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Concept Level Analysis

Broadkill Estates
2007 Land Use/Land Cover

Legend
Site
2007 LULC
I:l <all other values>
VECTOR.ospc_de_lulc07_a LULCSTRING
Single-Family Dwellings
Multi-Family Dwellings
Mobile Home Parks/Court
- Commercial
ndustrial
Transportation/Communication
Mixed Urban or Built-Up Land
- nstitutional Governmenta
Recreationa
Farms, Pastures and Crogland
Feedlots
Rangsland
OrchardsMurseres/Horticulture
Deciduous Forest
Evergreen Forest
Mixed Forest
ShrubiBrush Rangeland
- Clear-Cut
Manmade Reservoirs and Impoundments
- Marinas/Pert Facilties/Docks
- Qpen Water
Emergent Wetlands - Tidal and Mon-tidal
- Forested Wetlands - Tidal and Mon-fida
Serub/Shrub Wetlands - Tidal and Mon-tida
Sandy Areas and Shoreline

- Extraction and Transitional

Shrub/Brush Rangeland "z /f
J32AC })""“n.

Cropland G : ..h%
100.28 AC 'f 3
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Broadkill Estates Soils Data

Custom Soil Resource
Report for

Sussex County,
Delaware

participants

SWM Soils Report for
Broadkill Estates




D
)
D
©
-
Q8]
—
|
)
D
G
©
G
)
LL]
W
©
M®
=
an




i

%

In the Begin

J.




ign

te Desi

S

|




Solls

Site Design w/

s




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.
e HSG C: 16.39 ac.

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




Broadkill Estates — C.A. RCN

1 PROJECT:| Broadkill Estates
2 DRAINAGE SUBAREA ID:| Eastern Drainage Area
2 LOCATION {County):| Sussex

4 UNIT HYDROGRAPH:| DMV

CONTRIBUTING AREA RUNOFF CURVE NUMBER

5 (C.A. RCN) WORKSHEET Curve Mumbers for Hydrologic Soil Type
& | Cover Type Treatment Hydrologic A B o D
7 Condition Aoesy FLHWY Aoesy FEY Aeesy SRV doear ALY
gz CULTIVATED AGRICULTURAL LANDS i
2 | Fallow Bare soil — 77 56 91 94 (C.A. RCN) WORKSHEET : Curve Mumbers for Hydrologic Soil Type
10 Crap residus (CR pocr 76 85 90 93 Treatment Hydrologic A B c D
& Crop residue (CR) goed = — — = IPED URBAN AREAS [Veg Eslablished]cundnmn i e R e R
12 PFow Crops Straight row [SR] poar 72 81 i) 91 ns.parks ete. )
1z Straight row [SR) good 67 78 85 89 Poar candition; grass cover < 5052 a9
14 Bt ransaaid . - = 5 24
15 I SE + Crop residus gonod 64 75 7.08 OL T Good condition; grass cower > To% 80
16 Contoured [C] poar 70 [E] ad [
17 Contoured (C] good 65 75 82 86 Paved parking lats, raafs, drivew ays [ 95 |
18 C+Crop residus poor 69 78 83 ar =
19 C+Crop residus gonod 64 74 o3| 85 Paved, curbs and storm sewers 93
20 Cont & terraced(CAT) poar 66 74 80 82 P aved; open ditches (wfright-of-w ay) 93
21 Cont & tenaced(CAT] goad 52 71 78 1 Girawel (ufright-of-w 2y] S
22 C&T + Crop residus poor 65 73 79 81 Pirt Lot right-of-w 2] frug ¥ imparvious 83
s SmalGian | Susghro @ o & 0 B B Commeria . buses i B v 5 [N 5
< Industrial "re 31 [ 91 93
5 Straight raw (SR good 63 75 83 87 td by average lot size g 2 impervious
28 SR+ Crop residus paar 84 75 83 26 i3 acre [tawn hausss) s 7 85 90 92
27 SR+ Crop residue good 60 72 a0 &4 14 acre " 61 75 83 a7
28 Contoured [C] poor 63 74 a2 &5 '3 acre =0 57 72 81 86
25 Cortoured (C] goiod &1 73 a1 24 12 acre 75 54 70 a0 85
0 C+Crop residus poar 62 73 a1 24 1 acre :20 51 68 79 84
31 C +Crop residus good &0 72 &0 83 ¢ aore 1z 46 65 14 &2
32 Cont & terraced[C8T) poor 61 72 7 82 JRBAN AREA (No Vegetation)
= Cont & teraces|CET] good = i s 1 “ewly graded area [pervious only] I r 7 I r 86 I r 91 I r 94 I
24 C&T + Crop residus poar &0 71 78 21
35 C&T + Crop residus good 58 69 77 a0 \
2E |Clase-seaded Sitraighit rom poar 66 77 85 &9
27 |orbroadoast Sitraight row good 58 72 a1 25
28 | legumes ar Contoured poar 64 75 83 &5
35 | rotation Contoured goed 55 69 8 83 Subarea Contributing Area per Soil Type (ac) | s72] | oss|] [ 2658 [ o
40 | meadow Cort & tarraced poar 63 73 80 a3 Subarea Contributing Area (ac) 33.15
41 Cant & rerraced gonod 51 &7 76 20 IMTRIBUTING AREAS Siubaraa i Aeas | SOV

