












Figure 2.3 Earthfill Buttress for Lower Dam 

The Lower Dam and reservoir are located immediately downstream of the Upper 
Dam on the same unnamed tributary to Moores Creek. The drainage area for the dam 
was reported to be 1.83 square miles with 1.28 square miles located upstream of the 
Upper Dam. The reservoir storage capacity for the structure is 1,311 acre-feet at the 
normal pool (spillway crest) elevation and is 1,479 acre-feet at the dam crest elevation. 

For the dam breach analysis, failure was modeled under two different conditions­
during the spillway design flood, or the PMF, and during sunny day (non-storm) 
conditions. The extents of the model were chosen to adequately define the area 
inundated as a result of dam failure. The model begins at the dams and continues 
approximately nine miles downstream of the Lower Dam where Moores Creek reaches a 
confluence with the Rivanna River as shown in Figure 2.4 below. The criterion for 
determining the adequacy of the downstream limit was that the difference in flood 
elevations between the breached scenarios and the existing 1DO-year event (as defined in 
the FEMA Flood Insurance Study) be less than one foot. 
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3.0 DATA COLLECTION 

Data collection began with review of record files from the RWSA, previous 
design reports, and the Flood Insurance Study (FIS) of Moores Creek obtained from the 
Federal Emergency Management Agency (FEMA). Existing GIS/CAD data of the study 
area were also obtained for use in the analysis and for the flood inundation mapping. 
These data include features such as 5-foot interval topographic contouring and locations 
of roads, waterways, and structures. 

Further data for the model were obtained from a field reconnaissance performed 
by GF staff. Bridges and culverts along the study reach were observed to determine their 
relevance to the model, and photographs were taken of each critical hydraulic feature 
within the study area. These photographs are included in Appendix A. 

4.0 HYDROLOGIC ANALYSES 

Hydrologic modeling was conducted using the US Army Corps of Engineers' 
HEC-HMS computer program. Hydrologic parameters and characteristics of the 
watershed were determined in accordance with procedures contained in the National 
Resource Conservation Service's (NRCS) National Engineering Handbook (NEH) 
Part 630 and Technical Releases No. 55 (TR55) and No. 60 (TR60). Delineation of the 
drainage area was based on USGS topographic mapping for the site. Reservoir 
characteristics were based on prior reports, GIS databases, and field reconnaissance. 

4.1 \Vatershed Characteristics 

The drainage area to the Ragged Mountain Dam system covers 1.8 square miles 
within the headwaters of Moores Creek and includes three structures of 
hydrologiclhydraulic significance - the Interstate 64 (1-64) embankment culvert, the 
Upper Ragged Mountain Dam, and the Lower Ragged Mountain Dam. At the upstream 
end of the system watershed, the 1-64 embankment crosses an unnamed tributary of 
Moores Creek that creates a subbasin with a 0.8l-square-mile area, which is equivalent to 
45% of the system's total drainage area. The Upper Dam is located approximately 
3,500 feet downstream of the 1-64 embankment culvert and creates a subbasin with a 
0,45 square mile area, which is equivalent to 25% of the system's total drainage area. 
The Lower Dam is located approximately 2,000 feet downstream of the Upper Dam with 
a 0.54 square mile subbasin containing the remaining 30% of the system's total drainage 
area. 

Contributing watersheds downstream were also developed at major structures and 
tributaries flowing into Moores Creek. A total of eight downstream contributing areas 
were delineated and included in the study. Delineations of the watersheds for the study 
are shown in the water definition map in Figure 4.1. 
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Watershed delineation was performed using a GIS-based approach that utilizes a 
digital elevation model (DEM). Topographical surface data was obtained through the 
USGS National Elevation Dataset (NED). The NED was developed by taking the highest 
resolution data available and merging it into a seamless coverage for the United States. 
Using the NED, I :24,000 scale, 10-meter, DEM data was acquired for the study 
watershed. This DEM data was utilized to delineate the watershed and subwatersheds. A 
total of ten subwatersheds comprise the entire study area. The delineation of the drainage 
system and watershed boundaries is presented in Appendix B. 

