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Exercise 5
Bringing It All Together



Exercise 5: Bringing It All Together

Given:

• Existing and proposed site plans

• Booklet containing narrative and design details

• Details for each proposed P-BMP

Hint!

Use your previous exercises to help find the answers

Exercise materials:      Plan sheets

Industrial Park Narrative Booklet

P-BMP specifications



Exercise 5 Materials

In your participant 
guide

• Exercise 5 
instructions

– Use this sheet to 
jot down your 
observations and 
notes



Exercise 5 Materials

BMP specifications for:
– Permeable pavement (P-FIL-03)
– Dry swale (P-CNV-02)
– Cistern (P-BAS-04)
– Extended detention (P-BAS-04)



Exercise 5 Materials

Virginia Runoff 
Reduction Method 
(VRRM) 4.1 New 
Development 
Spreadsheet



Exercise 5 Materials

• Narrative booklet 

• Plan sheets (PDF):

– Existing and 
proposed site

– BMP detail sheets (4) 
(permeable pavement, 
dry swale, cistern, 
extended detention)



Narrative Booklet



Existing



Proposed 



Exercise 5: Bringing It All Together

Review a set of plans and determine:

1. Post-development total phosphorus load and reduction 
required

2. Site treatment volume and average efficiency needed

3. Allowable discharge for the one-year storm from the site 
and whether energy balance criteria are satisfied        
(channel protection criteria)

4. Any issues associated with proposed BMPs



Question 1

Post-development total phosphorus load and 
reduction required:

 Did they include a water quality compliance summary?

 Verify project areas listed on plan sheets correspond 
with spreadsheet summary

 Verify total phosphorus load and reduction 
requirement

– Narrative booklet, p. 8
– Appendix A, p. 11
– Proposed plan sheet (area summary)
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Question 1

Post-development total phosphorus load and 
reduction required:

 Did they include a water quality compliance summary?

 Verify project areas listed on plan sheets correspond 
with spreadsheet summary

 Verify total phosphorus load and reduction 
requirement



– Narrative booklet, p. 8
– Appendix A, p. 11
– Proposed plan sheet (area summary)



Narrative Booklet, Page 12



Narrative Booklet, Page 8



Proposed Plan Sheet



Post-development total phosphorus load and 
reduction required:

 Did they include a water quality compliance summary?

 Do the project areas listed on plan sheets correspond 
with spreadsheet summary

 Verify total phosphorus load and reduction 
requirement

Question 1





Post-development total phosphorus load and 
reduction required:

 Did they include a water quality compliance summary?

 Do the project areas listed on plan sheets correspond 
with spreadsheet summary

 Verify total phosphorus load and reduction 
requirement

Question 1





Phosphorous load 
discharged from site
= 2.97 lbs/yr

Phosphorus reduction 
requirement
= 1.23

Verify Phosphorous Load and Required 
Reduction



Target (or Site) treatment volume and average 
efficiency needed?

Question 2      



Average efficiency 
= Reduction required 

phosphorous load

= 1.23/2.97 
= 41%

Site treatment volume
= 8,231 cubic feet

Proposed Total Phosphorous Load and 
Required Reduction



a. Allowable discharge from site for a one-year 
storm?

b. Is energy balance criteria satisfied?

Evaluate the energy balance calculation shown in the 
narrative booklet.

Is the allowable release rate calculated correctly?

Question 3 (Channel Protection)
- Narrative booklet p.4, 9
- Appendix B, p. 16



a. Allowable discharge from site for a one-year 
storm?

b. Is Energy Balance Criteria satisfied?

Evaluate EB calculation shown in narrative booklet 

(is the allowable release rate calculated correctly?)

Question 3 (Channel Protection)
- Narrative booklet p.4, 9
- Appendix B, p. 16



a. Allowable discharge from site for a one-year 
storm?

b. Is Energy Balance Criteria satisfied?

Evaluate EB calculation shown in narrative booklet 

(is the allowable release rate calculated correctly?)

Question 3

Narrative Booklet, p. 9 (Compliance Summary)

Allowable discharge is 4.1 cubic feet per second (cfs)

(Channel Protection)



a. Allowable discharge from site for a one-year 
storm?

b. Is energy balance criteria satisfied?

Evaluate the energy balance calculation shown in the 
narrative booklet.

Is the allowable release rate calculated correctly?

Question 3

4.1 cfs

(Channel Protection)
- Narrative booklet p.4, 9
- Appendix B, p. 16



Question 3   (Channel Protection)

Narrative booklet, p. 9 (Compliance Summary)

Proposed design discharge is 3.56 cfs

Existing discharge 

is 3.62 cfs
Allowable discharge is 4.1 cfs

Narrative Booklet, p. 9 (Compliance summary)



Narrative Booklet, p. 4 (Site Drainage and 

Hydrology)

Are channel protection requirements satisfied?

Used Energy Balance to show compliance but error 
made for existing conditions.

Question 3
- Narrative booklet p.4, 9
- Appendix B, p. 16(Channel Protection)



Question 3

Appendix B, p. 16

(Channel Protection)

Problems?



Question 3   (Channel Protection)

Appendix B, p. 16

Used energy balance to 
show compliance 

but did not include 
improvement factor (IF)

Allowable release rate 
not calculated correctly



What else should we 
check?