Ukstream Contributing Area 1

Upstream Cantributing frea 2

Upstream Contributing Area

Upstream Cantributing Aread

Total Contributing Area w. Upstream Areas tac}@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:| Broadkill Estates
DRAINAGE SUBAREA ID:| Eastern Drainage Area
LOCATION (County):| Sussex
UMNIT HYDROGRAPH:| Dmv
LIMIT OF DISTURBANCE {LOD) WORKS jJreey
Step 1 - Subarea LOD Data HSG A
1.1 H5G Area Within LOD [ac) 5.72
1.2 Pre-Developed Woods/Meadow Within LOD [ac)
1.3 Pre-Developed Impervious Within LOD [ac)
1.4.3 Post-Developed Impervicusness Within LOD, Option #1 (3
1.4.b Post-Developed Imperviousness Within LOD, Option #2 3

Step 2 - Subarea LOD Runoff Calculations
2.1 RCN per H5G
2.2 RPv per HSG [in.)
2.3 Target Runoff per HSG [in.)
2.4 CvWeighted Unit Discharge per H3G [cfs/ac)
2.5 Fw Weighted Unit Discharge per HSG [cfs/ac)

=]

2.6 5Subarea LOD (ac)

2.7 Subarea Weighted RCN

2.8 Subarea Weighted RPv [in.)

2.9 Subarea Weighted Target Runoff [in.)

=

w

Pd | 3 P3| P2 | P2
(]

P

1]

Step 3 - Upstream LOD Areas féromr presicos CRATAIAT Repor 35 3
3.1 Upstream Sub-Area 1D
3.2 Upstream LCD Area [ac)
3.3 Target Runoff for Upstream Area (in.}
3.4 Adjusted CN after all reductions
2.5 Adjusted RPv [in.}
3.6 Adjusted Cwv [in.)
3.7 Adjusted Fv [in.)

(RN
[+1]

=4

]
=]

(]
1]

w
=)

Step 4 - RPv Calculations for Combined LOD
4.1 Combined LOD [ac)
4.2 Weighted RCN
4.3 Weighted RPv [in.)
4.4 Weighted Target Runoff [in.)
4.5 Estimated Annual Runaoff (in.}
4 & Req'd Runoff Reduction within LOD [in.}
4.7 Req'd Runoff Reduction within LOD [3)

Step 5 - Ow Unit Discharge
5. LOD Allowable Unit Discharge [cfs/ac)

Step b - Fw Unit Discharge
E. LOD Allowable Unit Discharge [cfs/ac)




Broadkill Estates — OLOD

PROJECT:| Broadkill Estates

DRAINAGE SUBAREA ID:
LOCATION (County):

UNIT HYDROGRAPH:

OUTSIDE LIMIT OF DISTURBANCE
OLOD; RKSHEET

Eastern Drainage Area

Step 1 - Site Data

ntributing Area ac)

2.1
LEMGTH

L
[feet)

Sheet Flow Surfoce Codes Shallow Concentrated Surfoce Codes

u unpaved surface

rface
c cultivated

d cultivated =

Step 3 - Peak Discharge

1 Unit Hydrograph Type
requency [yr)
HR Rainfall, P (in.}
4 Initial Abstraction, Iz [in.)
.513/F ratio




Design Level Analysis
BMP Choices

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 "

2-A Traditional
Bioretention -
3-B Grassed Channel Underdrain

Step 1 - Calculate Initial RPv
1.1 Tetal contributing area to BMP [ac)
1.2 Reserved
1.3 Initial RCN
1.4 RPvfor Contributing Area (in.)
1.5 Req'd RPv Reduction for Contributing Area [in.)
1.6 Req'd RPv Reduction for Contributing Area (36)
1.7 RPvallowable discharge rate [cfs)

Strep 2 - Adjust for Retention Reduction

2.1 Storage volume [cu. ft.)

2.2 Retention reduction allowance (%)

2.3 Retention reduction volume [ac-ft)
2.4 Retention reduction volume [in.)

2.5 Runoff volume after retention reduction (in.}
1.6 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 ()
3.4 Annual runcff reduction allowance [3)
3.5 Annual runcff after reduction (in.}
3.6 Adjusted ACN
3.7 Annual Runoff Reduction Allowance for RPw [in.)

Step 4 - Calculate RPv with BMP Reductions

4.1 RPv runoff volume after all reductions [in.)

4 2 Total BPy runoffreduction (in i

4.3 Total RPv runoff reduction [38)

4.4 Adjusted CN after all reductions

4.5 Adjusted equivalent annual runoff [in.)

4 & Egquivalent TR-55 RCHM for H&H modeling

4.7 Required reduction met?

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

Step 5 - Determine Runoff Reduction Shortfall
5.1 Runoff Reduction Shortfall [in.)
5.2 Runoff Reduction Shortfall [cu.ft.fac)
5.3 Total Shortfall Volume [cu.ft.)




