 25",

N
(%3]

]
[=]

)
~1

]
co

el
=]

30

3

az

33

IIlIIIIIIlI(Ill‘IlllliIIIIIIIIIIIFIIIIII[III\

[}
N

35

36

[}
o

[
w

IIIPI\I"IIIIIIII\IIIJI[IIII‘III\IIIIlIlIII‘IlIIIiIIIlIIIII?‘IIIrI_IIIII\III\III

TT T T T T [T T [T T T [T T T T[T T T T [TT 11

s &
g ©

S8 20'to 22

Drilled to 23

88 23'f0 258
(Organic odor)

q,=1.0-1.25 tsf

Finished drilling at 8:30 AM.
Borehole backfilled with
bentonite pellets upan
completion.




1 LA NEA N Log of Boring B-5 Sheet 1 of 2
- [Project Flagler Repauno - Proposed Warehouse Project No.
Development 130088301
Location Elevation and Datum
Repauno Avenue, Greenwich Twp., NJ : : Approx. el 6.8 (NAVD 88)
Driling Company Date Started Date Finished
Craig Geotechnical Drilling Co., Inc. 10/16/15 10/16/15
Driling Equipment ) Gompletion Depth Rock Depth
CME 75 Truck-Mounted Drill Rig 3441 N/E
| | Size and Type of Bit Number of Samples Disturbed Undisturbed Care
% 3-7/8" Drag Bit m i 9 - -
" t3] Casing Diameter (in Casing Depth {ft First Completion 24 HR.
8 asing e N( IA) asing Depth { )_ Water Level {ft.) ivi 45 b 4 _ l _
2 Casing Hammer | Welght (Ibs) ] | Drop (in} Drilling Foreman
7 = - -
3] Sampler R i - Torn Ward
j % i 2" 0.D. Split Sp{oon T - Inspecting Engineer
§ 2 Sampler Hammar Safety ‘ sight (Ibs). 140 Ibs | rop (i) 30" Kyle Lawson
‘;‘1 o Sample Data R s
s =3 - . ema
2| Zm  |Elev. . Depth | & e |E-|558 N-Value Driling Fluid. Depth of Gasin
.-§ Eg (#) Sample Descrlptlon o Scale 5 P E‘E” E @a 1;32‘:\”:;“10 FIl.EidnLlonsgs, T;lriﬂli'ngeREesi:tancse, gi'c.)
= +6.8) —— -
fq O Brown f-c SAND, trace fine gravel, trace silt (moist) r 0 J5-1al é 3 : Began drilling at 9:10 AM.
= B 70 S S, - e 1] & 5
- r 7 wH o
: — 1 H® 11 i o
% : Brown f-m SAND, trace silt (moist) . 1 1 197 |s ‘ SS0'ta2
:, _ r 118 5 7 )
E Reddish-brown f-m SAND, some silt (moist) -2 ] = 2 S§2't0 4
sl L 7] H
2l C g AvieHe! *h
B I 1w 7] o 3
=i L ] H |
é o C ] = 4
:i Reddish-brown f-m SAND, some silt (moist) ﬂ:_ 4 ] ZHp SS4'to 6
wy, =T - =
&l [ 5 A% juE @ &
= [ 1en | N
g E . 5 |°
=13 H
=f: C ] = 3
- o — = — — — e — — — 6 = SSE'to 8
o Brown f-m SAND, some silt, trace clay (wet) E ] = 1
al - : 5 wg © 2L
%:' r 7 1% “H™ |3
™ —
g‘ A e e e —— L 8 ] = > Drilled to 8'
=15 Brown f-m SAND, trace silt (wet) - . = 7 niled to o'
5| L - B 9 85810 10°
Q . 9 AR o =
I L Jw|"H " |s
o r ] =
g C 1 1 B 7
E ; Brown f-m SAND, frace silt {(wet) :_ 10 . = 5 $S10to 12
w = — — B
9 - 1o |5 9 !
Z 11582
=3 - 1287 |2 |
2 - ] = 14 ‘
&F - 12 ] Drilled to 15,
z B ]
ol C ] |
af - 13 ]
% § L d ]
= 72 - 14 5
2 - -
3 C 7 ‘
S Dark gray Silty CLAY, trace fine sand =15 T E SS 15't0 17 |
2 ark gray Si trace fi nd (w - . = .
E gray Silty ; : e fine sand (wet) 5 7 = 1 (Organic odor)
Z C ] - WOH \
i ~ | H !
5 - 16 16 [8H = | o q=< 0.25 tsf
1777 r ] = i Sand cantent increases at
g T 47 4 = WoH bottom of spoon.
3 Dark gray Silty CLAY, trace fine sand (wet) C . m = E 'S5 17 ta 19
% 4 r Js-8A uE N WOH qu=0.15 tsf
= 112 ' 18
l




- LANGAN ...Template WU BASEBALL SOIL LOGS.GP.}

.. 10/23/2015 5:11:43 PM ... Report: Lo

- il
DRAFT |
i
' |
L A NEA N Log of Boring B-5 Sheet 2 of 2 i1
Project Flagler Repauno - Proposed Warehouse Project No.
Development 130088801
Location Elevation and Datum 1
Repauno Avenue, Greenwich Twp., NJ Approx. el 6.8 (NAVD 88) &
|
2= Sample Data R . I
%5 |Elev. L Depth | & 3 e ¥ emarks :
£ a Sample Description soe |22 gg[8Ee o (Driling Fluid, Depth of Casing,
B2 3 FlETI8 e 40 50 30 40 Fluid Loss, Driling Resistance, ete.)
Dark gray CLAY, some silt, trace fine sand, trace organics 18 73 = NE : i
C 1 |,E
7 (wet) - e I 3 q,=0.25-0.5 tsf
(] . I = . ,
g Dark gray CLAY, some silt, frace fine sand, trace organics  + 19 7 Drilled to 19".
(wet) r ] N : Take Shelby tube 19" to 21*
C 0 ;.: N < FUsH ‘ 10:00 AM to 10:25 AM
- 1% 7] N ™
-] N q,71.25 tsf
Dark gray Silty CLAY, trace fine sand, frace organics {wet) a 21 . 5 [« P SS 21'to 23"
’ C 1| H 5 P
— el £ 0 R P
C2Z 3G BEN ], [P | qE1.75-20tsf
L ] § g
23 ] Drilled to 25".
7 - 24
7 Dark gray Clayey SILT, trace fine sand, trace mica (wet) :_ 25 . = 2 . 8325 to 27
7 C le " = - 5
PRI "N q,51.0-1.25 tsf
r 7 = 18 Sand content Increases at tip
- 27 = X of spoon.
r ] “\-Drilled to 30"
/ C ]
- 28
it - -
7 C 7]
- 29 7
-23.2 i 30 — ' g
Gray f-m SAND, trace silt (wet) - 1=1.B o | 29 $530't0 30' 10
C 1= mE by
r 1w H 50/4" Lo fgm
31 7 FM
- 32 ]
Gray f-¢ SAND, trace silt (wet) 33 = SS 33 to 34' 5"
C HEON =
C 15185 Y 49
34 ] B |sos| i 55015"
End of Borehale at 34' 5". N ] Finished drilling at 11:00 AM.
— 35 Borehole grouted upon
. . campletion.
36 -
- 37
- 38
- 39
- 40
—4 (), 5

WLANGAN.COMIDATA\TRIDATAB\ 13008860 1\ENGINEERING DATA\GEQTECHN ICAL\GINTLOGS\:30088801.GPJ .




