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Stormwater Assessment Study

Office Use Only

Date Received:

Submittal Complete: Yes / No  Reviewer Initials:
Meeting date/time:

DelDOT Attendance Required? Yes/No Location map

B. On-Line Background Information

Items shall be arranged in the following order:

Most recent aerial photography of the site with parcel boundary and tax
map ID number.

DEN link: http://maps.dnrec.delaware. govinavmap/

Stormwater Assessment Study (SAS) Checklist 2007 Land Use/Land Cover

DE Geospatial Data Excehange link: hips. //dataexchange. gis. delaware. gov.

Project Name: Wellhead Protection Areas

DEN link: hitp://maps.dnrec.delavare. govinavinap

Owner/Developer Name:

Recharge Area Mapping
Contact Person; DEN link: hitp./im wec.delaware. govimavimap.

Owner/Developer Phone: FEMA Floodplain Map

DEN link: hitp:timaps.dnrec.delaware. govinavinap

Owner/Developer e-mail,

StreamStats map showing limit of downstream analysis. (The
downstream analysis point will be located at the point in the watershed
where the site area comprises less than 10% of the watershed area.)
StreamStats link: hip./fwater.usgs. gov/osw/streamstats/delaware. html

Consultant Name:

Contact Person;,

Consultant Phone; StreamStats Basin Characteristics Report

StreamStats link: hiip./water.usgs. gov/osw/streamstats/delaware. il

Consultant e-mail;

If DelDOT conveyance will be used to discharge stormwater from
proposed development, submit DelDOT Road Plans for background
information.

DelDOT Archive luik:
hup:iwww. deldor. gov/information/pubs_forms/archived plans.

This checklist is for guidance only. The Delegated Agency reserves the right io request This checklist is for guidance only. The Delegated Agency reserves the right fo request
additional information during the review process as it deems necessary. Compliance with the additional information during the review process as it deents necessary. Compliance with the
checklist in no way is meant to refieve the design professional of histher professional checklist in no way is meant {o refieve ihe design professional of histher professional

responsibili responsibilin
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Stormwater Assessment Study

e Documents

— Narrative of existing
e Downstream
e POA’S
* Photographs
— Narrative of proposed

— DelDOT Drainage Concerns



Online Background Information

Location Map

Aerial Photography

Parcel Boundary

Tax Map ID Number

2007 LULC

Wellhead Protection Areas
Recharge Area Mapping



Online Background Information

FEMA Floodplain Map
StreamStats Map

StreamStats Basin Characteristics
Report

DelDOT Road Plans
Customized Web Soil Survey



Tools for Preparing SAS:
Delaware DataMIL
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Tools for Preparing SAS.:

Stormwater Assessment Study GIS
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USGS StreamStats
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NRCS Web Soll Survey (WSS)

Sl dnrec delaware.

P Code Map & DEN NavMap \°J NOAA LiDAR

Search
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AOI Properties
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Soil Data Available from Web Soil Survey
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NRCS Web Soll Survey (WSS

Web Soil Survey - Home

(] ttal

Area of Interest (AOI) | [ Download Soils Data__ ][ Shopping Cart (Free) | SWM Soils Report Elements m
S0 ap b

View Soil Information By U

" Intro to Soil [ Soil Properties and Qualitie:

Search

Soil Reports

Inventory

Building Site Development

Land Management
Recreational Development
Sanitary Facilities

Soil Chemical Properti

Soil Erosion

Soil Physical Properties
Soil Qualities and Feature:

Vegetative Productivity

\warning: Soil Map may not be valid at this scale.
ve zoomed in beyond the scale the soil map for Mapping o done at a particular scal
se your AOI were mapped at 1:24,000. The design of map uni d in the resulting soil map are dependent
Enlargement of m. ) f mapping can cause misunde ding of | of mapping and accuracy of soil line placemen
the small are: s ve been shown at a more detailed




NRCS

Web Soll Surve

3.02.1.524

Custom Soil Resource
Report for

Sussex County,
Delaware

SWM Soils Report for
Broadkill Estates

(WSS)



Existing Hydrology GIS Mapping

 Aerial photography with parcel
boundary

e 2007 LULC

o State Wetland Mapping

« FEMA Floodplain Mapping
e Tax Ditches with ROW

e 2" Contours



Existing Hydrology GIS Mapping

e NHD Streams & Water Features

» Existing Drainage Features Map
— Flow Paths
— Onsite subareas
— Offsite subareas
— POASs

« HSG Mapping
 Runoff Reduction Feasibility
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Project Application Meeting

Sediment and Stormwater Pr
Project Application Meeting

D I SC u SS I O n Ite m S Discussion and Agreement Items
Agreement ltems

Meeting Date:

Discussion ltems:

. TMDL Watershed:

- .
2. Groundwater Mapping
eview Stormwater
b. Depth to Water Table (Wet]
¢. Runoff Reduction Fe: ]
3. Watershed Master Plan

a. Does this site fall within an area served by a watershed master
plan? YES /N

]
[+]
[+]
[+]

Upper Nanticoke
Other:

L] L ] i ]
S I g I I I I l I I l u teS b. What special design criteria are set for this prpjr.-:;t based upon its

location in a watershed having a master pl

4. The site contains tax ditches: YES I NO

a. Is there a proposal for changing tax ditch watershed boundaries?
YES | NO

b. The tax di ires a court order change (COC) for development
60 G s planned? YES /NO

¢ Additional infermation regarding court order change:




Discussion ltems

TMDL Watershed
Groundwater Mapping
Watershed Master Plan
Tax Ditches

Proposed Grading

Review area authority
— Delegated Agency/DelDOT/DNREC

Review Fees
NOI & NOI Fees



Agreement ltems

Points of Analysis

Existing Conditions Land Cover for Unit
Discharge Approach

Existing Drainage Features

Runoff Reduction BMPs & RPv
Compliance

Cv and Fv Compliance




Stormwater Assessment Report

_ S — e Antici pated

oo Engineering Effort
mmm”:.-:;;:'-‘!ﬁ-.- T _ Minor

hrdomp il T — Moderate

— Significant

Proj

alning inta the site could adv
ament for the proposed proj

Downstream conditions such as inadequate pipe o chanm:
e & drainage from the site.

Mitigation under consideration for *Signi
(n] Cver-mansgement
site Improvements




Stormwater Assessment Report
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Stormwater Assessment Report

Assessment fam Rating Value
1. Solls - On-sile solls have low permeability, high wales table, or other Bmikalions thal could
adversely affect adequate stormwater management for the propased project.
1.1 Hydric Soils (ac)
1.2 “Wery limited” for embankmants, dikes and levees (ac)
1.3 "Wery limited” for excavated ponds due 1o depth 1o water table {ac)
1.4 “Wery limited” for excavated ponds due to cutbanks cave (ac)
1.5 SJery limited” for pond reservolr areas (ac)
1.6 Soil "K-factor” = 0.30 (ac)
1.7 Drainage dass “Foorly drained® or “Very poory drained® (ac)
1.8 Hydrologic Soll Growp *D° (ac)
1.9 Depth to water table < 100 cm (ac)
1.10 Flood frequency class “Frequent” or “Very frequent® (ac)
1.11 Ponding frequency class “Frequent® (ac)
142 SVery limitad® for local roads and straets (ac)
1.13 “Very limitad” for shallow excavations (ac)
1.14 “Very limited” for lawns and landscaping (ac)

Number Yes/No Acres

Funoff Potential - Change in land cover due 1o removal of Tees. INCIeasas I IMpenious
cowver, elc. could adversely affect adequate stormwater management fior the proposed project.
21 Existing woodsd or meadow areas to be disturbed (ac)
2.2 Proposed Impervious area (ac)

Water Quality - Pollutant lcadings assodaled with proposed project could adversely afiect
adequate stormwaler managemeant.

31 Site area with Runoff Reduction Feasibiity rating of Low or Low-Mod

Sump Conditions - Existing topography of site creates depressional areas (closed 2' contours)
where runoff tends 1o collect without direct dischange.
4.1 Site area that drains to sump (ac)

Discharge Points - Aress where storrmwater runoff leaves the site have limitabons dee to low
gradient, backwaiter effects, lack of a defined channel or other hydraulic lirmitatons.

5.1 Discharge points with identifled problerms (no.)

5.2 Site area that drains to discharge point with kdentified problem (ac)

Off-Site Drainage - Areas draining into the site could adversaly affect sdequate stormwater
management for the proposed project.
6.1 Off-zite areas draining onto site (ac)

7. Lonveyance - Downstream condiions such 8s inedequale plpe o channel capacity could imit
sdequate dreinags from the site.

