
3. Borrow Pit Storm Water Improvements 
4. Colony Manor Drainage Improvements 
5. Galberry Road Area Drainage Improvements 
6. Yadkin Road Drainage Improvements 
7. Weiss Lane Channel Improvements 
8. Oak Manor Area Channel Improvements 

 
This configuration depicts future conditions with strategic drainage and storm 
water improvements in place. Additional details and descriptions regarding the 
improvements are presented elsewhere in this report.  Cost opinions are presented 
in a separate Cost Appendix. 

 
 
Modeling Results 
 
Stable RUNOFF and EXTRAN runs were obtained for all modeling scenarios. EXTRAN continuity 
errors ranged from low to very low. 
 
Boundary conditions (water surface elevations) at the downstream outfall were set in accordance 
with Chapter 5, Section Q of the City of Chesapeake Public Facilities Manual (July 2001 
Edition).  In all cases, for all return periods, the hydraulic boundary condition was modeled as a 
constant water surface elevation of 3.55 feet (NAVD88). 
 
The GIS analysis prepared in support of this modeling indicates that the Deep Creek watershed will 
increase from 17.85 to 23.80 percent imperviousness in the future, as indicated in Figures 3 and 4.  The 
procedures used to determine this increase are explained in the Master Drainage Plan Methodology 
(April 2005) report submitted previously.  This increase in impervious cover produces greater volumes of 
storm water runoff, which have been incorporated into the future conditions models.   
 
Figures 8, 9, and 11 depict street and property flooding volumes for the 10- and 50-year design storm 
events.  The histograms are not drawn to any scale, but they are proportional, and serve to graphically 
identify where flooding can be expected under each modeling configuration. 
 
The City does not have to ‘fix’ all of the flooding represented by the histograms in the figures.  Areas 
such as deep ravines, large open spaces, ball fields and parks, and along railroad rights of way often do 
not require improvements unless there is a specific reason to construct them.  It is also important to bear 
in mind that a 50-year design storm is an extreme event, and that neighborhood drainage systems are 
typically not required to accommodate 50-year storms. 
 
Flooding complaints, particularly those in residential neighborhoods, often result from maintenance 
problems such as a clogged pipe or debris in a ditch.  In considering whether or not drainage 
improvements might be required to correct an existing deficiency, the model results should indicate a 
flooding problem, and there should be some flooding history to support the need for improvements.  If 
both of these conditions are not met, then the system maintenance should be reviewed or the computer 
models should be carefully checked. 
 
It is also important to understand when reviewing these results that there can be low-lying structures in 
the watershed that have finished floor elevations below the maximum water surface elevations computed 
in the SWMM models.  In order to estimate whether or not a particular structure will be subject to 
flooding for a given storm condition, maximum hydraulic grade line elevations in the vicinity should be 
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checked against the finished floor elevation.  For example the maximum computed water surface 
elevation (CWSE) at Node 158 appears to be higher than the ground surrounding the house to the 
northwest.  As a result of further survey or field inspection it may be determined that there is no direct 
access for the flooding waters at Node 158 to reach this property.  Areas such as this may require 
additional field verification to evaluate the impacts of flooding nodes on adjacent properties. 
  
As with all models of this size and complexity there is a great deal of detailed information required.  
Because it is not feasible to collect all of the required data, in some locations it is necessary to make 
educated guesses about inverts and pipe and channel dimensions and geometries.  Where future designs 
and studies will be based on these models, engineers are strongly encouraged to field-verify all items that 
may critically impact their designs. 
 
The peak computed water surface elevations at each model node are presented in Appendix C for both 
existing and future condition scenarios.  The blue shading in Tables C-1 through C-3 indicates locations 
where the maximum computed water surface meets or exceeds the ground elevation for the node.  Many 
of these nodal flooding locations are very small quantity or short duration events.  In the SWMM 
EXTRAN models, the volume of water leaving the node during flooding is computed and summarized for 
continuity purposes (which allows for a reasonable accounting of flood volume at the node) but the 
flooded water is not re-introduced into the model for subsequent routing.  If flooding occurs at a choke 
point in the system, downstream nodes may have computed maximum water surface elevations less than 
what can actually be expected due to the volume of water being ‘held’ upstream.  At nodes in Tables C-1 
and C-2 where this phenomenon is probably occurring the maximum computed water surface is indicated 
in bold, red, italic type.  The patterns of flooding can appear to be somewhat counter-intuitive due to the 
complexity of hydraulic routing.  For example, a given node can flood for the 10-year event, but not for 
the 25-year event.  This could be due to computed upstream flooding, or it could be due to the timing of 
flooding along other hydraulic pathways. 
 
The figures that indicate nodal flood volumes in this report have been filtered so that nodal flood volumes 
less than 10,000 cubic feet are not represented (because less than 10,000 cubic feet of flooding cannot be 
practically discerned on the ground—it simply appears as heavy runoff or sheet flow in most cases).  
Tables C-1 and C-2 have not been filtered at all; where nodal flooding is indicated in many cases the 
duration and quantity of flooding can be very minor. 
 