4.2 Precipitation Data 

The probable maximum storm (PMS) is used to calculate the hydrograph for the 
PMF. The probable maximum precipitation (PMP) depth for the Ragged Mountain Dam 
Watershed was determined by use of Hydrometeorological Report No. 51 (HMR5l), a 
National Weather Service publication. The temporal distribution of the PMP was 
estimated by application of the National Weather Service's HMR No. 52 (HMR52) 
computer program. Temporal distribution of the PMP was assumed such that the storm 
was centered over the Ragged Mountain Dams watershed. Table 4.1 summarizes the 
precipitation values obtained using HMR5l for this study. Complete HMR52 output is 
presented in Appendix B. 

Table 4.1 
PMP Precipitation Values 

Storm I Precipitation in Inches 
Area in sq. ! PMP Storm Duration Reference" 

mi. I 6-Hour 12-Hour 24-Hour 48-Hour 72-Hour \ 

10 28.3 33.2 36.8 40.8 42.8 HMR51 
200 I 19.8 23.7 27.5 31.4 33.0 HMR51 
1000 

I 
14.5 18.5 22.8 25.7 26.9 HMR51 

5000 8.8 12.1 15.5 19.3 20.2 HMR51 
10000 
20000 

I 
I 

6.7 
4.7 

9.8 
7.8 

12.8 
10.5 

16.0 
13.5 

17.2 
14.7 

HMR51 
HMR51 

4.3 Probable Maximum Flood Determination 

The PMF event was modeled using the U.S. Army Corps of Engineers' HEC-l 
computer program. Two of the key hydrologic parameters required in the model are the 
runoff curve number (RCN) and the time of concentration (t.). These parameters were 
determined using Geographical Information System (GIS) mapping as described below. 

A GIS-based hydrologic modeling approach was utilized to develop the NRCS 
rainfall-runoff model for the evaluation of the Ragged Mountain Dams watershed. 
Topographical surface data were obtained through the USGS NED. From the NED, 
1:24,000 scale, 10-meter, digital elevation model (DEM) data were acquired for the 
Ragged Mountain Dam system watershed. The DEM data were utilized to delineate the 
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watersheds and compute the hydrologic parameters for each subbasin such as drainage 
area, hydraulic slope, time of concentration and watershed centroid. 

The NRCS runoff curve number also was computed within Watershed Modeling 
System (WMS) software version 6.1. In order to compute a curve number in the GIS 
environment, digital soils data and land cover data are required. Digital soils information 
was obtained from the NRCS Soil Survey for Albemarle County, Virginia. Digital soils 
information was created by digitizing the soil data on the maps within the soil survey and 
geo-referencing the digitized coverage. Digital Landcover data were obtained through 
the USGS, which houses USGS 1:250,000 scale GlRAS landuse/landcover spatial data 
that is categorized based on the Anderson Landcover/Landuse classification system. In 
combination, these digital coverages allow GIS to compute a runoff curve number for 
each of the delineated subbasins. Appendix B provides a summary of the GIS data 
obtained, and Table 4.2 below summarizes the relevant hydrologic parameters for each 
subbasin. 

Table 4.2
 
Hydrologic Parameters for the
 

Ragged Mountain Dams Failure Study by Basin
 

Subbasin 
Name 

Subbasin 
ID 

NRCS 
RCN 

Time of 
COll«'Jltration 

(minutes) 

Drainage 
Area 

(square miles) 

