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1.0 INTRODUCTION 
 
This report summarizes the hydrology evaluation of the Old Dillon Reservoir (ODR) 
enlargement project and presents the inflow design flood (IDF) for the determination of the 
require spillway capacity.  The report also includes calculations and supporting data. The 
components of the project include the following: 
 

• Replacing Dillon Ditch with a pipe and modifying its headgate on Salt Lick Gulch 
to serve the enlarged reservoir 

• Increasing the size of the existing reservoir to 286 acre-feet 
• Restoring the outlet from the existing reservoir to the south to the Blue River 

(now Dillon Reservoir) 
• Rehabilitating the outlet to Salt Lick Gulch 

 
Subsequent sections of this report present the design criteria established for storm flow criteria 
for the proposed improvements.  
 
The purpose of the ODR improvements is to: 

• Increase the capacity of the ODR 
• Increase storage for the Towns of Dillon, Silverthorne and Summit County 
• Provide more flexibility in management of water from Salt Lick Gulch 
 

The dam is located in Water Division No. 5, Water District No. 36.  It is also located in Section 
13, Township 5 South, Range 78 West.  The State DAM ID is 360117.  The dam is currently 
classified as a Small, Low Hazard Dam. The proposed enlargement will change the Hazard 
Classification to a Small, High Hazard Dam.  
 
The Colorado River Water Conservation District is the lead agency for design and 
implementation of the ODR improvements.  A vicinity map is presented in Figure 1. 
 
2.0 HISTORY AND EXISTING CONDITIONS 
 
The ODR is located near the center of Summit County, approximately 70 miles west of Denver, 
Colorado (Figure 1).  The reservoir was originally built in 1939 to supply water for the historic 
Town of Dillon.  After the Town of Dillon was relocated for the construction of Denver Water’s 
Dillon Reservoir, the Town no longer used the Old Dillon Reservoir for water supply and the 
reservoir no longer actively serviced Dillon.   
 
The existing reservoir has a surface area of approximately 9 acres, and is impounded by two 
embankments approximately 5 to 7 feet high in a saddle on an east-west trending ridge providing 
storage of about 46 acre-feet.  Under proposed conditions the embankments will be raised so the 
surface area of the reservoir will be increased to approximately 16 acres, providing storage for 
about 286 acre-feet.  Water is supplied to the reservoir from Salt Lick Gulch. The Salt Lick 
Gulch drainage basin extends to the peak of Buffalo Mountain in the Gore Range.  Salt Lick 
Gulch is tributary to the Blue River.  Water from Salt Lick Gulch is diverted via a headgate into 
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the Dillon Ditch.  Dillon Ditch continues east and passes under Interstate 70 through an inverted 
siphon and then continues east discharging into the Old Dillon Reservoir.  The siphon was built 
in the 1970’s with the construction of Interstate I-70.  The siphon is a 24” diameter, reinforced 
concrete pipe.  Flow then returns to Salt Lick Gulch approximately 0.9 miles downstream of the 
diversion via an outlet channel and culvert under Interstate 70.  Drainage area tributary to the 
headgate on Salt Lick Gulch is 2.73 sq.mi.  The drainage area directly tributary to the reservoir is 
relatively small at 0.051 sq.mi. (33 acres).    
 
3.0 HYDROLOGY 
 
This section presents the development of the inflow design flood and provides the hydrologic 
and hydraulic calculations for the proposed enlargement of Old Dillon Reservoir.  Analyses of 
storm precipitation and runoff were performed to evaluate the capacity of proposed conveyance 
facilities for the Old Dillon Reservoir.  The Probable Maximum Precipitation (PMP) Storms, 
used to determine the IDF, are discussed in this section.  Both USBR and NRCS methods were 
used for hydrologic calculations.   
 
3.1 Hydrologic Parameters 
 
3.1.1 Basin Geometry and Topographic Parameters 
 
The drainage basins that directly contribute to the Old Dillon Reservoir encompass a total of 
0.051 square miles.  The total watershed area and individual contributing hydrologic basins and 
centroid locations are presented in Figure 2.   A summary of the physical parameters including 
area, elevations, and flow lengths are presented in Tables 1 and 2. 
 
The hydraulic characteristics of each subbasin were represented by a Kn roughness value.  The 
United States Bureau of Reclamation (USBR) publication, “Design of Small Dams”, 
recommends Kn values that range from 0.050 to 0.339 for the Rocky Mountains.  A Kn value was 
applied as a representative roughness for the study drainage basin based on previously accepted 
basin studies in comparable hydrologic and topographic settings.  Separate Kn values for the 
frequency storms, the local PMP, and the general PMP were estimated.  Kn values for each basin 
are summarized in Table 1. 
 
For the NRCS method, soil maps were reviewed and it was determined that ‘Type B’ soils are 
present in the drainage areas directly tributary to ODR.  A CN value of 86 was selected for the 
analysis.  This value was selected because it represents bare soil which is the conservative 
condition.  The TR-55 method was used to calculate time of concentration and lag times.  Curve 
Number values and times of concentration used in the SCS method are summarized in Table 2. 
 
