Introduction

This Quick-Start Guide has been developed as an overview of the basic use of the 2™ version
of the Delaware Urban Runoff Management Model (DURMM). It is not intended to serve as a
detailed description of each cell in the spreadsheet or the algorithms used in those cells. A
separate User’s Guide has been developed to serve that purpose. The Quick-Start Guide first
describes the general workflow and data input, then continues with two examples illustrating
typical uses of the model to meet the requirements of the Delaware Sediment & Stormwater
Regulations (DSSR).

NOTE: This Quick-Start Guide was created for an earlier version of DURMM v2. Although
some of the screen shots do not exactly match the latest version, the procedures remain
the same.
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Comparison:
DURMM REL 1.1 vs. DURMM v.2

DURMM REL 1.1 DURMM v.2

« Event-based only » Capable of estimating

. Pre-vs. Post-developed event & annual runoff
comparison » Post-dev. condition only

* Impervious runoff & « Single regression curve
pervious runoff calculated used to calculate runoff
separately using composite RCN

« BMP designer « Compliance tool only

* No ability to link BMPs * “Treatmenttrain”

« Compliance based on « Compliance based on:
80% reduction of TSS — 0% Effective Impervious

— TMDL Reduction

Background

The original version of DURMM was developed to aid in the design of Green Technology Best
Management Practices (GTBMPs), which were an important component of DNREC’s
“Conservation Design for Stormwater Mangement” document released in 1997. As stormwater
management has evolved to include the concepts of treatment trains and runoff reduction,
some of the limitations of DURMM REL 1.1 have become more apparent. DURMM v.2 has
been developed to provide stormwater management designers with a tool to address these
limitations based on the latest research and data within the profession. Nevertheless, there
are some important differences between the two versions, as outlined in the slide above. Most
importantly, DURMM v.2 was developed as a compliance tool, not as a BMP design aid.
Adding this capability back into the model is being considered for future releases, however.
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Layout

DURMM v.2 was developed using Microsoft’s Excel 2010 spreadsheet program. However, it
should be compatible with any version back to Excel 97. There are several macros that allow
clearing and resetting some of the user input cells, however these are not absolutely
necessary for the model to function properly. Upon initial use of the model, the user will be
prompted to allow the use of the macros. Enabling macros varies depending on the version of
Excel being used.

The model itself consists of 8 worksheets. The general workflow proceeds from one
worksheet to the next in a left-to-right direction. The cells within each worksheet are color-
coded, as follows:

» Green Cells — cells intended for user input

» Cyan Cells — cells that contain either pre-set values or ancillary output

» Magenta Cells - cells that contain calculated results
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The next series of slides describe each of the 8 worksheets included in the model and some of
the important elements contained in that sheet.
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“C.A. RCN” Worksheet

The “C. A. RCN” worksheet is used to determine the weighted Runoff Curve Number (RCN) for
the entire contributing area under analysis. Key elements of this worksheet include:

1. Project Data: Project name and subarea ID are entered in the green cells provided. The
county location and unit hydrograph are then selected from their respective dropdown lists.
This information will be carried over to other worksheets without the need for additional
user input.

2. Land Cover Data: Acres of land cover by Hydrologic Soil Group (HSG) and hydrologic
condition within the contributing area are entered in the green cells. The table is set up
similar to the standard RCN tables in TR-55. The “User defined urban” cells can be used to
enter RCN values not included in the standard table, with prior approval.

3. The default setting for this worksheet opens to the urban land cover data. However, the
scroll button can be used to scroll up to other land cover descriptions as used in TR-55.

4. Total acreage and weighted RCN of the total contributing area are computed and reported
in their respective fields.

5. The “Clear Table” button can be used to clear all user supplied data from the worksheet and
reset any user-defined values.
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“LOD” Worksheet

This worksheet is used to determine the runoff reduction requirement within the proposed limit
of disturbance of the drainage subarea. Since the DSSR only require management of
disturbed areas, this may or may not coincide with the total contributing area that drains to the
BMPs within that subarea. Key elements of this worksheet include:

1. Total LOD acreage by HSG is entered in the first row of green cells. Acreage of any pre-
developed woods/meadow within the LOD is entered in the next row. Post-developed
imperviousness is then entered as either an acreage or as a percentage in the respective
cells provided. (NOTE: Entering imperviousness as a percentage will over-write a formula in
those cells. See #4 below.)

2. A weighted runoff volume for the Resource Protection Event is calculated based on the
data entered above along with an estimate of the annual runoff volume. The required runoff
reduction based on a “0% Effective Imperviousness” criterion is then calculated in watershed
inches and percent reduction.

3. The data entered above is also used to determine the allowable unit discharge for the
Conveyance Event and the Flooding Event if the site qualifies for this under the DSSR.

4. The “RESET” button clears any user input data and resets the formulas used in the
imperviousness cells.
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OLOD” Worksheet

This worksheet is used to account for runoff that is outside the LOD, but within the total
contributing area of the BMP drainage subarea. If the total contributing area and the LOD
coincide, this worksheet may be skipped. Key elements on this sheet include:

1.

2.

Data entered previously for the “C.A. RCN” and “LOD” worksheets are used to calculate the
area outside the LOD and the RCN for that area.

Data used to determine the time of concentration for the area outside the LOD is entered in
the green cells. There are allowances for 3 sheet flow, 3 shallow concentrated flow and 5
open channel flow segments. (NOTE: The user must supply an estimated velocity for the
channel flow segments; it is not calculated within the model.) The total time of
concentration for the area outside the LOD is calculated in the magenta cell.

The “Clear Tc” button can be used to clear any user input for the Time of Concentration
calculation.

. The peak discharge for the Conveyance Event and the Flooding Event are calculated in

their respective magenta cells. These discharges are then divided by the area outside the
LOD to determine the respective equivalent unit discharges in the magenta cells.
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“RPv” Worksheet
This worksheet is used to calculate the runoff reduction for the selected BMP suite and check
for compliance for the Resource Protection Event. Key elements on this sheet include:

1. User selects a BMP from the dropdown list. BMP 1 would represent the most upstream BMP if
a treatment train is proposed. Numbering then proceeds downstream for subsequent BMPs.

2. The model adjusts the runoff reduction requirement for the LOD to the total contributing area. It
also checks to ensure any weighted adjustment is no less than the requirement for the LOD
itself. The required reduction is calculated in both watershed inches and as a percentage.
The allowable discharge for any runoff that can’t be reduced is also calculated.

3. Ifthe BMP selected has a retention storage component, the available storage in cubic feet is
entered in the green cell.

4. If the BMP selected has a runoff reduction component, the proportion of the BMP footprint in
soils in HSG A/B is entered in the green cell and the appropriate runoff reduction value is
entered by the model.

5. The model calculates the retention reduction and/or the runoff reduction and checks to see if

the required reduction has been met.

If the required runoff reduction is not met, the model calculates the offset shortfall.

. The “RESET” button can be used to clear user input data from the worksheet to model a

different BMP suite.

No
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“TMDL” Worksheet

This worksheet is used to check for compliance with Total Maximum Daily Load (TMDL)
requirements. The BMP suite selected on the RPv worksheet is carried over to this sheet,
precluding the need to input any BMP data. Key elements on this sheet include:

1. The user selects the appropriate landuse category and TMDL watershed from the dropdown
lists.

2. The model calculates the total nitrogen (TN), total phosphorus (TP) and total suspended solids
(TSS) pollutant load in milligrams and pounds based on the runoff volume calculated previously
and the Event Mean Concentrations (EMCs) provided in the model.

3. Load reduction is calculated based on the runoff reduction from the RPv worksheet. Additional
adjustment is calculated for removal efficiency.

