6.0  Benefits of Plan Implementation

There are numerous watershed restoration strategies that may have a significant impact on the
overall health and quality of the Sugarland Run and Horsepen Creek watersheds. In order to
quantify the costs and benefits of implementing the watershed restoration strategies discussed in
previous sections, additional analyses were required. This section discusses and summarizes the
results of the pollutant load, hydrologic and hydraulic modeling used in the development of the
watershed management plans to quantify any reductions in pollutant loading, total stormwater
runoff volumes, peak rate of runoff and the extent of flooding. A summary of cost estimates and
an analysis of the costs and benefits of the project plan are also discussed.

6.1 Stormwater Models

As discussed in Section 2, modeling is a way to mathematically predict and spatially represent
what will occur during a given rainfall event. Hydrologic and hydraulic models are the two types
of models that are used to achieve this. Hydrologic models take into account the particular
rainfall event of interest, the physical nature of the land area where the rainfall occurs, and how
quickly the resulting stormwater runoff drains a given land area. Hydrologic models can describe
both the quantity of stormwater runoff and resulting pollution, such as nutrients (nitrogen and
phosphorus) and sediment that are transported by the runoff. Hydraulic models are used to
evaluate the effect the stormwater runoff from a particular rainfall event has on both man-made
and natural systems. These models can predict both the ability man-made culverts/channels have
in conveying stormwater runoff and the spatial extent of potential flooding.

Hydrologic and hydraulic models were created for three distinct scenarios as listed below:

 Existing conditions
« Future conditions without projects
o Future conditions with projects

For Existing Conditions, the models simulated the condition of the watersheds at the time the
models were created by incorporating information on land use, soils, existing stormwater
management and best management practice facilities, previous stream and watershed
assessments, and actual field reconnaissance and site visits. The Future Conditions without
Projects scenario simulated future conditions based on countywide future land use and
development, derived from the county’s comprehensive plan and build-out predictions. As the
name implies, the Future Conditions without Projects models do not contain any of the
watershed restoration strategies or projects identified in this plan. The Future Conditions with
Projects scenario simulates the implementation of the projects discussed in the previous sections.
The Future Conditions with Projects scenario uses the Future Conditions without Projects
models as a base on which proposed restoration strategies are added and evaluated. Comparison
of modeling results from these three scenarios yielded pollutant loading and stormwater runoff
reductions discussed below. Detailed information on the setup and calibration of the STEPL
pollution models, SWMM hydrologic models and HEC-RAS hydraulic models can be found in
Technical Memo 3.6 in Appendix B.
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6.2  Analysis of Stormwater Modeling Results

Results of the modeling efforts were compiled and analyzed to determine pollutant load and flow
reductions. The reduction in values shown and discussed below indicates the overall benefits of
implementing the restoration strategies described within the plan.

6.2.1 Sugarland Run

Tables 6.1 and 6.2 below summarize the results of the pollutant and hydrologic models in terms
of pollutant loading and stormwater flow reductions for the Sugarland Run Watershed. All
values were normalized to the drainage area to allow for direct and accurate comparisons. Runoff
volume and peak flow values were obtained from SWMM hydrologic models and were
calculated cumulatively. In other words, flows were summed from upstream to downstream and
were divided by the total contributing drainage area. Total suspended solids (TSS), total nitrogen
(TN) and total phosphorus (TP) values were obtained from the results of the STEPL pollutant
models. These values were calculated based on the individual land area contributions and may
not increase from upstream to downstream.