Broadkill Estates — TMDL

1 PROJECT:|Broadkill Estates
3 LANDUSE TYPE: | Residential | |
3 TMDL WATERSHED:|[Broadkill River [~ |
5 TOTAL MAXIMUM )
& 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: —
g Srep 1 - Colculate Annual RunogffVolume Data TH TP T55 Data TH TP T55 Data TH TP T55 Data TH TP T55 Data TH TP T55
9 1.1 Total contributing area to BMP [ac) 33.15
10 1.2 Initial RCN 74
11 1.2 Annual runoff velume (in.) 13.63
12 1.4 Annual runoff velume (liters) 4. 65E+07
1=
14 |Step 2 - Colculate Annual Poliutont Load
15 | 2.1 EMC(mg/L) 2.00 0.27 £0.00 2.00 0.27 £0.00 /A NjA N/A A NjA A N/A NJA N/A
16 2.2 Load [mgfyr) 9.29E+07 | 1.256+07 | 2. 796409 8.36E+07 | 1.136+07 | 2.51E+09 /A NjA N/A N/A NjA N/A /A NJA N/A
17 2.3 Stormwater Load [Ibfac/yr) 6.13 0.83 185.38 5.56 0.75 166.85 NJ/A NfA N/A N/A NJA NfA NfA N/A NfA
12
1%  Step 3 - Adjust for Pollutant Reduction
20 3.1 BMP annual runeoff reduction [3) 1056 6% NjA NfA NfA
21 3.2 Adjusted annual runcffvolume (in) 12.27 11.49 NfA NfA NfA
22 2.2 Adjusted annual runcffvolume (liters) 4 13E+07 3.92E407 N/A N/A NJ/A
23 3.4 Adjusted load from annual reductions (Ib/ac/fyr) 5.56 075 | 16685 5.21 070 | 15629 /A NjA N/A A NjA A A NJA N/A
24 3.5BMP removal efficiency (%) N/A NiA N/A 205 40 2058 N/A NjA N/A NJA NJA N/A N/A A N/A
25 2.6 Treatment train removal efficiency [3) N/& NfA NJ/& 23% 30% B0% NJ/& NJA N/& N/& NJ& N/& N/& NJ/A N/&
25 3.7 BMP effluent concentration [mg/L) 2.00 0.27 £0.00 1.55 0.19 24.00 /A A /A /A N A N/A N/A A N/A
27 | 3.BFinal Adjusted load (Ibfac/yr) .56 075 | 16685 4.04 0.49 £2.51 N/A NjA N/A /A NJA A A NJA N/A
28 3.9 Finzl Adjusted load (Ibfyr) 18436 | 24.89 | 5530.93 133.84 | 1632 | 2072.37 NJA NJA N/A N/A N2 N/A N/A N2 N/A
Step 4 - Pollutant Reduction Met? fFor lnformaticnal Purposesi I

4.1 TMDL (Ib/ac/fyr) 11.90 0.50 /A

4.2 Reduction met? YES NO /A YES YES /A /A N N/A N/A NJA N/A N/A /A N/A

4.3 Removed Load [Ib/yr) 20.49 277 | 61455 50.52 857 |34cmce A N N/A /A NJA /A /A NJA N/A




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

8 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 Runoffvolume after reduction (in.} 2.56 2.43 N/A N/A N/A

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

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

= ﬁ

29 Step 4- Calculate Cv with BMP Reductions

3] T e e e AT S5t 2.43 N/A N/A N/A

41 4.2 Total Cv runoff reduction (%) 1% 5% N/A N/A N/A

3T 4.7 AdJusted RCM 101 F&H modernng 73.23 71.93 N/A N/A N/A




Broadkill Estates — Fv

1 PROIJECT:| Broadkill Estates

2 DRAINAGE SUBAREA ID:| Eastern Drainage Area

3 LOCATION (County):| Sussex

4 FLOODING EVENT (Fv) WORKSHEET

5 BMP 1 BMP 2 BMP 3 BMP 4 BMP 5
2-A Traditional

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

7 | Step 1- Calculate initial Fv Data Data Data Data Data

8 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 1.3 100-Year Rainfall (in.) 9.2