 XION3ddV

: LA N E A N Log of Boring B-6 ' Sheet 1 of = 3
Project Flagler Repauno - Proposed Warehouse Project No.
Development 130088801
Location Elevation and Datum
Repauno Avenue, Greenwich Twp., NJ Approx, el 7.7 (NAVD 88)
Driling Company Date Started Date Finished
Craig Geotechnical Drilling Ca., Inc. . 10/15/15 10/15/15
Drilling Equipment Completion Depth Rock Depth
CME 75 Truck-Mounted Drill Rig 301t N/E
o Size and Type of Bit Number of S | Disturbed Undisturbed Core
a 3-7/8" Drag B Hmaer of Samples 14 - -
0| Casing Diamneter (in) : Casing Depth (f} First Completion 24 HR,
g N/A _ |Water Level (ft.) hvi 5 h 4 _ B
§ Casing Hammer_ lWBight {Ibs) i !Drop n) [Drlling Foreman
J[Sampl . Tom Ward \
% omeer 2" 0.D. Split Spoon Inspecting Engineer 1“ ;
Wai 1 D i
2] Sampler Hammer safety | VIMES 10 s  |DOPO 40 Kyle Lawson |
2 2a Sample Data ] i
i ES Elev. . Depth [ & | o [5 |swc N-Value o Remarks 1
gl E2 | @ Sample Description Scale | E | &|BE|2E5] (Blowsm (Drilling Fiuid, Depth: of Gasing, !
k] in S| F[@T8eg Fluid Loss, Driling Resistance, etc ) i
E — +7.7] 0 - 1i0 20 30 410 — i3
L R 72 Dark brown f-c SAND, some silt, trace roots, trace organics | ds1d B 1 i ' Began drilling at 12:10 PM. i
E' "\ (moist) [TOPSOIL] Yas 1 1 H S550't02 0
2 Brown f-m SAND, frace Silt, trace roots (moist) -1 28] ;
At S = I i
: - 1518 H L
_g: C 2 u : S i 41 ‘l:t
£ Brown f-m SAND, trace silt, trace roots {moist} C ] = 4 S 2'to i
=1 - - - M
g S PY I & I i
i 3 Johdg i
= I 4 = 4. ’ i
o L ] H I
wl L . — ‘\
s - 4 = Drilled to 4' )
ish-| - i r T H - 1.
Orangish-brown f-m SAND, some silt (wet) - ] = 2 S8 4'1o & ‘\ :
/R il
l- - = 4 [ “.
z SN : -6 = SS6tos il
sl Orangish-brown f-m SAND, some silt (wet) C 7 = |3 ;
Sl C ] = ‘:
g : - 7 ; ag 3 5 I‘
af . s ik
gl — 8 s i
of g . N i = s Drilled to 8'. I
5 X Brown f-m SAND, some silt (wet) 5 ; = SS 8o 10' i
=1 1 |
-8 A - ___ -9 % eH o ;
1 § Brown f-c SAND, trace silt (wet) N 1% H 10 it
B % " L 10 J = 7 : ]
[~ — ’ 1 |l 1.
4 E Orangish-brown f-c SAND, trace silt, frace fine gravel (wet) [ 3 = 4 : 5SS 100 12 ;,i' !
'] - . ~ . : o
[C] I i - 6 |
Z[ Fq1 d% |2l =
E E - 11 ] o (@ g |14 20 !
2 B ] = 12
|- — 12 1
BE S It
Z - . o
[ L ] i
i - 13 o
£ [ 1 |
2 o - ! !"
-] - - Ve
5 - 14 - i
E i 15 3 ;J
q . . C N Drilled to 15" o
™ = 11 . o !
E Brownish-gray f-c SAND, trace silt, trace fine gravel (wet) L ] | S5 15'to 17" i
£ - : 12 =0.2510 0.5 tsf i
-] - 16 — :‘5 =N i Qu 0 |
= . C ] 8 A
87 7 I B ] 5 i B
Z | ]
é Brownish-gray CLAY, soma silt, trace fine sand {wet) - 17 1 ‘g
3 C ] 1y
= 18 i
i
i




WLANGAN.COM\DATAITRADATAS\ 130088801\ ENGINEERING DATAIGEOTECHNICAL\GINTLOGS\130088801.GF.)

LANGAN

Log of Boring B-6 " Sheet 2 of 3

Project Flagler Repauno - Proposed Warehouse Project No.

Development 130088801
Location Elevation and Datum
Repauno Avenue, Greenwich Twp., NJ Approx. el 7.7 (NAVD 88)
2 Sample Dafa R "
22 bev. o = = e o] o emarks
- Sample Description Depth é Bi2glazs Bl (Drliag Fluid, Depth of Casing,
£n =g g Fluid Loss, Drilling Resislance, elc.)
18 2 e 10 20 30 40
2 r ] AN
@ C Z
5 L ]
8 - 19
— - -
o
g C ]

" 20 ' !
3f Light gray f-m SAND, trace silt (wet) F 12 ' SS 20'to 22
a o ]

(718 o 1 20 I
15 214|492 | 55
=k r 19 % 35
% i L ] 22
B T 22 ,
5f . N
= - . P
2 -2
o C ]
3‘_‘, E o4 .
or I - - i
3 C 2 |
g - 25 ] RN Drilled to 25
ol ! H (]
2l . 3 ) . " i o1 ! riled to 25'.
: Light gray f-m SAND, trace fine gravel, trace silt (wet) . ] } S8 25 to 27"
: C ] 20 :
et - 26 3 8E @ || P2
g a ] 32
5 F ] 27
o - 27 3
= C ] :
o L . i
g L ] 5
2 [~ 28
— 30 - ; .
Light gray f-m SAND, trace fine gravel, trace silt (wet) e 13 gg”s‘?g. to g‘z’
:_ 31 _: S 723 (3] 19 43=
- 1ch [H " 24 :
C ] 22| |
- 32 — :
- 33
F 32 '
, ) - 35 5 H : Drilled ta 35'.
Brownish-gray f-m SAND, trace fine gravel, trace silt (wet) . i £ 24 SS 35'to 37"
N 35 ] \‘: W g o™ 25 51
N 10 °H " | %
C 1 E 41 fr
- 37 i ]
- 38
- 39 :
: [ 40 o , .
Light gray f-c SAND, trace fine gravel, trace silt (wet) N 10.5 gt E 3 | 49 ‘ P Drilled to 40"
LT
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LA N E A N Log of Boring B-6 Sheet 3 of 3

Project Flagler Repauno - Proposed Warehouse Project No.
Development 130088801
Location Elevation and Datum

Repauno Avenue, Greenwich Twp., NJ ~ Approx. él 7.7 (NAVD 88)

Sample Data
N Py N-Value Remarks

(Blows/tt) (Driting Fluid, Depth of Casing,
Fluid Loss, Driling Resistance, elc.)

Elev. - ‘
(%’ Sample Description 225{2

| MATERIAL
SYMBOL

Number
Type
{in)
Penat
resist

g Re_cov

1_0 20 30 40
Tl 50,3 S5 40 o 409

T
9

<

U

!