Appendix B, p. 16

Question 3   (Channel Protection)

Hint: 
What are the inputs 
for flow and volume?



What else should we 
check?

Appendix B, p. 16

Precipitation (P)
Time of Concentration (Tc)
Curve Number (CN)

Question 3   (Channel Protection)

Hint: 
What are the inputs 
for flow and volume?



Question 3   (Channel Protection)

Precipitation (P) given

Narrative, p. 3



Question 3   (Channel Protection)

Narrative, p. 2–3

Pre-development Tc = 22 minutes

Post-development Tc = 5 minutes



Question 3   (Channel Protection)

Narrative, p. 2–3

Curve numbers:

What are the 

pre- and post-
development CNs?

Are they reasonable?

Inputs:

P

Tc

CN






Question 3   (Channel Protection)

Narrative, p. 2–3

Curve numbers:

What are the 

pre- and post-
development CNs?

Are they reasonable?

Inputs:

P

Tc

CN




pre CN = 79     post CN=78



Are channel protection requirements satisfied?

Used Energy Balance to show compliance but error 
made for existing conditions.

Channel Protection Compliance

Appendix B, p. 16



Channel Protection Compliance

Narrative Booklet, p. 2 (Site Drainage and Hydrology)



Curve Number

A pre-development curve number of 79 was given

Using curve numbers in channel and flood protection 
(now the Runoff Volume and CN tab): composite post-
development curve number is 76



Question 3   (Channel Protection)

Narrative, p. 2–3

Existing CN:  79 

- Based on fair existing 
site conditions

Inputs:

P

Tc

CN

For existing conditions

- Assume good

TR-55 User’s Manual 
Table 2-2A
curve number for good 
existing site conditions 
at most 74






Question 3   (Channel Protection)

Appendix B, p. 16

Note:
Pre-development 
drainage area 
(DA) = 5.7 acres

Post-
development 
DA = 5.3 acres



Question 3   (Channel Protection)



Question 3   (Channel Protection)

Appendix B, p. 16

Pre-development 
volume 
= 0.32 acre feet



Question 3   (Channel Protection)

Allowable release 
rate of 4.1 cubic feet 
per second is 
incorrect



Question 3   (Channel Protection)

Narrative booklet, p. 9 (Compliance Summary)

Proposed design discharge is 3.56 cfs

Narrative Booklet, p. 9 (Compliance summary)



Question 3   (Channel Protection)

Used energy balance to 
show compliance

• Proposed design discharge is 
3.56 cfs

• Less than existing site 
discharge of 3.6 cfs

• BUT not low enough to meet   
energy balance requirements

• Allowable release rate 
incorrect

**Does not meet compliance requirements



P-BMPs:

Permeable pavement
Cistern
Dry swale 
Extended detention pond



Permeable Pavement



Permeable Pavement (P-FIL-03)



Permeable Pavement (P-FIL-03)

The 2.5:1 maximum flow 

area to the permeable 

pavement is not satisfied 



Cistern



Cistern (P-BAS-04)



Cistern (P-BAS-04)

Note: Specification recommends a soak away pit 

to meet seasonal demands (such as irrigation). 

Keep up with the changing regulations to ensure 

that designers also use the correct requirements 

for site design. Using old requirements for review 

may cause the design to be inadequate.



The cistern design is correct, 

however, always check the design 

assumptions and spreadsheet. For 

example, if they say 70 people will 

be working in the building, is there 

parking for 70 people?

Cistern





Dry Swale



Dry Swale (P-CNV-02)



Dry Swale (P-CNV-02)

This design is allowable, however, 

a geotechnical report should be 

requested to ensure the soil meets 

the minimum infiltration rate for 

designs without underdrains



Extended Detention 
Pond



Extended Detention (P-BAS-03)
A

B

Need: 

-Pretreatment at inlets

-Pretreatment design 

documented



Extended Detention (P-BAS-03)
A

B

Need channel 

from outlet of 

basin to exit of site

Need computations for 

riprap sizing and spillway 

computations

Need: 

-Pretreatment at inlets

-Pretreatment design 

documented



Bonus   (Flood Protection?)

• Narrative (p. 5) implies flooding is occurring at 
road culvert

• Decrease 10-year discharge to 15.9 cubic feet 
per second (cfs), which is less than the existing 
discharge (17.5 cfs)

• Reduce headwater elevation at the culvert 
from 517.6 feet to 516.7 feet



Question 6   (Volume in ED enough?)

What volume will be needed to meet  criteria?
qallowable = 2.4 cfs Required storage = 0.14 acre feet

Narrative, p. 20

The one-year storage volume provided will not be 
sufficient



Where did the other 0.4 acres go?

It’s important to evaluate all outfalls from a site, 

even if they are not the primary outfall. 

Other outfalls could be negatively affected if 

more drainage is being forced to flow to other 

areas.

Question 7   (Any info missing?)



Answer Summary

2.97 lb/yrPost-development total phosphorous load 

1.23 lb/yrTotal phosphorus load reduction required

8,231 cubic 
feet (cf)

Target treatment volume

41%Average efficiency needed

2.8 cfsAllowable discharge from site

0.14 acre feet 
(6,290 cf)

Storage volume required to comply with water 
quantity requirements



Questions? 
Comments?

Exercise Solution PowerPoints
available on ELMS

Password: SecretSauce2000
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