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Section 1 – Introduction 
 
This report provides a comparative analysis of stormwater management (SWM) design for an 
existing commercial site that was approved and constructed under Delaware’s existing Sediment 
and Stormwater Regulations and the same site designed using the Delaware Urban Runoff 
Management Model v2 (DURMM v2).  This report presents a summary of the approved SWM 
design (DURMM v1) and detailed SWM design using DURMM v2.  DURMM v2 references 
within this report refer to the latest version provided by DNREC at the generation of this report, 
DURMM_v2_beta_110802.   The primary objective of this analysis was to identify stormmwater 
management and related site approach and design changes associated with the DURMM v2 and 
the revised Sediment and Stormwater regulations (versus the existing regulations).  Specifically 
this report presents: a summary of the approved SWM design (DURMM v1); detailed 
stormwater management design using DURMM v2; evaluation of compliance with: runoff 
reduction; the Resource Protection Event (RPv), Conveyance Event (Cv) and Flood Event (Fv); a 
conceptual stormwater management design using DURMM v2 output; and a comparison of 
SWM design using DURMM v1 and DURMM v2.  
 
1.1 Project Description 
 
The previously approved SWM report and associated modeling results for this project are 
provided in Appendix 1 & 2 of this report. It provides all of the information regarding the 
original pre-post analysis of the site and the stormwater management approach utilized. The 
purpose of this project was to remove an existing 1,185 square foot office building and stone 
parking area and construct a 5,700 square foot two story office building and adjacent parking lot. 
 
The soils information for the project is found in the USDA Soil Conservation Service Soil 
Survey for New Castle County, Delaware (1970).  The site is mapped as having a small portion 
of Matapeake Silt Loam Series (MeB2), in soils group B, but the site is predominately the Elkton 
Silt Loam Series (EmA), in soils group C\D.  The Elkton Silt Loam series is described as poorly 
drained and therefore, soils group D was used for that portion of the site to be conservative.  
 
Three separate DURMM Modeling and design scenarios are presented: 

• The “Approved” and Constructed (As-Built) Plan (DURMM v1); 
• DURMM v2 Model using the Constructed/As-Built Stormwater Management Facilities; 

and 
• DURMM v2 Model using Redesigned Stormwater Management Facilities (to comply 

with new Sediment and Stormwater Regulations) 
 

1.1.1 “Approved” and Constructed (As-Built) Plan (DURMM v1) 
 
Stormwater quality and quantity management of the plan previously approved for this site 
were achieved using a bioretention facility with an overflow storage area.  The approved 
site plan can be found in appendix 1 and a detailed description of the facility design can 
be found in section 2.1.3 of this report. 
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Additional details of the approved SWM design are included in Appendix 1 and 2. 
 
1.1.2 DURMM v2 Model using the Constructed/As-Built Stormwater Management 

Facilities 
 
The post-development flows as presented in Table 2 were routed through the as-built 
bioretention area using DURMM v2.  The model results were then reviewed to evaluate 
compliance with the following requirements as proposed in the new Sediment and 
Stormwater Regulations: 

• Runoff Reduction; 
• Resource Protection Event (RPv); 
• Total Maximum Daily Loads (TMDLs); 

o Total Suspended Solids; 
o Total Nitrogen; and 
o Total Phosphorus. 

 
The revised Cv and Fv runoff curve numbers (RCN’s) generated in the DURMM v2 
model were then used in new  HydroCAD H&H model runs to establish allowable Cv 
and Fv discharge rates and storage requirements.  
 
Sizing of the as-built stormwater management facility was then reviewed to evaluate its 
ability to safely contain and manage the runoff generated.  In addition, the as-built facility 
originally utilized exfiltration as a component of the design, however the advent of the 
revised RCN for the Cv and Fv events is meant to account for infiltration taking place, so 
the exfiltration outlet was removed from the hydraulic model.   
 