1-64 Culvert US 164 63.4 12 0.81 

Ragged Mtn Dams RaggedMtn 68.0 20 1.00 

Route 29 Interchange Up_Hwy 63.5 35.8 1.50 

Moorey Creek Moorey 68.0 52.3 3.53 

Upper Moores Creek Moore1 62.5 !l6 5.67 

Middle Moores Creek Moore2 76.2 49.1 1.39 

Biscuit Run 

Charlottesville 

Biscui 

Moore3 

68.2 

80.1 

91.7 

62.6 

12.92 

4.18 I 

Unnamed Tributary Trib 64.5 56.5 2.48 

Lower Moores Creek Moore4 71.0 44.4 1.26 

4.4 Runoff Curve Numbers 

The RCN is an empirical coefficient relating runoff potential to hydrologic soil 
type and landcover. The NRCS has published RCN values for various combinations of 
soil and landcover. Table 4.3 shows a list of RCN values compiled for the Anderson 
Landcover/Landuse types as related to the RCN tables in Urban Hydrology for Small 
Watersheds (TR55) published by the NRCS. The RCN values assume the average 
antecedent moisture condition (AMe) II, as specified in TR60. 
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Table 4.3 
Runoff Curve Number Classifications 

ill Landcover 
Runoff Curve Numbers for Soil Grouns 

A B C D 
11 Open Water 98 98 98 98 
21 Residential-Low Intensity 57 72 81 86 
22 Residential-High Intensity 73 82 88 91 
23 Conunercial/Industrial/Transportatio 89 92 94 95 
32 Quarries/Mines/Gravel Pits 74 83 88 90 
33 Transitional 59 74 82 86 
41 Deciduous Forest 36 60 73 79 
42 Evergreen Forest 30 55 70 77 

43 Mixed Forest 33 58 72 78 

81 Pasture/Hay 39 61 74 80 
82 Row Crops 65 75 82 86 
85 UrbanlRecreational Grasses 49 69 79 84 
91 Woody Wetlands 95 95 95 95 I 

92 Emergent Herbaceous Wetlands 98 98 98 98 

Appendix B provides the data used to determine the RCN values for the study site 
along with the RCN computations. RCN values for the study site were computed 
utilizing a GIS-based procedure. RCN computations in the GIS environment require 
digital soil and land cover data in conjunction with a digital watershed delineation. 
Digital soils information was obtained from the NRCS Soil Survey Geographic 
(SSURGO) database. Digital Landcover data was obtained from the USGS National 
Land Cover Dataset (NLCD), which is a consistent land cover data layer for the United 
States. The NLCD is categorized based upon the Anderson Landcover/Landuse 
classification system. In combination, these digital coverages allow GIS to compute area 
weighted RCNs applicable for each delineated watershed. 

4.5 Time of Concentration 

Time of concentration is defined as the time interval required until all portions of 
the drainage area are contributing to the flow at the point of interest. GIS techniques 
were used to determine the longest watercourse within the reservoir drainage system. 
This parameter was applied using the segmented travel time procedure to estimate the 
travel time along the watercourse. Computations were completed in accordance with 
procedures detailed in TR55. Each flow path was segmented into three different flow 
types; sheet flow, shallow concentrated flow, and open channel flow. Sheet flow was 
modeled for a maximum length of approximately 300 feet where it physically translates 
to shallow concentrated type flow regime. Shallow concentrated flow computations were 
applied from this point to where the stream is delineated on the 1:24,000 scale USGS 
topographic quadrangle. For the remainder of the stream course, open channel hydraulics 
were used to model the flow. The total travel time is the summation of the individual 
travel times of these three flow type components. This summation, computed by GIS 
using the TR55 equations for the various flow types, represents the time of concentration 
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for the watershed. Travel time computations for each subbasin are contained III 

Appendix B. 

5.0 DAM BREACH MODELING & INUNDATION MAPPING 

5.1 Methodology 

As with any dam structure, a multitude of scenarios may be possible for partial or 
complete failure depending upon factors such as foundation conditions, construction 
quality, design quality, and loading conditions. The relevance of each of these factors 
also changes with time as the structure ages. Therefore, it is usually difficult to precisely 
predict the most probable failure scenario and its associated breach parameters for any 
one dam structure over its entire operational life. Since the purpose of the dam failure 
scenario for this study was to determine its potential impact on developed areas in the 
stream valley downstream, the most reasonably conservative failure or breach scenario 
was used. 