4. The model checks to determine if the required pollutant reduction has been met.

5. Ifthe required reduction has not been met, the model determines the shortfall of the pollutant
load and calculates an equivalent runoff volume to be used for any offset requirement.
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4 CONVEYANCE EVENT (Cv) WORKSHEET
5 BMP 1 BMP 2 BMP 3 BMP 4 BMP 5
6 Type: 0 Type: 0 Type: 0 Type: 0 Type: 0
7 Step 1- Calculate Initial Cv Data Data Data Data Data
8 | 1.1 Total contributing area to BMP {ac) 0.00 0.00 0.00 0.00 0.00
9 | 1.2 Initial RCN #DIV/o!
I 10 1.3 10-YR Rainfall (in.} HNJA
11 1.4 Cvrunoffvolume (in.) ENSA
12 1.5 LOD allowable unit discharge (cfs/ac) #DIv/0!
13 1.6 Equiv. unit discharge outside LOD (cfs/ac) 0.00
14 1.7 Cvallowable discharge rate (cfs) #DIV/0!
15
16 Step 2- Adjust for
17 2.1 Storage volume (cu. ft.) 0.00 0.00 0.00 0.00 0.00
18 2.2 Storage volume {ac-ft) 0.00 0.00 0.00 0.00 0.00
19 2.3 Storage volume (in.) #DIv/o! #DIv/0! #DIv/0! #DIV/0! #DIV/0!
20 2.4 Runoff volume after reduction (in.} HNJA HNJA HNJA H#NJA #NJA
21 2.5 CN* HNJA HNJA #NJA #NJA #NJA
22
23 Step 3 - Adjust for Annual Runoff Reduction =
24 3.1 Runoffreduction allowance (%) ENSA #NJA #N/A #N/A #N/A
25 3.2 Annual runoff after reduction (in.) #N/A #N/A #N/A H#N/A #N/A
26 3.3 Adjusted ACN #N/A H#N/A #N/A HN/A #N/A
27 3.4Event-based runoff reduction (in.) #N/A HN/A H#N/A EN/A EN/A
28
29 Step 4- Calculate Cv with BMP Reductions
30 4.1 Cvrunoffvolume after all reductions (in.} #N/A #N/A #N/A ENJA ENJA
31 4.2 Total Cv runoff reduction (%) #N/A HN/A #N/A ENJA ENJA
32 4.3 Adjusted RON for H&H modeling #N/A #N/A HN/A ENJA ENJA
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40
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“Cv” Worksheet

This worksheet calculates the effect of runoff reduction practices for the Conveyance Event.
The BMP suite selected on the RPv worksheet is carried over to this sheet, precluding the
need to input any BMP data. All other cells are calculated based on data entry and results from
previous worksheets. Reductions based on available storage are given full credit. However, the
adjustments for runoff reduction BMPs are lower than those for the Resource Protection Event
since they are less able to mitigate runoff from a storm of this magnitude.
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3 LOCATION (County):| 0
4 FLOODING EVENT (Fv) WORKSHEET
5 BMP 1 BMP 2 BMP 3 BMP 4 BMP 5
6 Type: 0 Type: 0 Type: 0 Type: 0 Type: 0
7 Step 1- Calculate Initial Fv Data Data Data Data Data
8 | 1.1 Total contributing area to BMP {ac) 0.00 0.00 0.00 0.00 0.00
9 | 1.2 Initial RCN #DIV/o!
10 1.3 100-YRRainfall (in.) #N/A
|11 1.4 Fvrunoffvolume (in.) ENSA
12 1.5 LOD allowable unit discharge (cfs/ac) #DIv/0!
13 1.6 Equiv. unit discharge outside LOD (cfs/ac) 0.00
14 1.7Fvallowable discharge rate (cfs) #DIV/0!
15
16 Step 2- Adjust for
17 2.1 Storage volume (cu. ft.) 0.00 0.00 0.00 0.00 0.00
18 2.2 Storage volume {ac-ft) 0.00 0.00 0.00 0.00 0.00
19 2.3 Storage volume (in.) #DIv/o! #DIv/0! #DIv/0! #DIV/0! #DIV/0!
20 2.4 Runoff volume after reduction (in.} HNJA HNJA #DIv/0! #DIV/0! #DIV/0!
21 2.5 CN* HNJA HNJA #NJA #NJA #NJA
22
23 Step 3 - Adjust for Annual Runoff Reduction =
24 3.1 Runoffreduction allowance (%) ENSA #NJA #N/A #N/A #N/A
25 3.2 Annual runoff after reduction (in.) #N/A #N/A #DIv/0! #DIV/0! #DIV/0!
26 3.3 Adjusted ACN #N/A H#N/A #N/A HN/A #N/A
27 3.4Event-based runoff reduction (in.) #N/A HN/A H#N/A EN/A EN/A
28
29 Step 4- Calculate Fv with BMP Reductions
30 4.1 Fvrunoff volume after all reductions (in.) #N/A #DIv/0! #DIv/0! #DIV/0! #DIV/0!
31 4.2 Total Fv runoff reduction (%) #N/A HN/A #N/A ENJA ENJA
32 4.3 Adjusted RON for H&H modeling #N/A #N/A HN/A ENJA ENJA
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“Fv” Worksheet

This worksheet calculates the effect of runoff reduction practices for the Flooding Event. The
BMP suite selected on the RPv worksheet is carried over to this sheet, precluding the need to
input any BMP data. All other cells are calculated based on data entry and results from
previous worksheets. Reductions based on available storage are given full credit. However, the
adjustments for runoff reduction BMPs are even lower than those for the Conveyance Event
since they have minimal ability to mitigate runoff from a storm of this magnitude.
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“DURMM Report” Worksheet

This worksheet summarizes the results from the previous worksheets in a format suitable for

submission with the project application package. The information is largely self-explanatory.

However, some key elements include:

1. Summary of BMP suite selected.

2. Determination of compliance with runoff reduction requirements.

3. Determination of compliance with pollutant reduction requirements.

4. Offset requirements.

5. Runoff reduction adjustments to the RCN for the Resource Protection, Conveyance, and
Flooding events that can be used for hydrologic and hydraulic modeling for more complex
situations.

The report allows a reviewer to quickly determine if the runoff reduction and pollutant reduction
requirements have been met. If these requirements could not be satisfied due to site
constraints or other justifiable technical reasons, the site would be subject to the offset
provisions of the DSSR.
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Example #1: Concept Level Analysis

The procedures outlined in the previous section will now be used to perform a typical concept
level analysis for a fictional land development project named “Broadkill Estates”. For the
purposes of this example, a concept level analysis assumes an artificial watershed boundary
that coincides with the parcel boundary.
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Concept Level Analysis

Sediment & Stormwater
Project Application Package Gieerilodi
fol

r
Broadkill Estates
Sussex County, DE

Data Sources
The information compiled for the Project Application Package will provide the necessary data
inputs for the analysis.
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Concept Level Analysis

Broadkill Estates
2007 Land Use/Land Cover
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Land Use Data
The existing land use is used to determine the runoff reduction requirements for the project.
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Concept Level Analysis

Department of  Cooperative Soil Survey,

USDA Unted States A productoftne National - Cystom Soil Resource
e = il

Agriculture ajoint effort of the United Report for
‘States Department of
O NRCS  pgememne  Sussex County,
Natural ‘agencies including the
e penmtrener Delaware
Service participants.

SWM Soils Report for
Broadkill Estates

May 8, 2009

Soils Data

The Soils Report contains information on Hydrologic Soil Group (HSG) of the various soils on
the site that is used by the model to determine runoff volume.
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Concept Level Analysis

Proposed LU: Residential, 1 ac. lots

Existing and Proposed Conditions

The majority of the site consists of existing cropland. A small tributary bisects the site into two
major drainage subareas. Although the tributary has been partially piped to facilitate
cultivation, a small wetland area is located near the center of the site. There is also a small
area of scrub/shrub forest at the downstream discharge point of the site.

“Broadkill Estates” has been proposed as a single-family residential site with an average lot
size of 1 acre. For purposes of the concept level analysis, the Limit of Disturbance (LOD) has
been assumed to coincide with the parcel boundary, except for the wetland area which will
remain undisturbed.
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Concept Level Analysis
Site Data

« C.A.RCN Tab
— Residential, 1-ac. (20% imperv.)
*+ HSG A: 70.07 ac.
*+ HSG B: 17.10 ac.
+ HSG C:15.56 ac.