Table 6.1
Sugarland Run Pollutant Loading and Flow Reductions by WMA
Runoff Volume Peak Flow
Area > (infyr) (cfs/ac) TSS TN TP
WMA (ac) Seenario vear | 10vear | 2 10| (blaciyry? | (blaclyry? | (blaciyr)?
Year Year
Existing 2,086.37 | 4,742.46 | 0.24 0.55 1.11 53.59 8.15
Condition
_ Future Without | 5 797 16 | 7.567.42 | 043 | 087 1.13 54.66 8.28
Folly Lick Projects
WA 1,813.70 —
Future Wit 367452 | 7,510.86 | 042 | 0.86 1.09 52.92 8.03
Projects
Reduction 1% 1% 1% 1% 4% -3% -3%
(10-year Plan)
Existing 3,772.97 | 7,239.01 | 0.43 0.83 0.71 37.32 5.11
Condition
Future Without | 5 20070 | 790914 | 043 0.83 0.71 37.39 5.12
Headwaters Projects
WMA 1,390.97 [~ -
uture Wit 3550.03 | 682542 | 041 | 0.79 0.69 36.32 4.97
Projects
Reduction 6% 5% 5% | -5% 3% -3% 3%
(10-year Plan)
Existing 54358 | 1,297.11 | 0.06 0.15 0.91 43.65 6.42
Condition
Future Without
Lower Projects 581.80 | 1,402.64 | 0.07 0.16 0.91 44.24 6.5
Sugarland 3,742.65 F with
WMA “Ffur.e It 555.87 | 1,367.30 | 0.06 0.16 0.88 43.04 6.3
rojects
Reduction
-4% -3% -4% 2% 3% -3% -3%
(10-year Plan)
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Table 6.1

Sugarland Run Pollutant Loading and Flow Reductions by WMA

Runoff Volume Peak Flow
Area .3 (infyr) (cfs/ac) TSS TN TP
WMA (ac) Scenario ovear | 10vear |2 10| (blaclyr? | (blaclyry? | (Ib/aciyr)?
Year Year
Existing 29659 | 627.33 | 0.03 0.07 2.44 112.33 16.89
Condition
Lower Middle F““gﬁ)}’e\gttg"“t 356.95 | 80081 | 004 | 0.09 2.46 113.95 17.09
Sugarland 3,503.14 F With
WMA uture Wit 35146 | 79284 | 004 | 0.09 2.43 113.09 16.94
Projects
Reduction 2% 1% 2% 1% 1% 1% 1%
(10-year Plan)
Existing 1,649.94 | 3,824.07 | 0.19 0.44 0.18 6.51 1.02
Condition
Future Without | 4 c1994 | 382407 | 019 | 0.44 0.18 6.51 1.02
Potomac Projects
WMAL 1,053.05 |~
“Ff“r.e It 1,649.94 | 3,824.17 | 0.19 0.44 0.18 6.51 1.02
rojects
Reduction 0% 0% 0% 0% 0% 0% 0%
(10-year Plan)
Existing 3,398.88 | 6,772.61 | 0.39 0.78 1.33 62.17 8.54
Condition
Upper F““;,rreoj\gvc'g“’“t 358449 | 7,039.15 | 041 | 081 138 64.9 8.82
Sugarland 928.44 F With
WMA uture Wit 3,363.16 | 6,688.95 | 0.39 0.77 1.28 62.74 8.45
Projects
Reduction -6% 5% | -6% | -5% 7% 3% 4%
(10-year Plan)
Existing 2,121.30 | 4,394.20 | 0.24 0.51 1.41 72.68 10.52
Condition
Upper Middle F““;,rreoj\gvc'g“’“t 241353 | 514253 | 028 | 059 1.41 73.13 10.56
Sugarland 1,975.12 F with
WMA uture Wit 2,28529 | 4,854.73 | 0.26 0.56 1.27 69.53 9.94
Projects
Reduction 5% 6% 5% 6% -10% 5% 6%
(10-year Plan)
Y Flow is cumulative.
2 Loads are representative of individual land area contributions.
% 25-year projects were not evalutaed in the hydrologic model.
* No projects were proposed in this WMA.
Sugarland Run and Horsepen Creek 327 July 2010