3.1.2 Unit Hydrographs 
 
The synthetic unit hydrographs for the contributing basins were determined using a Microsoft 
Excel spreadsheet developed by the Division One Office of the State Engineer.  The hydrographs 
were calculated for each basin using the USBR Rocky Mountains data and are provided in 
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Appendix A.  For the NRCS method unit hydrographs were created using a Type 2 storm 
distribution. 
 
3.1.3 Reservoir Hydrograph 
 
The peak runoff for rain falling directly on to the ODR reservoir was calculated using the 
following formula: 

 ⎟
⎠
⎞

⎜
⎝
⎛=

t
A33.645Qp  

 Where  A = basin area in square miles 
  t = duration in hours, also the calculation interval from HEC-1 
 
3.1.4 Inflow Design Flood 
 
The Inflow Design Flood (IDF) requirements for determining the spillway capacity was 
developed using Hydrometeorological Report (HMR) 49. 
 
3.1.5 Probable Maximum Precipitation (PMP)  
 
The Inflow Design Flood requirement for a small, high hazard dam is 90% of the PMP per Rule 
5.9.1.4, Table 5.2 of the Dam Safety Rules and Regulations (2007). 
 
3.1.5.1 PMP Adjustments 
 
Based on rule 5.9.1.5, Table 5.3, the PMP was not adjusted for elevation.   
 
3.1.5.2 PMP General Storm 
 
A general storm is a long-duration event associated with a frontal storm system.  Determination 
of the 1-, 6-, 24-, and 72-hour general storm index PMP values were made using the HMR-49 
10-mi2 PMP index maps.  Duration values for the general storm PMP were estimated for 
durations of 5-minutes, 15-minutes, 1-hour, 2-hours, 3-hours, 6-hours, 12-hours, 24-hours, 48-
hours, and 72-hours.  The recommended procedure by the Colorado Dam Safety Branch 
Hydrology Committee was used for depth duration values that were not determined by HMR-49.  
Calculations for PMP storms are presented in Appendix A. 
 
3.1.5.3 PMP Local Storm 
 
A local storm is short duration, high intensity event.  Determination of the one-hour index PMP 
estimate was made using the 1-mi2 PMP at elevation 5,000 feet index map in HMR-49.  
Calculations for PMP storms are presented in Appendix A. 
 
Local storm precipitation data for the HEC-1 program requires depth duration values at 5-
minute, 15-minute, 1-hour, 2-hour, 3-hour, and 6-hour durations.  Depth duration values that 
were not readily available from HMR-49 were based upon the recommended procedure by the 
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Colorado Dam Safety Branch Hydrology Committee. Calculations for the PMP Local Storm are 
presented in Appendix A. 
 
3.1.6 Snowmelt Runoff 
 
Due to the very small size of the tributary drainage basin snowmelt runoff was not calculated in 
this study.  A base flow of 10 cfs was assumed for the flow entering reservoir from the Salt Lick 
Gulch headgate based upon the in priority water rights.  
 
3.2 Reservoir Elevation-Capacity Curve 
 
The ODR Reservoir elevation-capacity curve used in the HEC-1 modeling was based on 1-foot 
contours based upon the proposed dam embankments.  The elevation-area data was entered 
directly in to HEC-1 model which then computes, using the conic method, the reservoir volume.  
 
The total storage within the reservoir at the proposed normal high water surface elevation (el. 
9190.5) is approximately 286 ac-ft.  The total storage at the maximum high water surface 
elevation (el. 9192.4) is approximately 314 ac-ft.  A summary of elevation-capacity data and a 
chart of the curve is presented in Appendix A. 
 
3.3 Hydrologic Modeling – Reservoir Inflow 
 
The HEC-1 computer program (US Army Corps of Engineers, 1990) is used for the hydrologic 
modeling.  The USBR and NRCS models were run using both the Local and General PMP 
events.   
 
All models were produced using the parameters described in preceding sections.  All of the 
basins modeled are directly tributary to the reservoir so channel routing was not necessary. 
Detailed input and output of the modeling effort is presented in Appendix B in the form of HEC-
1 reports. 
 

Table 3. Summary of HEC-1 Model Output Inflow to Reservoir 

Model Peak Discharge (cfs) 
USBR – LOCAL PMP 258 
USBR – GENERAL PMP 169 
NRCS – LOCAL PMP 254 
NRCS – GENERAL PMP 195 

 
3.4 Proposed Old Dillon Dam Spillway 
 
The proposed ODR spillway is a concrete structure located on the north end of the dam.  It is a 
concrete box with rectangular weirs cut into the sides.  One slot, on the front of the box, is 8’ 
wide with a crest elevation set at 9190.5.  Two additional slots, one on each side, are 6’ wide 
with crest elevations set at 9191.5.  A 40% obstruction due to screening was assumed for these 
openings so the widths were adjusted in the HEC-1 model in order to account for this factor.  
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The top elevation of the dam is approximately at elevation 9194.  The spillway discharges into 
the existing channel that will return flows to Salt Lick Gulch. 
 
A weir coefficient of 2.65 was used in the hydrologic model.  This value was selected because it 
is a conservative value for the spillway.  A sketch of the proposed spillway, and associated 
spillway rating curve and calculations are presented in Appendix A.   
 
