
 
 

Training Session 3: 
Plan Review Process 

       

Revisions to the 
Delaware Sediment & Stormwater 

Regulations 



 
 

Delaware Sediment & 
Stormwater Regulations 

Section 3.1  
All projects requiring approval of a 
detailed Sediment and Stormwater 
Management Plan are subject to a 
three-step approval process. 



 
 



 
 

Step 1: 
Project Application Meeting 

• Consultant uses Stormwater 
Assessment Study (SAS) Checklist 
Items to compile report 
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Tools for Preparing SAS: 
Delaware DataMIL 



 
 

Tools for Preparing SAS: 
DNREC ArcGIS Online App 



 
 

Tools for Preparing SAS: 
DNREC ArcGIS Online App 



 
 

Runoff Reduction Feasibility Mapping 

Delaware Geological Survey RI-66 Delaware Geological Survey RI-73 



 
 

“Runoff Reduction Feasibility” 

Wet Depth to WT Excellent Good Fair Poor
0 - 3' Low Low Low Low
3' - 6' Mod Mod Low-Mod Low

>6' High Mod-High Low-Mod Low

Recharge Class



 
 

Example Runoff Reduction 
Feasibility Project Map 



 
 

Tools for Preparing SAS: 
USGS Delaware StreamStats 



 
 

Tools for Preparing SAS: 
NRCS Web Soil Survey (WSS) 
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Step 1: 
Project Application Meeting 

• Consultant uses Stormwater 
Assessment Study (SAS) Checklist 
Items to compile report 

• SAS submitted to DA 
• DA checks for completeness and 

schedules Project Application Meeting 
• Consultant and Agency Staff Conduct 

Project Application Meeting Based On 
Discussion and Agreement Items 

• Project Application Meeting Concludes 
with Completion of Stormwater 
Assessment Report (SAR) 

• Delegated Agency Forwards SAR to 
Appropriate Land Use Authority 
 
 

 

 

 
 
 

 
 

Delegated Agency 

P. M. Won 
mm-dd-yyyy 



 
 

Step 2: 
Preliminary Sediment & SW Plan 

• Consultant uses Checklist to 
prepare the Preliminary Sediment 
& SW Plan 

– Schematic Construction Site 
Stormwater Management Plan 
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Step 2: 
Preliminary Sediment & SW Plan 

• Consultant uses Checklist to 
prepare the Preliminary Sediment 
& SW Plan 

– Schematic Construction Site 
Stormwater Management Plan 

– Stormwater Management Report 
w/Drainage Area Plans 
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Step 2: 
Preliminary Sediment & SW Plan 

• Preliminary SWM Design 
– DURMM v.2 comps for 

Resource Protection Event 
(RPv) 

– Hydrologic analysis for 
Conveyance Event (Cv) 

– Hydrologic analysis for 
Flooding Event (Fv) 



 
 

Step 2: 
Preliminary Sediment & SW Plan 

• Preliminary SWM Design 
– DURMM v.2 comps for 

Resource Protection Event 
(RPv) 

– Hydrologic analysis for 
Conveyance Event (Cv) 

– Hydrologic analysis for 
Flooding Event (Fv) 



 
 

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 



 
 

• Option 1  
– Standards-based 

• Unit Discharge 
– Based on 2007 LULC 
– 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 



 
 

Unit Discharge Example 

Article 3.02.2.6, Technical Document 



 
 

• Option 1 
– Standards-based 

• Unit Discharge (cfs/ac) 

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

• hydrograph timing 
• channel stability 
• system capacity 

– H&H analysis required 
• 3 levels of increasing detail 

Options for Cv & Fv Compliance 



 
 

Procedure for H&H Analysis 

• 3 Increasing Levels 
of Detail 
– Level 1: Peak 

comparison 

Article 3.02.2.2, Technical Document 

 



 
 

Example: Level 1 H&H Analysis 

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.   



 
 

HEC-HMS Hydrologic Model 



 
 

Example: Level 1 H&H Analysis 



 
 

Example: Level 1 H&H Analysis 

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.  
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Example: Level 1 H&H Analysis 

    Developed site 
hydrograph peak less 
than peak of upstream 
hydrograph 

AND… 
    Developed site 

hydrograph inflection 
point occurs before 
peak of the upstream 
hydrograph 

 

? 