7.1 Enown historic drainage problems (no.)
7.2 In-line structures between site and 10% analysis point (o)
7.3 Stream channel condition degraded (yeaino)

302133




Solls

Percentage of soils having limitations to
development

— Minor: <15%

— Moderate: 15% - 50%

— Significant: >50%



Broadkill Estates Solls

e Depth to water table
mapping
e 30cm:
— Klej-Galloway (KgB)
= 15.6 ac
e 6lcm:

— Hammonton (HnA) =
/7.5 ac

— Pepperbox-Rosedale
(PsA) = 20.9 ac




Broadkill Estates Solls

* From NRCS Web Soll Survey

— Depth to water table < 100 cm
e 44 ac
* 41%

 Moderate Rating



Stormwater Assessment Report

e Soils - Moderate

Froj
CwnerDeveloper:

Conaultant:

Azsezsment Nem Anticipated Engimes Eﬂl’N‘T

nigh water
UEtE SIDMMVWE

Funaff Potential - C
In impendois oo
m ant for the propose

alning inta the site could adv
ament for the proposed proj

Downstream conditions such as inadequate pipe o chanm:
e & drainage from the site.

Mitigation under consideration for *Signi
(n] Cver-mansgement
site Improvements




Runoff Potential

Change in Land Cover Proposed Impervious
(trees/meadow removed) Area

e Minor: <25% e Minor: <25%
e Moderate: 25% - 50% e Moderate: 25% - 50%
e Significant; >50% * Significant: >50%



Broadkill Estates Runoff Potential

* Existing wooded/meadow areas to be
disturbed = 0 acres

 Proposed Impervious area ~ 12 acres
—~12%
 Minor Rating



Stormwater Assessment Report

Proj

e Solls — Moderate
— e Runoff Potential -

Azsezsment Nem Anticipated Engimes Eﬂl’N‘T

M Minor

Late Stnrmiwa

Funaff Potential - C
In impendois oo
m ant for the propose

alning inta the site could adv
ament for the proposed proj

Downstream conditions such as inadequate pipe o chanm:
e & drainage from the site.

Mitigation under consideration for *Signi
(n] Cver-mansgement
site Improvements




Water Resource Protection

 Runoff Reduction Feasibility rating
— Low or Low-Mod rating of developed area
— Minor: <15%
— Moderate: 15% - 50%
— Significant: >50%
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Broadkill Estates
Water Resouce Protection

Site area with Low RR Feasibility
— 23.3 acres

Site area with Low-Mod RR Feasibility
— 2.3 acres

Total = 25.6 acres or ~24%
Moderate rating



Stormwater Assessment Report

- Stormwater Assessment Report o SOiIS — MOderate
* Runoff Potential — Minor
Assasamant tes Anticipated Enginsering Effort ° W a‘ter ReSO urce

nigh water
UEtE SIDMMVWE

e Protection - Moderate

in impendous co
m ant for the propose

alning inta the site could adv
ament for the proposed proj

Downstream conditions such as inadequate pipe o chanm:
e & drainage from the site.

Mitigation under consideration for *Signi
(n] Cver-mansgement
site Improvements




Sump Conditions

 Closed 2’ contours
* Runoff collects without direct discharge
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Broadkill Estates
Sump Conditions

« Approximately 7 acres
* 6.5%
 Moderate Rating



Stormwater Assessment Report

Proj

Stormwater Assessment Report o SOiIS — MOderate
—— * Runoff Potential — Minor
o ——— e  \Water Resource

nigh water
UEtE SIDMMVWE

e Protection — Moderate

e e Sump Conditions -
Moderate

alning inta the site could adv
ament for the proposed proj

Downstream conditions such as inadequate pipe o chanm:
e & drainage from the site.

Mitigation under consideration for *Signi
(n] Cver-mansgement
site Improvements




Discharge Points

 Number of * Percentage of site
Discharge Points area draining to
with problems problem discharge
point
— Minor: 0 — Minor: <10%
— Moderate: 1 — Moderate: 10%-50%

— Significant: >1 — Significant: >50%



‘Broadkill Estates
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Stormwater Assessment Report

Proj

Stormwater Assessment Report o SOiIS — MOderate
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Off-Site Drainage Areas

e Offsite area relative to site area
— Minor: <25%
— Moderate: 25% - 50%
— Significant: >50%
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Broadkill Estates
Off-Site Drainage

« Approximately 50.8 acres
— Draining onto the site
— Could be captured by onsite BMPs

e 479% offsite area relative to site area
 Moderate Rating



Stormwater Assessment Report

Stommuater Assossmont Roport e Soils — Moderate
mi e Runoff Potential — Minor
 \Water Resource Protection —

Azsezsment Nem Anticipated Engimes Eﬂl’N‘T

S o | Moderate

el oo « Sump Conditions —
Moderate
» Discharge Points — Minor

=Ty « Off-Site Drainage - Moderate

Downstream conditions such as inadequate pipe o chanm:
e & drainage from the site.

Mitigation under consideration for *Signi
(n] Cver-mansgement
site Improvements




Conveyance

 Known historic drainage problems
— Minor=0
— Moderate=1
— Significant>1
 In-line structures prior to analysis point
— Minor=0
— Moderate=1
— Significant>1

 Degraded stream channel - Significant



Broadkill Estates Conveyance

Historic Drainage Problems? NO
In-line Structures? NO
Degraded Stream Channel? NO
Minor Rating



Stormwater Assessment Report

Stormwater Assessment Report

Conaultant:

Azsezsment Nem

source Protection & conditions may
duction andior pollutant loading re

. Discharge Points - A
ations due to low

quate starmwater management for the propose

[0 Easement(s)
Offzet Option

Antieipated Engineering Effert

Soils — Moderate
Runoff Potential — Minor

Water Resource Protection —
Moderate

Sump Conditions —
Moderate

Discharge Points — Minor
Off-Site Drainage —
Moderate

Conveyance - Minor



Mitigation for “Significant” Ratings

Stormwater Assessment Report
Praj
Owner/Developear:

Conaultant:

Aszessment lem

On-site solls have low permeability, high water table, or other
atons that could ady fect adequate siomywats

1o removal of tre
In imperdous co ould ¢ tormwates
mansgement for the propo:

affect runoff

yance - Downstream condisions such as Inadequate pipe or channel
capacity could kmit adequate drainage from the site.

r-MENEgE
Improvements

e Options:
— Over-management
— Off-site
Improvements
— Easement(s)
— Offset Option

 Broadkill Estates
— No “Significant”
— Not Applicable



omplete SAR

Stormwater Assessment Report
projec._BIOAMKIll Estates
ownermevaicper: 1. M. A. Developer
consutan:_ GF€@NTech Consultants

Azsessment Nem I"I‘HI'.'..IEEITEH EEning Effort

limitations that could advers
for the proposed project.

¢ due to removal of trees, Increases
In impenious cor E tormvater
managpement for the proposed p

s - Existing topography of

ontowrs | where nanoff tes

Discharge Points - A
limitations due to low
channel of other hy

Mitigation under consideration for *Signi
O Crver-management

Reporting Agenc:
. Elaine Webb
10/16/1

Date of Project-Application Meeting:




Questions?



Revisions to the
Delaware Sediment & Stormwater
Regulations

Training Session 6B:
Broadkill Estates Example
Site Analysis for RPv, Cv & Fv



Sediment & Stormwater
Project Application Package
for
Broadkill Estates
Sussex County, DE

Greenlech

Prepared by:
GreenTech Consulting, Inc




Concept Level Analysis

Broadkill Estates
2007 Land Use/Land Cover

Legend
Site
2007 LULC
l:l <all other values>
VECTOR.ospc_de_lulcd7_aLULCSTRING
Single-Family Dwellings
Multi-Family Dwellings
Mobile Home Parks/Court
- Commercial
ndustrial
Transportation/Communication
Mixed Urban or Built-Up Land
- nstitutional Governmental
Recreationa
Farms, Pastures and Cropland
Feedlots
Rangeland
Orchards/Murseries/Horticulture
Deciducus Forest
Ewvergreen Forest
Mixed Forest
Shrub/Brush Rangeland
- Clear-Cut
Manmade Reservoirs and Impoundments
- Marinas/Port FacilitiesDocks

- Open Water
Emergent Wetlands - Tidal and Non-tidal

- Forested Wetlands - Tidal and Mon-tidal
Serub/Shrub Wetlands - Tidal and Non-tidal
Sandy Areas and Shoreline

- Extraction and Transitional

Shrub/Brush Rangeland
3.32AC

Cropland
100.28 AC

Non-tidal ed Wetland
3

a




Broadkill Estates Soils Data

USDA. United States ApoouctortheNaonal  Cystom Soil Resource

S Depariment of

ajoint effor of he Unite Report for

States Deparimen Sussex Countyl
Delaware

SWM Soils Report for
Broadkill Estates

Service paricipants

May 8, 2009
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OLOD — Time of Concentration

For areas within the LOD, the allowable discharges for the Cv and Fv under the standards based
approach are prescribed in the DSSR. However, these allowable discharges do not apply to
areas outside the LOD. DURMM v.2 is capable of determining a weighted allowable

discharge for the entire contributing area. This requires the user to enter an estimate of the time
of concentration (Tc) for the area outside the LOD. Since the OLOD areas are often irregular in
shape, it is adequate for the user to designate a single representative Tc path for the entire
OLOD area for any particular subarea under analysis. The Tc path should be carried

through to the final onsite stormwater management BMP in the flowpath.