IIIIIIIJIJIII\IIIFIII

Drilled to 45",

Light gray f-¢ SAND, trace f-¢ gravei, trace silt (wet) SS 48 ta 50'

B

m
NN RN

S-13

Light gray f-c SAND, trace fine gravel, trace silt (wet)

49

S-14

[43]
o

Finished drilling at 1:05 PM,
Borehole grouted upon
completion.

10/23/2015 5:11:46 PM . . Report; Log - LANGAN ...Templala WU BASEBALL SOIL LOGS GPJ

End of Boring at 50, Z_

[TTIT T TTT

o i [3)] (5, [44] wn [4,] (%] i

w0 0o - s3] 3] R [#] ] —
IIIII\III!III\IIIIII\IIIJIII\IIIIIIJI]IJIIIIIFIIIrIFIII\IIIIII

[=2]
Q

(=]
—




LANGAN

Log of Boring B-7 (MW-2)

Sheet 1 of 2

Project Flagler Repauno - Proposed Warehouse Project No.
Development
Location
Repauno Avenue, Greenwich Tw . NJ ‘
Driling Company Date Started

130088801 ‘ '
M

. l\LANGAN.COM\DATA':TR\DATABI 130088801 \ENGINEERING DATA\GEOTECHNICAL\GINTLOGSH 3

Casing Diameter (in}

Casing Hammer_

Craig Geotechnical Driliing Co., Ine,
Drilling Equipment

CME 75 Truck-Mounted Drill Ri

Size and Type of Bit

3-7/8" Drag Bit

N/A

10/14/15

Completion Depth

Disturbed Undisturbed
11 -

Completion
¥y

Number of Samples

Casing Depth (1) Water Level (ft.}

Drilling Foreman

\/ 4.8 4.9

- LANGAN ...Tempiate WVU BASEBALL SOIL LOGS.GRJ

10/23/2015 5:11:51 PM ... Repert; Log

0088801.GPJ ...

Sampler . ) Tom Ward
2" 0.D. Spiit Spoan Inspecting Engineer
Weight (Ibs Drop (in

Sampler Hammer Safety I0B) 40 lbs P} g0 Kyle Lawson

2 Sample Data R «

T8 |Eev. - Depth | 5 N N-Val emarks

Eg () Sample Description chfe é glazls2s (Browsl.-"'f?) (Drilling Fluid, Depth of Casing,

ia } S| Fgv|geg Fiuid Loss, Driling Resistarige, etc.)

+8.0 0 = 10 20 30 40

RLBA - -. TR P : .
i3 +7.5  Dark brown Silty f-m SAND, frace arganics, trace roots 4 P Began drilling at 11:10 AM,

(moist) [TOPSOIL]
Brown Silty £m SAND {moisf)

Brown f-m SAND, some silt {moist)

Brown f-m SAND, some sikt {wet)

Brown f-m SAND, trace silt (wet)

Brown f-m SAND, frace silt (wet)

[N
=¥}

clay (wet)

~ Gray Silty SAND (wet)

-35
Gray -m SAND, trace silt {wet)

Gray f-c SAND, trace silt {wet)

8.3 _Gray to brown Sandy SILT {wet)
Brown f-m SAND, some silt (wet)

_______ e

S50'to 2

58 2'to 4

Drified to 4',
554't0 6
Sample wet at 4",
55 6't0 8'

9,=2.0 to 2.25 tsf

Drilled to 8'.
88 8'to 10’

S8 10'ta 12

Drifled to 15",
S315t017




l LA N E A N Log of Boring B-7 (MW-2) Sheet 2 of 2
Project Flagler Repauno - Proposed Warehouse Project No.
o Development - 130088801
l Location Elevation and Datum
Repauno Avenue, Greenwich Twp., NJ Approx. el 8 (NAVD 288)
N Sg'mple Data
Z3  |Eev. - Depth | & | o |2 |smc] Nvahe _ Remarks
- - Sample Description Scale | £ £ |8E/23%| ®lowsm {Drilling Fiuid, Depth of Casing,
% 27188 L, . 0 Fluid Loss, Driling Resistance, elc.)
— — 18 — : ‘
2F - ]
Q - .
g r ‘_ ; |
' e = 19
| r ]
3 120 - .
f T et eAND P T T T T T T T T T T e - 20 7 = Drilled to 20,
l % : Gray f-m SAND, trace slit (wet) - ] H 10 S5 20" to 22"
@ F A= 12 _
_ E‘_ ;21_:0']) %EEQ " 25
% : C ] 5 13
2 - 22
[=2 %
Bl u ]
2 - .
= 23 .
<[ [ i .
5] C ;
2 -] f
<k - 24 ] F
o |
s C ] :
£ L 4 "
g . — 25 H r 1 1
£ . ] . L ] = 8 ; Drifled to 25',
& Brownish-gray f-m SAND, trace silt {wet) . ; 5 SS 25'to 27", ‘
L ] = 1 . 1
E: — 26 g |3H S 25 :
b r ] = 14 i
2 - 1 | 2 1 |
; - 27 — = |
g C ] 1
=1 28 — :
z F ] ’
T 29 — '
(=] = -
2 C ]
gl 220 C ]
a 22 . 30 = ; ' :
@ Dark gray CLAY, some silt, trace fine sand, trace mica N ] = 3 i Dn"e'j. to 30.‘
8 -] = SS 30' to 32 !
b} (wet) L Jo| 3 5 ; =0.75t0 1 tsf !
E 31 d5 a8 o W i
z C 1a 28| [ s, = 0.3 tsf
9 C 2 = :
= C . =
R, S 5 5 ;
4 ) - ] Drilled to 32'.
I
& Dark gray Silty CLAY (wet) F ] \ Took Shelby Tube 32'to 34" }
) E 1= PUSH |
g -3 ST ENS
z C 191N \
= - . \
- -3 3N ' |
% Dark gréy Silty CLAY, trace fine sand, trace mica (wet) N ] E 5 85 34't0 36 \
] C N = |
i L 1= = 8
4 —35 % |88 & 18 ]
2 % ARl = | |
- § 28.0) L ag - H ! i
£ End of Baring at 36'. F . Finished drilling at 1:00 PM. i
] - . Borehole flushed with clean 1
& [ a7 water and installed A
< 37
E r ] temporary groundwater |
8 B ] observation well upon I
- E [ g ] completion. t
= N ] Prior to demobilization, the i
4 L . temporary well was removed !
‘ L 3 and the borehole was
. 39 i
O C ] grouted. ‘
% -~ 10
T —— 0.5 ’