Data Inputs — “C.A. RCN” Worksheet
The slide above summarizes the data that will be input to the “C.A. RCN” worksheet.
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Concept Level Analysis
Site Data

« LODTab
- HSGA
+ LOD Area: 70.07 ac.
* Pre-Dev. Woods: 1.55 ac.
* Post-Dev. Impervious: 20%
- HSGB
+ LODarea: 17.10 ac.
* Pre-Dev. Woods: 0.80 ac.
* Post-Dev. Impervious: 20%
- HSGC
* LODArea 15.56 ac.
* Pre-Dev. Woads: 0 ac.
* Post-Dev. Impervious: 20%

Data Inputs — “LOD” Worksheet

The slide above summarizes the data that will be input to the “LOD” worksheet. Since the
analysis assumes an artificial watershed boundary that coincides with the parcel boundary and
LOD, the “OLOD” worksheet is not needed in this case.
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“C.A. RCN” Worksheet

The data inputs/outputs for this worksheet are illustrated in the slide above. The model has
calculated the following results:

» Total Acreage:

103

* Weighted RCN: 58

In keeping with NRCS tradition, results for the RCN are reported in rounded whole numbers on
this worksheet even though the internal calculations are performed at the standard level of
precision used in Excel.
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25 Weighted RPv {in) 0.54]
26 Estimated Annual Runoff (in) 5.93]
27 Req'd Runoff Reduction within LOD {in) 0.28]
28 Req'd Runoff Reduction within LOD (%) 52%)
29
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“LOD” Worksheet
The data inputs/outputs for this worksheet are illustrated in the slide above. The model has
calculated the following results.

* Total LOD Area: 102.73

* Weighted LOD RCN: 57.97

» Weighted RPV runoff volume: 0.54"

» Estimated annual runoff: 5.93"

* Required runoff reduction: 0.28" (52%)

* Allowable unit discharge for Cv: 0.74 cfs/ac

* Allowable unit discharge for Fv: 2.21 cfs/ac

The results on this sheet are carried out to 2 decimal places. In some cases, the user may detect
a slight discrepancy between the computed RCN on the “LOD” worksheet and the previous “C.A.
RCN” worksheet if the typical TR-55 land use descriptions were used on the “C.A. RCN”
worksheet. This is the result of rounding of impervious area when the typical land use descriptions
are used. If the user wishes better agreement between these worksheets, impervious and
pervious (open space) acreages should be entered directly on the “C.A. RCN” worksheet. In
either case, the results from the “LOD” worksheet are used for all subsequent worksheet
calculations.
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3 LOCATION (County):| Sussex
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5 RESET BMP 1 BMP 2 BMP 3 BMP 4 BMPS
Impervious
6 Type: i i Type: Bioswale Type: Type: Type:
7 Step 1- Caleulate initial RPv Data Data Data Data Data
8 1.1 Total contributing area to BMP (ac) 102.73 102.73 102.73 102.73 102.73
9 | 1.2 Reserved
10 1.3 C.A.RCN 57.97
11 1.4 RPvfor Contributing Area (in} 0.54]
12 1.5 Req'd RPv Reduction for Contributing Area (in) 0.28|
13 1.6 Req'd RPv Reduction for Contributing Area (%) 52%
14 1.7 Revallowable discharge rate {cfs) 2.32]
15
16 Step 2- Adjust for Retention Reduction
17 2.1 Storage volume (cu. ft.) 0 0| 0 0]
18 2.2 Retention reduction allowance (%) 0% 0% #N/A #N/A #N/A
13 2.3 Retention reduction volume (ac-ft) 0.00 0.00| #N/A #N/A #N/A
20 2.4 Retention reduction volume (in) 0.00 0.00| H#N/A #N/A #N/A
21 2.5 Runoffvolume after retention reduction (in) 0.54 0.39 #N/A #N/A #N/A
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38
29 Step 5 - Determine Runoff Reduction Offset
40 5.1 Runoff Reduction Shortfall {in) 0.13 0.00| HNJA #N/A HNJA
41 5.2 Runoff Reduction Shortfall {cu.ft./ac) 462 0| HNJA #N/A #N/A
42 5.3Total Offset Volume (cu.ft.) 47420) 0| #N/A ENJA #NJA
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“RPV” Worksheet
The data inputs/outputs for this worksheet are illustrated in the slide above. The designer has selected
a BMP treatment train consisting of impervious disconnection and dry bioswale. For conceptual
purposes, the proportion of HSG A/B soils in the BMP footprint was assumed to be equal to the
proportion of HSG A/B soils for the site itself (85%). The model has calculated the following results:

» Contributing area allowable discharge: 2.32 cfs

* Reduction after BMP 1: 0.15" (28%)

* Reduction after BMP 2: 0.36" (67 %)

The contributing area allowable discharge is the equivalent 24-hr detention of the RPv runoff volume.
This would be the maximum allowable discharge rate for any runoff volume that does not meet the
required reduction. Annualized runoff reductions are used for BMPs that do not have a storage
component, such as the impervious area disconnection and dry bioswale used in this example. Since
infiltration BMPs will store and retain all the captured runoff, their reduction values are based on their
storage capacity. A“No” in the magenta cells of Step 4 indicate additional runoff reduction is required in
order to comply with the RPv. An “OK” in the magenta cells indicates the required reduction has been
met. The reduction allowances for the BMP suite should be considered representative of the subarea
as a whole rather than a strict hydraulic routing from one BMP to the next. Any shortfall subject to an
offset for the RPv is calculated in Step 5 and shown in the mangenta cells. Since this example was
able to meet the required runoff reduction with two BMPs, the total offset volume after BMP 2 is

reported as “0”.
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E! LANDUSE TY
4 TMDL WATI ill River
5 TOTAL MAXIMUM DAILY LOAD (TMDL] WORKSHEET
5 BMP 1 BMP 2 BMP 3 BMP 4 BMP 5
7 Type: pervious di i Type: Bioswale Type: 0 Type: 0 Type: o
& Step 1- Calculate Annual Runoff Volume Data ™ i 55 Data | TN D Tss Data | 1N i Tss Data | 1N I TS5 Data | 1N D Tss
S | 11Total contributing area to BMP (ac) 10273
10| 12initial RN 58
11 13 Annual runeff volume (in) 593
12 1.4 Annual runeff volume (jiters) 6.276407
i3
14 Step 2~ Caleulate Annual Pollutant Load
15 2.1 EMC (mgfl) 2.00] 0.27 60)
16| 2.2 Load (mg/yr) 13£+08|16916101| 376E409
17| 2.4 Stormwater Load (Ib/ac/yr) 2.69 0.36 81 193 0.26] B | s 0.16 =s| [anva T ann [ anga an/a | e/ | En/A
18
19 Step 3- Adjust for Runoff Reduction
20 5.1BMP Runoff Reduction (3] 28%] [ sow T anya A /A
21 3.2 BMP Removal Efficiency (%) 28%] 28%] 28%| 39%] 39%] 39| aN/A | ENA | aNjA aNfA | aNfA | aNjA aN/A | sN/a | aNjA
22 3.3 Adjusted Ioad (Ib/ac/yr) 193] 026 55| 118 016 as| ANJA SN/A SN/A anfa | an/a | anja an/a | oswya | snja
23
20 Step 4 - Calculate Pollutant Reduction
25 a1TMDL(Ib/acsyr) [ 1190 0.50N/A | [ 1190 0.50]N/A [ [ 1190] 0.50]N/A [ [ 1190] osolna | [ 1190]  osowa |
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27
28 Step 5 - Determine TMOL Offset
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3¢ 5.6Total Offset Volume (cu.ft) ol ol ol 0 o q /A /A /A aya | ana | oea mya | enyja | eva
35
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“TMDL” Worksheet
The data inputs/outputs for this worksheet are illustrated in the slide above. Once the user selects
the appropriate landuse category and TMDL watershed from the dropdown lists, the model calculates
the total nitrogen (TN), total phosphorus (TP) and total suspended solids (TSS) loads for the subarea,
as well as the reductions from the BMP suite selected on the “RPv” worksheet. The model has
calculated the following results:

* Pollutant Load: 2.69 Ib/ac/yr-TN; 0.36 Ib/ac/yr-TP; 81 Ib/ac/yr-TSS

* Pollutant load after BMP 1: 1.93 Ib/ac/yr-TN; 0.26 Ib/ac/yr-TP; 58 Ib/ac/yr-TSS

* Pollutant load after BMP 2: 0.88 Ib/ac/yr-TN; 0.16 Ib/ac/yr-TP; 35 Ib/ac/yr-TSS

Pollutant load is calculated using the RPv runoff volume and the Event Mean Concentration (EMC)
values for the various pollutants that are integrated into the model. The model checks to determine
whether the required pollutant reduction has been met. Since the Broadkill River does not have a
regulatory TMDL for TSS, these cells are shown as “N/A”. An “OK” in the magenta cells indicates that
the load reduction has been met. In this example, the load reduction has been met as a result of
meeting the RPv runoff reduction attributed to BMP 1, even though an additional BMP was needed to
meet the runoff reduction requirement. In cases where runoff reduction practices have been used to
the maximum extent practicable (MEP) without meeting the required pollutant reduction, the model uses
removal efficiencies to determine the load reduction for stormwater treatment practices. Any shortfall
for meeting the TMDL is shown as an equivalent volume offset in the magenta cells in Step 5.