3.5 Hydrologic Modeling Results - Spillway 
 
A table summarizing the results of the hydrologic models is presented below.  Detailed HEC-1 
reports, including input and output, are presented in Appendix A. 
 

Table 4. Summary of HEC-1 Model Output, Outflow to Salt Lick Gulch 

Model 
Spillway Peak 
Discharge (cfs) 

Maximum Elevation 
(ft. AMSL) 

USBR – LOCAL PMP 37 9192.2 
USBR – GENERAL PMP 37 9192.2 
NRCS – LOCAL PMP 31 9192.0 
NRCS – GENERAL PMP 37 9192.2 

 
Three of the models summarized in the above table show that the peak discharge from the 
reservoir is not dependent on the type of storm analyzed.  The peak discharge is approximately 
37 cfs over the spillway with a maximum elevation of 9192.2.  The proposed spillway is shown 
to be effective for this storm.   The ODR system is able to store and release the IDF. 
 
A summary of proposed reservoir area capacity data and curve is presented in Appendix A. 
 
4.0 CONCLUSION 
 
It is proposed to expand the size of the Old Dillon Reservoir to increase its storage capacity.  The 
project includes construction of new dam embankments and a new spillway structure.  The new 
spillway will discharge to Salt Lick Gulch, located on the north end of the project site. 
 
The new dams will be classified as a small high hazard dams.  The Inflow Design Flood for the 
new dam is 90% of the PMP. 
 
Four HEC-1 models of the ODR and its tributary basins were prepared to model the local and 
general PMP storms using USBR and NRCS hydrographs.  The results of the models show that 
the local PMP model with USBR hydrographs has the greatest peak discharge. 
 
A spillway was encoded into each model to evaluate the storage capacity of the ODR.  Results of 
the hydrologic modeling show that the proposed spillway has the same peak outflow rate 
independent of the inflow.  This is due to the ratio of the reservoir volume to the tributary 
watershed area including the base inflow of 10 cfs from Dillon Ditch.  The peak outflow for the 
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proposed ODR is approximately 37 cfs.  The proposed system is capable of storing and 
discharging the Inflow Design Flood.
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TABLES 
 



TABLE 1
PROPOSED RESERVOIR BASIN CHARACTERISTICS - USBR Methodology

Centroidal Centroidal
Elevation Flow Flow Flow Flow Basin Basin Basin Lag

Basin Area Area Change Length, L Length, L Length, Lca Length, Lca Slope Slope Kn1 Factor Time
ID (ft^2) (acres) (sq. miles) (feet) (feet) (mile) (feet) (mile) (ft/ft) (ft/mile) 100/500 YR Local PMP Gen. PMP (hours)

sf top bot
SW 388960 8.93 0.014 9337 9190.5 146.5 1383 0.262 260 0.049 0.106 559.314 0.050 0.080 0.130 0.001 0.106
NE 334868 7.69 0.012 9349 9190.5 158.5 854 0.162 229 0.043 0.186 979.488 0.050 0.080 0.130 0.000 0.079

Lake 699116 16.05 0.025 0

Total 32.67 0.051
Notes: 1. An average drainage area Kn was applied to each sub-basin.

TABLE 2
PROPOSED RESERVOIR BASIN CHARACTERISTICS - NRCS Methodology

Elevation Flow Flow Basin Basin Curve Lag
Basin Area Area Change Length, L Length, L Slope Slope Number Local General Time

ID (ft^2) (acres) (sq. miles) (feet) (feet) (mile) (ft/ft) (ft/mile) (hours)
sf top bot

SW 388960 8.93 0.014 9337 9190.5 146.5 1383 0.262 0.106 559.314 86 10.920 21.500 0.117
NE 334868 7.69 0.012 9349 9190.5 158.5 854 0.162 0.186 979.488 86 10.920 21.500 0.104

Lake 699116 16.05 0.025 0 98 10.920 21.500

Total 32.67 0.051
Notes: 1. General Storm Rainfall totals were much higher than county averages due to the small size of the drainage area.

Rainfall in inches

P:\133_1187_004_03_Old_Dillon_Res\Deliverables\Reports\Hydrology Report\Table 1-2.XLS 1/18/2010
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USBR UNIT HYDROGRAPHS 
 









ROCKY MOUNTAIN (THUNDERSTORM) UNIT HYDROGRAPH 18-Jan-10

Old Dillon Reservoir - NE basin  
 

Drainage Area = 0.012 sq. miles  Lg+D/2 = 0.17 Hours
Basin Slope = 979.488 ft./mile Basin Factor = 0.06

 L = 0.162 mi., Length of Watercourse V' = 0.32 cfs/Day
Lca = 0.043 mi., Distance to Centroid Qs = 1.9 * q, cfs
Kn = 0.08 -, Ave. Weighted Manning's n  

 
PARAMETERS:
Calculated: Lag Time, Lg = 0.13 Hours Unit Duration, D = 1.41 minutes

Calculated Timestep = 0.51 minutes

Data to be used Unit Duration, D = 5 minutes, round down to nearest of  5, 10, 15, 30, 60, 120, 180, or 360
in Analysis Selected Timestep = 1 minutes, integer value evenly divisible into 60