Design Level Analysis
C.A. RCN Worksheet

« C.A.RCN Tab

— Row Crops, SR + Crop Residue
« HSG C: 7.08 ac.

— Open Green Space
 HSG A: 5.72 ac.
* HSG B: 0.85 ac.
« HSG C: 16.39 ac.

— Impervious Area
e HSG A: 0.95 ac.
e HSG B: 0.22 ac.
* HSG C: 3.11 ac.




Broadkill Estates — C.A. RCN

Broadkill Estates

DRAINAGE SUBAREA 1D:

Eastern Drainage Area

LOCATION (County):

Sussex

UNIT HYDROGRAPH:

DM

CONTRIBUTING AREA RUNOFF CURVE NUMBER

5 (C.A. RCN) WORKSHEET Curve Numbers for Hydrologic Soil Type
& |Cover Type Treatment Hydrologic A B
7 Condition Aorey OV dores FOV Aorar AOV Aeres ALV
sz CULTIVATED AGRICULTURAL LANDS i BER
3 Fallow Bare =oil I 7 6 91 94 (C.A. RCN) WORKSHEET : Curve Numbers for Hydrologic Soil Type
10 Crop residue [CR] poor 76 [ 90 93 Treatment me.“.]glc B
L Crop residue [CR) good & ES| L = IPED URBAN AREAS (Veg Established]condnmn i i B B B i
12 |Row Crops Sitraight raw [SF) poar 72 a1 a8 91 ns.parks =t.]
13 Straight row [SR) good 67 8 85 89 Foor condition; grass cover < 505 68 79 &6 &9
14 =T o 74 =0 a7 a0 - o — ~— a2
15 | SH + CroE residue E'Dd E':l ?_5 L4 i3] Good condition; grass cover > 7552 39 61 74 80
16 Contaured (C) poar 70 [l a4 &8
17 Contourad [Z] good 65 75 82 86 Paved parking lots, roofs, drivew ays r 95 r 95 r 95 I
18 C + Crop residue poor 69 T8 83 &7 —
1z C + Crop residue good [:% 1 74 81 85 Paved; curbs and storm sewers 98 98 95
20 Cont & terraced(CET) poar 66 74 80 82 Paved; open ditches (wilright-af-way) a3 a9 92
21 Cant & terraced(CET) good 62 71 78 B1 Ceravel i right-cf-w ay) b = =
22 C&T + Crop residue poor 65 73 79 81 Dirt bt right-=of-u 2y) . - 2 2 L
= L&T + Lrop residus good E3 L LT 0 Commercial & business '8;9 e r a9 r 92 I r 94 I
24 Small Grain Sitraight row [SR) poar 65 76 a4 88 \ndustrial oo T8 e | o1 |
25 Straight row [5R) good 63 75 83 &7 tf by average lot size Aug ¥ impervious
26 SR + Crop residue poer 64 75 83 86 !5 acre (town houzes) G3 7 a5 90
27 SR+ Crop residus good 60 72 a0 84 14 zcre T &1 75 83
28 Contoured [C) poar ] 74 82 85 13 acre "0 57 72 81
3 Contoured (C) good 61 73 a1 84 12 acre 25 54 70 80
0 C + Crop residus poar 62 73 a1 &4 1acre :20 51 68 L]
31 C + Crop residus good &0 72 a0 &3 2 avie e 5 2 L
2 Cont & terraced(CET] poor 61 72 il a2 JRBAN AREA (No Vegetation)
Cont & terraces(CET] good 59 7 78 81 -
X bl graded area [pervious onlyl r 77 r 836 I r 91
C&T + Crop residue poor 60 71 78 a1
C&T + Crop residue good 58 &9 7 a0 )
Close-sesdad Sitraight row poar 66 77 &5 89 I 11 I I I
or broadcast Sitraight row good 58 72 a1 85 | | | | | |
legumes ar Contoured poor 64 75 83 85
rotation Contoured good b5 [i] 7a a3 Subarea Contributing Area per Soil Type (ac) | 5|?2| | 0,35| | 25,53|
0 | meadow Cant & terraced poar 63 73 80 83 Subarea Contributing Area (ac) 33.15
Cant & terraced 67 80 JNTRIBUTING AREAS Sibransa &7 SN

LE
LE
LE
L

stream Contributing Area 1

stream Contributing Area 2

stream Contributing frea 3

stream Contributing Aread

Total Contributing Area w. Upstream Areas :ac}@l

Weighted Runoff Curve Number (RCH)




Design Level Analysis
LOD & OLOD Worksheets

« LOD Tab
— HSG A
 LOD Area: 5.72 ac.
* Post-Dev. Impervious: 0.95 ac.
— HSB B
 LOD Area: 0.85 sc.
* Post-Dev. Impervious: 0.22 ac.
— HSB C
 LOD Area: 19.50 ac.
* Post-Dev. Impervious: 3.11 ac.
- OLOD Tab

— Sheet Flow, 100 ft, 0.001 ft/ft. “d”
— Shallow Conc., 300 ft, 0.002 ft/ft, “u”
— Channel Flow, 1000 ft, 0.01 ft/ft. 1 fps



Broadkill Estates — LOD

PROJECT:
DRAIMAGE SUBAREA ID:| Eastern Drainage Area
LOCATION (County):
UNIT HYDROGRAPH:
LIMIT OF DISTURBAMCE {LOD) WORKSHEET

Step 1 - Subarea LOD Data --

reveloped Imperviousne
eveloped Imperviousne

Step 2 - Subarea LOD Runoff Calculations

Step 3 - Upstream LOD Areas ffromr previcos fH5AME Beport a5 3
.1 Upstream Sub-Area D

Upstream LO ea [ac)

.3 Target Runoff far Upstream Area (in.)

d CM after all reductions

W W

Vei htEdTarretF‘unnﬁllnl
4.5 Estimated Annual Runoff (in

4.7 Req'd Runoff Reduction within LC

Step 5 - Cv Unit Discharge

5. LOD Allowable Unit Discharge [c

Step 6 - Fv Unit Discharge

lowable Unit Discharge [cfs



Broadkill Estates — OLOD

PROJECT:
DRAINAGE SUBAREA ID:| Eastern D

LOCATION {County):

UNIT HYDROGRAPH:

OUTSIDE LIMIT OF DISTURBANCE

oL RKSHEET
Step 1 - Site Data

1.1 Total Contributing Area [ac)

Step 2 - Time of Concentration

LENGTH

I TYPE [feet)

Shallow C

Shallow Concentrated Surfoce Codes
u unpawved surface
p paved surface

Step 3 - Peak Discharge

.1 Unit Hydrograph Type

8 Equiv. unit peak discharge (o




Design Level Analysis
BMP Choices

Y \ | el
N
s 4

e 8-B Grassed Channel

o 2-A Bioretention w/ Underdrain
— 13,550 Cu. Ft.



Broadkill Estates — RPv

PROJECT:| Broadkill Estates
DRAINAGE SUBAREA ID:| Eastern Drainage Area
LOCATION (County):| Sussex
RESOURCE PROTECTION EVENT (RPv) WORKSHEET

RESET BME 2

2-A Traditional
Bigretention -
8-B Grassed Channel Underdrain

Step 1 - Colculote Initiol RPv
1.1 Total contributing area to BMFP [ac)
1.2 Rezerved
1.3 Initial RCN
1.4 RPv for Contributing Area (in.)

1.5 Req'd RPv Reduction for Contributing Area [in.)
1.6 Req'd RPv Reducticn for Contributing Area ()
1.7 RPv allowable discharge rate |

Step 2 - Adjust for Retention Reduction
.1 Storage volume [cu. ft.)

.2 Retention reduction allowance (%)

.3 Retention reduction velume [ac-ft)

.4 Retention reduction velume [in.}

.5 Runoffvolume after retention reduction (in.)
2.6 Adjusted CN*

Step 3 - Adjust for Annual Runoff Reduction
3.1 Annual CN [ACN)

3.2 Annual runoff (in.)
3.3 Proportion A/B soils in BMP footprint (36}
3.4 Annual runoff reduction allowance (38)

3.5 Annual runoff after reduction [in.}
3.6 Adjusted ACN
3.7 Annual Runoff Reduction Allowance for RPv (in.)

Step 4 - Colculote RPv with BMP Reductions
4.1 RPv runoffvolume after all reductions (in.)

4.2 Total RPv runcff reduction [in.)

4.3 Total RPv runoff reduction [3)

4.4 Adjusted CM after all reductions

4.5 Adjusted equivalent annual runcoff (in.)

4.6 Equivalent TR-55 RCN for H&H modeling

4.7 Required reduction met?

4.2 Ifrequired reduction met, reduction credit [cu.ft)

Step 5 - Determine Runoff Reduction Shortfoll
5.1 Runoff Reduction Shartfall (in.)
5.2 Runoff Reduction Shortfall (cu.ft.fac)
5.3 Total Shertfall Velume [cu.ft.)