11 1.4 Fv runoff volume (in.) 5.95

12 1.5 LOD allowable unit discharge (cfs/ac) 2.25

13 1.6 Equiv. unit discharge outside LOD (cfs/ac) 2,47

14 1.7 Fv allowable discharge rate (cfs) 76.15

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.) 5.95 5.84 N/A N/A N/A&

21 2.5 CN*® 73.52 72.62 M/A N/A N/A

22

23 Step 3 - Adjust for Annual Runoff Reduction

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

25 3.2 Annual runoff after reduction (in.) 5.95 5.95 N/A N/A N/&

26 3.3 Adjusted ACN 73.52 73.52 N/A N/A N/A

27 3.4 Event-based runoff reduction (in.) 0.00 0.00 N/A N/A N/A&

- ——

29 Step 4- Calculate Fv with BMP Reductions

30 4.1 Fv runoff volume after all reductions (in.) 5.95 5.84 N/A N/A N/&

31 4.2 Total Fv runoff reduction (%) 0% 2% N/A N/A N/A

32 4.3 Adjusted RCN for H&H modeling 73.52 72.62 M/A N/A N/A




Broadkill Estates — Report

1 PROJECT:| Broadkill Estates
2 DRAINAGE SUBAREA ID:| Eastern Drainage Area
3 COUNTY:| Sussex UNIT HY DROGRAPH: oMY
4 TMDL Watershed:| Broadkill River LANDUSE: |Residential
5 DURMM CUTPUT WORKSHEET DURMM v2.00.130226 4 PROJECT:| Broadkill Estates
& | Site Doto 2 DRAINAGE SUBAREA ID:| Eastern Drainage Area
7 Contributing Area to BMPs [ac.) 33.15 EY COUMNTY:| Suszex UNIT HYDROGRAPH: DY
8 | CARCN 73.52 4 TMDL Watershed:| Broadkill River LANDUSE: |Residential
3 | SubarealOD(ac) 28.07 [ 5 DURMM QUTPUT WORKSHEET DURMM v2.00.130226
10 Subarea RCN 71.22 I3
11 Upstream Subarea ID 44 | Conveyance Event (Cu)
12 Upstream Subarea LOD [ac.) 0.00 0.00 0.00 0.00 45 Cv runcffvalume in.] 256
13 Combined LOD with Upstream Areas [ac.) 26.07 P Stds-based allowable discharge [cfs) 27 79
14 Combined RCN with Upstream Areas [ac.) 71.22 a7 Equivalent RCN for H&H Maodeling 7193
15 Watershed TMDL-TN [Ib/ac/yr) 11.30 an
16 Watershed TMDL-TP (Ib/ac/yr) 0.50 43 | Flooding Event [Fu)
17 Watershed TMDL-TSS (Ibjfac/yr) WA 5o Fv runoff volume (in.) 5 ag
22 51 Stds-baszed allowable discharge [cfs) 76.15
S EMP Dot BMP1 E'M_iz BMP 3 BMP 4 BMP 5 52 Equivalent RCN for H&H Modeling 72.62
ii §-E Grazsed [ Traditional . . . 53 . .
Channel Bicretention 4 54 Adjusted Subarea Data for Downstream DURMM Modeling
= Lnderdrain 55 Subarea ID ern Drainage Area
23 RPv runoff volume after all reductions (in.} 0.98 0.92 NjA NfA NfA 5 Contributing Area [ac.| 3315 :I
24 Total RPv runoff reduction [in.) 0.10 0.15 WA NJA NJA o7 C.A RCN 73.02 *
25 Total RPv runoff reduction [3) 9% 143 NJA NJA NJA c LOD Ares (ac.) 25.07
26 Req'd runoff reduction met? NO YES NJA NJA NJA cg Weighted Target Runoff fin.} 0.35
= RPv Offzet Volume [cu. fr.) E,770 M/A M/A M/A M/A §0 |  Adjusted CM after all reductions 70.02
8 Adjusted pollutant load, TN (Ib/ac/yr) 5.56 4.04 NjA NfA NfA g1 Adjusted RPy (in.) 0.82
29 Adjusted pollutant load, TP (Ib/ac/yr) 0.75 0.49 NjA NfA NfA g2 Adjusted Cv (in.) 5 a3
30 Adjusted pollutant load, TSS [Ib/ac/yr) 166.85 62.51 WA NJA NJA £3 Adjusted Py fin.} T
31 Cv runoff velume after all reductions [in.) 2.54 2.43 NJA NJA NJA c4
32 Fv runoff velume after all reductions (in.) 5.95 5.84 MJA NJA NJA &5 | Adjusted Subarea Data for Nutrient Protocol Modeling
33 EE Contributing Area [ac.) 33.15
24 |Resource Protection Event (RPV] g7 LOD Ares [ac.) 2507
35 RPwv for Contributing Area (in.) 1.07 &8 TH Follutant Load (Ibyfyr) 133.24
36 Annual Runoff for Contributing Area [in.) 13.63 &9 TF Pollutant Load (Ib/yr) 16.32
37 Req'd RPv Reduction for Contributing Area (in.) .15 70 TsS Pollutant Load (Ibfyr) 2072.37
38 Req'd RPv Reduction for Contributing Area () 14% 71 Percent Impervious Cover 16%
39 RPv Runcff Reduction Shortfall or Credit [cu.ft.) -5.64 CREDIT 72
40 C.A. allowable discharge rate [cfs) 114 72 | Adjusted Subarea Data for the Summary Table for Sub-Areas Droining to o Common Point of Interest
41 Adjusted CN after all reductions 70002 74 Subares ID ern Drainage Area
42 Equivalent RCN for H&H Modeling 78.03 75 Contributing Area [ac.) 23.15
76 Runoff Reduction Shortfall or Credit [cu.ft.) -5.64 CREDIT |
7 Adjusted CM after all reductions 70.02
78 Cv RCN for HE&H Modeling 71.93
79 Fv RCN for H&H Modeling 72.62
B0 TN Pollutant Load [Ib/yr) 133.84
81 TP Pollutant Load (Ib/yr) 16.32
82 TSS Pollutant Load (Ibyyr) 2072.37




Questions?
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Revisions to the
Delaware Sediment & Stormwater
Regulations

Broadkill Estates
Cv & Fv Compliance




Options for Cv & Fv Compliance

e Option 1, Standards-
Based Unit Discharg
» Option 2, PerfoaSii\

Based H& e o
0‘66‘:3‘
o‘(\’

SEDIMENT AND STORMWATER PLAN APPROVAL

Tracking No.

Issued To

Dear Mr. Bundek

r plans for tl
authorized age

This plan approval pert;

effective J ary 4 e

Handbook. Please u pproval of this plan does not relieve you from compl
any and all federal unty, or municipal laws and regulations

We provide technical as: > onm al education, and training to those we regulate. If we may

el 2b Steady Flow
—
be of any assistance to you, regarding the sedi t and stormwater specifications of this project, please
ate r S u r I ace M Od e I contac at the add and number listed above.

* Level 3 — Unsteady Flow
Water Surface Model

Delawar ood nature depends on you!




Options for Cv & Fv Compliance

Option 1, Standards-Based Unit Discharge

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 qualify
for the Standards Based
Approach -

Stormwater Assessment Report

Project:
Owner/Developer:

Consultant:

ment ltem Anticipated Engineering Effort

Modera ificant

have low permeability, high water table, or other O
limitations that adh y affect adequat nwater management
for the proposec i

e to rem f s, inc
y affect adequ stormwater

ffect runoff

xisting topography of si
here runoff tends to ¢

a defined
channel or other hydraulic limitat

6. Off-Site Drai - Areas draining into th sely affect

adequate st ater management for the prope

. Conveyance - Doy ream conditions such as inadequate pipe or channel
could limit adequate drainage from the .