UI Record - Unit Graph 1 minute interval

UI 0 1 3 11 19 28 37 47 52 45
UI 38 30 23 17 14 11 9 8 7 6
UI 5 5 4 4 3 3 3 3 2 2
UI 2 2 2 2 1 1 1 1 1 1
UI 1 1 1 1 1 1 1 0 0 0
UI 0 0 0 0 0 0 0 0 0 0
UI 0 0
UI
UI
UI
UI
UI
UI
UI

Unit Inflow Hydrograph
Synthetic USBR ROCKY MOUNTAIN (THUNDERSTORM)
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USBR calculated unitgraph peak = 53 Interpolated Peak = 52
  

Time t, % --------------- --------------- Qs Time t, % --------------- --------------- Qs 
of Lg+D/2 Hours Min. q cfs of Lg+D/2 Hours Min. q cfs 
--------------- --------------- --------------- --------------- --------------- --------------- --------------- --------------- --------------- -----------------

5.0 0.01 0.5 0.14 0 305.0 0.52 31.3 1.05 2
10.0 0.02 1.0 0.21 0 310.0 0.53 31.9 1.00 2
15.0 0.03 1.5 0.33 1 315.0 0.54 32.4 0.96 2
20.0 0.03 2.1 0.51 1 320.0 0.55 32.9 0.92 2
25.0 0.04 2.6 0.84 2 325.0 0.56 33.4 0.88 2
30.0 0.05 3.1 1.62 3 330.0 0.57 33.9 0.84 2
35.0 0.06 3.6 3.74 7 335.0 0.57 34.4 0.81 2
40.0 0.07 4.1 6.38 12 340.0 0.58 34.9 0.77 1
45.0 0.08 4.6 8.61 16 345.0 0.59 35.5 0.74 1
50.0 0.09 5.1 10.94 21 350.0 0.60 36.0 0.71 1
55.0 0.09 5.7 13.26 25 355.0 0.61 36.5 0.68 1
60.0 0.10 6.2 15.70 30 360.0 0.62 37.0 0.65 1
65.0 0.11 6.7 18.23 34 365.0 0.63 37.5 0.62 1
70.0 0.12 7.2 20.76 39 370.0 0.63 38.0 0.59 1
75.0 0.13 7.7 23.30 44 375.0 0.64 38.5 0.57 1
80.0 0.14 8.2 25.83 49 380.0 0.65 39.1 0.55 1
85.0 0.15 8.7 28.36 53 385.0 0.66 39.6 0.52 1
90.0 0.15 9.3 26.53 50 390.0 0.67 40.1 0.50 1
95.0 0.16 9.8 24.71 47 395.0 0.68 40.6 0.48 1

100.0 0.17 10.3 22.68 43 400.0 0.69 41.1 0.46 1
105.0 0.18 10.8 20.76 39 405.0 0.69 41.6 0.43 1
110.0 0.19 11.3 18.84 35 410.0 0.70 42.1 0.42 1
115.0 0.20 11.8 16.81 32 415.0 0.71 42.7 0.40 1
120.0 0.21 12.3 14.99 28 420.0 0.72 43.2 0.38 1
125.0 0.21 12.8 12.86 24 425.0 0.73 43.7 0.36 1
130.0 0.22 13.4 11.04 21 430.0 0.74 44.2 0.35 1
135.0 0.23 13.9 9.52 18 435.0 0.75 44.7 0.33 1
140.0 0.24 14.4 8.41 16 440.0 0.75 45.2 0.32 1
145.0 0.25 14.9 7.50 14 445.0 0.76 45.7 0.31 1
150.0 0.26 15.4 6.69 13 450.0 0.77 46.3 0.29 1
155.0 0.27 15.9 5.98 11 455.0 0.78 46.8 0.28 1
160.0 0.27 16.4 5.47 10 460.0 0.79 47.3 0.27 1
165.0 0.28 17.0 4.97 9 465.0 0.80 47.8 0.26 0
170.0 0.29 17.5 4.55 9 470.0 0.81 48.3 0.25 0
175.0 0.30 18.0 4.25 8 475.0 0.81 48.8 0.24 0
180.0 0.31 18.5 3.89 7 480.0 0.82 49.3 0.23 0
185.0 0.32 19.0 3.59 7 485.0 0.83 49.8 0.22 0
190.0 0.33 19.5 3.34 6 490.0 0.84 50.4 0.21 0
195.0 0.33 20.0 3.13 6 495.0 0.85 50.9 0.20 0
200.0 0.34 20.6 2.93 6 500.0 0.86 51.4 0.19 0
205.0 0.35 21.1 2.75 5 505.0 0.87 51.9 0.18 0
210.0 0.36 21.6 2.61 5 510.0 0.87 52.4 0.17 0
215.0 0.37 22.1 2.44 5 515.0 0.88 52.9 0.17 0
220.0 0.38 22.6 2.31 4 520.0 0.89 53.4 0.16 0
225.0 0.39 23.1 2.17 4 525.0 0.90 54.0 0.16 0
230.0 0.39 23.6 2.04 4 530.0 0.91 54.5 0.15 0
235.0 0.40 24.2 1.95 4 535.0 0.92 55.0 0.15 0
240.0 0.41 24.7 1.84 3 540.0 0.93 55.5 0.14 0
245.0 0.42 25.2 1.76 3 545.0 0.93 56.0 0.14 0
250.0 0.43 25.7 1.69 3 550.0 0.94 56.5 0.13 0
255.0 0.44 26.2 1.62 3 555.0 0.95 57.0 0.13 0
260.0 0.45 26.7 1.55 3 560.0 0.96 57.6 0.12 0
265.0 0.45 27.2 1.49 3 565.0 0.97 58.1 0.12 0
270.0 0.46 27.8 1.42 3 570.0 0.98 58.6 0.11 0
275.0 0.47 28.3 1.36 3 575.0 0.99 59.1 0.11 0
280.0 0.48 28.8 1.30 2 580.0 0.99 59.6 0.10 0
285.0 0.49 29.3 1.24 2 585.0 1.00 60.1 0.10 0
290.0 0.50 29.8 1.19 2 590.0 1.01 60.6 0.09 0
295.0 0.51 30.3 1.14 2 595.0 1.02 61.2 0.09 0
300.0 0.51 30.8 1.09 2 600.0 1.03 61.7 0.08 0