1 PROJECT: | Broadkill Estates
2 DRAINAGE SUBAREA ID:|Eastern Drainage Area
3 LANDUSE TYPE:|Residential [
4 TMDL WATERSHED:|Broadiill River |~
5 TOTAL MAXIMUM DAILY LOAD (TMDL) WORKSHEET
& BMP 1 BMP 2 BMP 3 BMP 4 BMP 5

2-A Traditional Bioretention -
7 Type: 3-B Grassed Channel Type: Underdrain Type: - Type: - Type: -
2 |Step 1 - Colculate Annual Runoff Volume Data TN | TP T55 Data TH TP | T55 Data TH TP T55 Data TN TP T55 Data TH TP T55
9 1.1 Total contributing area to BMP [ac) 33.15
10 1.2 Initial RCN 74
11 1.3 Annual runoff volume [in.) 13.63
12 1.4 Annual runoff volume (liters) 4 65E+07
13
14  Step 2 - Colculate Annual Pollutant Lood
15 | 2.1 EMC[mg/L) 2.00 0.27 60.00 2.00 0.27 60.00 NjA NjA A NjA NjA NjA NjA NjA NjA
16 | 2.2 Load [mgfyr) 9296407 | 1.256:07 | 2.79E+09 8.36E+07 | 1.13E+07 | 2.51E+09 N2 N2 A NfA NfA N/A NJA NJA NjA
17 | 2.3 Stormwster Load (Ib/ac/yr) 6.13 0.83 | 18538 5.56 075 | 166.85 NJA NJA NJA N/A N/A N/A N/A N/A N/A
18
19 | Step 3 - Adjust for Poliutant Reduction
20 3.1 BMP annual runoff reduction (%) 10% 6% NJA NfA N/A
21 3.2 Adjusted annual runcffvelume (in) 12.27 11.49 NJA Nf& NJA
22 3.3 Adjusted annual runcffvolume (liters) 4 18E+07 3.92E+07 NJA N NJA
23 | 3.4 Adjusted load from annual reductions [Ib/ac/yr) 556 075 | 166.85 5.21 070 | 156.29 NjA NjA NjA NjA NjA NjA NJA NJA NjA
24 | 3.5BMP removal efficiency (35) NfA NfA NJA 30% 40% 80% NjA NjA A NjA NjA NjA NjA NjA NJA
25 3.6 Treatment train removal efficiency (38) NfA N/A N/fA 23% 30% B0% NJA NJA NJA NfA NfA NfA NfA NfA NfA
26 | 3.7 BMP effluent concentration (me/L) 2.00 0.27 £0.00 1.55 0.19 24.00 N/A N/A I N/A N/A N/A N/A N/A N/A
27 | 3.3Finsl Adjusted load (Ib/ac/yr) 556 075 | 166.85 404 0.43 62.51 /A /A & NjA NjA NjA NJA NJA NjA
28 | 3.9Final Adjusted load (Ib/yr) 183436 | 24.89 | 5530.93 13354 | 1632 | 2072.37 NJA NJA A NjA NjA NjA NJA NJA NJA
29
30 | Step 4 - Poliutant Reduction Met? fFor faformaticnal Porposesi
31|  4.1TMDL(Ibfac/yr) 11.90 0.50 NJA
32| 4.2Reduction met? VES NO N/A [ ves | ves | mjaA [ a1 wia T wa [ w1 wm | wga [ wa T wa | na
33| 4.3 Removed Load [Ibjyr) 20.49 2.77 | 61455 | sos2 | 857 [34s858 [ ma | owa | g [ wpa | owpa | owga [ wa | wa | owga
E

b



Broadkill Estates — Cv

1 PROIJECT:| Broadkill Estates

2 DRAINAGE SUBAREA ID:| Eastern Drainage Area

3 LOCATION (County):| Sussex

4 CONVEYANCE EVENT (Cv) WORKSHEET

5 BMP 1 BMP 2 BMP 3 BMP 4 BMP 5
2-ATraditional

6 Type: 8-B Grassed Channel Type: Bioretention - Type: -- Type: - Type: -

7 |Step 1- Calculate Initial Cv Data Data Data Data Data

3 1.1 Total contributing area to BMP (ac) 33.15 33.15 33.15 33.15 33.15

9 1.2 Initial RCN 73.52

10 1.3 10-Year Rainfall (in.) 5.3

11 1.4 Cv runoff volume (in.) 2.56

12 1.5 LOD allowable unit discharge (cfs/ac) 0.75

13 1.6 Equiv. unit discharge outside LOD (cfs/ac) 1.16

14 1.7 Cv allowable discharge rate (cfs) 27.79

15

16 Step 2 - Adjust for Retention Reduction

17 2.1 Storage volume (cu. ft.) 0.00 13550.00 N/A N/A N/A

18 2.2 Storage volume (ac-ft) 0.00 0.31 N/A N/A N/A

19 2.3 Storage volume (in.) 0.00 0.11 N/A N/A N/A

20 2.4 Runoff volume after reduction (in.) 2.56 2.43 N/A N/A N/A

21 2.5 CN* 73.52 71.93 N/A M/A N/A

22

23 Step 3 - Adjust for Annual Runoff Reduction

24 3.1 Runoff reduction allowance (%) 1% 0% N/A N/A N/A

25 3.2 Annual runoff after reduction (in.) 2.54 2.54 N/A N/A N/A

26 3.3 Adjusted ACN 73.23 73.23 N/A N/A N/A

27 3.4 Event-based runoff reduction (in.) 0.03 0.03 N/A N/A N/A

28

29 Step 4- Calculate Cv with BMP Reductions

30 4.1 Cv runoff volume after all reductions (in.) 2.54 2.43 N/A N/A N/A

31 4.2 Total Cv runoff reduction (%) 1% 5% N/A N/A N/A

32| 4.3 Adjusted RCN for H&H modeling 73.23 71.93 N/A N/A N/A
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Broadkill Estates — Fv

PROIJECT:| Broadkill Estates
DRAINAGE SUBAREA ID:| Eastern Drainage Area
LOCATION (County):| Sussex
FLOODING EVENT (Fv) WORKSHEET
BMP 1 BMP 2 BMP 3 BMP 4 BMP 5
2-ATraditional
Type: 8-B Grassed Channel Type: Bioretention - Type: Type: Type:
Step 1- Calculate Initial Fv Data Data Data Data Data
1.1 Total contributing area to BMP (ac) 33.15 33.15 33.15 33.15 33.15
1.2 Initial RCN 73.52
1.3 100-Year Rainfall (in.) 9.2
1.4 Fv runoff volume (in.) 5.95
1.5 LOD allowable unit discharge (cfs/ac) 2.25
1.6 Equiv. unit discharge outside LOD (cfs/ac) 2.47
1.7 Fv allowable discharge rate (cfs) 76.15
Step 2 - Adjust for Retention Reduction
2.1 Storage volume (cu. ft.) 0.00 13550.00 N/A N/A N/A
2.2 Storage volume [ac-ft) 0.00 0.31 N/A N/A N/A
2.3 Storage volume (in.) 0.00 0.11 N/A N/A N/A
2.4 Runoff volume after reduction {in.) 5.95 5.84 N/A N/A N/A
2.5 CN* 73.52 72.62 N/A N/A N/A
Step 3 - Adjust for Annual Runoff Reduction
3.1 Runoff reduction allowance (%) 0% 0% N/A N/A N/A
3.2 Annual runoff after reduction {in.) 5.95 5.95 N/A N/A N/A
3.3 Adjusted ACN 73.52 73.52 N/A N/A N/A
3.4 Event-based runoff reduction (in.) 0.00 0.00 N/A N/A N/A
Step 4- Calculate Fv with BMP Reductions
4.1 Fv runoff volume after all reductions (in.) 5.95 5.84 N/A N/A N/A
4.2 Total Fv runoff reduction (%) 0% 2% N/A N/A N/A
4.3 Adjusted RCN for H&H modeling 73.52 72.62 N/A N/A N/A