Mitigation under consideration for “Significant” ratings:

Reporting Agency:
Contact Person:

Date of Project-Application Meeting:




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

Project Reports - Broadkill Estates

Node Listing || Area Listing ~ Soil Listing | Ground Covers

Area CH

Pavement {
Pond
Fow crop

139.099 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

& Project Reports - Broadkill Estates |

— Woodland/Meadow Node Listing || Area Listng _SoilListing | Ground Covers
» 10-YR: 0.375 cfs/ac o toumbers
» 100-YR: 1.25 cfs/ac '

139.099




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

& Project Reports - Broadkill Estates |

— Woodland/Meadow lods Listing || Area Listing_SoilListing | Ground Covers
» 10-YR: 0.375 cfs/ac * 5.27 ac = 1.98 cfs o toumbers
» 100-YR: 1.25 cfs/ac* 5.27 ac = 6.64 cfs 2

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

Woods, Good, HSG C
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

é Project Reports - Broadkill Estates

— Woodland/Meadow Node Listing || Area Listing EIJiIListirfgl e
& 1O-YR 0375 CfS/aC * 527 ac = 198 CfS ii': a s chment-numbers)
» 100-YR: 1.25 cfs/ac* 5.27 ac = 6.64 cfs : :‘”'

— HSG-A Woods
» 10-YR: O cfs/ac *17.64 ac = 0 cfs ;. 82 Ro
» 100-YR: 0.25 cfs/ac * 17.64 ac = 4.41 cfs oot

Woods, Good, HSG C (45)
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”

Project: Broadkill Estates
Simulation Run: Sussex 10-YR  Junction: Site - Combined <] Current Run [Sussex 10-YR]

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

End of Run:  03Jan3000, 00:00 Meteorologic Model:  Sussex 10-YR
Compute Time: 17/0ct2013, 11:09:16 Control Spedfications: MRCS 24-HR. Storm

Volume Units: @) IM ACFT
Computed Results

Peak Outflow : 186.8 (CF5) Date/Time of Peak Outflow : 011an3000, 12:02
otal Ruttow : 1.95 (IN)

Reach-Upstrearm Thru Site

Subarea -1

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



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

[0 Summary Results for Junction "Site - Combined” | [-E- [

Project: Broadkill Estates
Simulation Fun: Sussex 100-YR  Junction: Site - Combined
Start of Run:  01Jan300 : Basin Model: Broadkill Estates
End of Run:  031an30 : Meteorologic Model:  Sussex 100-YR
Compute Time: 1/0ct2013, 11:04:14 Control Spedfications: MRCS 24-HR. Storm

<] Current Run [Sussex 10-YR] = | B [

-

Volume Units: @ IN ACFT
Computed Results

Peak Cu : 461.5 (CFS) Date/Time of Peak Outflow : 01]an3000, 12:02

otal LutRaw @

Reach-Upstrearm Thru Site

Suharea-2

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

Upstream



Options for Cv & Fv Compliance

Option 2, Performance-Based H&H Analysis

 Option 2
— Performance-based

— Criteria based on:
* hydrograph timing
« channel stability
e sSystem capacity
— H&H analysis required
— 3 Levels of increasing detall
 Level 1, Peak Comparison

o 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 appropriate method to

e stormwater runoff from de M ased on “No Adverse Impact”

. The general approach i [ Q | of detail and analysis m
depending on the complexity of the watershed. Itis NOT intended to be a CO p a rl S O n
substitute for detailed Watershed Master Plans that have 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.

. Methodology
21 Level 1 Analysis

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

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

3. To comply at this

pea ct
purposes of this policy, “no adverse impact” shall meeﬁ that t
developed site hydrograph peak is less than, and the inflectio
occurs before, the pes the upstream hydrograph OR that it can be
demo E site detention would exacerbate downstream
impacts. If compliance cannot be demonstrated, proceed to Level 2.

2.2 Level 2 Analysis
221 The Level 2 Analysi nbines 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

‘/ Developed site
| hydrograph peak less
than peak of upstream

Peak Developed Site hydrograph

'P%' ttgfapnﬁeec%!%n AN D e

Deve 8Ster8 Before

Peak of Upstream / Developed site
nydrograph inflection

point occurs before

neak of the upstream

nydrograph




Opt‘lons for Cv & Fv Compllance

| Site Hydrology:
2 Upstream: 417 ac (downloaded from
| Stream Stats)
A Site: 139 ac (split into 6 subsheds
3 per site drainage)




Options for Cv & Fv Compliance

Option 2, Level 1 Peak Comparison

= USGS StreamStats - Windows Internet Explorer

sags.cr.usgs.gov/ de_ss/default.aspxistabbr= defidt=138184539114
P 2

Delineate froma % /
Point (upstream | \f’w

end of site) -
L

Note: Stream Sfats
identifies flow areas, not _
just blue lined streams. .