03/2013 3.04.5-24



&9 M DURMM_v2 2011-04-26_Broadkill_conceptals [Compatibility Mode] - Microsoft Excel = @ R

Home | Inset  Pagelayout  Formulas  Data  Review  View  Developer o @@ %
=] Cut oo = = T o, e P X AutoSum -
# cu Calibri Fu cA N = P SiWapTet General . E )4 Nomd2 Normal_Rev  Nomal WAT... = tasum k;,f A
E3 Copy ~ = 1 - @] Fin - L
Paste ) B I U- He &A= i Merge & Center - $ « % 3 | %3 %8 Conditional Format | Normal WAT.. Normal WAT... | Normal _ [nsert Delete Format Sort & Find &
- <3 Format Painter e = Eerg i 90 =% Formatting + as Table - = = S - - - @Cearr  Filter~ Select~
Clipboard Font Alignment Humber Styles cells Editing

63 - 5 -
A B & D E F G H 1 | J K L M E
i PROJECT:| Broadkill Estates
2 DRAINAGE SUBAREA ID:| Site - Concept
3 LOCATION (County):| Sussex
a CONVEYANCE EVENT (Cv) WORKSHEET
5 BMP 1 BMP 2 BMP 3 BMP 4 BMP 5
Impervious
6 Type: i i Type: Bioswale Type: 0 Type: 0 Type: 0
7 Step 1- Calculate Initial Cv Data Data Data Data Data
8 | 1.1 Total contributing area to BMP {ac) 102.73 102.73 102.73 102.73 102.73
| 9| 12 mitialrRoN 57.97
10 1.3 10-YRRainfall (in.) 5.3
1 1.4 Cvrunoffvolume (in.) 134
12 1.5 LOD allowable unit discharge (cfs/ac) 0.74
13 1.6 Equiv. unit discharge outside LOD (cfs/ac) 0.00
14 1.7 cvallowable discharge rate (cfs) 75.59
15
16 Step 2 - Adjust for
17 2.1 Storage volume (cu. ft.) 0.00 0.00 0.00 0.00 0.00
18 2.2 Storage volume (ac-ft) 0.00 0.00 0.00 0.00 0.00
19 2.3 Storage volume (in.) 0.00 0.00 0.00 0.00 0.00
20 2.4 Runoff volume after reduction (in.} 1.34 1.31 1.24 #NJA #NJA
21 25CN® 57.97 57.59 56.64 #N/A #N/A
22 =
23 Step 3- Adjust for Annual Runoff Reduction
24 3.1 Runoff reduction allowance (%) 2% 5% #N/A H#N/A #N/A
25 3.2 Annual runoff after reduction (in.) 131 1.24 #N/A HN/A #N/A
26 3.3 Adjusted ACN 57.59 56.64 #N/A EN/A EN/A
27 3.4Event-based runoff reduction (in.) 0.03 0.09 #N/A ENJA ENJA
28
29 Step 4- Calculate Cv with BMP Reductions
30 4.1 Cvrunoffvolume after all reductions (in.) 131 1.24 #N/A ENJA ENJA
31 4.2 Total Cv runoff reduction (%) 2% 7% #N/A ENJA ENJA
32 4.3 Adjusted RCN for H&H modeling 57.59 56.64 #NJA #NJA #NJA
33
34
35
36
37
38
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“Cv” Worksheet
The data inputs/outputs for this worksheet are illustrated in the slide above. There are no
user-input cells on the “Cv” worksheet. The model has calculated the following results:

* Cv allowable discharge: 75.59 cfs
* Cv runoff volume after BMP 1: 1.31" (2% reduction)
* Cv runoff volume after BMP 2: 1.24" (7% reduction)

The allowable discharge is the previously calculated unit discharge for the Cv event multiplied
by the acreage of the total contributing area. This is only applicable if the site qualifies for the
standards-based approach for compliance. The runoff reduction values for the Cv event are
adjusted downward, as discussed in the worksheet overview section.
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1 PROJECT:| Broadkill Estates [
2 DRAINAGE SUBAREA ID:| site - Concept
3 LOCATION (County):| Sussex
4 FLOODING EVENT (Fv) WORKSHEET
5 BMP 1 BMVP 2 BMP 3 BMP 4 BMP 5
Impervious.
5 Type: I i Type: Bioswale Type: Type: 0 Type:
7 Step 1- Caleulate Initial Fv Data Data Data Data Data
8 1.1 Total contributing area to BMP (ac) 102.73 102.73 102.73 102.73 102.73
9 | 12 Initial RCN 57.97
|10 1.3 100-YRRainfall {in.) 9.2
11 14 Fvrunoff volume (in.) 4.00
12 15 LODallowable unit discharge (cfs/ac) 221
13 1.6 Equiv. unit discharge outside LOD (cfs/ac) 0.00
14 1.7Fvallowable discharge rate (cfs) 227.24
15
16 Step 2- Adjust for Retention Reduction
17 2.1 Storage volume (cu. ft.) 0.00 0.00 0.00 0.00 0.00
18 2.2 Storage volume (ac-ft) 0.00 0.00 0.00 0.00 0.00
19 2.3 Storage volume (in.) 0.00 0.00 0.00 0.00 0.00
20 2.4 Runoff volume after reduction (in.) 4.00 4.00 3.96 ENJA HN/A
21, 25CN* 57.97 57.97 57.65 #N/A #N/A
22 =
23 Step 3- Adjust for Annual Runoff Reduction
24 3.1 Runoff reduction allowance (%) 0% 1% #N/A ENJA #N/A
25 3.2 Annual runoff after reduction (in.) 4.00 3.96 #N/A #NJA HNSA
26 3.3 Adjusted ACN 57.97 57.65 #N/A #NJA HNJA
27 3.4 Event-based runoff reduction (in.) 0.00 0.04 #N/A #NJA HNJA
28
29 Step 4- Calculate Fv with BMP Reductions
30 4.1 Fvrunoff volume after all reductions (in.) 4.00 3.96 #N/A #NJA HNJA
31 4.2 Total Fv runoff reduction (%) 0% 1% #NJA #N/A HNSA
32 4.3 Adjusted RCN for H&H modeling 57.97 57.65 #N/A #N/A #N/A
33
3
35
36
37
38
39
a0
a1
a2
43
a3
a5
a6
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| Ready | 1 | IEEERTNS ) )

“Fv” Worksheet
The data inputs/outputs for this worksheet are illustrated in the slide above. There are no
user-input cells on the “Fv” worksheet. The model has calculated the following results:

* Fv allowable discharge: 227.24 cfs
* Fv runoff volume after BMP 1: 4.00" (0% reduction)
* Fv runoff volume after BMP 2: 3.96" (1% reduction)