I LA NEA N Log of Boring B-8 Sheet 1 of 3
Project Flagler Repauno - Proposed Warehouse Project No.
Development 130088801
I Location ) s ' Elevation and Datum
Repauno A\;enue, Greenwich Twp., NJ Approx. el 6 (NAVD 88) :
Lriling Company Date Started Date Finished !
Craig Geotechnical Drilling Co., Inc. 10/14/15 10414/15
Driling Equipment Completion Depth Rack Depth
CME 75 Truck-Mounted Drill Rig 50 ft ' N/E
2| Size and Type of Bit Disturbed Undisturbed Core
I :(?; 3-7/8" Drag Bit Number of Samples 14 5 .
@] Casing Diameter {in) Casing Depth (ft) First Completion 24 HR,
o] 4" |.D. Steel _ | Water Level (ft.) z 38 _ \, _
'é' Casing Hammer_ lWeight {lbs) _ ‘Drop (i) [Driling Foreman
2| Sampler " ) Tom Ward
l é 4 2" O.D. Split Spoon Inspecting Engineer
ey ST
g Sampler Hammer Safety lwmght(hs) 140 |bs ! rop {in) 30" Kyle Lawson
2] o, ’ Sample Data
E =2 [Eev. - Depth | §| , |5 |swgl Nvawe . Rerarks
] - e Sample Description Scale | €| & (25/228| (@iowsm) (Drilling Fhuid, Depth of Casing,
& 25 3| F|2=|seg Fluid Loss, Driling Resislance, efc.)
2 +6.0 0 =z o 10 20 30 40
LAY . } . N T 1 -
Bl Ll +s.5_ Dark brown Silty ¢ SAND, trace roots, trace organics, - ] H |2 Began boring at 2:25 PM.
g . |\ trace wood {moist) [TOPSOIL] Ji 1 E - w; o 4 S80t02
% Brown f-m SAND, trace silt (moist) - 1P E N,
g C ) ] = 2
— — 1 J 1
I E Brown -m SAND, some silt {moist) - r ] =|2 SS2'04
2 - 1 o ol e 3 Sample wet at 3.75".
: i P RS
= - ] =
I 2 Mr E 5 3
= . [ ] = Drilled to 4",
= 3 = 4
& Brown f-m SAND, trace silt {wet) - 1 = SS 4'10 6
g -5 qRBER
o C N = 4
=] [ _ g
S o1l | s
%_ Brownish-gray f-m SAND, trace silt (wet) N ] 5 |3 SSE't08
% O — 7 3% gggg 8
g Brownish-gray f-m SAND, some silt (wet) - 1P e T 1
% N 8 ] = 5
g Grayish brown Silty f-m SAND (wet) E = e gg‘,'ae.dt;ﬂ%;
H; [ 1ol,H < 10 q, = 2.5 tsf
= . — 9 - 0&! L= .
g Brown f-m SAND, trace silt (wet) C ] = 18
2=Z> : c 10 1 = 20
el Brown f-m SAND, trace silt (wet) N 5 |10 S8 10'to 12
2 N ] =
gl C. 7 s 13
k: -1 =8¢
1 § C 1218 12
gl C ] = 14
42 — 12
ok " ]
L - 4
z L ]
a -]
ﬁ : — 13
=1 N ]
gl C ]
[ o 147
z S
. 3 — 15 ; 4
g . . C i Drilled to 15",
T - — 13
. E Grayish-brown f-m SAND, trace siit (wet) F ] $S 15 0 17"
-] - J 18
Poog — 16— 588 ¢
=] _ 1w -
H s - - 6
Bl n ] 7
Zk Gray SILT, some fine sand (wet) - 17
g F ] |
3 - B
= 18 —




LANGAN

 DRAFT

l B-8 Sheet 2 of 3
) Project 'Flagler Repaune - Proposed Warehouse Project No.
’ Development 130088801
. Location Elevation and Datum
Repaune Avenue, Greenwich Twp., NJ Approx. el B (NAVD 88)
2 Sample Data
gg Elev. PR Depth | B | & |3 _|5we| Nvae » R_emarks
B {ft) Sample Description Scale | E| £|8E[238| (Bowsi) (Drifing FIid, Depth of Casing,
£ S |2 |g=Fel Fltiid Loss, Driling Resistancs, etc.)
z o 10 20 30 40
8 L 18 R i i
f r ]
ol C ]
| B - 10
=
g r N
2 — 20 ‘ Drilled to 20"
2| ishs 3 i - . = |14 -
l é : Grayish-brown f-m SAND, some silt (wet) C 1 = SS 20' t 22°
@ 15.4 C T EH | 18
1S e - 21 ag @ ! 36
[ Grayish-brown f-c SAND, trace slit (wet} N ] = 20 ;
=} I Jsenl 27
E - 22 -
at.
= C .
Q - -
K] C ]
' = 23
-4 - .
afr C ]
= - =
3l [ o4
of; L |
] L 1
't - -
8 - 25 Drilled to 25"
7] t - | M o 1 N
. £ Reddish-brown f-c SAND, trace silt (wet) : ] 5 14 S5 25' 1o 27"
: : C _ = 17
" & 26345 d8
8 - ] A |2
= C ] E 14
2 e
8| C ]
= 28
Y S J
= - 29 o
2 N ]
[
Sf C ]
3L -24.0f 30 i
= - - : n i H Drilled to 30°.
:.83 Dark gray Silty CLAY, trace fine sand, trace mica (wet) - . g 1 SS 30 o 32"
B Jeo| H 1 =0.2510 0.5 tsf
5 _‘31__‘53551 A q,=0 00.51s
g C ] = Stopped drilling at 3:30 PM
2 ] s 1 on 10/14/15.
z - L 7 Continued drilling at 7:30 AM
é Dark gray Silty CLAY (wet) - . N on 10/115/15.
i F e 3T 12N o Pus Drilled to 32.
a - 33 7 VR Shelby Tube taken from 32
< - ; N to 34", Started at 7:35 AM,
3 - - N ended at 7:50 AM.
g - 34 g, = 0.25 to 0.5 tsf.
& L N
g — 35
g Dark gray CLAY, some silt, trace fine sand, trace mica C ] = 1 [S)g”gg. ttg %57
I {wet) C i=1|.E 2 =0.75 tsf
S A= |eH e 9, =U.751st
@ — 36 1 | = 4
@ - 1w = 2
g L ] =
g - 37 5 ?
2 E
g C ]
£ L i
8 .
& - 39
3] C i
g - 40 ]
S No Recovery B NEDE Drilled to 40".

—40.5




' LA N E A N ‘ Log of Boring B-8 . Sheet 3 of 3
Project Flagler Repauno - Proposed Warehouse Project No.
: Development 130088801
I Location Elevation and Datum
Repauno Avenue, Greenwich Twp., NJ Approx. el 6 {NAVD 88)
o, Sarnple Data
%8 Elev. .. Depth [ 8 o |2 BgE N-Value » R?'marks
B2 Sample Description Scale | E | £ (BE|EHE| (Blowsi) (Driling Fiuid, Depth of Casing,
In EN e |ELa 10 20 3 40 Fiuid Loss, Drilling Resistancs, slc.)
S 0.5 T[T S5 400 47 :
o i
o] 41 o | o !
) g 36.0 : § =
= e 42 - Dri "
=13 3 Y . N ] H rilled to 42",
@l : Dark gray Silty f-m SAND, trace mica (wet) - ] H S5 47" 1o 44"
ﬁ:: L 128 o
&) N ] = i
3l - 44 = ! 3
l 5 : - . : i
= r . |
g » 7 !
i F 3 |
=Zt- r ] !
l 8t 46 B
; 3k - ] X
ol r n -
St = 47 —
E={ o L 4
a]- L ]
I i P
: - . - N H Drilled to 48"
z Dark gray f-m SAND, some silt, trace mica {wet) : ] = SS 48' ta 50°
f N 49 - Iy g o
= - 1=
5 C 19| B
g C ] B 23|
i s 50 N . -
g End of Boring at 50", C ] i P Finished drilling at 8:45 AM
= r 1 ! : on 10/15/15.
= 51 3 | Borehole grouted upon
& 1 ! completion.
2 - 52 ;
g B 3]
& C ]
g - 53 ; !
= - b ; i
2 E ] : . |
3 F 54 i 5 1
= r T i i
o [ J ! ; i
z - - Vo i I
I - - i 1
H — 585 \‘
i - ] : |
o] 'l -1 ' M
w L i : ]
o - E :
& 56 % I
3 - u | 2
a o 1 ; I
F - g i
&® — 57 — ]
w o -1 I
&) L m I
= C ]
3] C N
ﬁ ' — 58 —
E B N [
@ - -
P.? I 7 i
8 - 59 :
% r ] |
2 F o |
3 - 80 7 \‘]
[id N I}
E N ] )
= C N |
= j
& ~ 61 — ;
= L N :
] = - H
o - : |
Z - 62 -
g -] : |
Z - - i I
3 ] 3 .