Broadkill Estates — Report

1 PROJECT:| Broadkill Estates
2 DRAINAGE SUBAREA ID:| Eastern Drainage Area
3 COUNTY:| Sussex UNITHYDROGRAPH: | DMv
2 TMDL Watershed:| Broadkill River LAMDUSE: |Reszidential
5 DURMM QUTPUT WORKSHEET DURMM w2.00.130226 ¢ PROJECT:| Broadkill Estates
& | Site Data 2 DRAINAGE SUBAREA ID:| Esstern Drainage Ares
7 Contributing Area to BMPs [ac.) 33.15 3 COUMNTY:| Sussex UNIT HYDROGRAPH: oY
8 C.A RCN 73.52 2 TMDL Watershed:| Broadkill River LAMDUSE: |Reszidential
3 | SubarealOD(ac) 2607 5 DURMM OUTPUT WORKSHEET DURMM v2.00.130226
10 Subarea RCN 71.22 a3
11 Upstream Subarea 1D 44 | Conveyance Event [Cu)
12 Upstream Subarea LOD (ac.) 0.00 0.00 0.00 0.00 a5 Cv runcff volume [in.) T
13 | Combinad LODwith Upstream Areas [ac.) 2607 46 | Stds-based allowable discharga [cfs) 27.79
14 Combined RCN with Upstream Areas [ac.) 71.22 a7 Equivalent RCH for H&H Modeling 7103
15 Watershed TMDL-TH (Ib/ac/yr) 11.90 T
16| Watershed TMDLTP (Ib/2 \I:'r:ll 0.50 23 | Flooding Event (Fy)
17 Watershed TMDL-TSS [Ib/ac/yr) M/A o Fv runcffvolume (in.) tas
45 51 Stds-baszed allowsble discharge [cfs) 76.15
| BMP Doy BMP 1 BI'\"I_I:"Z BMP 3 BMP 4 BMP 5 52 Equivalent RCH for HE&H Modeling 72.62
ii §-B Grassed | Traditional - - - 53
Channel Biaretention 4 54 Adjusted Subarea Data for Downstream DURMM Modeiing
= - Lnderdeain - . . 55 Subares ID ern Drainage Area
23 RPv runoff wolume after all rEE!IJI:tiDI'IS[iI‘I_II 0.98 0.92 N_.'Ih N_.'lA N_.'lA tg Contributing Area (ac.) 33.15 :I
24 Total RPv runoff redu:t?nn ll.n."l -Sl.fl:l -3.1_5 N_.'I.F« N"I.A N"I.A 57 C.A RCN 73.52 =
25 Total RPv runoff reduction (3] 95 143 MfA N/A N/A cg LOD Ares [ac.) 26.07
26 Req'd runoff reduction met? NO YES NjA& A A co Weighted Target Runaff in.} 0.85
= RFv Offset Volume [cu. ft.} E,770 M/A M/A M/A M/A 60 | Adjusted CN after all reductions 70.02
28 Adjusted pollutant load, TH [Ib/ac/yr) 5.56 4.04 NjA& A A g1 Adjusted RPv (in.) D4z
29 Adjusted pollutant load, TF (Ibfac/yr) 0.75 0.49 NjA N/A N/A &2 Adjusted Cv (in.) 243
30 Adjusted pollutant load, TSS (Ib/ac/yr) 166.85 G2.51 M/A NJ& NJ& &3 Adjusted Py [in.} o4
31 Cv runoff volume after all reductions (in.) 2.54 2.43 NjA& A A &4
32 Fv runoff velume after all reductions (in.} 5.95 5.84 NjA N/A N/A &5 | Adjusted Subarea Data for Nutrient Protocol Modeling
33 &6 Contributing Area (ac.) 33.15
24 | Resource Protection Event (RPV] &7 LOD Area (ac.) 2607
35 RPw for Contributing Area [in.) 1.07 B2 TN Follutant Load [Ib/yr) 13324
36 Annual Runoff for Contributing Area (in.) 13.63 69 TP Pollutant Load (Ib/fyr) 16.32
37 Req'd RPv Reduction for Contributing Area (in.) 0.15 70 TS5 Pollutant Load {1b/yr) 207237
38 Req'd RPv Reduction for Contributing Area (3] 14% 71 Percent Impervious Cover 16%
39 RPv Runoff Reduction Shortfall or Credit [cu.ft.} -5.64 CREDIT 72
40 C.A. allowsble dischargs rate [cfz) 1.14 73 Adjusted Subarea Data for the Summary Table for Sub-Aregs Draining to o Common Point of interest
41 Adjusted CN after all reductions 70.02 74 Subarea ID ern Drainage Area
Equivalent RCN for H&H Modeling 75 Contributing Area [ac.) 3315
76 Runoff Reduction Shortfall or Credit [cu.ft.) -5.64 CREDIT |
77 Adjusted CN after all reductions 70.02
78 Cv RCN for H&H Modeling 7193
79 Fv RCH for H&H Modeling 72.62
20 TN Pollutant Load [Ib/yr) 133.84
81 TP Pollutant Load [Ibjyr) 16.32
az T5E Pollutant Load [Ib/fyr) 2072.37
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Options for Cv & Fv Compliance

Option 1, Standards-
based Unit Discharge
(cfs/ac)

— Only projects that receive
ratings on the

SAR qualify for the Unit
Discharge option

— Per the SAS study for the
Broadkill Estates example,
this project does not qualify
for the Standards Based
Approach -




Options for Cv & Fv Compliance
Option 1, Standards-Based Unit Discharge

Unit Discharge
— Based on 2007 LULC

— Use Site Area, including
any Off-Site Areas that are
routed through a BMP

— Non-Woodland/Non-
Meadow

» 10-YR: 0.75 cfs/ac

» 100-YR: 2.25 cfs/ac
— Woodland/Meadow

» 10-YR: 0.375 cfs/ac

» 100-YR: 1.25 cfs/ac
— HSG-A Woods

» 10-YR: O cfs/ac

» 100-YR: 0.25 cfs/ac




Options for Cv & Fv Compliance
Option 1, Standards-Based Unit Discharge

Allowable Site Unit Discharge
— Non-Woodland/Non-Meadow
» 10-YR: 0.75 cfs/ac
» 100-YR: 2.25 cfs/ac

2 Project Reports - Broadkill Estates

Mode Listing || Area Listing Soil Listing | Ground Covers

CHN Description
(subcatchment-numbers)

wer, Good,

Good, B

Woods, Good, HS(
139.099 5 TOTAL AREA




Options for Cv & Fv Compliance
Option 1, Standards-Based Unit Discharge

Allowable Site Unit Discharge
— Non-Woodland/Non-Meadow
» 10-YR: 0.75 cfs/ac * 116.19 ac = 87.14 cfs
» 100-YR: 2.25 cfs/ac * 116.19 ac = 261.43 cfs
2 Project Reports - Broadkill Estates
— Woodland/Meadow Node Listing || Area Listng _SoilListing | Ground Cove
» 10-YR: 0.375 cfs/ac "
» 100-YR: 1.25 cfs/ac

139.099 5 TOTAL AREA




Options for Cv & Fv Compliance
Option 1, Standards-Based Unit Discharge

Allowable Site Unit Discharge

— Non-Woodland/Non-Meadow
» 10-YR: 0.75 cfs/ac * 116.19 ac = 87.14 cfs
» 100-YR: 2.25 cfs/ac * 116.19 ac = 261.43 cfs

2 Project Reports - Broadkill Estates

— Woodland/Meadow lode Listng || Area Listing _Soi Listng | Ground Covers
» 10-YR: 0.375 cfs/ac * 5.27 ac = 1.98 cfs ot mumbere)
» 100-YR: 1.25 cfs/ac* 5.27 ac = 6.64 cfs '

— HSG-A Woods
» 10-YR: O cfs/ac
» 100-YR: 0.25 cfs/ac

139.099 5 TOTAL AREA




Options for Cv & Fv Compliance
Option 1, Standards-Based Unit Discharge

Allowable Site Unit Discharge

— Non-Woodland/Non-Meadow
» 10-YR: 0.75 cfs/ac * 116.19 ac = 87.14 cfs
» 100-YR: 2.25 cfs/ac * 116.19 ac = 261.43 cfs

2 Project Reports - Broadkill Estates

— Woodland/Meadow lode Listng || Area Listing _Soi Listng | Ground Covers
» 10-YR: 0.375 cfs/ac * 5.27 ac = 1.98 cfs ot mumbere)
» 100-YR: 1.25 cfs/ac* 5.27 ac = 6.64 cfs '

— HSG-A Woods
» 10-YR: O cfs/ac * 17.64 ac = 0O cfs
» 100-YR: 0.25 cfs/ac * 17.64 ac = 4.41 cfs

139.099 5 TOTAL AREA

— Total Allowable Unit Discharge
» 10-YR:
» 100-YR:
» (For a Total of 139.10 ac)



Options for Cv & Fv Compliance
Option 1, Standards-Based Unit Discharge

[ Summary Results for Junction "Site - Combined”

t: Broadkill Estates
¢ 10-YF. Junction: Site - Combined <] Current Run [Sussex 10-YR]

Start of Run:  01Jan3000, 00 Basin Mo

End of Run: 03 Mets Model: S 0-YR.
Compute Time: 170ct2013, 11:09:16 Co ifications: MRCS 24-HR. Storm

Yolume Units: @ IM ACFT
Computed Results

Date/Time of Peak Qutflow : 01Jan3000, 12:02

Subarga.t

Reach-Upstream Thru Site

» 10-YR Allowable Discharge =
» 10-YR HEC-HMS Discharge =



Options for Cv & Fv Compliance
Option 1, Standards-Based Unit Discharge

] Summary Results for Junction "Site - Combined” | |- B [

roadkill Estates

Simulation Run: Sussex 100-YR  Junction: Site - Combined B

Start of Run:  01Jan3000, 00:00 Basin Model: Broadkill Estates
End of Run:  03Jan 0000 odel: ex 100-YR
Compute Time: 170ct2013, 11:04:14 Control Spedfications: MRCS 24-HR. Storm