Site Hydrology:
Upstream: 417 ac (downloaded from
| Stream Stats)




Options for Cv & Fv Compliance

Option 2, Level 1 Peak Comparison

- -
# r r 1 = - § - L ¢
& s . ) LT g
. - Py I - } . / b J".‘ w L ‘.\ i ’ ‘
- = St — ‘0 . - .0 A1 0N
= T Mg g L 4
i . ., - - . » ‘.l L.
\ . N = & . v 3 c‘ .
. - o g r o & w . f - - .
- ¢ e ne \ o
" Y i . . b I8
y . ) L A s
- » f o, - A h
~ s "
&
r s," =
" 1 .
-

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

.1-1:‘




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 Hydrology” document to delineate all watersheds
draining to the site discharge Point of Analysis (POA)

2. Part 2 -HEC-HMS Analysis

Open “HH1_Analysis.hms™ template file

me.hms" (If an error occurs, close HEC-HMS and re-open
1 the newly created “Project name” directory )

2.3, In Watershed Explorer window, expand “Basin Models” and click on “Project”; template
basin model will open in the Deskiop window

2.4 Left-click “Upstream” subbasin icon; subbasin parameters will open in the Component Editor
window

24.1. Subbasin tab:
2411, Enter watershed area in =q. miles as determined in Part 1
2412  Loss Method: SCS Curve Number
2413, Transform Method: SCS Unit Hydrograph
242 “Loss tab:
Enter Curve Number for upstream watershed
Leave remaining fields set to their default values
“Transform” tab:
2431, Select “Standard” or “Delmarva” from Graph Type dropdown list

2432 Enter Lag Time in minutes (Lag = 0.6Tc) as used in GISHydro TR-20 run

sing data for post-developed condition based on the
ists of multiple .

? 6. Click on the “Compute” tab at the bottom of the Watershed Explorer window; expand
“Simulation Runs”

03/3012

Next Step is to Enter Site and
Upstream Info into HEC-HMS
HydroCAD or similar can be
used, but HEC-HMS is the
preferred platform, and will be
used for any disputed
analyses

HEC-HMS Workflow is
outlined in Tech Doc,
“Workflow for Performing
Level 1 H&H Analysis”, Article
3.02.2.3



Options for Cv & Fv Compliance

Option 2, Level 1 Peak Comparison

Z. HEC-HMS 3.5 [Fsedimenf\Regulation Revisions SAN 2006-016\Training Program\Session 5 - DURMM v2\Broadkill Estates\HEC-HMS\Broadkill_Estates\Broadkill_Estates.hms]

File Edit View Compenents Parameters Compute Results Tools Help

D ES " R0 FerIyY $sBEED

Broadkill Estates
= || Basin Models
—{B Broadkil Estates
+]- (s Upstream
{5 Reach-l. ..

154 Subarea 6
-2 Subarea -1

&Y Site - Combined
&5 POA-D

+-- | Meteorologic Models
- || Control Spedfications

Components | Compute | Results

{2 Subbasin | |oss | Transform | Options

Basin Name: Broadkill Estates
Element Name: Subarea-5

Description:
Downstream: | Site - Combined
*Area (MI2) |0.0311
Canopy Method: | —Mone--
Surface Method: | —{Mone—
Loss Method: | SCS Curve Number
Transform Method: | 5CS Unit Hydrograph
Baseflow Method: | —{one—

2 Basin Model [Broadkill Estates] Current Run [Sussex10-YR]

Need to Compare
/drographs from the

ombined Site to the
iIch of the Upstream
‘ea through the Site

3
=

Subarea-5

%te - Cambhbined

)
=

Subarea-4

\2 %ﬁReach-Upstream Thru Site
T

Subarea-1
d l II

Subarea-3 Subarea-2

=

Subarea B

[E

Lpstream




Options for Cv & Fv Compliance

Option 2, Level 1 Peak Comparison

[ Summary Results for Junctior] "Site - Combined”

Project: Broadkil 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 Spedfications: NRCS 24-HR. Starm

Volume Units: @ IM ACFT

Computed Results

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

oo Loa )

[ Surnmary Results for Reac "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
Compute Time: 150ct2013, 14:23:09 Control Spedifications: MRCS 24-HR. Storm

Volume Units: @ IM ACFT

Computed Results

~EaalInfow o 158 0 JCECH Date/Time of Peak Inflow :  01Jan3000, 13:03

Peak Outflow : 164.8 (CF5) DateTime of Peak Outflow : 011an3000, 13:31
= ]S Total Cutflow : 2.00 (IM)




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

Broadkill Estates
Meteorologic Model:  Sussex 100-YR

Control Spedfications: MRCS 24-HR Storm

Volume Units: (@ IN AC-FT
Computed Results

Peak Outflow : 461.5 (CF5
B ) = 90| ) 7 A |

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

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

Project: Broadkill Estates
simulation Run: Sussex 100-YR  Reach: Reach-Upstream Thru Site

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

Broadkill Estates
Meteorologic Model:  Sussex 100-YR

Control Spedfications: MRCS 24-HR. Storm

Yolume Units: @ IM ACFT

Computed Results

rRemeirfevw—tEitefmmis  Date/Time of Peak Inflow @ 01Jan3000, 13:01

Peak Cutflow @ 450.3 (CFS) Date/Time of Peak Qutflow : 01Jan3000, 13:22
Total Inflow : 5,01 {IN) Total Cutflow : 5,01 {IM)




Options for Cv & Fv Compliance

Option 2, Level 1 Peak Comparison

iEv"-"REéCﬁi—::STI:EAMTHRp SITE/FLOW/31DEC2999/1MIN/RUN:SUSSEX 10-YR X Developed Site
hydrograph peak less
Peak of than peak of upstream
Combined Site hyd rogra 0h
Greater than Peak
of Upstream AN D
Does Inflection Point U
; of Combined Site Deve|oped Site
. Occur Before Peak

of Upstream? nydrograph inflection
: point occurs before
neak of the upstream
nydrograph