Results of the model indicated that the as-built stormwater management facilities met the 
RPv requirements but were inadequate to meet some of the TMDL requirements, and the 
Cv and Fv requirements for the entire site.  In addition, the as-built facility did not nhave 
adequate storage to successfully manage the Fv storm event. 
 
1.1.3 DURMM v2 Model using Redesigned Stormwater Management Facilities (to 

comply with new Sediment and Stormwater Regulations) 
 
The final stage in the DURMMv2 analysis was to conceptualize what changes could be 
made to the site design to maximize the runoff reduction and to obtain compliance with 
the TMDL’s for the site.   
 
As with the previous scenario, the post-development flows as presented in Table 2 were 
routed through the as-built bioretention area using DURMM v2.   Based on DURMM v2 
model results, new stormwater management facilities were design to comply with the 
following requirements as proposed in the new Sediment and Stormwater Regulations: 

• Runoff Reduction; 
• Resource Protection Event (RPv); 
• Total Maximum Dail Loads (TMDLs); 
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o Total Suspended Solids; 
o Total nitrogen; and 
o Total Phosphorus. 

 
The new stormwater management approach and facilities consist of a treatment train of 
impervious disconnection, a filter strip, a biofiltration swale and a bioretention facility.  

 
Similarly, the revised Cv and Fv runoff curve numbers (RCN’s) generated in the 
DURMM v2 model were then used in new  HydroCAD H&H model runs to establish 
allowable Cv and Fv discharge rates and storage requirements.  As modeled in the 
previous scenario, the exfiltration outlet was removed from the hydraulic model.   
 
Based on the allowable discharge rates and storage requirements, the new bioretention 
facility’s storage volume was designed. 
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Section 2 – DURMM v2 and HydroCAD Modeling 
 
2.1 “Approved” and Constructed (As-Built) Plan (DURMM v1) 
 
Stormwater quality and quantity management were achieved using a bioretention facility with an 
overflow storage area.  The bioretention facility was designed in accordance with the criteria set 
forth in the Delaware Urban Runoff Management Model (DURMM v1).   
 

2.1.1 Pre-Developed Conditions 
 
There are four major points of analysis for the pre-developed site (Refer to associated 
plan sheets in Appendix 1).  The site is relatively flat and has a slight ridge in the center 
splitting the site into four areas draining to each side of the property. There is an existing 
1,185 square foot building, driveway and stone parking area covering most of the site.  
There is little off-site drainage contributing to this project site.  
 
All stormwater management calculations were performed using methods outlined in the 
SCS Publication on Urban Hydrology for Small Watersheds, Technical Release 55, (TR-
55) and computed by HydroCAD software.  The approved detailed stormwater report is 
presented in Appendix 2. 
 
Table 1 illustrates the peak discharge runoff rates and volume for the 2, 10 and 100 year 
storm events in the pre-developed conditions evaluated for each subarea and at the four 
main points of analysis on the site.  
 

Table 1 – Pre-Development Summary 
  2 year              10 year             100 year            
Analysis Point Q (cfs) V (ac-ft) Q (cfs) V (ac-ft) Q (cfs) V (ac-ft) 

1 0.58 0.041 1.13 0.079 2.29 0.163 
2 0.04 0.002 0.08 0.004 0.16 0.008 
3 0.14 0.007 0.28 0.014 0.58 0.029 
4 0.84 0.041 1.58 0.077 3.13 0.158 

 
2.1.2 Post-Developed Conditions 

 
The post-development site will have three major points of analysis. The majority of 
runoff from the post-developed site discharges to Analysis Point #1 (Refer to associated 
plan sheets in Appendix 1). Runoff to all other analysis points WAS significantly reduced 
or eliminated in post-development. The existing building and stone parking area was 
removed and replaced by the 5,700 square foot building and adjacent paved parking lot.   
Runoff from the post-development site will be in the form of sheet flow and discharge to 
a proposed bioretention area (Post-Development Drainage Plan – Appendix 1). 
 