|



LOG OF TEST PIT TP-1

M1
Sheet 1 of 1

PROJECT NAME PROJECT NUMBER DATE
Flagler Repauno - Proposad Warehouse Development 130088801 10/12/15
LOCATION : ELEVATION
Repauno Avenue, Gresnwich Twp., NJ Approx. el 4.4 (NAVD 88)
EXCAVATION CONTRACTOR DEFTH WATER LEVEL - First WATER LEVEL - Complefion
Hemmel Excavating 5 ft 383t 3.4 ft
EQUIFMENT FOREMAN LANGAN PERSONNEL
John Deere 310 Backhoe John Kyle Lawson
: SAMPLE
ELEV Depth | 3
Symbol| ..y DESCRIPTION - Scale | £ | & REMARKS
; [
X " - 0 ~ T
Ltg 4.5" ROCT MAT, trace f-m sand {moist) - . LqL: Began excavating at 9:00 AM.
: Light brown to grayish brown f-m SAND, some silt, trace roots, C ] o
trace wood, trace organics (moist to wet) - 1 4
- - Sidewalls collapsing between 1' 2” and 4",
L 2 ]
- - ] [21]
a C 1o |8
wil’ L - o
3" [ 3
% !: 1
f v/
2 -4 Groundwater seepage observed at 3' 10",
Ef - -
Caf: C ]
2 0.6 5 -
g End of Test Pit at 5', C i Finished Test Pit at 9:30 AM.
g L , Groundwater level at 3'-5" below grade at
B‘ T o6 7 2:40 PM,
: § - . Backfilled Test Pit at 3:00 PM using
. & C 3 excavated material.
- o7
| £ - - Excavated adjacent Test Pit and performad
k¢ B ] percolation test starting at 1' below grade.
- g
L g
L 10 ]
o141
© o1z ]
L 13 ]
C 14
C 15 ]
L 15 ]
L g7 2
C g

P XION3ddY




wnmari
| LOG OF TEST PIT TP-2 Sheel 1 of 1
PROJECT NAME PROJECT NUMBER DATE )
Flagler Repaunc - Proposed Warehouse Development 130088801 10/12/15
LOGATION ) ELEVATION
Repauno Avenue, Greenwich Twp., NJ Approx. el 5 (NAVD 88)
EXCAVATION CONTRACTOR DEPTH WATER LEVEL. -First WATER LEVEL - Complation
Hemmel Excavating 6t . 35t ¥ 3.9ft
EQUIPMENT FOREMAN ) LANGAN PERSONNEL
John Deere 310 Backhoe John _ Kyle Lawson
: SAMPLE
ELEV Depth | 5
Symbol| fooy DESCRIPTION Scole | ¢ REMARKS
o 21
feh o S0 5"ROOT MAT - s Began excavating at 10:30 AM.
4 - — B i) . .
| Dark brown f-m SAND, some silt, trace roots, trace organics C 15 é Moveld Ios:altlon to a;_)prox. 4.0" south of
+40 | (moist) [TOPSOIL] T4 o | TP-2's original location.
Light brown to tan -m SAND, trace to somne silt {molst to wet) [ 7
I R
= C 7
g - s o | Collect bulk sample BLK 1: 1'to 3.
5 -3 {82
% B N Q
Bl Ve ]
g v ] Soils wet starting at 3 5', ‘
B T 4 7] Groundwater seepage observed at 3' 10",
8 C ]
ot C ]
5 L 5
o - g Sidewalls collapsing from 3' to 6.
g L N
‘: E . - 6 —
; g End of Test Pitat 6". = b Finished Test Pit at 11:15 AM. -
- 5 I 4 Groundwater level at 3' 11" below grade
j C 7 at 2:35 PM.
2 - - Backfilled Test Pit at 3:15 PM using
E N ] excavated material.
f & C 5 ] .
g ~ T Excavated adjacent Test Pit and petformed
= C : percolation test starting at 1' below grade.
' C o 1
o190 1
Co11 ]
C 12 ]
C 13 2
T 14 ]
C 3 |
- 15 :
L 16 A i
C ] |
©oq7
- ] |
ANGAN "
[
|




emplate TEMPLATE.GDT

.. 10/Z3/2016 5:14.55 PM ... Report: Log - LANGANTP .

LOG OF TEST PIT TP-3

/MM i
Sheet i of 1

PROJECT NAME PROJECT NUMBER DATE
Flagler Repauno - Proposed Warehouse Development 130088801 101215
LOCATION ] ELEVATICN
Repauno Avenue, Greenwich Twp., NJ Approx. el 6 (NAVD 88)
EXGAVATION CONTRACTOR DEPTH WATER LEVEL - First WATER LEVEL - Completian
Hemme! Excavating Bft 6t 4.4 it
EQUIPMENT FOREMAN LANGAN PERSONNEL
John Deere 310 Backhoe John Kyle Lawson
SAMPLE
Symbol| 55 DESCRIPTION raunll NI REMARKS
3 S
it k] 1ep I v
R 4" ROOT MAT L i Began excavating at 11:50 AM.
bl 4+ [~ e e B _
it Dark brown Silty f-m SAND, trace roats, trace organics, trace - T
LA ' 1 B B
5 80 pine needles {moist) [TOPSOIL] L 1 .
Light brown to tan f-m SAND, trace to some silt, trace roots B ]
(moist to wet) P
L 3
-4 2
h A8 ] — | 2 | Sidewalls sloughing at 4.
L denl| &2
‘ L i G
¢ - 5
ML g ]
L ] Sails wet starting at &',
o7
C i Unable to excavate below &' sidewalls
o0 T g unstable and collapsing.
End of Test Pit at &". C ] Sidewalls collapsed below 5'.
B ] Finished Test Pit at 12:20 PM.
S * B Groundwater level at 4' 5" below grade at
R 1 2:30 PM.
C ] Backfilled test pit at 3:30 PM using excavated
10 - material.
C N Excavated adjacent Test Pit and performed
Fo11 4 percolation test starting at 2' below grade.
L 12 ]
T 13
F o
L 14
C 15 ]
C 16
L 17
F e

