
 
 

Training Session 6A: 
Stormwater Assessment Study 

&  
Stormwater Assessment Report 

       

Revisions to the 
Delaware Sediment & Stormwater 

Regulations 



 
 

Stormwater Assessment Study 



 
 

Stormwater Assessment Study 

• Documents 
– Narrative of existing 

• Downstream 
• 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 



 
 

Tools for Preparing SAS: 
DNREC ArcGIS Online App 



 
 



 
 



 
 



 
 



 
 

USGS StreamStats 



 
 

NRCS Web Soil Survey (WSS) 



 
 

NRCS Web Soil Survey (WSS) 



 
 

NRCS Web Soil Survey (WSS) 



 
 

Existing Hydrology GIS Mapping 

• Aerial photography with parcel 
boundary 

• 2007 LULC 
• State Wetland Mapping 
• FEMA Floodplain Mapping 
• Tax Ditches with ROW 
• 2’ Contours 



 
 

• NHD Streams & Water Features 
• Existing Drainage Features Map 

– Flow Paths 
– Onsite subareas 
– Offsite subareas 
– POAs 

• HSG Mapping 
• Runoff Reduction Feasibility 

Existing Hydrology GIS Mapping 



 
 



 
 



 
 



 
 



 
 



 
 



 
 



 
 



 
 

 

Project Application Meeting 

• Discussion Items 
• Agreement Items 
• Review Stormwater 

Assessment Report 
• Sign minutes 



 
 

Discussion Items 

• TMDL Watershed 
• Groundwater Mapping 
• Watershed Master Plan 
• Tax Ditches 
• Proposed Grading 
• Review area authority  

– Delegated Agency/DelDOT/DNREC 
• Review Fees 
• NOI & NOI Fees 



 
 

Agreement Items 

• 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 

 • Anticipated 
Engineering Effort 
– Minor 
– Moderate 
– Significant 



 
 

Stormwater Assessment Report 



 
 

Stormwater Assessment Report 



 
 

Soils 

• Percentage of soils having limitations to 
development 
– Minor:  <15% 
– Moderate: 15% - 50% 
– Significant: >50% 



 
 

Broadkill Estates Soils 

• Depth to water table 
mapping 

• 30cm:  
– Klej-Galloway (KgB) 

= 15.6 ac 
• 61cm:  

– Hammonton (HnA) = 
7.5 ac 

– Pepperbox-Rosedale 
(PsA) = 20.9 ac 

 



 
 

Broadkill Estates Soils 

• From NRCS Web Soil Survey 
– Depth to water table < 100 cm 

• 44 ac 
• 41% 

• Moderate Rating  



 
 

Stormwater Assessment Report 

 • Soils - Moderate 

 



 
 

Runoff Potential 
Change in Land Cover 
(trees/meadow removed) 

 
• Minor: <25% 
• Moderate: 25% - 50% 
• Significant: >50%  

Proposed Impervious 
Area 

 
• Minor: <25% 
• Moderate: 25% - 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 

 • Soils – Moderate 
• Runoff Potential - 

Minor  

 



 
 

Water Resource Protection 

• Runoff Reduction Feasibility rating 
– Low or Low-Mod rating of developed area 
– Minor: <15%  
– Moderate: 15% - 50% 
– Significant: >50% 



 
 



 
 

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 

 • Soils – Moderate 
• Runoff Potential – Minor 
• Water Resource 

Protection - Moderate 
 

 

 



 
 

Sump Conditions 

• Closed 2’ contours 
• Runoff collects without direct discharge 



 
 



 
 

Broadkill Estates  
Sump Conditions 

• Approximately 7 acres 
• 6.5% 
• Moderate Rating 



 
 

Stormwater Assessment Report 

 • Soils – Moderate 
• Runoff Potential – Minor 
• Water Resource 

Protection – Moderate 
• Sump Conditions - 

Moderate 

 

 

 

 



 
 

Discharge Points 

• Number of 
Discharge Points 
with problems  
 
– Minor: 0 
– Moderate: 1 
– Significant: >1 

• Percentage of site 
area draining to 
problem discharge 
point 
– Minor: <10% 
– Moderate: 10%-50% 
– Significant: >50% 



 
 

Broadkill Estates  
Discharge Point 



 
 

Stormwater Assessment Report 

 • Soils – Moderate 
• Runoff Potential – Minor 
• Water Resource 

Protection – Moderate 
• Sump Conditions – 

Moderate 
• Discharge Points - 

Minor 

 

 

 
 

 



 
 

Off-Site Drainage Areas 

• Offsite area relative to site area 
– Minor: <25% 
– Moderate: 25% - 50% 
– Significant: >50% 



 
 



 
 



 
 

Broadkill Estates  
Off-Site Drainage  

• Approximately 50.8 acres 
– Draining onto the site 
– Could be captured by onsite BMPs 

• 47% offsite area relative to site area 
• Moderate Rating 



 
 

Stormwater Assessment Report 

 • Soils – Moderate 
• Runoff Potential – Minor 
• Water Resource Protection – 

Moderate 
• Sump Conditions – 

Moderate 
• Discharge Points – Minor 
• Off-Site Drainage - Moderate 

 

 

 
 

 

 



 
 

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 

 • 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 

• Options: 
– Over-management 
– Off-site 

Improvements 
– Easement(s) 
– Offset Option 

• Broadkill Estates 
– No “Significant” 
– Not Applicable 

 

 

 
 

 

 
 

 



 
 

Complete SAR 

 

 

 
 

 

 
 

Broadkill Estates 
I. M. A. Developer 

GreenTech Consultants 

DNREC Sediment & Stormwater Program 
Elaine Webb 

10/16/13 



 
 

Questions? 