NOTES :  1.  Methodology used Dimensionless Unit Hydrograph.
2.  For values of q use Table 4-11 from Flood Hydrology Manual RMTS



ROCKY MOUNTAIN (THUNDERSTORM) UNIT HYDROGRAPH 18-Jan-10

Old Dillon Reservoir - SW basin  
 

Drainage Area = 0.014 sq. miles  Lg+D/2 = 0.22 Hours
Basin Slope = 559.3 ft./mile Basin Factor = 0.08

 L = 0.262 mi., Length of Watercourse V' = 0.38 cfs/Day
Lca = 0.049 mi., Distance to Centroid Qs = 1.7 * q, cfs
Kn = 0.08 -, Ave. Weighted Manning's n  

 
PARAMETERS:
Calculated: Lag Time, Lg = 0.17 Hours Unit Duration, D = 1.90 minutes

Calculated Timestep = 0.65 minutes

Data to be used Unit Duration, D = 5 minutes, round down to nearest of  5, 10, 15, 30, 60, 120, 180, or 360
in Analysis Selected Timestep = 1 minutes, integer value evenly divisible into 60

UI Record - Unit Graph 1 minute interval

UI 0 1 1 4 10 16 22 29 36 43
UI 49 45 39 34 29 23 19 15 13 11
UI 9 8 7 6 6 5 5 4 4 4
UI 3 3 3 3 2 2 2 2 2 2
UI 2 2 1 1 1 1 1 1 1 1
UI 1 1 1 1 1 1 1 1 0 0
UI 0 0 0 0 0 0 0 0 0 0
UI 0 0 0 0 0 0 0 0
UI
UI
UI
UI
UI
UI

Unit Inflow Hydrograph
Synthetic USBR ROCKY MOUNTAIN (THUNDERSTORM)
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USBR calculated unitgraph peak = 50 Interpolated Peak = 49
  

Time t, % --------------- --------------- Qs Time t, % --------------- --------------- Qs 
of Lg+D/2 Hours Min. q cfs of Lg+D/2 Hours Min. q cfs 
--------------- --------------- --------------- --------------- --------------- --------------- --------------- --------------- --------------- -----------------

5.0 0.01 0.6 0.14 0 305.0 0.66 39.5 1.05 2
10.0 0.02 1.3 0.21 0 310.0 0.67 40.1 1.00 2
15.0 0.03 1.9 0.33 1 315.0 0.68 40.8 0.96 2
20.0 0.04 2.6 0.51 1 320.0 0.69 41.4 0.92 2
25.0 0.05 3.2 0.84 1 325.0 0.70 42.1 0.88 2
30.0 0.06 3.9 1.62 3 330.0 0.71 42.7 0.84 1
35.0 0.08 4.5 3.74 7 335.0 0.72 43.3 0.81 1
40.0 0.09 5.2 6.38 11 340.0 0.73 44.0 0.77 1
45.0 0.10 5.8 8.61 15 345.0 0.74 44.6 0.74 1
50.0 0.11 6.5 10.94 19 350.0 0.75 45.3 0.71 1
55.0 0.12 7.1 13.26 23 355.0 0.77 45.9 0.68 1
60.0 0.13 7.8 15.70 27 360.0 0.78 46.6 0.65 1
65.0 0.14 8.4 18.23 32 365.0 0.79 47.2 0.62 1
70.0 0.15 9.1 20.76 36 370.0 0.80 47.9 0.59 1
75.0 0.16 9.7 23.30 41 375.0 0.81 48.5 0.57 1
80.0 0.17 10.4 25.83 45 380.0 0.82 49.2 0.55 1
85.0 0.18 11.0 28.36 50 385.0 0.83 49.8 0.52 1
90.0 0.19 11.6 26.53 46 390.0 0.84 50.5 0.50 1
95.0 0.20 12.3 24.71 43 395.0 0.85 51.1 0.48 1