(no point in continuing other than
demonstration purposes)



Options for Cv & Fv Compliance

Option 2, Level 1 Peak Comparison
T e
0.0EES TC*

— | A
44— 04335Tc —pld———— ¥ ———

Std. UH: Point of Inflection = 1.7 tTp; X =0.7 t/Tp = 0.4665 Tc
B fall 0.4665 Tc sToy | DMV UH: Point of Inflection = 1.85 t/Tp; X = 0.85 UTp = 0.5665 Tc
LECESS Alnda |

0.5665 Tc (DMV)
Mass curve
/f of runoff

Up

_—
e 2
T
_—
L
1™
<]
=
E

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

Point of inflection

=40 =0.133 Tc




| J
a
DPUC 0 . olpplelirs
@Jelile BVE P ead omparisao
(] Summary Results for Junction] "Site - Combined” =nEch ="
Project: Broadkill Estates
Simulation Run: Sussex 10-¥R.  Junction: Site - Combined
Start of Run:  01Jan3000, 00:00 Basin Maodel: Broadkill Estates
End of Run:  03Jan3000, 00:00 Meteorologic Model:  Sussex 10-YR

Compute Time; 150ct2013, 14:23:09

Volume Units: @ IN

Computed Results

Control Spedifications: MRCS 24-HR Storm

ACFT

Peak Outflow : 185.8 (CFS)

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

Total Outflow : 1.94 (IN)

] Surnmary Results for Heacl"

"Reach-Upstream Thru 5ite” e | (S

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

Metearologic Model:  Sussex 10-YR
Control Spedifications: MRCS 24-HR. Storm

Start of Run:  011an3000, 00:00
End of Rum:  03Jan3000, 00:00
Compute Time: 150ct2013, 14:23:09

Volume Units: @ IM ACFT

Computed Results

Peak Inflow : 168.9 (CFS) : :
Peak Qutflow : 164.8 (CF5) Date/Time of Peak Outflow : 011an3000, 13:31
Total Inflow : 2,00 (IM) Lwn o) YR




Options for Cv & Fv Compliance

Option 2, Level 1 Peak Comparison

1 Summary Results for Junction

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

Start of Run:  01Jan3003, 00:00 Basin Model:
End of Run:  03Jan3000, 00:00
Compute Time: 150ct2013, 14:23:01

Broadkill Estates
Meteorologic Model:  Sussex 100-YR.

Contraol Spedfications: MRCS 24-HR. Storm

Volume Units: i@ IM ACFT
Computed Results

Peak Outflow : 461.5 (CF5)
Total Outflow @ 4.75 (IN)

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

[ Summary Results for Hea:{h "Reach-Upstrearn Thru 5Site”

Project: Broadkill Estates
Simulation Run: Sussex 100-YR  Reach: Reach-Upstream Thru Site

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

Basin Maodel: Broadkill Estates
Meteorologic Model:  Sussex 100-YR

Control Spedfications: MRCS 24-HR. Storm

Volume Units: @ IM ACFT

Computed Results

Peak Inflow :  461.9 (CFS)

Peak Qutflow : 450.3 (CF3) DateTime of Peak Outflaw : 01Jan3000, 13:22
Total Inflow :  5.01 (IM) u] Lo . IR




Options for Cv & Fv Compliance

Option 2, Level 1 Peak Comparison

M //REACH-UPSTREAM THRU SITE/FLOW/31DEC2999/1 MIM/RUN:SUSSEX. | 0-¥Ry

Inflection Point of
Combined Site

Occurs Before Peak
of Upstream

Developed site

hydrogra
than pea
hydrogra

oh peak less
K of upstream

nh

AND...

Developed site
nydrograph inflection
point occurs before
neak of the upstream
nydrograph



Optlons for Cv v Compllance

ote:
In the Level Il training, more
guidance on determining the
upstream parameters will be
given.
Here | assumed a
conservative Tc path and
RCN values, but these
values can be determined
using StreamStats and
hydrograph calibration.



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 age s 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 in I of detail and analysis
depending on the complexity of the watershed. It is NOT intended to be a
substitute for detailed Watershed Master Plans that have been endorsed by the
Department. When such detailed plans are available, the peak di 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
n

. 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

soils, LULC, and terrain data. Hydrographs are then compared to 7 k

check for coincidental peaking effects. COI I |par|SO n pea
2.1.2. Limit of study shall be the most-downstream junction of the site and

the upstream contributing area. r- at e ) .
]

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 imp all me€+1 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

onstrated that on-site detention would exacerbate downstream b St d fl t
impacts. If compliance cannot be demonstrated, proceed to Level 2. . ea y OW Wa er

2.2 Level 2 Analysis

2.21. 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
LLLLLHHHHEEEHESESHS



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

i

Upstrearm




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-YE.  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: 170ct2013, 11:09:16 Control Specifications: NRCS 24-HR. Storm

Yolume Units: @ IN ACFT
Computed Results

Peak OQutflow : 186.8 (CF5) Date/Time of Peak Qutflow : 01Jan3000, 12:02
Total Qutflow : 1.94 (IN)

[ Summary Results for Subbasin "Site-Pre” = |- B (o

Pre Project: Broadkill_Pre
Simulation Run: Sussex 10-YR  Subbasin: Site-Pre
Start of Run:  01Jan3000, 00:00 Basin Maodel: Broadkill Estates
End of Run:  03Jan3000, 00:00 Meteorologic Model:  Sussex 10-YR