The allowable discharge is the previously calculated unit discharge for the Fv event multiplied
by the acreage of the total contributing area. This is only applicable if the site qualifies for the
standards-based approach for compliance. The runoff reduction values for the Fv event are
adjusted downward, as discussed in the worksheet overview section.
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& Total contributing ares to BMPs (ac) 10273
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& | 10D area (ac) 10273
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11 TMDLTSS [1b/acfyr) N/A
12|  BMP Selection [ous discor] Bioswal o 0 P |
13
12 | Resource Protection Event (RPV)
15| RPwfor Contributing Area (in.) 054]
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17| Req'd RPy Reduction for Contributing Area (3) 5%
18| CA allowable discharge rate (cfs) 232
119 Unmanaged Polluant load, TN (Ibs/ac/yr) 259
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23 RPY runoff volume after all reductions (in.j 039 0] #N/A | @N/A | #NA
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~ 41 Conveyance Event (Cv)
42 tvrunoff volume [in.) 134
43 Stds-based allowable discharge [cfs) 75.59]
42 BMP Performance EMPL | BMP2 | BMP3 | BMP4 | BNPS
a5 v runoff volume after all reductions (in.) 131] 12a] #N/A #N/A #N/A
46
47 Flooding Event (Fy)
48 Furunoff volume (in.) 400]
29 stds-based allowable discharge [cfs) 227.2¢]
50 BMP Performance BMPL | BMP2 | BMP3 | BMP4 | BMPS
S rvrunottvolume sier sl regucions in | EEEESEAEED IR TR
52
55 Adjusted Subarea Data for H&H Modeling Rain (in) | _RaN
54 Resource Protection Event, RPv. 27] 57.67,
55 Conveyance Event, Cv 53| sese
55 Flooding Event, Fv 02 5765 i
1 v W[ CA RGN LOD /OLOD . RPv . TMDL /Gy Fv| DURMM Report . Dt 6 Documentation %2 [l i - [
Ready | 2 | [EEEEENC — &)

“DURMM Report” Worksheet

The “DURMM Report” worksheet summarizes the results from the other worksheets.
Information is filled into the cells automatically as the user progresses from worksheet to
worksheet. The report includes the runoff volumes for the RPv, Cv and Fv, as well as the
reductions for the various BMPs selected to manage the subarea. It also summarizes whether
the site meets the required runoff reduction for the RPv and the required TMDL pollutant load
reductions.

The last section of the report summarizes the adjustments to the RCN for the RPv, Cv and Fv
that can be used for more detailed hydrologic and hydraulic modeling in more complex
situations. These adjustments account for the equivalent lower RCN that results from using
runoff reduction techniques.

In this example, the designer was able to show at the concept level that the use of runoff
reduction practices could meet both the runoff reduction and pollutant reduction requirements
of the DSSR.

3.04.5-27
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Example #2: Design Level Analysis

The procedures used for the concept level analysis will now be further refined to perform a
design level analysis for one of the drainage subareas of “Broadkill Estates”.
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Design Level Analysis

Site Layout
At the design level, the lot and road layout have typically been determined, as well as the

general proposed grading and drainage patterns.
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Design Level Analysis

Hydrologic Analysis

The concept level analysis assumed an artificial drainage boundary that coincided with the
parcel boundary. This is rarely the case in practice. The more typical situation is illustrated by
the “Broadkill Estates” example site in which significant offsite areas drain through the site. In
addition, there are incidental areas which drain onto the site around the site boundary. Both
these situations must ultimately be considered in the final design. For the purposes of this
example, it will be assumed that the larger upstream area will be allowed to pass through the
site relatively unmanaged. This will require that the site runoff be managed prior to discharge
into the tributary stream. Although incidental offsite areas that would be captured by the
selected BMP suite do not need to be managed to the same level as the area within the site
LOD, they will still need to be accounted for in the design of the BMPs. The following slides
illustrate how DURMM v.2 is used to perform the analysis and check for compliance with the
requirements of the DSSR.
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Design Level Analysis

Onsite Drainage
As described in the concept level analysis, the site is bisected by a tributary stream that runs

from south to north. This site drainage is therefore characterized by a west drainage subarea
and an east drainage subarea.
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Design Level Analysis

Broadkill Estates
Existing Drainage Features

Offsite Drainage
The “Existing Drainage Features” map included in the Project Application Package is helpful to

determine any offsite drainage areas that must be accounted for in the final BMP design for
the site.
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Design Level Analysis

Site Design
For the purposes of this example, the proposed lot and road layout for the east drainage

subarea will be analyzed. The area outside the lots will be designated as common open
space.
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Design Level Analysis

LOD vs. OLOD

The DSSR require that only those areas that are disturbed during the construction of the
project must be managed. When designing BMPs to manage those areas, however, it is likely
that undisturbed areas may contribute drainage to them. These undisturbed areas which are
outside the limit of disturbance may be either onsite or offsite. DURMM v.2 can account for
this situation by calculating a weighted RPv runoff volume that reflects the LOD runoff as well
as the OLOD runoff. The runoff reduction requirement for the LOD is then adjusted for the
total contributing area.

For the purposes of this example, the LOD for the east drainage subarea is bounded by the
tributary stream and parcel boundary, excluding the wetland area. The OLOD consists of an
area to the east of the property boundary that is currently in cropland.
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Design Level Analysis

Soils Data - LOD
The LOD area consists mainly of soils in HSG A, with a small area of soils in HSG B adjacent
to the stream.
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Design Level Analysis

Soils Data— OLOD
The area outside the LOD consists entirely of soils in HSG A.
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Design Level Analysis

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.
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Design Level Analysis
Site Data

* CA.RCNTab

— Row Crops, SR + Crop Residue
+ HSG A: 9.68 ac.

— Open space
+ HSG A: 8.06 ac.
+ HSG B: 2.26 ac

— 1-ac.residential (20 % imperv.)
*+ HSG A: 21.17 ac.
+ HSGB: 0.73 ac

Data Inputs — “C.A. RCN” Worksheet
The slide above summarizes the data that will be input to the “C.A. RCN” worksheet.
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Design Level Analysis
Site Data (cont.)

+ LOD Tab

- HSG A
e LODarea: 29.22 ac.
* Pre-Dev. Woods: 1.55 ac.
* Post-Dev. Impervious: 4.23 ac.

- HSGB
* LODarea: 2.99 ac.
* Pre-Dev. Woads: 0 ac.
* Post-Dev. Impervious: 0.15 ac.

« OLOD Tab
— Sheet Flow, 100 ft, 0.001 ft/ft, “d”

— Shalow Conc., 300 ft, 0.002 ft/ft, “u”
— Channel Flow, 1000 ft, 0.01 ft/ft, 1 fps

Data Inputs — “LOD” and “OLOD” Worksheets
The slide above summarizes the data that will be input to the “LOD” and “OLOD” worksheets.
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1 PROJECT:| Broadkill Estates |
2 DRAINAGE SUBAREA ID:| East Drainage
3 LOCATION (County):| Sussex
4 UNIT HYDROGRAPH:| DMV
5 Curve Numbers for Hydrologic Soil Type
6 Cover Type Treatment A B c D
7 Hydrologic Condition  Acres RCN Acres RCN Acres RCN Acres RCN
8 CULTIVATED AGRICULTURAL LANDS
9 [Fallow Bare soil 77 86 91 84 F
10 Crop residue (CR) poor 76 85 90 93 LGRS
1 Crop residue (CR) go0d 74 83 28 90
12 Row Crops Straight row (SR) poor 72 81 88 N
13 Straight row (SR) good 67 78 85 89
14 SR + Crop residue paor il 80 87 90
15 SR + Crop residue good 968 | 64 75 82 85
16 Contoured (C) poor 70 79 84 88
17 Contoured (C) good 65 75 82 86
g C + Crop residue poor 69 78 83 87
19 C + Crop residue good 84 74 81 85
20 Cont & terraced(C&T) poor 86 74 80 82
21 Cont & terraced(C&T) good 62 71 78 81
2 C&T + Crop residue poor 85 73 79 81
23 C&T + Crop residue good 81 70 77 80
24 Small Grain Straight row (SR) poor 65 76 84 88
25 Straight row (SR) good 63 75 83 87
26 SR + Crop residue paor 64 75 83 86
27 SR + Crop residue good 60 72 80 84
28 Contoured (C) paor 63 74 82 85
29 Contoured (C) good 61 73 81 84
30 C + Crop residue poor 62 73 81 84
31 C + Crop residue good 50 72 80 83
2 Cont & terraced(C&T) poor 81 72 79 82
ER) Cont & terraces(C&T) good 59 70 78 81
N C&T + Crop residue poor 80 71 78 81
35 C&T + Crop residue good 58 69 77 80
36 Close-seeded Straight row poor 66 77 85 89
37 or broadcast Straight row good 58 72 81 85
38 legumes or Contoured poor 64 75 83 85
39 rotation Contoured good 55 69 78 83
40 meadow Cont & terraced paor 63 73 80 83
a1 Cont & terraced good 5 67 76 80
2
43 OTHER AGRICULTURAL LANDS
4 Pasture, grassland or range poor 68 79 86 89
a5 fair 49 69 79 84
46 good 39 61 74 80
fa7 Meadow -cont. grass (non grazed) 30 58 7 78 -
=W 4 b | C.A.RCN /10D /OLOD “RPv /TMDL Cv /Fv ./~ DURMM Report .~ Data & Documentation "% AN >
Ready | # | |[E@m@m 100% o) Iy )