%
:
:
i

LANBAN

[ XIAN3ddY




LOG OF TEST PIT_TP-4

PROJECT NAME

LANBAN

. PROJECT NUMBER DATE
Flagler Repauno - Proposed Warehouse Development 130088801
LOCATICN ELEVATION
Repauno Avenue, Gresnwich Twp., NJ Approx. el 8.3 (NAVD 88)
EXCAVATION CONTRACTOR DEPTH WATER LEVE - Firsl WATER LEVEL - Complstion
. Hemmel Excavating 10 ft 81t 6.5 ft
EQUIPMENT i FOREMAN LANGAN PERSONNEL
John Deere 310 Backhoe John Kyle Lawson
' SAMPLE
_ ELEV Depth 5
. Symbol 55 DESCRIPTION Sc_';h £le REMARKS
3 F
ELAN/S RPN I e v
T Dark brown Sifty f-m SAND, trace roots, trace organics (moist) [ 1o § Began excavating at 11:30 AM.
- "¢ | [TOPSOIL) - 1 |0
L1
Light brown to tan f-m SAND, trace to some silt, trace roots r ]
I R (moist) L i
= T2 ]
= C ] Collected butk sample BLK-1: 2' 1o 5'.
E C
3 - 3
o - -
: - 19| 3
e - 1w | X
] 2 ~ - o
! 3 C 4
E B ]
2 , N
o C ]
l % i 5 :
15, B -
% B ]
ol C N Sail motiting observed from &' 1o &',
5 +2.3 - 6
‘é Light browr to tan to gray f-m SAND, some silt, trace clay L 48 ]
el {moist to wet) r 7
2 -7 ]
o - I 7
I BF L 2
- \VARN
g r 4w I 21 Soils wet starting at 8'. -
el - - o o
g -, 1|8
= 9
2 S
af:: L _
% - . 10 ] Sidewall sloughing between 3' and &',
g L ] - .
2 End of Test Pit at 10" [ ] Finished excavating at 11:40 AM.
2 C ] Sidewall collapsed below 6.5'.
3 11 Groundwater level measured at 6.5' below
I (_ZD N ] grade at 2:35 PM.
! C 7 Backfilled Test Pit at 3:45 PM using
LEJ - 12 excavated soils.
I - —
o - -
E C ] Excavated adjacent Test Pit and performed
E F 13 - percolation test starting at 2' below grade.
g r ]
D - -
2 L ]
4 14 4
i B i
= - -
@ L _
E - —
] L 15 ]
(] - —
5—? - -
] L _
L L ]
] - 16 4
= L _
8 r ]
g C ]
=< - -
g C " i
§ L ]
F{— 15

[




wnmMaria
LOG-OF TEST PIT TP-5 Shest 1 of 1
~ [PROJECT NAME PROJECT NUMBER DATE
Flagler Repauno - Proposed Warehouse Development 130088801 10/12/15
LOCATION ELEVATION
Repauno Avenue, Greenwich Twp., NJ Approx. el 8.8 (NAVD 88)
EXCAVATION CONTRACTOR DEPTH WATER LEVEL - First WATER LEVEL - Completion
Hemmel Excavating 10 ft 75ft N 8.31t
EQUIPMENT FOREMAN LANGAN PERSGNNEL
John Deere 310 Backhoe ‘ John Kyle Lawson
SAMPLE .
ELEV : Depth |5 ‘
Symbol| oo DESCRIPTION Scale .E g REMARKS
3 [
SIS PP - . 0 ] .
" ] Dark brown f-m SAND, some silt, trace orgnaics, trace roots L i Began excavating at 1:10 PM.
B3| (moist) [TOPSOIL] - .
L9
Brown f-m SAND, trcae to some silt, trace roots (moist) - ]
L2 Collected bulk sample BLK-1: 1'to 6-.
= C ] .
a L B
E L 4
5 o3
o - —
= B i
w
= B _
o| L ]
3 -4 -
¢ E L 4
i C] L -
kol - i
i L 5
& S P P
3 N B
3 E, F g ] & i
& - h Sidewalls sloughing below & '
E Z . Co7T ] I
: B 413 ?‘ 7 ) :
L3 . I~ i H v
: Gray to orange brown Sandy SILT, trace mica, trace roots (wet) | g Sail mottling observed at 7.5
E . -
T !: 1 e | 3| Collected bulk sample BLK-2: 8' to 10
g ] C 1@ % Sidewalls collapsing at §',
T d 02 2]
. C ] o |
. . B 192 < 1
Grayish brown f-m SAND, trace to some silt (wet) - qJw % i

Finished Test Pit at 1:40 PM.
Test pit collapsed to 8'-6" upon completion.

End of Test Pit at 10"

T

C 11 ] Groundwater level at 8-3" below grade at
- - 2:10 PM.
C ] Backfilled Test Pit at 4:00 PM using
C 12 ] excavated material.
N i Excavated adjacent Test Pit and performed I
r 13 7] percolation test starting at 3' below grade. i
T 14 ]
C 15 ]
T 15 1
L 17
| S

MANEAN




] NmMAr i
LOG OF TEST PIT TP-6 Sheet 1 of 1
PROJECT NAME PROJECT NUMBER DATE
Flagler Repatino - Proposed Warehouse Development 130088801 10112/15
LOCATION : ELEVATICN
Repauno Avenue, Greenwich Twp., NJ Approx. el 7 (NAVD 88)
EXCAVATION CONTRACTOR |DEPTH i WATER LEVEL - First WATER LEVEL - Complelion
Hemmel Excavating git 6ft 6.5 ft
EQUIPMENT FOREMAN LANGAN PERSONNEL
John Deere 310 Backhoe John Kyle Lawson
SAMPLE
ELEV ' Depth [ 5
Symboll (L2 DESCRIPTION Senle ils REMARKS
0 21"
et I Dark brown Silty f-c.SAND, trace roats, trace organics (moist) ] Began excavation at 12:30 PM,
+63 |_[TOPSOIL] - ; 7
Brown to orange brown £m SAND, some silt, trace roats - E
{maist) . B ]
o2 ]
- B ]
=] - -
@ L _
ui L _
3 F 3]
- - -
- L ]
- a2
;L - -
o L ]
H -4
% &: A : : - g
ol - ]|k
=y - — (O]
§ 2 -5
E O L |
& - E
" Brown to orange brown Sitty f-m SAND (moist to wet) Y g 1w -
i: b “ % Soils wet starting at §'.
Gray Sandy SILT (wet) - 7 7
- g Groundwater seepage observed at 74",
———————————————————————————— [ 8 Sidewalls sloughing between &' and 9",
C J & | 2 | Unable to excavate beyond 9 due to
- =4 o) 14 . ) .
Gray f-m SAND, some silt, trace mica (wet) L 9 ] o | sidewalls collpasing.
End of Test Pitat 9". N : Finished Test Pit at 12:50 PM.
N ] Sidewall collapsed below 7",
C 10 ] Groundwaler level at 6.5' at 2:00 PM,
- 1 Backfilled test pit at 2:15 PM using excavated
C 3 material.
Lo41
o - Excavated adjacent Test Pit and performed
I 5 i percolation test starting at 2' below grade.
L 12 :
T
L 14 ]
L 15
L 16 ]
C 47 3
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Mydrologic Soil Group—Glougester County, New Jersey