 
 

Significance of the Inflection Point 

• Volume @ Tp 
– Std. UH: 37.5% 
– DMV UH: 22% 

• Volume @ Tinf 
– Std. UH: ~79% 
– DMV UH: ~63% 

 



 
 

River Hydraulics: Hysteresis Effect 
(a.k.a., “Looped Rating Curve”) 

EL1 

EL2 

t2 

t1 

t1 t2 



 
 

NRCS Hydrograph Theory 



 
 

NRCS Hydrograph Theory 



 
 

NRCS Hydrograph Theory 



 
 

HEC-HMS Hydrologic Model 



 
 

Level 1 H&H Analysis : 
What if Can’t Show Compliance? 



 
 

H&H Analysis Procedure 

• Section 2.1.3 
… If compliance 

cannot be 
demonstrated, 
proceed to 
Level 2. 

Article 3.02.2.2, Technical Document 



 
 

H&H Analysis 

• 3 Increasing Levels 
of Detail 
– Level 1: Peak 

comparison 
– Level 2:  

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

• Steady flow WS 
analysis 

Article 3.02.2.2, Technical Document 

 



 
 

Level 2 H&H Analysis 

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. 



 
 

Level 2 H&H Analysis 



 
 

Example: Level 2 H&H Analysis 

Procedure for Conducting Hydrologic & Hydraulic 
Analyses for Preliminary Sediment & Stormwater Plans, 
Sect. 2.2.3: 
 
To comply at this level of analysis, 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.  



 
 

Example: Level 2 H&H Analysis 

POA-1 

POA-0 



 
 

Example: Level 2 H&H Analysis 

“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) 



 
 

Level 2 H&H Analysis 

• Hydrologic Model 
– Upstream 
– +Downstream 
– Site 

• Pre-Developed 
• Post-Developed 

• Hydraulic Model 
– Steady flow 
– Peak discharge 



 
 

Level 2 H&H Analysis: 
HecRAS Profile Output Table 



 
 

H&H Analysis Procedure 

• Section 2.2.3.2 
… If impacts are 
uncertain, proceed to 
Level 3. 

Article 3.02.2.2, Technical Document 



 
 

Level 3 H&H Analysis 

• Hydrologic Model 
– Upstream 
– Downstream 
– Site 

• Pre-Developed 
• Post-Developed 

• Hydraulic Model 
– Unsteady flow 
– Hydrograph 



 
 

H&H Analysis Procedure 

• Section 2.3.3 
… If the “no adverse 
impact” condition can 
not be met, a remedy 
must be provided in 
accordance with Section 
3 of this policy. 

Article 3.02.2.2, Technical Document 



 
 

H&H Analysis Procedure 

• Section 3. Remedy 
– 3.1 Option 1: Modify 

detention design so that 
the downstream condition 
meets the “no adverse 
impact” as defined in 
Section 2 of this policy. 

– 3.2 Option 2: Improve 
existing downstream 
conveyance system so that 
the downstream condition 
meets the “no adverse 
impact” defined above. 

Article 3.02.2.2, Technical Document 



 
 

H&H Analysis Procedure 

• NOTE: 
– The methodology is 

based on increasing 
level of detail, which 
presumably equates to 
increasing costs 

– HOWEVER, there is no 
requirement to follow 
the methodology in 
strict order 

Article 3.02.2.2, Technical Document 



 
 

Step 3: 
Sediment & SWM Plan 

• Final Stormwater 
Management Report 

• Consultant uses Checklist 
to prepare the Sediment 
& SWM Plan 
– Final construction plans 
– Details for all ESC/SWM 

practices 
– Should be capable of 

acting as a stand-alone 
plan!!! 



 
 

Step 3: 
Sediment & SWM Plan 



 
 

Step 3: 
Sediment & SWM Plan + O&M Plan  

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=zpCBoZw7y0sZQM&tbnid=O2vb_Js3m_fhVM:&ved=0CAUQjRw&url=http://www.milehighcomp.com/services/stormwater-compliance/&ei=ewlYUsfSF-Ll4AOy7oC4Dg&bvm=bv.53899372,d.dmg&psig=AFQjCNEEVQPmb_kU9N0-A--53a_Cri286A&ust=1381587609756991
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=f6yqjQyMhrxeEM&tbnid=szkhxAUV88xlJM:&ved=0CAUQjRw&url=http://chesapeakestormwater.net/2013/09/stormwater-inspection-and-maintenance-workshop/&ei=oA1YUvDZGvKs4APN4IH4Cg&bvm=bv.53899372,d.dmg&psig=AFQjCNEEVQPmb_kU9N0-A--53a_Cri286A&ust=1381587609756991


 
 



 
 

Operation & Maintenance (O&M) Plan 
• The O&M Plan is submitted with the initial Sediment and 

Stormwater Plan for review 
• At the completion of construction, the O&M Plan is re-

submitted for approval to ensure that any changes 
throughout construction have been included 

• The stormwater facility’s Post-Construction Verification 
Plan becomes part of the O&M Plan 
o There should be one stormwater facility per sheet in 

the O&M Plan 
o The “as-built” information should be contained on the 

same page as the SW facility O&M notes 
• The O&M Plan is extracted from the Sediment and 

Stormwater Plan and it stands alone as a Plan that does 
not expire  
 

 



 
 

Post-Construction Verification Plan 
+ Operation & Maintenance Plan 



 
 

QUESTIONS? 