 
 

Training Session 6B: 
Broadkill Estates Example 

Site Analysis for RPv, Cv & Fv 
       

Revisions to the 
Delaware Sediment & Stormwater 

Regulations 



 
 

Broadkill Estates 



 
 

Concept Level Analysis 



 
 

Broadkill Estates Soils Data 



 
 

Broadkill Estates – Land Use 



 
 

In the Beginning… 



 
 

Site Design 



 
 

Site Design w/ Soils 



 
 

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 
• HSG A: 0.95 ac. 
• HSG B: 0.22 ac. 
• HSG C: 3.11 ac. 



 
 

Broadkill Estates – C.A. RCN 
Offsite Crop – 7.08 Acres 

Proposed On-Site Drainage 



 
 

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 



 
 

Broadkill Estates – OLOD 



 
 

Design Level Analysis 
BMP Choices 

• 8-B Grassed Channel 

• 2-A Bioretention w/ Underdrain 
– 13,550 Cu. Ft. 



 
 

Broadkill Estates – RPv 



 
 

Broadkill Estates – TMDL 



 
 

Broadkill Estates – Cv 



 
 

Broadkill Estates – Fv 



 
 

Broadkill Estates – Report 



 
 

Questions? 



 
 

Options for Cv & Fv Compliance 

Option 1, Standards-
based Unit Discharge 
(cfs/ac) 
– Only projects that receive 

All Minor 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  Calculations 
shown for informational 
purposes only! 



 
 

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: 0 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 * 116.19 ac = 87.14 cfs 
» 100-YR: 2.25 cfs/ac * 116.19 ac = 261.43 cfs 

 
 

 
 
 

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 

 
– Woodland/Meadow 

» 10-YR: 0.375 cfs/ac * 5.27 ac = 1.98 cfs 
» 100-YR: 1.25 cfs/ac* 5.27 ac = 6.64 cfs 

 
 

 
 
 

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 

 
– Woodland/Meadow 

» 10-YR: 0.375 cfs/ac * 5.27 ac = 1.98 cfs 
» 100-YR: 1.25 cfs/ac* 5.27 ac = 6.64 cfs 

 
– HSG-A Woods 

» 10-YR: 0 cfs/ac * 17.64 ac = 0 cfs 
» 100-YR: 0.25 cfs/ac * 17.64 ac = 4.41 cfs 
 
 

 
 
 

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 

 
– Woodland/Meadow 

» 10-YR: 0.375 cfs/ac * 5.27 ac = 1.98 cfs 
» 100-YR: 1.25 cfs/ac* 5.27 ac = 6.64 cfs 

 
– HSG-A Woods 

» 10-YR: 0 cfs/ac * 17.64 ac = 0 cfs 
» 100-YR: 0.25 cfs/ac * 17.64 ac = 4.41 cfs 
 

– Total Allowable Unit Discharge 
» 10-YR: 104.33 cfs + 1.98 cfs + 0 cfs = 89.12 cfs 
» 100-YR: 312.98 cfs + 6.64 cfs + 4.41 cfs = 272.48 cfs 
» (For a Total of 139.10 ac) 
 

 
 
 

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



 
 

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

Total Site Discharge 
for the Combined Site 

» 10-YR Allowable Discharge = 89.12 cfs 
» 10-YR HEC-HMS Discharge = 186.8 cfs 

X   No Compliance 
Either provide detention storage to reduce the peak 
outflow, or proceed to Option 2, Level 1 analysis 
  

 



 
 

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

Total Site Discharge 
for the Combined Site 

» 10-YR Allowable Discharge = 272.48 cfs 
» 10-YR HEC-HMS Discharge = 461.5 cfs 

X   No Compliance 
Either provide detention storage to reduce the peak 
outflow, or proceed to Option 2, Level 1 analysis 
  

 



 
 

• Option 2 
– Performance-based 
– Criteria based on: 

• hydrograph timing 
• channel stability 
• system 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, Performance-Based H&H Analysis 



 
 

– Level 1: Peak 
comparison 

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 no adverse impact due to coincidental 
peaking effects. For purposes of this policy, “no adverse 
impact” shall mean that the 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 impacts.  
 

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 no adverse impact due to coincidental 
peaking effects. For purposes of this policy, “no adverse 
impact” shall mean that the 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 impacts.  
 