Hydrologic Soil Group

- Hydrologic Soil Group— Summary by Map Uhit — Giou cester'c'ﬁu-nty, New Jersey (NJO15)

Map unit symbol | Map unitname " Rating Acres in Al " Percent of AOI. o

FamA Fallsington sandy loam, |B/D 0.3 1.1%
0 to 2 percent slopes

MamuAv Mannington-Nanticoke- | C/D 5.1 16.4%
Udorthents complex, 0
to 1 percent slopes,
very frequently flooded

UddcB Udorthents, dredged D 22.0 70.3%

coarse materials, 0 to
8 percent slopes

Uspowe Urban land-Downer 3.8 12.2%
complex, 0to 5
percent slopes

Totals for Area of Interest 313 100.0%

8504 Matural Resources Web Soil Survey 8/7/2015
1 Conservation Service National Cooperative Sail Survey Page 3 of 4




f ydrologic Soil Group—Gloucester County, New Jersey

Description

Hydrologic soil groups are based on estimates of runoff potential. Soils are
assigned to one of four groups according to the rate of water infiltration when the
soils are not protected by vegetation, are thoroughly wet, and receive precipitation
from long-duration storms. '

The solls in the United States are assigned to four groups (A, B, C, and D) and
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when thoroughly
wet. These consist mainly of deep, well drained to excessively drained sands or
gravelly sands. These soils have a high rate of water transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet, These
consist chiefly of moderately deep or deep, moderately well drained or well drained
soils that have moderately fine texture to moderately coarse texture. These soils
have a moderate rate of water fransmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist
chiefly of soils having a [ayer that impedes the downward movement of water or
soils of moderately fine texture or fine texture. These soils have a slow rate of water
transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when
thoroughly wet. These consist chiefly of clays that have a high shrink-swell
potential, soils that have a high water table, soils that have a claypan or clay layer
at or near the surface, and soils that are shallow over nearly impervious material.
These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is
for drained areas and the second is for undrained areas. Only the soils that in their
natural condition are in group D are assigned to dual classes.

Rating Options
Aggregation Method: Dominant Condition

Component Percent Cutolf: None Specified
Tie-break Rule: Higher

A Natural Resources Web Soil Survey
: Conservation Service National Cooperative Soil Survey

8/7/2015
Page 4 of 4




NOTES TO USERS LEGEND

This map Is for usa In administering the National Flood Insurance Pragram. It does nat

SPECIAL FLOOD HAZARD AREAS (SFHAs) SUBJECT TO
ANNUAL .C}SANC‘E ]'FLDDD

necessarlly [dentiy all areas sublect ta fioading, particularly from lacal drainage sources 751@45.00" 265000 FT ol INUNDATION BY THE 1%

of small size. The community map repository should be consulted for possible 39°5037.507 JOINS PANEL 0058 75°16'52.50" The 1% annual chance flood (100-yéar flead), 280 known a5 the base flocd, is e flood

updaled or additional flond hazard information. - 2 = v 395037 50" that hes a 1% chance of baing equaled or excesded i any given year. ﬂrmspenll
g Flood Hazard ‘Ares [s the orea subject t fleading by the 1% annual chance Arezs

To obtain maore detailed Infermation in areas where Base Flood Elavations (BFEs) of Spetial Flesd Hamd induds Zomas A, AE, AH, AD, AR, AS3, ¥ and VE The S2s2

and’or have been ined, usars ara d to consult the Flood Ficod Blevation is Uy the 1% fiood.

Profites and Floodway Dam andior Summary of Stilwater Elevations tables contained ZONEA o Base Flaod Elevations dstarmined.

within the Flood Insurance Stdy (FIS) repert thal accompanies this FIRM. Ussrs
should be aware that 8FEs shown on the FIRM represent raunded whale-foot
elavalions, These BFEs are inlendad for flood insurance raling purposes only and
should not be used as the scle saurce of fload levation infarmation. Accordingly. flood
elevation data presentsd in the FIS report should be utiized in conjunciion with the
FIRM for purpases of censlruckon and'or locdplain managamenl.

ZONEAE  Base Flood Slevabions gelermined.

ZONEAH  Food depths of | to 3 fest (usually armas of ponding); Base Flaod
Elavations determined,

ZONEAD  Flood deplis of |10 3 fesc (uslly shesl flow on sloping beman);
Bverage degths determined. Fer arsas of alluvial fan flooding, velotiss
alsa determined.

ZONEAR  Specal Flood Hazand Ares formedy protscrsd from  the 1% annual
chance food by 3 fiood conl system was subsequantly
decertfiéd, 2on= AR Indicates that the former food contal systm 5
being restered In previde protection from e 1% annual chence ar
greater flood.

ZOMEASS  Ared (0 be protectsd from 1% anrual chance Mood by & Federsl
Mood protscton system under consruchen; no Base Flood  Elavadons

Coastal Base Flood Elevations shown on this map apply only landward of 0.0 North
American Verfical Oatum of 1988 (NAVD 88). Users of this FIRM should ba aware that
coastal flood slevations ara alsa provided in the Summary of Stillwater Elevations lable
in the Floed Insurance Study report for his jurisdiction. Elevations showm in the
Summary of Stillwaler Eievalions table should be ussd for construction andior floadplain
management purposes when iey are higher than clevations shown on this FIRG.

det=rmined,
Boundaries of the floodways were compuled at omss sections and interpalated Annt Dehs ="} \ 4 o B 3
Lelwean cross sections. The foodways wers based an hydraufic consiterations with Ditelt g . . | ¥ E . gy ZONEV Coastal ﬂp:d m‘ia.wlm velocity hazand {wave acion); ne Base fload
regard ta requirements. of the National Flood Insurance Program. Floodway widihs and ; 7 i 5‘““"“" Gl ‘
other pertinent fleodway data are provided in lhe Flood Insurance Study raport for this gﬂaﬂﬂ' “’M :{;l;‘; with velncty hazard (wave acon); Bas=  Fisod

Jurisdiction.

Certain areas noi in Special Flood Hazard Ateas may be protected by flood control FLOODWAY AREAS N ZONE AE

structures. Refer to Saction 2.4 "Flood Protection Measures® of the Flood Insurance

Study report for informatian an feod cantrol stuctures for this jurisdiction. e i e e e b
Lidit I substantal (ncreases i flocd  heights.

The prejection used in the preparation of this map was New Jerssy State Plana i

(FIPSZONE 2800) zona, The horizontal datum was NAD B3, GRS1380 spheraid. OTHER FLOOD AREAS

Differences in datum, spharaid, projection or State Plane zanes used in the production

of FIRNMS far adjacent jurisdicians may rasult in slight positional differences in map ZONE X Aress of 0.2% annusl cnance fiood; areas of 1% annual chence fioad

fealures across jurisdi ias. These di do not affect the accuracy of with Zversge depths of less than L foot or with drainage areas lsss than

this FIRM.

1 sauare mie; and aneas protectsd by levess from L% annual enance
flood,

Fiaod elevations on this mep ara referenced 10 the North American Vertical Datumn of
1988. These flood elevations must be compared lo stucture and ground slevations
referenced to the same vertical datumn. For information regarding conversion belween

OTHER AREAS

EX
the National Geodelic Vertical Datum of 1928 and the Narth American Vartical Datum of “’:En Aleng ﬂm‘ﬂf“ to be cutside the 0.2% annual chance fleadplain..
1988, visit lhe MNalional Geadetic Survay website at hito:weav.ngs.naaa.govl of contact za Aceas in which floed hazarmds are undeterminzd, but possible.