Compute Time: 170ct2013, 12:49:17 Control Spedfications: NRCS 24-HR. Storm

Volume Units: @ IM AC-FT

Computed Results

Peak Discharge : 49,2 (CF5) Date/Time of Peak Discharge : 01Jan3000, 13:17
Total Preapitation @ 5. 30 {IN) Total Direct Runoff : 1.94 (IM)
Total Loss : 3.36 (IM) Total Baceflou . 000 fTR
Total Excess : 1.94 (IM) Discharge : 1.94 [INEI]




Options for Cv & Fv Compliance

Option 2, Level 2-a Pre vs Post Comparison

[1 Summary Results for Junction "Site - Combined” o |- = |-E‘-3-

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

Start of Run:  01Jan3000, 00:00 Basin Model: Broadkill Estates
End of Run:  03]an3000, 00:00 Meteorologic Model:  Sussex 100-YR
Compute Time: 170ct2013, 11:04:14 Control Spedfications: NRCS 24-HR Storm

Post

Yolume Units: @ IN ACFT

Computed Results

Peak Qutflow : 4561.5 (CF5) Date/Time of Peak Cutflow : 01Jan3000, 12:02
Total Outflow : 4.75 (IN)

] Summary Results for Subbasin "Site-Pre” o= -3 |£§-

Project: Broadkill_Pre

Pre
simulation Bun: Sussex 100-YR  Subbasin: Site-Pre

Start of Run:  01]an3000, 00:00 Bazin Model: Broadkill Estates
End of Run:  03Jan3000, 00:00 Meteorologic Model:  Sussex 100-YR
Compute Time: 170ct2013, 12:49:09 Control Spedifications: MRCS 24-HR. Storm

Volume Units: (@ IM ACFT

Computed Results

Peak Discharge :  138.1 (CF5) Date/Time of Peak Discharge : 011an3000, 13:13

ot Preapanen TS 20w Total Direct Runoff : 5.01 {IN)
Total Loss 4,19 (IM) _Total Bazefow . 000 (T

Total Excess 5.01 {IM) Discharge : 5.01 (IM)




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.



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

Workflow for Performing Level 2 H&H Analysis

. Part 1 — Watershed Delineation

1.1. Use procedures from “Workflow Site Hydrology” document to delineate all watersheds
draining to the Point of Analysis (POA) based on the “10% Rule”.

2. Part 2 -HEC-HMS Analysis

? 3. Use procedures from “Workflow H&H Level 1 Analysis™ to develop a watershed model for
both the “pre-developed” site condition and the “post-developed” site condition to the POA
from Part 1.

3. Part 3 — HEC-RAS Analysis

3.1.Create HEC-RAS Project: File=New Project
3.2. Click “Edit’Enter geometry data™ button or: Edit=G

[ HEC-RAS 4.0
Ble Edt F:._.l View Cptore  Hal

Click on the
complete sket
the initial stz

302241

Data from HEC-HMS (or
similar program) is entered
iInto HEC-RAS

Workflow is outlined in Tech
Doc, “Workflow for Performing
Level 2 H&H Analysis”, Article
3.02.2.4



Options for Cv & Fv Compliance
Optlon 2 Level 2‘ ‘b Steady Flow Water Surface Model

2 "]],ﬁrv“ o
: ek

\ 7y StreamStats is used to
8 POA-Road Xing determine when the site

o 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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“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.

Ref: “Workflow for Performing Level 2 H&H Analysis”, DNREC (dratft)
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et e

Wk

Three cross-sections
used around the site’s
POA (plus any
additional areas
determined at the site’s
pre-application meeting)
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CAD software used to develop
cross-sections. Here, 2’ contour
data was used. Order of

preference Is;
Field survey data
LIDAR data from NOAA
Digital Coast
2’ Contour Data from

. Delaware Geospatial Data
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2.2 2. Limit of the study shall be the point d[:1wnstrean'| where the site is
II]" o of the tc:tdl c:)ntnbutlnq dral

! epresentatwe

ch. _
based on LlDAR ddta shall be used: locations to be determined at the =
Project Application Meeting. o S e Ctl O n 2 2 3 2
2.2 3. To comply at this level of analysis, the applicant must show that: ] ] n

The munoff volume based on the NRCS Runoff Curve
Number (R("N'J and the rate c:f runoff based on the calculated

_;:s:;?;‘;z:; .. If impacts are
St e uncertain, proceed to

calculated water surface elevation: “he
headwater at hydraulic structures for all points c:f analvslf In -
ion, the area of inundation shall not enc Leve | 3 O r p rOVI d e I I l O re
ildi or similar structures previously not |mpacted If the “no
adverse impact” condition can not be met, a remedy must be

provided in accordance with Section 3 of this policy. If impacts 1
are uncertain, proceed to Level 3. S O rag e 0 n S I e .
2.3 Level 3 Analysis

2.3.1. The Level 3 Analysis shall be used in situations in which the
watershed i complex that ar rigorous analysis is needed to
e appropriate storm 2r management technique(s).
is expected that this would require survey-level field d:
development of an u dy flow model. This may also require
accounting for existing storage structures within the watershed study
area.

2.3.2. Limit of the study shall be the point downstream where the site is
II % of the total contributing drainage area. POAs shall be
established at the site boundary and all hydrauli uctures 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 Project Application Meeting

ing must indicate no adverse impa
elevations and/or areas of inund
For purposes of this policy, “no ad
0.05’ increase in water surface elevations in channe
headwater at hydraulic structures for all points of investi

Article 3.02.2.2, Technical Document
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