“C.A. RCN” Worksheet

The data inputs/outputs for this worksheet are illustrated in the slide above for the OLOD area.
Note that the user must scroll up to the input cells associated with agricultural land uses. RCN
data for the urban land uses within the LOD area are shown on the next slide.
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PROJECT:| Broadkill Estates
DRAINAGE SUBAREA ID:| East Drainage
LOCATION (County):| Sussex
UNIT HYDROGRAPH:| DMV

& w |k

5 Curve Numbers for Hydrologic Soil Type
6 Cover Type Treatment A B [of D
7 Hydrologic Condition _ Acres RGN Acres RCN _Acres RCN Acres RCN

58
59 FULLY DEVELOPED URBAN AREAS (Veg Established)
60 Open space (Lavms,parks etc.)

61 Poor candition: grass cover < 50% 68 79 86 89

62 Fair condition; grass cover 50% to 75 % 49 69 79 84

6 Good condition: grass cover » 75% 806 [ 39 | 226 [ 61 74 80

64 Impenious Areas

65 Paved parking lots, roofs, driveways [ [ o8 [ e8] [ 8 [ 98]

66 Streets and roads

67 Paved; curbs and storm sewers %8 98 98 28

63 Paved: open ditches (wiright-of-nay) 83 88 92 93

63 Gravel (! right-of-way) 76 85 89 o1

70 Dirt  {w right-of-way) 72 82 87 89

71 Urban Districts Avg % impenious

72 Commercial & business 85 [ [ 89 [oz ] [ 94 [e5]

73 Industrial 12 | [ 81 [ e8| [ o1 83|

74 Residential districts by average Iot size Avg % impenious =

75 1/8 acre {town houses) 65 77 85 90 92

76 114 acre 38 61 75 83 87

77 113 acre 30 [57 | [72 ] 81| [ 86 |

78 112 acre 25 54 70 80 85

i) 1 acre 20 2117 [ 51| 073 [ 68 79 84

30 2acre 12 46 65 77 82

81 User defined urban = ** = =

82
| 83 DEVELOPING URBAN AREA (No Vegetation) 3
| 52 Newly graded area (peniaus only) [ T ] [ 86 | [ o1 ] [ea] F
| 85

86

o 9 [W e —

5 | TotalAcres  |419|

90

51 Weighted Runoff Curve Number (RCN) [ 53]

92

93

94

95 =
Bl 4» M| C.A RCN 10D OLOD RPv ~“TMDL . Cv Fv DURMM Report Data & Documentation i7] ] »

Ready | 73 | |[EE @ 1003 (=) ¥} (F)

“C.A. RCN” Worksheet (cont.)
The remaining data inputs/outputs for this worksheet are illustrated in the slide above. The
model has calculated the following results:

* Total Acreage: 41.9

* Weighted RCN: 53
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1 PROJECT:|_Broadkill Estates []
2 DRAINAGE SUBAREA ID:| East Drainage
3 LOCATION (County):| Sussex
4 UNIT HYDROGRAPH:| DMV
5
6 LOD Data HSGA | HSGB | HSGC | HSGD RESET
7 | HSG Area within LOD (ac) 29.22) 2.99
8 Pre-Developed Woods/Meadow Within LOD (ac) 1.55
9 Post-Developed Imperviousness Within LOD

10 Option #1 (ac); OR 4.23 0.15

11 Option #2 (%) 14% 5% 0% 0%)

12

12 Runoff Calculations

14| HSGRCN 47.54]  62.86 0.00] 0.00]

15 RPv(in) 0.21] 0.64] 0.00] 0.00]

16 Target(in) 0.00| 0.58] 0.00] 0.00]
17 CvWeighted Unit Discharge (cfs/ac) 0.71] 0.75 0.00] 0.00]
18 Fv Weighted Unit Discharge (cfs/ac) 2.14 2.25 0.00| 0.00]
19
20
21 Total Subarea LOD (ac) [ 32.21)
22 Weighted LOD RCN | 43,96
23 e
24 RPv Runoff Reduction
25 Weighted RPv (in) 0.25]
26 Estimated Annual Runoff (in) 3.29)
27 Req'd Runoff Reduction within LOD {in) 0.20]
28 Req'd Runoff Reduction within LOD (%) 79%)
29
30 Cv Unit Discharge
31 LOD Allowable Unit Discharge (cfs/ac) | 0.71|
32

1 33 Fv Unit Discharge
34 LOD Allowable Unit Discharge (cfs/ac) [ 2.15]
35
36
37
38
39
40
a1
2
a3

S
45
46 =
a7 &

2174 » [ CA.RCN | LOD /OLOD ~RPv /TMDL ./ Cv /Fv - DURMM Report .~ Data & Documentation % - KR Tl [T

\EE@E 100% (=) {} (+)

“LOD” Worksheet

The data inputs/outputs for this worksheet are illustrated in the slide above. The model has

calculated the following results.
» Total LOD Acreage: 32.21
» Weighted LOD RCN: 48.96

» Weighted RPV runoff volume: 0.25"
« Estimated annual runoff: 3.29"
* Required runoff reduction: 0.20" (79%)

* Allowable unit discharge for Cv: 0.71 cfs/ac
* Allowable unit discharge for Fv: 2.15 cfs/ac
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1 PROJECT:| Broadkill Estates B
2 DRAINAGE SUBAREA ID:|_East Drainage
3 LOCATION (County):|_Sussex
4 UNIT HYDROGRAPH:| D
5
& Site Data
Z
8 | Total Contributing Area (ac) a19
9 CA RCN 53
10 LOD Area (ac) 3221
11 LODRCN 49
12 Outside LOD Area (ac) 969
13| Outside LOD RCN 54| =
14
15
15 Time of Concentration
17 LENGTH SLOPE SURFACE MANNINGS VELOCITY TRAVEL
18 FLOW TYPE (fest)  (ft/ft)  CODE "N (ft/sec)  TIME(hrs)
19 Sheet 100 0.001 d 017 N/A 059
20 [ 0.00 CLEAR Te
21 N/A 0.00
22 Shallow Concentrated 300 0.002 u N/A 0.7 012
23 [I7 N — 0.00
24 NJA 0.00
25 Open Channel 1000} o0o1] n/a 10| 028 L
25 /A 0.00
27 N/A 0.00|
28 /A 0.00
29 N/A 0.00]
30
31 Time of Concentration (Tc) 098
32
23
S Sheet Flow Surface Codes Shallow Concentrated Surface Codes
35 2 Smooth Surface fgrass, dense U unpaved surface
ES b fallow (no residue) 2 grass, bermuda o paved surface
37 ¢ cultivated < 20% Res. h woods, light
) d cultivated > 20% Res woods, dense
33 e grass - range, short ] range, natural
40
a1
_ 42 Peak Discharge
['as
| 44 unitHydrograph Type DMV
|45 Frequency () 10) 100
1 48| 24-HRRainfall, P (in) 53 92
a7 Initial Abstraction, la (in) 1125 1125
48 1a/P ratio 021 012
43 Unit Peak Discharge, qu (csm/in) 197 217
S50 Runoff(in) 181 481
51| Peak Discharge, ap (cfs) 538 1578
53 Equiv. unit peak discharge (cfsfac) 056 163
s3 E
21 v W[ CA.RCN /10D | OLOD ~RPv /TMDL /Cv /Fv .  DURMM Report . Data & Documentation .~ %d Hal i ] » I
Ready | 23 | |EDm s 9] &)