100.0 0.22 12.9 22.68 40 400.0 0.86 51.8 0.46 1
105.0 0.23 13.6 20.76 36 405.0 0.87 52.4 0.43 1
110.0 0.24 14.2 18.84 33 410.0 0.88 53.0 0.42 1
115.0 0.25 14.9 16.81 29 415.0 0.89 53.7 0.40 1
120.0 0.26 15.5 14.99 26 420.0 0.91 54.3 0.38 1
125.0 0.27 16.2 12.86 22 425.0 0.92 55.0 0.36 1
130.0 0.28 16.8 11.04 19 430.0 0.93 55.6 0.35 1
135.0 0.29 17.5 9.52 17 435.0 0.94 56.3 0.33 1
140.0 0.30 18.1 8.41 15 440.0 0.95 56.9 0.32 1
145.0 0.31 18.8 7.50 13 445.0 0.96 57.6 0.31 1
150.0 0.32 19.4 6.69 12 450.0 0.97 58.2 0.29 1
155.0 0.33 20.1 5.98 10 455.0 0.98 58.9 0.28 0
160.0 0.35 20.7 5.47 10 460.0 0.99 59.5 0.27 0
165.0 0.36 21.3 4.97 9 465.0 1.00 60.2 0.26 0
170.0 0.37 22.0 4.55 8 470.0 1.01 60.8 0.25 0
175.0 0.38 22.6 4.25 7 475.0 1.02 61.5 0.24 0
180.0 0.39 23.3 3.89 7 480.0 1.04 62.1 0.23 0
185.0 0.40 23.9 3.59 6 485.0 1.05 62.8 0.22 0
190.0 0.41 24.6 3.34 6 490.0 1.06 63.4 0.21 0
195.0 0.42 25.2 3.13 5 495.0 1.07 64.0 0.20 0
200.0 0.43 25.9 2.93 5 500.0 1.08 64.7 0.19 0
205.0 0.44 26.5 2.75 5 505.0 1.09 65.3 0.18 0
210.0 0.45 27.2 2.61 5 510.0 1.10 66.0 0.17 0
215.0 0.46 27.8 2.44 4 515.0 1.11 66.6 0.17 0
220.0 0.47 28.5 2.31 4 520.0 1.12 67.3 0.16 0
225.0 0.49 29.1 2.17 4 525.0 1.13 67.9 0.16 0
230.0 0.50 29.8 2.04 4 530.0 1.14 68.6 0.15 0
235.0 0.51 30.4 1.95 3 535.0 1.15 69.2 0.15 0
240.0 0.52 31.1 1.84 3 540.0 1.16 69.9 0.14 0
245.0 0.53 31.7 1.76 3 545.0 1.18 70.5 0.14 0
250.0 0.54 32.3 1.69 3 550.0 1.19 71.2 0.13 0
255.0 0.55 33.0 1.62 3 555.0 1.20 71.8 0.13 0
260.0 0.56 33.6 1.55 3 560.0 1.21 72.5 0.12 0
265.0 0.57 34.3 1.49 3 565.0 1.22 73.1 0.12 0
270.0 0.58 34.9 1.42 2 570.0 1.23 73.8 0.11 0
275.0 0.59 35.6 1.36 2 575.0 1.24 74.4 0.11 0
280.0 0.60 36.2 1.30 2 580.0 1.25 75.0 0.10 0
285.0 0.61 36.9 1.24 2 585.0 1.26 75.7 0.10 0
290.0 0.63 37.5 1.19 2 590.0 1.27 76.3 0.09 0
295.0 0.64 38.2 1.14 2 595.0 1.28 77.0 0.09 0
300.0 0.65 38.8 1.09 2 600.0 1.29 77.6 0.08 0

NOTES :  1.  Methodology used Dimensionless Unit Hydrograph.
2.  For values of q use Table 4-11 from Flood Hydrology Manual RMTS





ROCKY MOUNTAIN (GENERAL STORM) UNIT HYDROGRAPH 18-Jan-10

Old Dillon Reservoir - NE basin  
 

Drainage Area = 0.012 sq. miles  Lg+D/2 = 0.25 Hours
Basin Slope = 979.488 ft./mile Basin Factor = 0.06

 L = 0.162 mi., Length of Watercourse V' = 0.32 cfs/Day
Lca = 0.043 mi., Distance to Centroid Qs = 1.3 * q, cfs
Kn = 0.13 -, Ave. Weighted Manning's n  

 
PARAMETERS:
Calculated: Lag Time, Lg = 0.21 Hours Unit Duration, D = 2.30 minutes

Calculated Timestep = 0.76 minutes

Data to be used Unit Duration, D = 5 minutes, round down to nearest of  5, 10, 15, 30, 60, 120, 180, or 360
in Analysis Selected Timestep = 3 minutes, integer value evenly divisible into 60

UI Record - Unit Graph 3 minute interval

UI 4 11 30 22 16 13 10 8 6 5
UI 4 4 3 3 2 2 2 1 1 1
UI 1 1 1 1 0 0 0 0 0 0
UI
UI
UI
UI
UI
UI
UI
UI
UI
UI
UI

Unit Inflow Hydrograph
Synthetic USBR ROCKY MOUNTAIN (GENERAL STORM)
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USBR calculated unitgraph peak = 31 Interpolated Peak = 30
  