 
 

Training Session 3: 
Stormwater Assessment Study 

&  
Stormwater Assessment Report 

       

Revisions to the 
Delaware Sediment & Stormwater 

Regulations 



 
 

Example 
Stormwater Assessment Study 



 
 

Stormwater Assessment Study 

• Documents 
– Narrative of existing 

• Downstream 
• POA’s 
• Photographs 

– Narrative of proposed 
– DelDOT Drainage Concerns 



 
 

Online Background Information 

• Stormwater Assessment Study GIS 
Mapping – each layer 

• StreamStats Map 
• StreamStats Basin Characteristics 

Report 
• Customized Web Soil Survey 
• DelDOT Road Plans 



 
 

Tools for Preparing SAS: 
Delaware DataMIL 



 
 

Tools for Preparing SAS: 
DNREC ArcGIS Online App 



 
 



 
 



 
 



 
 



 
 



 
 



 
 



 
 



 
 



 
 



 
 

USGS StreamStats 



 
 

USGS StreamStats 



 
 

USGS StreamStats 



 
 

USGS StreamStats 



 
 

NRCS Web Soil Survey (WSS) 



 
 

NRCS Web Soil Survey (WSS) 



 
 

NRCS Web Soil Survey (WSS) 



 
 

Existing Hydrology Mapping 

• Flow Paths 
• On-site Subareas 
• Off-Site Subareas 
• Site points of analysis 



 
 

SAS Submittal Requirements 

• A. Documents 
• B. Online Background Information 
• C. Existing Hydrology Mapping 
• D. Completed Stormwater Assessment 

Report (SAR) 
 



 
 

Stormwater Assessment Report 

 • Anticipated 
Engineering Effort 
– Minor 
– Moderate 
– Significant 



 
 

Stormwater Assessment Report 



 
 

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% 

Wet Depth to WT Excellent Good Fair Poor
0 - 3' Low Low Low Low
3' - 6' Mod Mod Low-Mod Low

>6' High Mod-High Low-Mod Low

Recharge Class



 
 



 
 

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 
 

 

 



 
 

Water Resource Protection – 
New Castle County 



 
 

Water Resource Protection – 
Areas Not Mapped in NCCounty 

• Rating criteria for areas not mapped: 
– Water Table <36”, OR 
– HSG “C” or “D” soils 

• Minor: <15% site area 
• Moderate: 15% - 50% site area 
• Significant: >50% site area 

Wet Depth to WT Excellent Good Fair Poor
0 - 3' Low Low Low Low
3' - 6' Mod Mod Low-Mod Low

>6' High Mod-High Low-Mod Low

Recharge Class



 
 

Sump Conditions 

• Closed 2’ contours 
• Runoff collects without direct discharge 
• Rating Criteria: 

– Minor: 0% site area drains to sumps 
– Moderate: <50% site area drains to sumps 
– Significant: >50% site area drains to sumps 



 
 



 
 

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: 0% 
– Moderate: <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 

• Areas that could adversely affect 
stormwater management for project 

• 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 

 

 

 
 

 

 
 



 
 

SAS Submittal Requirements 

• A. Documents 
• B. Online Background Information 
• C. Existing Hydrology Mapping 
• D. Completed Stormwater Assessment 

Report (SAR) 
 



 
 

 

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 



 
 

Mitigation for “Significant” Ratings 

• Options: 
– Over-management 
– Off-site 

Improvements 
– Easement(s) 
– Offset Option 

• Broadkill Estates 
– No “Significant” 
– Not Applicable 

 

 

 
 

 

 
 

 



 
 

Complete SAR 

• Forwarded to local 
approval agency 

• Regs Sect 3.2.5 
 

 

 
 

 

 
 

Broadkill Estates 
I. M. A. Developer 

GreenTech Consultants 

DNREC Sediment & Stormwater Program 
Elaine Webb 

10/16/13 

 



 
 

Questions? 
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