The PCSWMM modeling platform contains a very helpful dynamic hydraulic grade line tool that allows 
the user to view animations of the computed water surface elevations.  This dynamic hydraulic grade line 
tool takes input from a digital interface file at a specified sampling interval, for example every 3 minutes 
in these models.  The EXTRAN routing computations are performed at one-second intervals, and the 
EXTRAN output (*.out) file contains summary information based on every time step.  If the dynamic 
hydraulic grade line tool is used to view the results the user should bear in mind that it is based on a 
sample (one out of every 180 seconds), and therefore the ‘peak’ values listed by the dynamic hydraulic 
grade line tool are peaks as sampled using a three-minute interval.  The EXTRAN output data on the 
other hand contains a summary of the exact peak values.  The EXTRAN output file summaries are used to 
prepare Tables C-1 and C-2, as well as the flooding figures in this report. 
 
The modeling results presented in this report are based on the assumption that the drainage and storm 
water systems will be well maintained.  If debris builds up to block drainage structures, or channels are 
allowed to fill with silt, flooding will likely be more severe than computed and represented in this report.   
 
FEMA flood insurance studies and rate maps are the definitive source of floodplain limits and elevations 
in all cases.  The SWMM models developed for this drainage study are specific design scenarios based on 
2-, 5-, 10-, 25-, 50-, and 100-year rainfall events—THEY ARE NOT TO BE CONSTRUED AS 
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INDICATIVE OF EXPECTED WATER SURFACE ELEVATIONS FOR THE PURPOSES OF 
FLOODPLAIN MANAGEMENT AND/OR INSURANCE REQUIREMENTS.  The SWMM models 
developed for this study could be adapted for use in the National Flood Insurance Program and submitted 
to FEMA for approval, but until they are subjected to that process the published flood insurance studies 
and rate maps remain fully in effect. 
 
 
Back-to-Back Storms Analysis 
 
The City of Chesapeake has flood storage requirements regarding back-to-back storms.  Simply stated, 
detention and retention facilities must recover a substantial portion of the available flood storage 48 hours 
after a 10-Year Type II design storm event begins.  A special SWMM analysis was constructed and run to 
produce the results indicated in Table D-1.  As shown in the table, all of the storm water basins in the 
watershed should recover flood storage capacity adequately within 48 hours after the onset of a 10-year 
Type II storm, and all of them have excess storage capacity above the peak 10-year water surface 
elevation. 
 
The City’s back-to-back storm analysis requirements are not well understood in the consulting 
community, and have not been consistently applied from project to project.  The ultimate intent is to 
produce good detention and retention facility designs that can recover a reasonable amount of flood 
storage capacity so that flood damage can be avoided if one severe storm is followed shortly by another. 
 
The development of specific back-to-back storm evaluation criteria is problematic for several reasons.  
First, back-to-back 10-year (for example) storms comprise a hydrologic design event that has a return 
period well beyond 10-years, and designs to accommodate such an event can be very expensive to 
construct, or to retrofit.  Secondly, the City’s current criteria—to recover 90-percent of the peak storage 
capacity used 24 hours after the cessation of a 10-year design rainfall—does not address how much of the 
total storage capacity is being used, or how much total capacity is available at the beginning of the second 
storm. 
 
For example, a large lake could have a relatively small outlet, designed to slowly release runoff (to avoid 
downstream flooding while reducing the need for significant downstream channel and culvert 
improvements).  Such a design would recover the peak storage volume being used relatively slowly, and 
might not strictly meet the 90-percent-recovery criterion.  Yet if the computed rise in the lake is relatively 
small, then only a small portion of the lake’s total storage capacity is being used.  For example the lake at 
Node 186 has a 57-acre surface at its proposed normal pool elevation, which provides a very large storage 
potential.  The lake discharges through a small outlet which does not allow the lake to recover much of its 
peak 10-year flood storage volume 48 hours after the 10-year design storm begins, however at the peak 
10-year water surface elevation, only 17 percent of this lake’s total storage capacity is being used. 
 
For the design of stormwater basins that serve small parcels or land areas, the computation and analysis of 
back-to-back design storms can be an expensive and complicated process.  However in the context of a 
Master Drainage Plan analysis, once a SWMM model has been constructed, it is a relatively 
straightforward matter to directly analyze back-to-back design storms.  Master Drainage Plan updates 
completed recently for the City include 2-, 5-, 10- 25-, 50-, and 100-year 24-hour design storm analyses.  
A 72-hour design hyetograph, consisting of two 24-hour design storms separated by a 24-hour period of 
no rainfall, could be incorporated into the engineering design requirements for large developments, and 
into the Master Drainage Plan analyses themselves.  The effects of flooding from back-to-back storms 
could be analyzed directly in these contexts. 
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