Volurme Units: @) IN
Computed Results

Date Time of Peak Outflow : 01Jan3000, 12:02

Reach-Upstream Thru Site

» 10-YR Allowable Discharge =
» 10-YR HEC-HMS Discharge =



Options for Cv & Fv Compliance

Option 2, Performance-Based H&H Analysis

e Option 2
— Performance-based
— Criteria based on:
* hydrograph timing
» channel stability
» sSystem capacity
— H&H analysis required

« 3 Levels of increasing detail
— Level 1, Peak Comparison

— Level 2
» a. Site Pre & Post Comparison
» b. Steady Flow Watershed Model
— Level 3, Un-Steady Flow Watershed Model




Options for Cv & Fv Compliance

Option 2, Level 1 Peak Comparison

Procedure for Conducting Hydrologic & Hydraulic Analyses
For Preliminary Sediment & Stormwater Plans

Background

The Hydrologic & Hydraulic (H&H) Analysis couples field collected data with .
desktop watershed modeling methodology to provide a tool for stormwater — eve . e a
management agencies to help determine the most appropri 3 0

manage stormwater runoff from developing > .

principles. The general approach is one of inc ing

depending on the complexity of the wats ed. T inte C O I I l p a r I S O n

substitute for detailed Watershed Master Plans that hav

volume management requirements from the Wa

preceden wver the requirements of the Level 2 An

methodologies used for this analysis are not considered to be precise enough to
be applied at the site level

Procedure

1. Applicability

1.1 The H&H analysis will be required for all projects using the performance-
based option and/ e @ sump condition exists.

. Methodology
21 Level 1 Analysis

211 The Level 1 Analysis combines field reconnaissance data with
hydrologic modeling of the upstream watershed and site using latest
soils, LULC, and terrain data. Hydrographs are then compared to
check for coincidental peaking effects.

2.1.2. Limit of study shall be the most-downstream junction of the site and
the upstream contributing area

2 13 To comply at this level of analy wdrologic modeling must
indicate no adverse impact due to coincidental peaking effects. For
purposes of this policy, “no adverse impact” shall meain that the
developed site hydrograph peak is less than, and fl ection paint

the peak of the upstream hydrograph OR that it can be
that on-site detention would exacerbate downstream
impacts. If compliance cannot be demonstrated, proceed to Level 2.

2.2 Level 2 Analysis

2.21. The Level 2 Analysis combines field measurement data with
hydraulic modeling of structures, channels, etc. using an expanded
hydrologic model.

Article 3.02.2.2, Technical Document



Options for Cv & Fv Compliance

Option 2, Level 1 Peak Comparison

Procedure for Conducting Hydrologic & Hydraulic
Analyses for Preliminary Sediment & Stormwater Plans,
Sect. 2.1.3:

To comply at this level of analysis, hydrologic modeling
must indicate due to coincidental
peaking effects. For purposes of this policy,

OR that it can be
demonstrated that on-site detention would exacerbate
downstream impacts.



Options for Cv & Fv Compliance

Option 2, Level 1 Peak Comparison

Compare the Combined Site

Hydrograph to the Upstream
Hydrograph for both Timing
and Peak Discharge.




Options for Cv & Fv Compliance

Option 2, Level 1 Peak Comparison

Peak Developed Site

L"%’ _ttgﬁmﬁeeceﬂf)n

Deve Bﬁgg ¥ Before

Peak of Upstream

Developed site
hydrograph peak less
than peak of upstream
hydrograph

AND...

Developed site
hydrograph inflection
point occurs before
peak of the upstream
hydrograph



Optlons for Cv & Fv Compllance

"= Site Hydrology:
% Upstream: 417 ac (downloaded from
Stream Stats)

| Site: 139 ac (split into 6 subsheds
per S|te dramage)

A



Options for Cv & Fv Compliance

Option 2, Level 1 Peak Comparison
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|
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Delineate from a (-
Point (upstream |\ <.
end of site) = # g

1
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1

L

= 6 l1aldal sl ) f zoom Tol=] 114822 [] 3’1 h

Download as

p ___ SHP file and
Import into
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Site Hydrology:
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Options for Cv & Fv Compliance

Optlon 2, Level 1 Peak Comparlson

Site Hydrology:
Site: 139 ac (split into 6 subsheds
per site drainage)



Options for Cv & Fv Compliance

Option 2, Level 1 Peak Comparison

Workflow for Performing Level 1 H&H Analysis

. Part 1 — Watershed Delineation

1.1. Use procedures from “Workflow Site Hydrelogy” document to delineate all watersheds
draining to the site discharge Point of Analysis (POA)

2. Part 2 -HEC-HMS Analysis

2.1. Open “HH1_Analysis.hms” template file
22 me hms” (If an error occurs, close HEC-HMS and re-open 1 1

2 1 the newly created “Project name” direc r:-'.j ° N eXt Ste p IS to E nter S Ite an d
2.3, InWatershed Explorer window, expand “Basin Models™ and click on “Project”; template U pStream I nfo I nto H EC_ H M S

basin model will open in the Desktop window

2.4 Left-click “Upstream” subbasin icon; subbasin parameters will open in the Compeonent Editor o (Hyd ro CAD Or SI m I |ar Can be
window

241, Subbasin tab: Used, but HEC-HMS is the
24.1.1. Enter watershed area in sq. miles as determined in Part 1 preferred pla‘tform)

2412 Loss Method: SCS Curve Number

Transform Method: SCS Unit Hydrograph

Loss” tab: « HEC-HMS Workflow is
sluitlizrsl [ Tl Des
43, “Transform’ tab “Workflow for Performing
2431 Select Standart o Level 1 H&H Analysis”, Article
3.02.2.3

6. Click on the “(
“Simulation Runs”

3022341




Options for Cv & Fv Compliance

Option 2, Level 1 Peak Comparison

ZZ HEC-HMS 3.5 [Fsediment\Regulation Revisions SAN 2006-016\Training Program\Session 5 - DURMM vZ2\Broadkill Estates\HEC-HMS\Broadkill_Estates\Broadkill_Estates.hms]

File Edit View Components Parameters Compute Results Tools Help

D ES ‘" $devadFeroy uBED@

Broadkill Estates
= || Basin Models
=+-&&) Broadkil Estates
+é,. Upstream

£ Site - Combined

E3 Meteorologic Models
+- || Control Specifications

Components | Compute | Results

12 Subbasin | Loss | Transform | Options

Basin Name: Broadkill Estates
Element Name: Subarea-5

Description:
Downstream: | Site - Combined
*Area (MIZ) 0.0311
Canopy Method: | -one—-
Surface Method: | —None—
Loss Method: | SCS Curve Number
Transform Method: | 5CS Unit Hydrograph
Baseflow Method: | —MNone—

4 Basin Model [Broadkill Estates] Current Run [Sussex 10-YR]

Need to Compare
Hydrographs from the
Combined Site to the
Reach of the Upstream
Area through the Site

S

Subarea-a %‘éte- Combined

\

&5

Subarea-4

Subarea-3

==

Subarea f

\2 > Reach-Upstrearm Thru Site
(&L

Subarea -1

=

Subarea-2

=

Upstream




Options for Cv & Fv Compliance
Option 2, Level 1 Peak Comparison

] Surmmary Results for Junctior] "Site - Combined"

Project: Broadkill Estates

Simulation Run: Sussex 10-YR  Junction: Site - Combined

Startof Run:  01Jan3000, 00:00 Basin Model: Broadkill Estates
End of Run:  03Jan3000, 00:00 Meteorologic Model:  Sussex 10-YR
Compute Time: 150ct2013, 14:23:09 Contral Spedifications: NRCS 24-HR Storm

Volume Units: @) IM ACFT

Computed Results

l Peak Outflow : 186.8 (CF3) DateTime of Peak Cutflow : 01Jan3000, 12:02
6]

OTHow & Lo ()

[ Summary Results for Reach "Reach-Upstream Thru Site

Project: Broadkill Estates
Simulation Run: Sussex 10-YR  Reach: Reach-Upstream Thru Site

Start of Run:  01Jan3000, 00:00 Basin Model: Broadkill Estates
. . . End of Run:  03Jan3000, 00:00 Meteorologic Model:  Sussex 10-YR
Combined Site Peak is Compute Time: 150ct2013, 14:23:09 Control Spedifications: NRCS 24-HR. Storm

Not Less Than the
Upstream Peak for the
Cv (10-Year)

Volume Units: @) IN ACFT
Computed Results
Date/Time of Peak Inflow : 01Jan3000, 13:03

Peak Qutflow : 164.8 (CF5) Date/Time of Peak Cutflow : 01Jan3000, 13:31
T . OO L Total Qutflow 2.00 (TN}




Options for Cv & Fv Compliance

Option 2, Level 1 Peak Comparison

[ Summary Results for Junctic

Project: Broadkill Estates
Simulation Run: Sussex 100-YR.  Junction: Site - Combined

Start of RPun:  01Jan3000, 00:00
End of Run:  03Jan3000, 00:00
Compute Time: 150ct2013, 14:23:01

Basin Model: Broadkill Estates
Meteorologic Model:  Sussex 100-YR
Control Spedfications: MRCS 24-HR. Storm
Volume Units: @) IM ACFT