The bioretention area will discharge through a traditional outlet structure which ties into a 
proposed drainage inlet at Analysis Point #1.  The existing inlet will be removed because 
its location interferes with the new entrance and conflicts with the waterline.  Subarea 2 
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and Subarea 3 will discharge to the existing Analysis Points #2 and #3 respectively. The 
area originally discharging to Analysis Point #4 will be discharging to the new drainage 
inlet at Analysis Point #1. 
 
Table 2 illustrates the peak discharge runoff rates and volume for the 2, 10 and 100 year 
storm events in the post-developed conditions evaluated for each subarea and at the 
points of analysis on the site.  The post-development calculations can be found in 
Appendix B of this report.  The approved detailed stormwater report is presented in 
Appendix 2. 

 
Table 3 – Post-Development Summary 

  2 year              10 year             100 year            
Analysis Point Q (cfs) V (ac-ft) Q (cfs) V (ac-ft) Q (cfs) V (ac-ft) 

1 0.38 0.113 0.82 0.195 2.14 0.363 
3 0.14 0.007 0.26 0.013 0.52 0.026 
4 0.11 0.005 0.22 0.011 0.44 0.022 

 
 

2.1.3 Stormwater Management 
 
Stormwater quality and quantity management were achieved using a bioretention facility 
with an overflow storage area (Post-Development Drainage Plan – Appendix 1).  The 
bioretention facility was designed in accordance with the criteria set forth in the 
Delaware Urban Runoff Management Model (DURMM v1).  The bioretention facility is 
capable of infiltrating the entire quality storm (2” rainfall event), thus meeting the 
requirement of reducing the total suspended solids by 80%, and is designed to drain 
completely within 48 hours.  The bioretention facility has an overflow storage area to 
provide quantity management and volume control for larger storm events.  The outlet 
structure is a modified concrete inlet box which connects to the existing 30” storm drain 
located in the street adjacent to the site.   
 
The bioretention facility is capable of safely conveying the 100 year storm in the event 
that the outlet structure becomes completely clogged and the emergency spillway acts as 
the sole means of discharge from the facility.   
 

2.2 DURMM v2 Model using the Constructed/As-Built Stormwater Management 
Facilities 

 
The as-built site bioretention facility and drainage conditions as shown on the Post-
Develeopment Drainage Plan in Appendix 1 were evaluated in this scenario to determine if as-
built conditions meet the new stormwater requirements.  DURMM v2 was used to develop RPv, 
Cv and Fv values for each of the four subareas (Appendix 3).   For the runoff that is not 
infiltrated and will have to be managed for the Cv and Fv, HydroCAD runs where then 
performed using adjusted CV and Fv RCN values (Appendix 4).  DURMM v2 and HydroCAD 
model output are summarized in Tables 3 and 4. 
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Table 3 – DURMM v2 Summary 
 SubArea 1 SubArea 3 SubArea 4 SubArea 5 
Site Data      
Contributing area to BMPs (ac.) 0.58 0.056 0.047 0.082  
C.A. RCN 89 80 80 86  
Subarea LOD (ac) 0.58 0.056 0.047 0.0385  
TMDL-TN (lbs/ac/yr) 5.70 5.70 5.70 5.70  
TMDL-P (lbs/ac/yr) 0.35 0.35 0.35 0.35  
TMDL-TSS (lbs/ac/yr) N/A N/A N/A N/A  
BMP Selection Bio- 

retention 
Impervious 

Disconnection 
Impervious 

Disconnection 
Imperv.
Disconn. 