Draft Watershed Management Plan




Table 6.2
Sugarland Run Overall Pollutant Loading and Flow Reductions

Runoff VVolume Peak Flow
: (infyr)* (cfs/ac)! TSS TN TP
Watershed Area (ac) Scenario® 2 2 2
2 Year 10 Year 2 10 (Ib/aclyr) (Ib/aclyr) (Ib/aclyr)
Year Year

CEOXn';ti't?gn 613.11 | 144772 | 007 | 017 8.07 388.25 56.65

Fm‘;,f()ﬁg"“ 64940 | 155005 | 007 | 0.18 8.19 394.78 57.39
Sugarland Run | 14,407.07 = With

”Ft,%fe Cts't 62497 | 151601 | 007 | 0.7 7.82 384.15 55,65

Reduction
(10year Plan) | 4% 2% 4% | 2% 5% -3% -3%

T Flow is cumulative.

2 Loads are representative of individual land area contributions.
% 25-year projects were not evaluated in the hydrologic model.

Based on modeling results, implementation of the restoration strategies and projects described in
the 10-year plan will result in reductions in stormwater runoff flows and pollutant loads. The
values shown in these tables have all been normalized to the drainage area and the reductions
shown here indicate reductions per unit area. The model results show the greatest reductions in
WMASs further upstream such as the Headwaters and Upper Sugarland WMASs where stormwater
management generally has the greatest effect and where projects have been prioritized. WMAs
where no projects or restoration strategies are proposed such as Potomac WMA, which is located
completely within Loudoun County, are shown in Table 6.1 above without any reductions or
increases in pollutant loadings or stormwater flow.

6.2.2 Horsepen Creek

Tables 6.3 and 6.4 below summarize the results of the pollutant and hydrologic models in terms
of pollutant loading and stormwater flow reductions for the Horsepen Creek Watershed. All
values were normalized to the drainage area to allow for direct and accurate comparisons. Runoff
volume and peak flow values were obtained from SWMM hydrologic models and were
calculated cumulatively. In other words, flows were summed from upstream to downstream and
were divided by the total contributing drainage area. Total suspended solids (TSS), total nitrogen
(TN) and total phosphorus (TP) values were obtained from the results of the STEPL pollutant
models. These values were calculated based on the individual land area contributions and may
not increase from upstream to downstream.
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Table 6.3

Horsepen Creek Pollutant Loading and Flow Reductions by WMA

Runoff VVolume Peak Flow
_ (infyr) (cfs/ac) TSS TN TP
WMA Area (ac) Scenario® 2 2 2
2 Vear 10 Year 2 10 (Ib/aclyr) (Ib/aclyr) (Ib/aclyr)
Year Year
Existing 2,470.81 | 534251 | 0.28 0.61 0.67 31.03 4.69
Condition
Future Without | 15759 | 539307 | 029 | 062 0.67 31.18 470
Cedar Run Projects
WMA 782,41 Future With
uture Wi 2,306.92 | 5,062.73 | 0.27 0.58 0.59 29.93 4.41
Projects
Reduction -8% 6% -8% 6% -12% 4% 6%
(10-year Plan)
Existing 1,893.41 | 4,060.69 | 0.22 0.47 0.64 39.67 5.55
Condition
, Future Without |, 55519 | 529710 | 029 | 061 0.66 40.93 571
Frying Pan 1130.42 Projects
WMA Future With | » 16550 | 450211 | 025 | 0.53 0.62 39.74 5.50
Projects
Reduction -14% -13% 14% | -13% 6% -3% 4%
(10-year Plan)
Existing 1,883.67 | 4,184.63 | 0.22 0.48 0.76 36.63 5.25
Condition
, Future Without | 4 ags 51 | 418426 | 022 | 048 0.76 36.63 5.25
Indian Creek 2 065.86 Projects
4 ) . -
WMA Future With | 4 g3 59 | 418426 | 022 | 0.48 0.76 36.63 5.25
Projects
Reduction 0% 0% 0% 0% 0% 0% 0%
(10-year Plan)
Existing 1,176.07 | 2,625.44 | 0.14 0.30 1.70 59.76 7.45
Condition
Lower Future Without | 4 34996 | 297208 | 015 | 034 1.70 59.76 7.45
Projects
Horsepen 3,190.21 Future With
WMA* uture Wi 1,327.69 | 2,924.03 | 0.5 0.34 1.70 59.76 7.45
Projects
Reduction 1% 2% 1% 2% 0% 0% 0%
(10-year Plan)
Existing 1,174.06 | 2,71591 | 0.14 0.31 1.53 69.33 10.53
Condition
Lower Future Without | 4 5a391 | 330116 | 0.18 0.38 1.56 70.75 10.72
Middle 1186.39 Projects
Horsepen . Future With
WMA Projects 1,506.56 | 3,161.75 | 0.17 0.37 1.48 67.98 10.30
Reduction -2% -4% 2% | -4% -5% -4% -4%
(10-year Plan)
Existing 3,518.40 | 6,938.40 | 0.40 0.80 0.24 19.29 2.88
Condition
Future Without | 4 eec 55 | 857115 | 054 0.99 0.26 21.68 3.15
Projects
Merrybrook i
y 966.61 Future With | ) o> 69 | 840440 | 0.52 0.97 0.26 21.68 3.12
WMA Projects
Reduction 2% 2% 2% 2% 0% 0% 1%
(10-year Plan)
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Table 6.3