The Upper and Lower Ragged Mountain Dams are positioned in series on the 
same stream with a portion of the base of the Upper Darn being submerged by the 
reservoir impounded by the Lower Dam. The full potential of the Upper Dam to 
impound water has historically been limited by a breach in its l O-inch transmission main 
at some location within the Lower Dam reservoir which causes the pool elevations of the 
Upper and Lower Dam reservoirs to equalize. Therefore, the normal pool elevation for 
the Upper Dam is typically at or near the normal pool elevation for the Lower Dam 
(Elevation 641.0 feet, 2002 Local Vertical Datum). The difference in storage volume for 
the Upper Darn reservoir between Elevation 641.0 feet (Lower Dam normal pool) and the 
Upper Dam's spillway crest (Elevation 654.7 feet) and embankment crest (Elevation 
659.0 feet) is approximately 310 acre-feet and 507 acre-feet, respectively. 

Given the present operational mode of the two reservoirs, the dam failure scenario 
used for this study was based on combining the reservoirs for the Upper and Lower Darn 
into a single reservoir impounded by the Lower Dam with a normal pool level at 
Elevation 641.0 feet. This scenario better reflects future plans to decommission the 
Upper Dam by a partial breach and rehabilitate the Lower Dam. This scenario also 
includes the case where a sudden failure of the Lower Dam induces an extreme loading 
condition on the Upper Dam (slip failure of saturated downstream embankment slope) 
that results in its simultaneous breaching. An alternative failure scenario could involve 
breaching the Upper Dam first with a time delay for the breach occurring in the Lower 
Dam, since it would result from the flood wave originating from the Upper Dam. During 
sunny day conditions, this approach is less conservative than a combined reservoir 
approach, and does not fully address the possibility of a near simultaneous failure of both 
dams. 
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It is recognized that, during PMF conditions, the Upper Dam could impound an 
additional 507 acre-feet or slightly more above the normal pool level 
(Elevation 641.0 feet) prior to failure of the embankment for the Upper Dam. This 
scenario would likely not involve a time delay when the breach occurs in the Lower Dam, 
since both dams presently have severely inadequate spillway capacity. Again, the 
combined reservoir approach is believed to be reasonably conservative for the PMF 
failure scenario, especially since a relatively large opening and short time duration 
(15 minutes) was used for full breach development for the Lower Dam as further 
described later in this report. 

As previously mentioned, the Lower Dam consists of a cyclopean concrete 
gravity structure buttressed on the downstream side by an earthfill embankment as 
illustrated in the maximum section shown in Figure 5.1. It is recognized that any 
plausible failure of the Lower Dam in its present configuration would require erosion or 
severe sloughing of the earthfill buttress in combination with sliding or overturning of a 
large portion of the gravity section. On this basis, reasonable breach parameters were 
selected to simulate this failure mode to determine the likely worst-case scenario for 
flooding in the study reach downstream of the Lower Dam. The breach parameters were 
selected such that minimum peak discharge criteria of the breach hydrograph, as 
presented in the NRCS's TR60, were satisfied. These breach parameters also apply to the 
Lower Dam if it were rehabilitated and the normal pool kept unchanged at Elevation 
641.0 feet. 

Computation of flood elevations through the study reach for each failure scenario 
was performed using the US Army Corps of Engineer's HEC-RAS (version 3.1.1). Input 
to the HEC-RAS model was developed using BOSS International's version (3.0) of the 
National Weather Service's DAMBRK model as well as the HEC-HMS model detailed in 
the previous section. 

5.2 DAMBRK Model 

Prior to developing the DAMBRK model, the peak breach discharge (Qmax) was 
estimated for both failure scenarios using the methods of the NRCS's TR60. The 
resulting values for Qmax were 72,935 cubic feet per second (cfs) for the sunny day failure 
and 98,555 cfs for the PMF failure. Calculations are provided in Appendix C. These 
estimates correspond rather well with the results of the DAMBRK model, which reported 
peak breach discharge values of 74,270 cfs and 102,380 cfs for the sunny day and PMF 
failures, respectively. 