“OLOD” Worksheet

The data inputs/outputs for this worksheet are illustrated in the slide above. The model has
calculated the following results:
» OLOD Acreage: 9.69

OLOD RCN: 64
OLOD Tc: 0.98 hrs
OLOD Peak Discharge (Cv): 5.38 cfs

OLOD Equiv. Unit Discharge (Cv): 0.56 cfs/ac
OLOD Peak Discharge (Fv): 15.78 cfs

OLOD Equiv. Unit Discharge (Fv): 1.63 cfs/ac
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1 PROJECT:| Broadkill Estates |
2 DRAINAGE SUBAREA ID:| EastDrainage |
3 LOCATION (County):| Sussex
a
5 RESET BMP 1 BMP2 BMP 3 BMP 4 BMPS
Impervious
6 Type: i i Type: Bioswale Type: Type: Type:
7 Step 1- Caleulate initial RPy Data Data Data Data Data
2 | 1.1 Total contributing area to BMP (ac) 41.30 41.30| 41.90 41.90| 41.90|
9 | 1.2 Reserved
10 13 C.A.RCN 52.53
11 1.4 RPvfor Contributing Area (in} 0.33
12 1.5 Req'd RPv Reduction for Contributing Area (in) 0.15
13 1.6 Req'd RPv Reduction for Contributing Area (%) 26%
14 1.7 RPv allowable discharge rate {cfs) 0.34]
15
16 Step 2 - Adjust for Retention Reduction
17 2.1 Storage volume (cu. ft.) 0) 0| 0 0|
18 2.2 Retention reduction allowance (%) 0% 0% #N/A #N/A #N/A
19 2.3 Retention reduction volume (ac-ft) 0.00| 0.00| #N/A ENJA #NJA
20 2.4 Retention reduction volume (in) 0.00 0.00| HNJA #N/A #NJA
21 2.5 Runoffvalume after retention reduction (in) 0.33 0.25 HN/A #N/A #N/A
22 2.6 CN* 52.53 49.29 #N/A #N/A #N/A
23
24 Step 3 - Adjust for Annual Runoff Reduction
25 3.1 Annual CN (ACN) 52.53 49.29 40.43 #N/A #NJA
26 3.2 Annual runoff (in.) 4.20] 2.36| 1.68 #N/A #N/A
27 3.3Proportion A/8 soils in BMP footprint (%) 100% 100%
28 3.4 Annual runoff reduction allowance (%) 20% 50% 0% 0% 0%
29 3.7 Annual runoff after reduction (in.) 3.36) 1.68| 1.68| #N/A #NJA
30 3.8 Adjusted ACN 45.29 4043 4043 #NJA HNJA
31
32 Step 4- Calculate RPv with BMP Reductions
33 4.1 RPv runoffvolume after all reductions (in.) 0.25 0.09 #N/A #N/A #N/A
34 4.2 Total RPv runoff reduction (in} 0.08| 0.24] HN/A #N/A #N/A
35 4.3 Total RPv runoff reduction (%) 24% 74% HN/A #NJA #NJA
36 4.4 Equivalent TR-55 RCN for H&H modeling 60.71 52.91] #N/A #N/A #N/A
37 4.5 Req'd reduction met? No OK H#N/A #N/A #N/A
38
39 Step 5- Determine Runoff Reduction Offset
40 5.1Runoff Reduction Shortfall (i) 0.07] 0.00| #N/A ENJA #NJA
41 5.2Runoff Reduction Shortfall {cu.ft./ac) 270 0| #N/A #N/A #N/JA
42 5.3 Total Offset Volume (cu.ft.) 11293 0| #N/A #N/A #N/A
a3
7l
a5
46
a7 >
51 <P H[ CARCN /10D OLOD | RPv ~TMDL /Cv_~Fv_~ DURMM Report ~ Data & Documentation . % 11| T N—— 20
Resay | P | |[E@E 0% &) ") +

“RPV” Worksheet

The data inputs/outputs for this worksheet are illustrated in the slide above. The same BMP

treatment train consisting of impervious area disconnection and dry bioswale as used in the

concept level analysis will be used. However, since the entire developed site area consists of
HSG A/B soils, the proportion of HSG A/B soils in the BMP footprint has been increased to 100%.
The model has calculated the following results:
 Contributing area allowable discharge: 0.34 cfs
* Reduction after BMP 1: 0.08" (24%)

* Reduction after BMP 2: 0.24" (74%)

Note that the required reduction of 0.20" for the 32.21 acre LOD as determined on the “LOD”
worksheet has been adjusted to 0.15" for the entire contributing area of 41.9 acres. Similarly, the
required 79% reduction requirement has been adjusted to 46% based on the combined LOD and
OLOD areas. As with the conceptual design, impervious disconnection and a dry bioswale are
adequated to meet the runoff reduction requirements for the RPv thus the offset volume is “0”.
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3 PROJECT: Broadkill Estates [
2 DRAINAGE SUBAREA ID: East Drainage |
3 LANDUSE TYPE: identi
4 TMDL WATERSHED: Broadill River
s
3 BMP 1 BMP 2 BMP 3 BMVIP 4 BMP 5
% Type: i Type: Bioswale: Type: 0 Type: 0 Type: [
& Step 1- Calculate Annual Runoff Volume Data ™ ™ TS5 Data | TN ™ TS5 Data | TN ™ s Data | TN ™ 55 Data | TN ™ TS5
S | 11Total contributing area to BMP (ac) 41.90]
10 12 Contributing area RCN 53
11 13 annual runoff volume {in) 420
12 1.4 Annual runoff volume (liters) 1.81€407
13 E
14 | step 2 - Calculate Annual Pollutant Load E
15 2.1 EMC(me/l) 2.00) 027 5]
16 2.2 Load (mefyr) 3.626/07| 4.89E105| 109E+09 |
17 2.4 Stormwater Load {Ib/ac/yr) [ 1.50e00] 257601 s71E401] [ aas 0.20] 44| [ ose 011 24) ANA_ | AN/A | EN/A #REF|
18
19 Step 3 - Adjust for Runoff Reduction
20 5.1 BMP Runoff Reduction (%) [ 2au] [ sou | | T | X |
21 3.2 BMP Removal Efficiency [ 2au] 24%] 245] [ asw] as5q] a5%| [ anja T anja [ anfa | [ anja [ anja [ v/ | [ anja [ anja [ anja |
22 3.3 Adjusted load (Ib/ac/yr) [ 145 0.20] | [ os9] 0.1 24) [ | s [ ana | [ #rerl | #mer! | #ReF! #REFI | #REF! | #REF!
23
24 Step 4 - Calculate Pollutant Reduction
25 41TMDL(Ibfac/yr) | 558 0.58N/A [ 658 0.58[n/A | 5.58] 0.58]N/A [ 658  0s8N/A | 658  osslN/A |
26 42 Reduction met? o on e | on | o o) [ o AN/A AN/A #REFI_| #REF! | #REF! #REFI | #REF| | #REF!
27
28 Step 5 - Determine TMDL Offset
28 5.1TMDLShortfall (Ib/ac/yr) 0.00 0.00] #VALUE! 0.00 0.00] #VALUE! aNfA_ | /A /A #REF| | 4REFL | #REF! #REF| | 4REFL | #REF!
30 5.2 TMDLShortfall (%) 0%| 0% AVALUE! 0%| 05| #VALUE! anfa_| anja AnjA #REFI | aREF| | aReF! #REFI | amEF| | aREFl
31 53 Residual RPvVolume fin) 025 025 025 0.08 0.09) 0.09 WA | 8N/A /A WA | #NjA | eNjA EN/A | #NjA | eNjA
32 5.4 Req'd Additional AR to meet TMOL (in}* 0.00 0.00[ #VALUE! 0.00 0.00[ #vALUE! anfa_| anja AnfA #REFI | aREF| | aReF! #REFI | aREF| | aREF!
33 5.5 Req'd Additional AR to meet TMDL (cuft fac) 0| of #vaLe! 0 of #vaLuE! aNfA_ | aNjA /A 4REFI | #REFL | #REFI #REFI | #REF| | #REFI
34 55Total Offset Volume [cu.ft) o of svatuel 0 of #vaLuel A | anja /A #REFl | #REFl | amerl #REFl | aRel | smerl
35
26
37 *= %TMDLshortfall x Residual RPv
ES
39
40
a1
[
43
| aa
45
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47
48
49
50
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53
=2 2
214 4 W[ CARCN /10D /OLOD RPv | TMDL (/v ~Fv ~ DURMM Report .~ Data & Documentation /%1 i 0l
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“TMDL” Worksheet