Horsepen Creek Pollutant Loading and Flow Reductions by WMA

Runoff Volume Peak Flow
. 3 (infyr)* (cfs/ac) TSS TN TP
R e O (N B vewr | 10ver | 2 10| (blackr) | (blaciyr)? | (blackyr)?
Year Year
Existing 1,040.98 | 2,784.46 | 0.12 0.32 0.98 41.30 5.03
Condition
Middle F““I‘,rfoi‘gtt?o”t 1,15555 | 290534 | 013 | 033 121 5231 6.10
Horsepen 952.58 Fut rJ With
WMA uture 1,099.37 | 288035 | 013 | 033 1.21 51.56 6.06
Projects
Reduction 5% 1% 5% | -1% 0% 1% 1%
(10-year Plan)
Existing 1,150.72 | 257128 | 013 | 030 0.74 24.92 3.13
Condition
. Future Without | 4 156 75 | 257128 | 013 | 030 0.74 24.92 3.13
Stallion 239350 Projects
4 ’ . -
WMA Future With | ) 15072 | 2571.28 | 0.3 0.30 0.74 24.91 3.13
Projects
Reduction 0% 0% 0% 0% 0% 0% 0%
(10-year Plan)
Existing 1,089.50 | 3,050.78 | 013 | 035 0.86 56.04 8.06
Condition
Upper Futre Wit | 111070 | 300265 | 013 | 036 0.88 56.95 8.16
rOjeCtS
Horsepen 1,929.06 Future With
WMA - 1,050.29 | 3,04850 | 0.12 0.35 0.80 54.58 7.73
Projects
Reduction -5% -1% 5% -1% -9% -4% -5%
(10-year Plan)
L Flow is cumulative.
2 | oads are representative of individual land area contributions.
8 25-year projects were not evaluated in the hydrologic model.
* No projects were proposed in this WMA.
Table 6.4
Horsepen Creek Overall Pollutant Loading and Flow Reductions
Runoff Volume Peak Flow
2 (infyr)* (cfs/ac) TSS TN TP
Watershed Area (ac) Scenario > - (Iblaclyr)? | (Iblaclyr)? (Ib/aclyr)?
2 Year 10 Year
Year Year
Existing 1,176.07 | 262544 | 014 | 0.30 8.12 377.98 52.57
Condition
Future Without | 4 345 95 | 297208 | 015 | 034 8.45 395.11 54.37
Horsepen Projects
Creek 14,597.04 Future With
; 1,327.69 | 2,924.03 | 0.15 0.34 8.14 386.66 52.95
Projects
Reduction 1% 2% 1% 2% -4% 2% -3%
(10-year Plan)
" Flow is cumulative.
2 Loads are representative of individual land area contributions.
¥ 25-year projects were not evaluated in the hydrologic model.
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Based on modeling results, implementation of the restoration strategies and projects described in
the 10-year plan will result in reductions in stormwater runoff flows and pollutant loads. The
values shown in these tables have all been normalized to the drainage area and the reductions
shown here indicate reductions per unit area.