 
 
 
 
 

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 
hydrograph 

AND… 
    Developed site 

hydrograph inflection 
point occurs before 
peak of the upstream 
hydrograph 

 

 

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

Peak Developed Site 
Less than Peak 

Upstream Point of Inflection 
Developed is Before 
Peak of Upstream 



 
 

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

Upstream 

1 

2 

3 

4 

5 

6 

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



 
 

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

Delineate from a 
Point (upstream 

end of site) 

Download as 
SHP file and 
Import into 
CAD/GIS 

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



 
 

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

1 

2 

3 

4 

5 

6 

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



 
 

• 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) 

 
• 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 



 
 

Need to Compare 
Hydrographs from the 
Combined Site to the 

Reach of the Upstream 
Area through the Site 

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



 
 

Combined Site Peak is 
Not Less Than the 

Upstream Peak for the 
Cv (10-Year)  

X 

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



 
 

Combined Site Peak is 
Not Less Than the 

Upstream Peak for the 
Fv (100-Year)  

X 

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



 
 

    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) 

X 

? 

Peak of 
Combined Site 

Greater than Peak 
of Upstream 

Does Inflection Point 
of Combined Site 

Occur Before Peak 
of Upstream? 

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



 
 

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

0.4665 Tc (STD) 
0.5665 Tc (DMV) 

Tpeak X Tc 

Tinf 

0.4335 Tc 

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



 
 

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 

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



 
 

Combined Site Time of 
Inflection Point is Less 

Than the Time of 
Upstream Peak for the 

Fv (100-Year)  
 

13:03 < 13:22 

 

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

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



 
 

    Developed site 
hydrograph peak less 
than peak of upstream 
hydrograph 

AND… 
    Developed site 

hydrograph inflection 
point occurs before 
peak of the upstream 
hydrograph 

    

X 

 

X = 

Inflection Point of 
Combined Site 

Occurs Before Peak 
of Upstream 

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

    At this point, detention 
storage could be added until 

compliance is met, or 
Proceed to Level 2 analysis 

    



 
 

• 3 Increasing Levels 
of Detail 
– Level 1: Peak 

comparison 
– Level 2:  

a. Pre vs. Post 
comparison (peak 
rate and volume); 
or 

b. Steady flow water 
surface analysis 

Article 3.02.2.2, Technical Document 

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

 



 
 

Procedure for Conducting Hydrologic & Hydraulic 
Analyses for Preliminary Sediment & Stormwater Plans, 
Sect. 2.2.3.1: 
 
The runoff volume based on the NRCS Runoff Curve 
Number (RCN) and the rate of runoff based on the 
calculated peak discharge for the post-developed 
condition does not exceed that of the pre-developed 
condition;  

Options for Cv & Fv Compliance 
Option 2, Level 2-a Pre vs Post Comparison 

At the Site Level, but including any offsite 
areas that contribute to a BMP 



 
 

Options for Cv & Fv Compliance 
Option 2, Level 2-a Pre vs Post Comparison 

Post Pre 

Comparing the Site in Pre-Condition (with any 
adjacent offsite areas) to the Combined Site in Post 
Developed Condition (also including adjacent offsite 

areas that get routed through the BMP) 



 
 

Post Runoff 
Volume Does Not 
exceed Pre for the 
Cv (10-yr), but the 

Post Peak 
Discharge Does 

X 

Post 

Pre 

Options for Cv & Fv Compliance 
Option 2, Level 2-a Pre vs Post Comparison 



 
 

Post Runoff 
Volume Does Not 
exceed Pre for the 

Fv (100-yr), but 
the Post Peak 

Discharge Does 

Post 

Pre 

X 

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. 2.2.3.2: 
 
Steady flow hydraulic modeling must indicate no adverse 
impacts to headwater, water surface elevations and/or 
areas of inundation at designated POAs.  For purposes of 
this policy, “no adverse impact” shall mean less than 0.05’ 
increase in water surface elevations in channels and/or in 
headwater at hydraulic structures for all points of analysis.  
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: 
 
Limit of the study shall be the point downstream where 
the site is 10% of the total contributing drainage area.  
Points of Analysis (POAs) 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 



 
 

• Data from HEC-HMS is 
entered into 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 
Option 2, Level 2-b Steady Flow Water Surface Model 



 
 

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… 

POA-Downstream 

POA-Site 

POA-Road Xing 

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



 
 

…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.   

POA-Downstream 

POA-Site 

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



 
 

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.   

POA-Downstream 

POA-Site 

POA-Road Xing 

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



 
 

“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 
hydraulic model consists of three (3) cross sections.  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) 

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



 
 

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



 
 

For the cross-sections, I 
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) 

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



 
 

HEC-RAS model set up 
using the 3 site cross-
sections, and the pre 
and post developed 
flows from HEC-HMS  

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



 
 

Pre-Developed water 
surface elevations (in 
red) for 10 and 100-yr 
are greater than the Post 
Developed (in blue) 

Post Runoff Water 
Surface Elevations 
Do Not Exceed the 
Pre Water Surface 

Elevations by 
More than 0.05’ 

 

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



 
 

• Section 2.2.3.2 
… If impacts are 
uncertain, proceed to 
Level 3 or provide more 
storage onsite. 

Article 3.02.2.2, Technical Document 

Options for Cv & Fv Compliance 
Option 2, Level 3 Un-Steady Flow Water Surface Model 
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