The data inputs/outputs for this worksheet are illustrated in the slide above. The model has
calculated the following results:

* Pollutant Load: 1.90 Ib/ac/yr-TN; 0.0.26 Ibac/yr-TP; 57 Ib/ac/yr-TSS
* Pollutant load after BMP 1: 1.45 Ib/ac/yr-TN; 0.20 Ib/ac/yr-TP; 44 Ib/ac/yr-TSS
* Pollutant load after BMP 2: 0.59 Ib/ac/yr-TN; 0.11 Ib/ac/yr-TP; 24 Ib/ac/yr-TSS

The pollutant loads and reductions are likewise adjusted to account for the total contributing
areato the BMPs. In this case, the annual runoff is low enough that the pollutant loads do not
exceed the TMDL values. Therefore, no BMPs were needed for pollutant reductions and the
equivalent volume offset is “0”.
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1 PROJECT:| Broackill Estates [
2 DRAINAGE SUBAREA ID:| East Drainage
3 LOCATION (County):| Sussex
4 CONVEYANCE EVENT (Cv) WORKSHEET
5 BMP 1 BMP 2 BMP 3 BMP 4 BMP 5
Impervious.
6 Type: di i Type: Bioswale Type: 0 Type: 0 Type: 0
7 Step 1- Calculate Initial Cv Data Data Data Data Data
8 | 1.1 Total contributing area to BMP {ac) 41.30 41.90 41.90 41.90 41.90
9 | 1.2 Initial RCN 52.53
10 1.3 10-YRRainfall (in.) 5.3
11 1.4 cvrunoffvolume (in.) 097
12 1.5 LOD allowable unit discharge (cfs/ac) 0.71
13 1.6 Equiv. unit discharge outside LOD (cfs/ac) 0.56
14 1.7 cvallowable discharge rate (cfs) 28.38
15
16 Step 2- Adjust for
17 2.1 Storage volume (cu. ft.) 0.00 0.00 0.00 0.00 0.00
18 2.2 Storage volume (ac-ft) 0.00 0.00 0.00 0.00 0.00
19 2.3 storage volume (in.) 0.00 0.00 0.00 0.00 0.00
20 2.4 Runoff volume after reduction (in.) 0.97 0.95 0.91 HN/A #N/A
21 2.5CN* 52.53 52.22 5145 EN/A EN/A
22 =|
23 Step 3 - Adjust for Annual Runoff Reduction
24 3.1 Runoff reduction allowance (%) 2% 5% #N/A ENJA ENJA
25 3.2 Annual runoff after reduction (in.) 0.95 0.91 HNJA #NJA #NJA
26 3.3 Adjusted ACN 52.22 51.45 #NJA #NJA #NJA
27 3.4Event-based runoff reduction (in.) 0.02 0.07 #NJA #N/A #N/A
28
29 Step 4- Calculate Cv with BMP Reductions
30 4.1 Cvrunoffvolume after all reductions (in.) 0.95 0.91 #N/A HN/A #N/A
31 4.2 Total Cv runoff reduction (%) 2% % H#N/A ENJA ENJA
32 4.3 Adjusted RON for H&H modeling 52.22 5145 #N/A ENJA ENJA
33
34
35
| 38
37
38
39
40
a1
a2
43
2
45
46
47 B
21 «» W[ CA.RCN /1OD “OLOD “RPv /TMDL | Cv /Fv ~ DURMM Report . Data & Documentation .~ %dl el i _— [l
| Ready | 3 | |[FEEm w0 ) »; *)

“Cv” Worksheet
The data inputs/outputs for this worksheet are illustrated in the slide above. There are no
user-input cells on the “Cv” worksheet. The model has calculated the following results:

* Cv allowable discharge: 28.38 cfs
* Cv runoff volume after BMP 1: 0.95" (2% reduction)
* Cv runoff volume after BMP 2: 0.91" (7% reduction)

When the total contributing area consists of both an LOD and an OLOD, the model uses an areal
weighted average of the previously determined LOD allowable unit discharge and the OLOD
equivalent unit discharge to calculate the adjusted allowable discharge for the Cv. In this example,
the allowable discharge for the LOD was determined to be 0.71 cfs/ac and the equivalent unit
discharge for the OLOD was determined to be 0.56 cfs/ac, as indicated on the worksheet.
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1 PROJECT:| Broadkill Estates [
2 DRAINAGE SUBAREA ID:| East Drainage
3 LOCATION (County):| Sussex
a FLOODING EVENT (Fv) WORKSHEET
5 BMP 1 BMP 2 BMP 3 BMP 4 BMP 5
Impervious
6 Type: i i Type: Bioswale Type: 0 Type: 0 Type: 0
7 Step 1- Calculate Initial Fv Data Data Data Data Data
8 | 1.1 Total contributing area to BMP {ac) 41.90 41.90 41.90 41.90 41.90
9 | 1.2 Initial RCN 52.53
10 1.3 100-YRRainfall (in.) 9.2
1 1.4 Fvrunoff volume (in.) 3.33
12 1.5 LOD allowable unit discharge (cfs/ac) 2.15
13 1.6 Equiv. unit discharge outside LOD (cfs/ac) 1.63
14 1.7Fvallowable discharge rate (cfs) 85.15
15
16 Step 2 - Adjust for
17 2.1 Storage volume (cu. ft.) 0.00 0.00 0.00 0.00 0.00
18 2.2 Storage volume (ac-ft) 0.00 0.00 0.00 0.00 0.00
19 2.3 Storage volume (in.) 0.00 0.00 0.00 0.00 0.00
20 2.4 Runoff volume after reduction (in.} 3.33 3.33 3.29 #NJA #NJA
21 25CN® 52.53 52.53 52.26 #N/A #N/A
22 =
23 Step 3- Adjust for Annual Runoff Reduction
24 3.1 Runoff reduction allowance (%) 0% 1% #N/A H#N/A #N/A
25 3.2 Annual runoff after reduction (in.) 3.23 3.29 #N/A HN/A #N/A
26 3.3 Adjusted ACN 52.53 52.26 #N/A EN/A EN/A
27 3.4Event-based runoff reduction (in.) 0.00 0.03 #N/A ENJA ENJA
28
29 Step 4- Calculate Fv with BMP Reductions
30 4.1 Fvrunoff volume after all reductions (in.) 3.33 3.29 #N/A ENJA ENJA
31 4.2 Total Fv runoff reduction (%) 0% 1% #N/A ENJA ENJA
32 4.3 Adjusted RCN for H&H modeling 52.53 52.26 #NJA #NJA #NJA
33
34
35
36
| 37
'38
39
40
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42
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“Fv” Worksheet
The data inputs/outputs for this worksheet are illustrated in the slide above. There are no
user-input cells on the “Cv” worksheet. The model has calculated the following results:

* Fv allowable discharge: 85.15 cfs
* Fv runoff volume after BMP 1: 3.33" (0% reduction)
* Fv runoff volume after BMP 2: 3.29" (1% reduction)

As with the Cv, the model uses an areal weighted average of the previously determined LOD
allowable unit discharge and the OLOD equivalent unit discharge to calculate the adjusted
allowable discharge for the Fv. In this example, the allowable discharge for the LOD was
determined to be 2.15 cfs/ac and the equivalent unit discharge for the OLOD was determined
to be 1.63 cfs/ac, as indicated on the worksheet.
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“DURMM Report” Worksheet

In this example, the designer was able to show that the use of runoff reduction practices could
meet both the runoff reduction and pollutant reduction requirements of the DSSR. Since
DURMM v.2 does not include a BMP design module, the designer must next use an
appropriate methodology to ensure the BMPs selected for analysis are designed in
accordance with the standards and specifications required under the DSSR. Additional
information is available by contacting the Delaware Sediment & Stormwater Program.
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