The model results show the greatest reductions in WMAs further upstream such as the Cedar
Run, Frying Pan and Upper Horsepen WMASs where stormwater management generally has the
greatest effect and where projects have been prioritized. WMASs where no projects or restoration
strategies are implemented such as the Indian Creek and Stallion WMAS, which are both located
completely within Loudoun County, are shown in Table 6.3 above without any reductions or
increases in pollutant loadings or stormwater flow. Lower Horsepen WMA is also located
completely within Loudoun County and no projects are proposed within its boundaries. STEPL
results for pollutant loadings show no reductions or increases; however the flow values do
indicate a reduction. Stormwater flow values were calculated cumulatively as described
previously. Since Lower Horsepen WMA is the downstream most WMA in the Horsepen Run
watershed and located on the main stem of Horsepen Run, the flow values shown in Table 6.3
for this WMA reflect flow reductions for the entire Horsepen Run watershed.

6.3  Project Costs and Benefits Analysis

An integral element to evaluating the benefits of restoration strategies and projects is associated
costs. Cost estimates were calculated for all structural projects detailed in previous sections.
Detailed cost estimates, as shown on the project fact sheets, were determined for structural
projects in the 0-10 year implementation phase. The total costs of implementing projects in this
phase were calculated to be approximately $18 million and $13 million for the Sugarland Run
and Horsepen Creek watersheds, respectively. Associated costs for structural projects in the 11-
25 year phase were roughly approximated based on the overall costs associated with similar
projects in the 10 year implementation plan. Cost estimates were not calculated for non-structural
projects, because non-structural projects do not require traditional construction measures to be
implemented and may be programmatic in nature.

In addition to the calculation of cost estimates for projects listed in the implementation plan, a
cost benefit analysis was also performed. The project cost distribution for all projects listed in the
10-year implementation plan was evaluated. The evaluation of the project cost distribution
allowed for a determination of outliers within the lists of projects. These outliers could be
projects that were significantly more or less expensive than other projects in the lists. These
projects were further scrutinized and evaluated to determine if they should remain in the 10-year
list. Outliers determined to be kept in the list were evaluated separately from the other projects in
the 10-year list. A cost to benefit ratio was calculated based on the subwatershed ranking
composite score and the projects’ associated costs. Using the cost to benefit ratio, all structural
projects in the 10-year implementation plan were reordered based on this analysis.

6.4  Overall Costs and Benefits of Plan Implementation
The stormwater modeling and costs and benefits analysis described in this section demonstrates

the value of the projects and restoration strategies discussed within the plan. The overall cost of
implementing all the projects on the 10-year list is $31 million. Implementation of all projects
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and restoration strategies in the 10-year priority list will result in significant overall reductions in
stormwater flows and pollutant loads. Stormwater runoff volume from the 2-year and 10-year
storm events would decrease by 2% or 40 inches per year and 83 inches per year, respectively.
The peak flow rate would also decrease by 2%, resulting in a reduction of 0.005 CFS per acre for
the 2-year storm event and 0.010 CFS per acre for the 10-year storm event. Total suspended
solids would be reduced by 4% overall or 68 pounds per acre per year. Total nitrogen would be
reduced by 2% or 19 pounds per acre per year, and total phosphorus would be reduced by 3% or
3 pounds per acre per year.
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