Time t, % --------------- --------------- Qs Time t, % --------------- --------------- Qs 
of Lg+D/2 Hours Min. q cfs of Lg+D/2 Hours Min. q cfs 
--------------- --------------- --------------- --------------- --------------- --------------- --------------- --------------- --------------- -----------------

5.0 0.01 0.8 0.26 0 305.0 0.77 46.2 1.63 2
10.0 0.03 1.5 0.90 1 310.0 0.78 46.9 1.57 2
15.0 0.04 2.3 2.00 3 315.0 0.79 47.7 1.50 2
20.0 0.05 3.0 3.00 4 320.0 0.81 48.4 1.45 2
25.0 0.06 3.8 5.00 6 325.0 0.82 49.2 1.39 2
30.0 0.08 4.5 6.00 8 330.0 0.83 50.0 1.34 2
35.0 0.09 5.3 7.70 10 335.0 0.85 50.7 1.28 2
40.0 0.10 6.1 9.00 12 340.0 0.86 51.5 1.23 2
45.0 0.11 6.8 14.51 19 345.0 0.87 52.2 1.19 2
50.0 0.13 7.6 18.11 23 350.0 0.88 53.0 1.13 1
55.0 0.14 8.3 21.51 28 355.0 0.90 53.7 1.09 1
60.0 0.15 9.1 24.01 31 360.0 0.91 54.5 1.05 1
65.0 0.16 9.8 22.81 29 365.0 0.92 55.3 1.01 1
70.0 0.18 10.6 21.21 27 370.0 0.93 56.0 0.97 1
75.0 0.19 11.4 19.31 25 375.0 0.95 56.8 0.93 1
80.0 0.20 12.1 16.91 22 380.0 0.96 57.5 0.90 1
85.0 0.21 12.9 15.21 19 385.0 0.97 58.3 0.86 1
90.0 0.23 13.6 14.21 18 390.0 0.98 59.0 0.83 1
95.0 0.24 14.4 13.41 17 395.0 1.00 59.8 0.80 1

100.0 0.25 15.1 12.71 16 400.0 1.01 60.6 0.77 1
105.0 0.26 15.9 11.91 15 405.0 1.02 61.3 0.74 1
110.0 0.28 16.7 11.21 14 410.0 1.03 62.1 0.71 1
115.0 0.29 17.4 10.61 14 415.0 1.05 62.8 0.68 1
120.0 0.30 18.2 10.01 13 420.0 1.06 63.6 0.65 1
125.0 0.32 18.9 9.40 12 425.0 1.07 64.3 0.63 1
130.0 0.33 19.7 8.80 11 430.0 1.09 65.1 0.60 1
135.0 0.34 20.4 8.25 11 435.0 1.10 65.9 0.56 1
140.0 0.35 21.2 7.70 10 440.0 1.11 66.6 0.58 1
145.0 0.37 22.0 7.25 9 445.0 1.12 67.4 0.54 1
150.0 0.38 22.7 6.80 9 450.0 1.14 68.1 0.52 1
155.0 0.39 23.5 6.40 8 455.0 1.15 68.9 0.50 1
160.0 0.40 24.2 6.00 8 460.0 1.16 69.6 0.48 1
165.0 0.42 25.0 5.65 7 465.0 1.17 70.4 0.46 1
170.0 0.43 25.7 5.35 7 470.0 1.19 71.2 0.44 1
175.0 0.44 26.5 5.00 6 475.0 1.20 71.9 0.42 1
180.0 0.45 27.3 4.80 6 480.0 1.21 72.7 0.41 1
185.0 0.47 28.0 4.55 6 485.0 1.22 73.4 0.40 1
190.0 0.48 28.8 4.30 5 490.0 1.24 74.2 0.38 0
195.0 0.49 29.5 4.10 5 495.0 1.25 74.9 0.37 0
200.0 0.50 30.3 3.90 5 500.0 1.26 75.7 0.35 0
205.0 0.52 31.0 3.72 5 505.0 1.27 76.5 0.34 0
210.0 0.53 31.8 3.55 5 510.0 1.29 77.2 0.33 0
215.0 0.54 32.6 3.40 4 515.0 1.30 78.0 0.32 0
220.0 0.56 33.3 3.25 4 520.0 1.31 78.7 0.31 0
225.0 0.57 34.1 3.10 4 525.0 1.32 79.5 0.29 0
230.0 0.58 34.8 3.00 4 530.0 1.34 80.2 0.28 0
235.0 0.59 35.6 2.87 4 535.0 1.35 81.0 0.27 0
240.0 0.61 36.3 2.75 4 540.0 1.36 81.8 0.26 0
245.0 0.62 37.1 2.65 3 545.0 1.38 82.5 0.25 0
250.0 0.63 37.8 2.52 3 550.0 1.39 83.3 0.24 0
255.0 0.64 38.6 2.42 3 555.0 1.40 84.0 0.23 0
260.0 0.66 39.4 2.33 3 560.0 1.41 84.8 0.23 0
265.0 0.67 40.1 2.24 3 565.0 1.43 85.5 0.22 0
270.0 0.68 40.9 2.15 3 570.0 1.44 86.3 0.21 0
275.0 0.69 41.6 2.07 3 575.0 1.45 87.1 0.20 0
280.0 0.71 42.4 1.99 3 580.0 1.46 87.8 0.19 0
285.0 0.72 43.1 1.91 2 585.0 1.48 88.6 0.19 0
290.0 0.73 43.9 1.83 2 590.0 1.49 89.3 0.18 0
295.0 0.74 44.7 1.76 2 595.0 1.50 90.1 0.17 0
300.0 0.76 45.4 1.70 2 600.0 1.51 90.8 0.17 0