Ihe Nationz| Geodelic Survey at the following address:
COASTAL BARRIER RESOURCES SYSTEM (CBRS) AREAS
MGS Information Sarvicas

MNOAA, NINGS12

National Geodatlc Survey
SSMC- 3, #9202

1315 East- West Highway
Silver Spring, MO 20910- 3282
(301} 7130242

s OTHERWISE PROTECTED AREAS (QPAs)

CBRS areas and OPAS are narmaly focated within ar adjacent to Spedlal Flood Hazard Araas.
1% nnusl chance Noadpiain boundary

0.2% snnusl chance Anodglain boundary

Floodway boundary

Zone D boundary

CBRS 2nd OPA boundary

Soundary dividing Special Fload Wozerd Areas of aiferent
Basa Flaad Hlavelions, flood depths or Miood veiacices.

T e — it of Hloderate Wave Action

e 513 A Brse Flood Eigwalion fine and value; stevalion in feel®

4 KGR S RERP

To obtain cument slevation, description, andior focation information for bench marks
shown an this map, please contact the Informatian Services Branch of the National
Geodetic Survey at (301) 713-3242. or visil its website at htto:ifwww.ngs noaa.govi. 365000 FT —|

Base map information sncwn on This FIRM was provided in digital format by the New
lersey Office of Information Technolagy (NJOIT). Office of Geographic Informatien
Systems (QGIS). The aerial photography was captured in March and April of 2012 at a
acele of 1;2.400 with 2 1 faot pixsl resalution.

Corporate limits shown on this map ara based on the test data available at lne ime of
publication. Because changes due lo Annexations or de-annexations may have
occurred after this map was published, map users should contact appropriate
community officils to verify cuient corporate imit lacations,

(EL 587) Bose Flood Elmsalion walue where uniform within  sans;
evation In fe=t

= fefaranced to tha Rorth Americen Vertcal Datum of 1988 (NAVO B8)

“gg""y Crass saction line
o @) Transselne

Geographic coordinates referenced o the Herth Amsrican

Please refer to Ihe saparately printed Map Index for an cverview map of the counly
showing [he layout of map panets; community map repositary sddresses: and a Listing
of Communilies table conlaining National Flaod insurence Program dates for each

community as well as a fisting of he panals on which sach community is localed, § BT 074, 32727307 Datum of 1583 (RAD 83)
a8

The AE Zone calegory has been divided by a Limit of Moderate Wave Action o Aggemp 1000-meter Univarsal Transverse Mercator grid value, zone 1§
(LiMWA). The LIMWA reprasenis tha zpproximale landward fimit of the 1.5-faot z ) X
brasking wave. The affects of wave hazards betwsen the VE Zone and the LIMWWA = - §A00000 FT ;"“ﬂ‘;;“:;lgggo;‘é‘;ho';“ Jmﬁm:;mmﬁ’;:‘““”
{or between the shoreling and the LIMWA for areas whera VE Zones are nol identified) 2 4 e
will be similar o, but less severe than thoss in the VE Zone. £ S

=) o D510 Bech mark (see eqlangtion in Notes to Users sschon of
Contect Ihe FEMA Map Information eXchange at 1-877-FEMA MAP {1-877-336-2627) z this FIRM panel)
far infarmation on avaliable products associated wilh this FIRM, Available products may | o 15
include previously [esued Lettars of Map Change, & Flgod [nsurance Study report, and 2 LR River e
Jor digital wersicns of this map. The FEMA Map Information eXchange may aiso be = ARRERCSITAREE
reached by Fax at 1-800-356-8620 and Its websile at ittp:/wwn. msc.tema,gov/. =

Reler (o Map Repasilories lisl an Miap Indgx
If you have questions about this map or questons conceming the Mational Flood
Insurance Program in general, plaasa call 1-877-FEMA MAP (1-877-335-2627) or visit
\he FEMA website at htt:fwawy. fema.gavl.

EFFECTIVE OATE OF COUNTYWIOE
FLOOD INSURANGE RATE MAP
Japuary 20, 2012
EFFECTIVE DATE(S) OF REVISIONIS) TO THIS PANEL
- m updale corporate fimits, 1o changs Gass Fiood levations, o change Speckal
#inad Hazard Aress, o incorporate new detailed coastal floed hazard 203k, fa updats ads
2and razd names, 1o raflect updated topographic Iaformation, and to add flescway,  *

For community map revision hislory prior ko countywide mapaing, rfer o the Communiy
Map History @hie located In the Flood Insurancs Study regort for this unsdiction.

To detenmne i food msusance js avsilable m (hie commundy, conlacl your msurERce
agent or call the Matiena Flood Insumncs Program af - £00- 838- G620,
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Chapter 2 Estimating Runoff and Peak Part 650
Discharges
Engineering Field Handbook
NJ Supplement
NEW JERSEY 24 HOUR RAINFALL FREQUENCY DATA
Rainfall amounts in Inches
County 1 year 2 year Syear 10year 25year 50year 100 year

Atlantic 2.72 3.31 4.30 5.16 6.46 7.61 8.20
Bergen 2.75 3.34 4.27 5.07 6.28 7.32 8.47
Burlington 2.77 3.38 4.34 5.18 6.45 7.56 8.81
Camden 2.73 3.31 425 5.08 6.28 7.34 8.52
Cape May 2.67 3.25 4.22 5.07 6.34 7.47 8.73
Cumberland 2.69 3.27 4.25 5.09 6.37 7.49 8.76
Essex 2.85 3.44 4.40 5.22 6.44 7.49 8.66
Gloucester 2.71 3.29 4.24 5.05 6.29 7.36 8.55
Hudson 273 3.31 4.23 5.02 6.19 7.20 8.31
Hunterdon 2.80 3.38 4.28 5.00 6.09 7.02 8.03
Mercer 2.74 3.31 4.23 5.01 6.19 7.20 8.33
Middiesex 276 3.35 4.30 512 6.36 7.43 8.63
Monmouth 2.79 3.38 4.38 5.23 6.53 7.66 8.94
Morris 2.94 3.54 4.47 5.24 6.37 7.32 8.35
Ocean 2.81 -3.42 4.45 5.33 6.68 7.87 9.20
Passaic 2.87 347 4.42 5.23 6.43 7.47 8.62
Salem 2.69 3.26 4.20 5.00 6.22 7.28 8.45
Somerset 2.76 - 334 4.25 5.01 8.15 7.13 8.21
Sussex 2.68 3.22 4.02 4.70 572 6.60 7.58
Union 2.80 3.39 4.35 5.17 6.42 7.49 B.69
Wairren 2.78 3.34 418 4.89 5.93 6.83 7.82

Notes: The average point rainfall amounts listed above were developed from data contained in NOAA

Atlas 14 Volume 2.

Point rainfall estimates for specific locations may be obtained from the Precipitation Frequency

Data Server located at http://www.nws noaa.cov/ohd/hdsc/

For most hydrologic design procedures, the rainfall amounts listed above may be rounded to the

nearest tenth of an inch.
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