Filter 
Strip 

      
Resource Protection Event (RPv)      
RPv for contributing area 1.90 1.39 1.41 1.73   
Required Rpv Reduction for contributing area (in) 0.56 0.06 0.04 0.42   
Required Rpv Reduction for contributing area (%) 29% 5% 3% 24%   
C.A. allowable discharge rate (cfs) 0.05 0.00 0.00 0.00  
Unmanaged pollutant load, TN (lbs/ac/yr) 12.03 8.30 8.44 10.81  
Unmanaged pollutant load, TP (lbs/ac/yr) 1.62 1.12 1.14 1.46  
Unmanaged pollutant load, TSS (lbs/ac/yr) 361 249 253 324  
BMP Reduction Performance      
     RPv runoff volume after all reductions (in) 0.49 1.27 1.29 1.58 1.38 
     Total RPv runoff reduction (in) 1.42 0.12 0.12 0.14 0.34 
     Total RPv runoff reduction (%) 74% 9% 95 8% 0.20 
     Required runoff reduction met? YES YES YES NO NO 
BMP TMDL Performance      
     Adjusted pollutant load, TN (lbs/ac/yr) 4.81 7.47 7.59 9.73 8.27 
          Required TN reduction met? YES NO NO NO NO 
     Adjusted pollutant load, TP (lbs/ac/yr) 0.81 1.01 1.02 1.31 1.12 
          Required TP reduction met? NO NO NO NO NO 
     Adjusted pollutant load, TSS (lbs/ac/yr) 92 224 228 292 248 
          Required Tss reduction met? YES YES YES YES YES 
Offset Requirements      
     RPv offset (cu. Ft) N/A N/A N/A 82 22 
      
Conveyance Event (Cv)      
Cv runoff volume (in) 3.58 2.72 2.75 3.31  
Stds-based allowable discharge (cfs) 0.44 0.04 0.04   
BMP Performance      
     Cv runoff volume after all reductions (in) 0.78 2.66 2.70 3.24 3.18 
      
Flooding Event (Fv)      
Fv runoff volume (in) 6.68 5.63 5.67 6.36  
Stds-based allowable discharge (cfs) 1.31 0.12 0.11   
BMP Performance      
     Fv runoff volume after all reductions (in) 3.88 5.63 5.67 6.36 6.36 
      
Adjusted Subarea Data for Downstream 
DURMM Modeling 

    

Contributing area (AC) 0.58 0.06 0.05 0.08 
C.A. RCN 89 80 80 86 
LOD area (ac) 0.59 0.06 0.05 0.04 
Weighted Target Runoff (in) 1.35 1.32 1.37 0.66 
Adjusted CN after all reductions 58.70 77.63 77.98 79.91 
Adjusted RPv (in) 0.49 1.27 1.29 1.48 
Adjusted Cv (in)     
Adjusted Fv (in)     
     
Adjusted Subarea Data for H&H Modeling     
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     Resource Protection Event     
          Rain (in) 2.7 2.7 2.7 2.7 
          RCN N/A N/A N/A N/A 
     Conveyance Event     
          Rain (in) 4.8 4.8 4.8 4.8 
          RCN 53.16 79.39 79.75 84.92 
     Flooding Event     
          Rain (in) 8.0 8.0 8.0 8.0 
          RCN 64.91 80 80.36 86.27 
 

Table 4 – HydroCAD Summary 
 SubArea 1 SubArea 3 SubArea 4 SubArea 5 
 Runoff 
 Q 

(cfs) 
Vol 

Ac ft 
Q 
cfs 

Vol 
Ac ft 

Q 
Cfs 

Vol 
Ac ft 

Q 
cfs 

Vol 
Ac ft 

Conveyance Event (Cv)         
     Adjusted RCN at Analysis Point 0.50 0.022 0.26 0.012 0.23 0.011 - - 
     Allowable Discharge (DURMM v2) 0.44   0.04   0.04   - - 
     Meets Allowable Discharge? NO NO NO  
Flooding Event (Fv)         
     Adjusted RCN at Analysis Point 1.18 0.190 0.54 0.026 0.45 0.022 - - 
     Allowable Discharge (DURMM v2) 1.31   0.12   0.11   - - 
     Meets Allowable Discharge? YES NO NO  
  

 
2.21 Evaluation of As-Built Stormwater Management Facilities 
 
Subarea 1 - The Bioretention facility in Subarea 1 was able to meet runoff reduction, TN 
reduction and TSS reduction requirements.  TP reduction was not met.  Cv discharge 
rates are above allowable rates as calculated by DURMM v2. Fv discharge rates are 
acceptable rates as calculated by DURMM v2. 
 