The following breach parameters were used in the DAMBRK model for both the 
sunny day and PMF failure scenarios. Figure 5.2 illustrates the modeled breach opening 
in profile. 

Initial Reservoir Water Surface Elevation (feet, MSL) 640.70 
Breach Side Slope lH:OY 
Breach BottomElevation(feet, MSL) 585.00 
Breach Base Width(feet) 100.0 
Time of Breach Formation (hours) 0.25 

Gannett FlemingJune 2004 12 



Other input included an inflow hydrograph and a stage-area curve, which are 
included in the output from the DAMBRK model that is provided in Appendix C. In 
Figure 5.3 below are plots of the outflow hydrographs for both the sunny day and PMF 
breaches, which were input to the HEC-RAS model. 

120,000 ~-------------------------------, 

PeakFlow = J02,7J0 cis 

100,000 

80,000 PeakFlow = 74,270cis 

40,000 

20,000 

-PMF 
-SunnyDay 

o 2 3 4 5 6 7 8 9 10 

Time(hours) 

Figure 5.3 HEC-RAS Input Hydrographs from DAMBRK Model 

5.3 HEC-RAS Model 

In addition to the input hydrographs described above, geometric data were 
required to develop the HEC-RAS model. The existing GIS/CAD data provided by the 
RWSA were the primary source for topographic information, As noted previously, these 
data contained 5-foot interval contours as well as locations of features such as waterways, 
roads and buildings. Where applicable, data obtained from the field reconnaissance, such 
as detailed information regarding bridges and culverts along the study reach, were used as 
a supplement to the GIS/CAD data. 

rom the topographic data, cross-sections were taken at several hundred feet 
intervals, and HEC-RAS was used to interpolate sections between them at intervals of 50 
to 100 feet throughout the model. Modeling of the stream crossings through the reach 
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was determined based on the relative size of the structure as well as amount of 
constriction it imposed upon the flow compared to the natural stream channel. Of the 
sixteen crossings along the study reach, seven were modeled. The others were not 
expected to noticeably affect the model results. 

Roughness coefficients (Manning's n values) for the cross-sections were 
estimated from the field observation of the study reach and ranged from 0.065 to 0.090 
within the stream channel and 0.10 to 0.18 for the overbank areas. Further information 
regarding the cross-sections can be found in Appendix D, which contains the HEC-RAS 
output. Also, the locations of the cross-sections are depicted in the mapping of 
Appendix E. 

Selected results of the unsteady flow HEC-RAS model are provided in Table 5.1 
and the full output from the model is included in Appendix D. 

Table 5.1 
HEC-RAS Analysis Results at Selected Locations 

Approximate 
Location 

Sunny Day 
PeakQ 

(cfs) 

Sunny Day 
Peak 

WSEL 
(feet) 

PMF 
PeakQ 

(cfs) 

PMF 
Peak 

WSEL 
(feet) 

Arrival 
Time of 

Peak 
(hours) 

Just downstream of Lower Dam 71,860 612.9 101,100 619.2 0.22 

US Route 29 28,000 483.2 69,720 486.7 0.63 

SR 780 - Old Lynchburg Road 18,670 401.6 86,480 417.2 1.05 

SR 631 - 5th Street Extended 14,630 387.8 75,350 413.0 1.30 

Near Royer Drive 10,400 375.7 89.880 402.5 1.72 

SR 742 - Avon Street 9,200 356.1 90,190 379.1 2.05 

SR 20 - Monticello Avenue 8,960 338.3 92,010 362.6 2.47 

Sewage Road 6,930 321.2 86,410 348.2 3.13 

Confluence with Rivanna River 6,930 311.0 86,730 332.8 3.80 

5.4 Flood Inundation Mapping 

Using the flood elevations determined by the HEC-RAS modeling, the inundation 
area for each failure scenario was delineated on the GIS/CAD base mapping provided by 
the RWSA. These inundation areas are presented in Appendix E in a series of maps, 
which also provide data such as time of flood wave arrival, peak discharges, and 
maximum flood elevations at selected cross-sections. 
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