Computed Results

Peak Outflow : 461.5 (CF5
TOial QUTHow & . 79 (1)

Date/Time of Peak Qutflow : 011an3000, 12:02

[ Summary Results for Reach "Reach-Upstream Thru Site”

Project: Broadkill Estates

Simulation Run: Sussex 100-YR  Reach: Reach-Upstream Thru Site

] ) ) Start of Run:  01Jan3000, 00:00 Basin Model: Broadkill Estates
Combined Site Peak is End of Run:  03Jan3000, 00:00 Meteorologic Model:  Sussex 100-YR

Compute Time: 150ct2013, 14:23:01 Control Specifications: MRCS 24-HR. Storm
Not Less Than the
Upstream Peak for the

Volume Units: @ IM AC-FT
Fv (100_Year) Computed Results

Date/Time of Peak Inflaw :  01J1an3000, 13:01
Date/Time of Peak Outflow : 011an3000, 13:22
Total Outflow : 5.01 {IM)

Peak Outflow : 450.3 (CF5)




Options for Cv & Fv Compliance

Option 2, Level 1 Peak Comparison

/fREACH-UPSTREAM THRU SITE/FLOW/31D 90,1

Peak of
Combined Site
Greater than Peak
of Upstream

Does Inflection Point
of Combined Site
N\ Occur Before Peak
of Upstream?

Developed site
hydrograph peak less
than peak of upstream
hydrograph

AND...

Developed site
hydrograph inflection
point occurs before
peak of the upstream
hydrograph

(no point in continuing other than
demonstration purposes)



Options for Cv & Fv Compliance

Option 2, Level 1 Peak Comparison
=t
0.DEES TC*
_.-| |: 0.4335 Tc _...|._ ¥ —

Std. UH: Point of Inflection = 1.7 tTp; X = 0.7 t/Tp = 0.4665 Tc
E fall 0.4665 Tc (stp) | DMV UH: Point of Inflection = 1.85 t/Tp; X = 0.85 UTp = 0.2665 Tc
L CESS Aanda

0.5665 Tc (DMV)
/
:||| I.' 155 CUve
// of runoff

1

Uy

Time at Point of Inflection:
STD: Tinf = Tpeak + 0.4665 Tc
DMV: Tinf = Tpeak + 0.5665 Tc

i|.|"||II or L) 0

Point of inflection

A0 =0433 Tc




[ Summary Results for Junctior] "Site - Combined”

Project: Eroadkill Estates

Simulation Run: Sussex 10-YR  Junction: Site - Combined

Start of Run:  01Jan3000, 00:00 Basin Model: Broadkill Estates
End of Run:  03Jan3000, 00:00 Meteorologic Model:  Sussex 10-YR
Compute Time: 150ct2013, 14:23:09 Control Spedifications: NRCS 24-HR. Storm

Volume Units: @) IN
Computed Results

ACFT

Peak Qutflow : 186.8 (CFS) Date/Time of Peak Outflow : 01Jan3000, 12:02

Total Qutflow : 1.94 (IN)

] Summary Results for Reac

Combined Site Time of
Inflection Point is Less
Than the Time of
Upstream Peak for the
Cv (10-Year)

13:03 < 13:31

Time at Point of Inflection
Tinf = Tpeak + 0.5665 Tc
= 12:02 + 0.5665*60min
=12:02 + 33 min
= 13:03

"Reach-Upstream Thru Site" [ = |-Eii

Project: Broadkill Estates

Simulation Run: Sussex 10-YR  Reach: Reach-Upstream Thru Site

Start of Run:  01Jan3000, 00:00 Basin Model: Broadkill Estates
End of Run:  03Jan3000, 00:00 Meteorologic Model:  Sussex 10-YR
Compute Time: 150ct2013, 14:23:09 Control Spedifications: MRCS 24-HR. Storm

Volume Units: i@ IM ACFT

Computed Results

Peak Inflow :  168.9 (CF5)
Feak Outflow : 164.8 (CF5)
Total Inflow :  2.00 (IM)

~DiateTime-siRaal-lnfaumm Ol lan2000 3202

=TotETOITE T Z.00 )

Date/Time of Peak Outflow : 01Jan3000, 13:31




Options for Cv & Fv Compliance

Option 2, Level 1 Peak Comparison

[ Summary Results for Junction

Project: Broadkill Estates
Simulation Run: Sussex 100-YR  Junction: Site - Combined

Start of Run:  01Jan3000, 00:00 Basin Model:

Broadkill Estates Time at Point of Inflection
End of Run:  03Jan3000, 00:00 Meteorologic Model:  Sussex 100-YR

Compute Time: 150ct2013, 14:23:01  Control Spedifications: NRCS 24-HR Storm Tinf = Tpeak + 0.5665 Tc

| = 12:02 + 0.5665*60min
Volume Units: @) IM ACFT - 12:02 + 33 min
Computed Results = 13:03

Peak Qutflow : 461.5 (CF5)
Total Qutflow : 475 (IM)

Date/Time of Peak Outflow : 01Jan3000, 12:02

] Surmmary Results for Rea:{h "Reach-Upstrearn Thru Site"

Project: Broadkill Estates

Simulation Run; Sussex 100-YR  Reach: Reach-Jpstream Thru Site
Combined Site Time of Start of Run:  01Jan3000, 00:00 Basin Model:

0 0 : End of Run:  03Jan3000, 00:00 Meteorologic Model:
|nﬂeCt|On POInt IS LeSS Compute Time: 150ct2013, 14:23:01
Than the Time of
Vol Units: I ACFT
Upstream Peak for the olume Units: @
Fv (100'Year) Computed Results

Broadkill Estates
Sussex 100-YR
Control Specifications: MRCS 24-HR. Storm

Peak Inflow : 4561.9 (CF5)
13:03 < 13:22 :

Peak Outflow : 450.3 (CF5) DateTime of Peak Outflow : 011an3000, 13:22
Total Inflow :  5.01 {IM) ] LITHow . 0.1 L)




Options for Cv & Fv Compliance

Option 2, Level 1 Peak Comparison

Inflection Point of
Combined Site

Occurs Before Peak
of Upstream

Developed site
hydrograph peak less
than peak of upstream
hydrograph

AND...

Developed site
hydrograph inflection
point occurs before
peak of the upstream
hydrograph



Options for Cv & Fv Compliance
Option 2, Level 2 Analysis

Procedure for Conducting Hydrologic & Hydraulic Analyses
For Preliminary Sediment & Stormwater Plans

Background

The Hydrologic & Hydraulic (H&H) Analysis couples field collected data with
desktop watershed modeling methodology to provide a tool for stormwater
management agencies to help determine the most appropriate method to
manage stormwater runoff from developing sites based on “No Adverse Impact”
principles. The general approach is one of increasing level of detail and analysis
depending on the complexity of the watershed. Itis intended to be a
substitute for detailed Watershed W r Plans that have b ndorsed by the
Department. When such detailed plans are available, the peak discharge and/or
volume management requirements from the Watershed Master Plan shall take
precedence over the requirements of the Level 2 Analysis. Additionally, the
methodologies used for this analysis are not considered to be precise enough to
be applied at the site level.

Procedure

1. Applicability
1.1.The H&H analysis will be required for all projects using the performance-
based option and/or where a sump condition exists. — L eve 2 -
L]
. Methodology
2.1.Level 1 Analysis

2.1.1. The Level 1 Analysis combines field reconnaissance data with a . P re VS . P OSt

hydrologic modeling of the upstream watershed and site using latest

Is, LULC, and terrain data. Hydrographs are then compared to 1 k
ck for coincidental peaking effects COI I Iparlson pea
1.2 Limit of study shall be the most-downstream junction of the site and )

the upstream contributing area. r ate

2.1.3. To comply at this level of analysis, hydrologic modeling must
indicate no adverse impact due to coincidental peaking effects. For
purposes of this policy, “no adverse impa hall mean that the Or
developed site hydrograph peak is less than, and the inflection point
occurs before, the peak of the upstream hydrograph OR that it can be

demonstrated that on-site detention would exacerbate downstream b St d -I:I t
impacts. If compliance cannot be demonstrated, proceed to Level 2. . e a y OW Wa e r
2.2 Level 2 Analysis

221 The Level 2 Analysis combines field measurement data with S u rface an alys I S

hydraulic modeling of structures, channels, etc. using an expanded
hydrologic model

03/2013

Article 3.02.2.2, Technical Document



Options for Cv & Fv Compliance

Option 2, Level 2-a Pre vs Post Comparison

Procedure for Conducting Hydrologic & Hydraulic
Analyses for Preliminary Sediment & Stormwater Plans,
Sect. 2.2.3.1:

based on the NRCS Runoff Curve

Number (RCN) based on the
calculated peak discharge for the
condition that of the

condition:;



Options for Cv & Fv Compliance

Option 2, Level 2-a Pre vs Post Comparison

Feach-Site

=

Upstream




Options for Cv & Fv Compliance

Option 2, Level 2-a Pre vs Post Comparison

[ Summary Results for Junction "Site - Combined”