Subarea 3 – Due to the relatively small size of this subarea, impervious disconnection 
was the only feasible BMP.  Impervious ddisconnection in this subarea met the runoff 
reduction and TSS reduction requirements but not the TN reduction and TP reduction 
requirements. Cv and Fv discharge rates are above allowable rates as calculated by 
DURMM v2. 
 
SubArea 4 – Like Subarea 3, due to the relatively small size of this subarea, impervious 
disconnection was the only feasible BMP.  Impervious ddisconnection in this subarea met 
the runoff reduction and TSS reduction requirements but not the TN reduction and TP 
reduction requirements. Cv and Fv discharge rates are above allowable rates as calculated 
by DURMM v2. 
 
Subarea 5 – The size and orientation of this subarea allowed for the design impervious 
disconnection and a filter strip.  These BMPs met the TSS reduction requirements, but 
did not meet the runoff reduction, TN reduction or TP reduction requirements. Cv and Fv 
discharge rates are above allowable rates as calculated by DURMM v2. 
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2.3 DURMM v2 Model using Redesigned Stormwater Management Facilities (to 
comply with new Sediment and Stormwater Regulations) 

 
In this scenario, the site was redesigned to eliminate the small subareas areas that drain off-site.  
Accordingly, the site was regraded to allow all stormwater runoff to flow to one analysis point.  
(Refer to the plan sheets in Appendix 1).  This is a significant design change that would require 
the import of fill material.  Stormwater management was designed using a treatment train of 
impervious disconnection, a filter strip, a biofiltration swale and a bioretention facility. 
 
DURMM v2 was used to develop RPv, Cv and Fv values (Appendix 5).   For runoff that is not 
infiltrated and will have to be managed for the Cv and Fv, HydroCAD runs where then 
performed using adjusted CV and Fv RCN values (Appendix 6).  DURMM v2 and HydroCAD 
model output are summarized in Tables 5 and 6. 
 

Table 5 – DURMM v2 Summary 
 SubArea 1  
Site Data  
Contributing area to BMPs (ac.) 0.68 
C.A. RCN 88 
Subarea LOD (ac) 0.683 
TMDL-TN (lbs/ac/yr) 5.70 
TMDL-P (lbs/ac/yr) 0.35 
TMDL-TSS (lbs/ac/yr) N/A 

 

BMP Selection Impervious 
Disconnection 

Filter Strip Biofiltration 
 

Bioretention 

  
Resource Protection Event (RPv)  
RPv for contributing area 1.82 
Required Rpv Reduction for contributing area (in) 0.47 
Required Rpv Reduction for contributing area (%) 26% 
C.A. allowable discharge rate (cfs) 0.05 
Unmanaged pollutant load, TN (lbs/ac/yr) 11.42 
Unmanaged pollutant load, TP (lbs/ac/yr) 1.54 
Unmanaged pollutant load, TSS (lbs/ac/yr) 343 
BMP Reduction Performance  

 

     RPv runoff volume after all reductions (in) 1.66 1.45 1.13 0.00 
     Total RPv runoff reduction (in) 0.16 0.37 0.69 1.82 
     Total RPv runoff reduction (%) 9% 0.21 0.38 1.00 
     Required runoff reduction met? NO NO YES YES 
BMP TMDL Performance     
     Adjusted pollutant load, TN (lbs/ac/yr) 10.28 8.74 6.55 2.62 
          Required TN reduction met? NO NO NO YES 
     Adjusted pollutant load, TP (lbs/ac/yr) 1.39 1.18 0.88 0.44 
          Required TP reduction met? NO NO NO NO 
     Adjusted pollutant load, TSS (lbs/ac/yr) 308 262 197 74 
          Required Tss reduction met? YES YES YES YES 
Offset Requirements     
     RPv offset (cu. Ft) 768 249 N/A N/A 
  