Post Project: Broadkill Estates
Simulation Run: Sussex 10-YR  Junction: Site - Combined
Start of Run: 013Jan3000, 00:00 Basin Model:

End of Run:  03Jan3000, 00:00 Meteorologic Model:
Compute Time: 1/0ct2013, 11:09:16

Broadkill Estates
Sussex 10-YR
Control Spedifications: NRCS 24-HR. Storm

Volume Units: @) IM ACFT
Computed Results

Peak OQutflow : 186.8 (CFS) Date/Time of Peak Qutflow : 01Jan3000, 12:02
Total Qutflow : 1.94 {IN)

[ Surmmary Results for Subbasin "Site-Pre"

o |- [

Pre Praject: Broadkill_Pre
Simulation Run: Sussex 10-YR  Subbasin: Site-Pre
Post Runoff

Start of Run:  01Jan3000, 00:00 Basin Model; Broadkill Estates
Volume Does Not End of Run:  03Jan3000, 00:00 Meteorologic Model:  Sussex 10-YR

exceed Pre fOf the Compute Time: 170ct2013, 12:499:17 Control Spedfications: MRCS 24-HR. Storm
Cv (lo_yr)’ but the Volume Units: @) IN ACFT
Post Peak Computed Results
Discharge Does

Peak Discharge : 49,2 (CFS) Date/Time of Peak Discharge : 01Jan3000, 13:17
Total Preapitation : 5,30 (IM) Total Direct Runoff : 1.94 (IN)

Total Loss ¢ 3.36 (IM) ~otalEBacaflan: BT
Total Excess : 1.94 (IM] Discharge : 1.94 (1N




Options for Cv & Fv Compliance

Option 2, Level 2-a Pre vs Post Comparison

[] Summary Results for Junction "Site - Combined” = |- [

Post Project: Broadkill Estates
Simulation Run: Sussex 100-YR.  Junction: Site - Combined

Start of Run:  01Jan3000, 00:00 Basin Model: Broadkill Estates
End of Run:  03Jan3000, 00:00 Meteorologic Model:  Sussex 100-YR
Compute Time: 170ct2013, 11:04:14 Control Spedfications: NRCS 24-HR. Storm

Yolume Units: @ IM ACFT
Computed Results

Peak Qutflow : 461.5 (CF5) Date/Time of Peak Outflow : 011an3000, 12:02
Total Qutflow : 4.75 (IM)

(] Summary Results for Subbasin "Site-Pre" [ |£i

Pre Project: Broadkill_Pre
Simulation Run: Sussex 100-YR.  Subbasin: Site-Pre

POSt RU nOﬂ: Start of Run:  01Jan3000, 00:00 Basin Maodel: Broadkill Estates

Volume Does Not End of Run:  03Jan3000, 00:00 Meteorologic Model:  Sussex 100-YR
Compute Time: 170ct2013, 12:49:09 Control Specifications: NRCS 24-HR Storm
exceed Pre for the

Fv (100-yr), but
the Post Peak Computed Results
Discharge Does U‘j%: 138.1(CFS)| Date/Time of Peak Discharge : 01Jan3000, 13:13
Otal Frecp

an : 2.20 (1) Total Direct Runoff : 5.01 (IM)
Total Loss 4,19 (IN) LJlotal Baceflou - L0 TR
Total Excess : 5.01 (IM) Discharge : 5.01 (IM)

Volume Units: (@ IM ACFT




Options for Cv & Fv Compliance
Option 2, Level 2-b Steady Flow Water Surface Model

Procedure for Conducting Hydrologic & Hydraulic
Analyses for Preliminary Sediment & Stormwater Plans,
Sect. 2.2.3.2:

must indicate no adverse
Impacts to headwater, water surface elevations and/or
areas of inundation at designated POAs. For purposes of
this policy,

In addition, the area of inundation shall not encroach
upon buildings or similar structures previously not
Impacted.



Options for Cv & Fv Compliance
Option 2, Level 2-b Steady Flow Water Surface Model

Procedure for Conducting Hydrologic & Hydraulic
Analyses for Preliminary Sediment & Stormwater Plans,

Sect. 2.2.2:

Points of Analysis (POASs) shall be established at the site
boundary and all hydraulic structures within the study
reach. In cases where there are no hydraulic structures
within the study reach, representative section(s) based on
LIDAR data shall be used; locations to be determined at
the Project Application Meeting.
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Workflow for Performing Level 2 H&H Analysis

ol e Data from HEC-HMS is
. Part 1 — Watershed Delineation entered Into H EC_RAS

1.1. Use procedures from “Workflow Site Hydrology” document to delineate all watersheds
draining to the Paint of Analysis (POA) based on the * Rule”.

2. Part 2 -HEC-HMS Analysis

 Workflow is outlined in Tech
Doc, “Workflow for Performing
Level 2 H&H Analysis”, Article

both the “pre-developed” site condition and the “post-developed” site condition to the POA
from Part 1. 3 . 02 . 2 . 4

2.1. Open *HHZ2_Analysis.hms” template file

. Part 3 — HEC-RAS Analysis

etric Data

Click on the
comple

“Reach” names in pop-up window

032013 302241
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Downstream

StreamStats is used to
determine when the site
IS 10% of the watershed
Here the site is 139.1 ac
(purple) and the rest is
1051.9 ac (orange) so
the site is 11.7% of the
total, not quite 10%
but...
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...the local branch
converges with a main
tributary so the site
would become 3.5% of
the watershed and not
reflect direct impacts on
the main tributary, so the
analysis point is left at
the 11.7% mark.
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% .75-' :i_'ﬁr

The local branch
converges with a main
tributary so the site
would become 3.5% of
the watershed and not
reflect direct impacts on
the main tributary, so the
analysis point is left at
the 11.7% mark.
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“The following procedure is based on what is considered the
minimum requirements for the Level 2 H&H Analysis, which involves
determining the water surface elevation for the pre-developed and
post-developed conditions at the point of discharge from the site.

The middle
cross section is established immediately downstream from the site
discharge point. A minimum of one cross section upstream and one
cross section downstream must be used to ensure the model will
yield reasonable results. It may be necessary to analyze additional
sections downstream to the “10% Rule” POA based on current
Departmental guidance and/or policy.”

Ref: “Workflow for Performing Level 2 H&H Analysis”, DNREC (draft)
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For the cross-sections, |
imported 2ft contours into
Civil3d and made a
surface and then profiled
the cross-sections against
the surface (survey data
would be used if available)
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HEC-RAS model set up
using the 3 site cross-
sections, and the pre
and post developed
flows from HEC-HMS
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“= Cross Section 4 =reEaTexs

File Options Help

River.  |Unname d Branch - MEI + it
Reach: | Thru Site | River Sta: |2 hd ﬂ

Broadkill Estates Plan: Run  10/15/2013
X-Sctn 2

l o Pre-Developed water

Legend

Ll surface elevations (in
sl red) for 10 and 100-yr

Eaall are greater than the Post

EG PF 10-post

mazmll Developed (in blue)

Post Runoff Water
Surface Elevations
Do Not Exceed the
Pre Water Surface
Elevations by
More than 0.05’
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nit of the study shall be the point downstream where the site is
of the total contributing draina a. nts of Analysis
(POAs) s e established at the site boundary and all hydraulic
ithi In cases where there are

S >ction(s)
£ a shall be used: locations to be determined at the L]
Project Application Meeting () S e Ctl O n 2 2 3 2
223 To comply at this level of analysis, the applicant must show that: n [ ] [ ]

2231 The runoff volume based on the NRCS Runoff Curve
Number (RCN) r on the calculated

ek i ... If Impacts are

Steady flow hydraulic modeling must inc
impacts to headwater, water surface elevations

i .
inundation at designated POAS. For purp icy, “nc uncertain roceed {O
adverse impact” shall mean less than 0.05 N )
calculated water surface elevations in channi in
res for all points of analysis. .
Level 3 or provide more
or similar structures previously not impacted. If the “no
adverse impact” condition can not b a remedy must be

provided in accordance with of this policy. If impacts 3
are uncertain, proceed to Level 3. S O rag e O n SI e .

2.3.Level 3 Analysis

2.3.1. The Level 3 Analysis shall ed in situations in which the
watershed ) complex that a more i analys needed to
determine the appropriate stormwater geme nique(s). It
is expected that this would require survey-level field data to support
development of an unsteady flow model. This may also require
accounting for existing storage structures within the wa ad study
area.

2. Limit of the study shall be the point downstream where the site is
10% of the total contributing dra e area. POAs shall be
established at the site boundary and all hydraulic structures within the
study reach. In s where there no hydraulic structures within
the study reach, representative section(s) based on LIDAR data shall
be used; locations to be determined at Project Application Meeting.

omply at this level of analysis, unsteady flow hydrau
=ling must indicate no advers P o headwater, wa
surface elevations and/or areas of inundation at ¢ d
For purposes of this policy, “no adverse impaci
ce elevations in channe

Article 3.02.2.2, Technical Document
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