Conveyance Event (Cv)  
Cv runoff volume (in) 3.44 
Stds-based allowable discharge (cfs) 0.51 
BMP Performance  

 

     Cv runoff volume after all reductions (in) 3.37 3.31 3.14 0.77 
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Flooding Event (Fv)   
Fv runoff volume (in) 6.52 
Stds-based allowable discharge (cfs) 1.53 
BMP Performance  
     Fv runoff volume after all reductions (in) 6.52 6.52 6.46 4.08 
  
Adjusted Subarea Data for Downstream 
DURMM Modeling 

 

Contributing area (AC) 0.68 
C.A. RCN 88 
LOD area (ac) 0.68 
Weighted Target Runoff (in) 1.35 
Adjusted CN after all reductions 32.37 
Adjusted RPv (in) 0.00 
Adjusted Cv (in)  
Adjusted Fv (in)  
  
Adjusted Subarea Data for H&H Modeling  
     Resource Protection Event  
          Rain (in) 2.7 
          RCN N/A 
     Conveyance Event  
          Rain (in) 4.8 
          RCN 52.91 
     Flooding Event  
          Rain (in) 8.0 
          RCN 66.67 

 

 
Table 6 – HydroCAD Summary 

 SubArea 1 
 Runoff 
 Q 

(cfs) 
Vol 

Ac ft 
Conveyance Event (Cv)   
     Adjusted RCN at Analysis Point 0.44 0.025 
     Allowable Discharge (DURMM v2) 0.51   
     Meets Allowable Discharge? YES 
Flooding Event (Fv)   
     Adjusted RCN at Analysis Point 1.19 0.236 
     Allowable Discharge (DURMM v2) 1.53   
     Meets Allowable Discharge? YES 
  

 
2.3.1 Evaluation of Stormwater Management Treatment Train 
 
The impervious disconnection, a filter strip, a biofiltration swale and a bioretention 
facility stormwater treatment met the runoff reduction, TN reduction and TSS reduction 
requirements. The treatment train did not meet the TP reduction requirements. Cv and Fv 
discharge rates are acceptable rates as calculated by DURMM v2. 

 
Section 3 – Project Summary 
 
In its current configuration and with the approved/as-built stormwater management facilities 
(bioretention), the approved site can not meet all of the runoff, TN, TP and TSS reduction 
requirements of the new sediment and stormwater regulations (DURMM v2 methodology).  The 
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primary reasons for non-compliance are the three small subareas for which adequate BMPs can 
not be implemented. 
 
Using the DURMM v2 design methodology, the following site drainage and stormwater 
management modifications would have to be made to bring the site into compliance, with the 
exception of Total Phosphorous, with the new sediment and stormwater regulations: 
 

• The site would have to be regarded to direct all runoff through a water quality treatment 
train; 

• The as-built bioretention facility is adequately sized, however, impervious disconnection, 
a filter strip and a biofiltration swale would have to be added to the stormwater 
management treatment train (see Appendix 1 – Post Development Drainage Plan). 

 
As presented in Tables 5 and 6, the impervious disconnection, filter strip, biofiltration swale and 
bioretention facility treatment train accomplishes the required runoff reduction, TN reduction 
and TSS reduction.  In addition, bioretention facility discharge rates are below the allowable 
discharge rates identified in the DURMM v2 model.  The treatment train did not meet the 
required TP reduction. 
 
Section 4 – General Outlook of New Model (DURMM v2) 
 
In general, the DURMM v2 model appears to be logical, more user friendly and more transparent 
than DURMM v1.  There were a number of “glitches’ in the model that we addressed during the 
period of this contract. 
 
There does not appear to be documentation of the nutrient or TSS removal rates for the various 
BMPs that can be used in the model. 
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