NOTES :  1.  Methodology used Dimensionless Unit Hydrograph.
2.  For values of q use Table 4-9 from Flood Hydrology Manual RMGS



ROCKY MOUNTAIN (GENERAL STORM) UNIT HYDROGRAPH 18-Jan-10

Old Dillon Reservoir - SW basin  
 

Drainage Area = 0.014 sq. miles  Lg+D/2 = 0.32 Hours
Basin Slope = 559.3 ft./mile Basin Factor = 0.08

 L = 0.262 mi., Length of Watercourse V' = 0.38 cfs/Day
Lca = 0.049 mi., Distance to Centroid Qs = 1.2 * q, cfs
Kn = 0.13 -, Ave. Weighted Manning's n  

 
PARAMETERS:
Calculated: Lag Time, Lg = 0.28 Hours Unit Duration, D = 3.08 minutes

Calculated Timestep = 0.97 minutes

Data to be used Unit Duration, D = 5 minutes, round down to nearest of  5, 10, 15, 30, 60, 120, 180, or 360
in Analysis Selected Timestep = 3 minutes, integer value evenly divisible into 60

UI Record - Unit Graph 3 minute interval

UI 2 7 18 27 21 16 13 11 9 8
UI 6 5 5 4 3 3 3 2 2 2
UI 2 1 1 1 1 1 1 1 1 1
UI 0 0 0 0 0 0 0 0 0
UI
UI
UI
UI
UI
UI
UI
UI
UI
UI

Unit Inflow Hydrograph
Synthetic USBR ROCKY MOUNTAIN (GENERAL STORM)
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USBR calculated unitgraph peak = 28 Interpolated Peak = 27
  

Time t, % --------------- --------------- Qs Time t, % --------------- --------------- Qs 
of Lg+D/2 Hours Min. q cfs of Lg+D/2 Hours Min. q cfs 
--------------- --------------- --------------- --------------- --------------- --------------- --------------- --------------- --------------- -----------------

5.0 0.02 1.0 0.26 0 305.0 0.99 59.4 1.63 2
10.0 0.03 1.9 0.90 1 310.0 1.01 60.3 1.57 2
15.0 0.05 2.9 2.00 2 315.0 1.02 61.3 1.50 2
20.0 0.06 3.9 3.00 3 320.0 1.04 62.3 1.45 2
25.0 0.08 4.9 5.00 6 325.0 1.05 63.3 1.39 2
30.0 0.10 5.8 6.00 7 330.0 1.07 64.2 1.34 2
35.0 0.11 6.8 7.70 9 335.0 1.09 65.2 1.28 1
40.0 0.13 7.8 9.00 10 340.0 1.10 66.2 1.23 1
45.0 0.15 8.8 14.51 17 345.0 1.12 67.1 1.19 1
50.0 0.16 9.7 18.11 21 350.0 1.14 68.1 1.13 1
55.0 0.18 10.7 21.51 25 355.0 1.15 69.1 1.09 1
60.0 0.19 11.7 24.01 28 360.0 1.17 70.1 1.05 1
65.0 0.21 12.7 22.81 26 365.0 1.18 71.0 1.01 1
70.0 0.23 13.6 21.21 25 370.0 1.20 72.0 0.97 1
75.0 0.24 14.6 19.31 22 375.0 1.22 73.0 0.93 1
80.0 0.26 15.6 16.91 20 380.0 1.23 74.0 0.90 1
85.0 0.28 16.5 15.21 18 385.0 1.25 74.9 0.86 1
90.0 0.29 17.5 14.21 16 390.0 1.27 75.9 0.83 1
95.0 0.31 18.5 13.41 16 395.0 1.28 76.9 0.80 1

100.0 0.32 19.5 12.71 15 400.0 1.30 77.9 0.77 1
105.0 0.34 20.4 11.91 14 405.0 1.31 78.8 0.74 1
110.0 0.36 21.4 11.21 13 410.0 1.33 79.8 0.71 1
115.0 0.37 22.4 10.61 12 415.0 1.35 80.8 0.68 1
120.0 0.39 23.4 10.01 12 420.0 1.36 81.7 0.65 1
125.0 0.41 24.3 9.40 11 425.0 1.38 82.7 0.63 1
130.0 0.42 25.3 8.80 10 430.0 1.39 83.7 0.60 1
135.0 0.44 26.3 8.25 10 435.0 1.41 84.7 0.56 1
140.0 0.45 27.2 7.70 9 440.0 1.43 85.6 0.58 1
145.0 0.47 28.2 7.25 8 445.0 1.44 86.6 0.54 1
150.0 0.49 29.2 6.80 8 450.0 1.46 87.6 0.52 1
155.0 0.50 30.2 6.40 7 455.0 1.48 88.6 0.50 1
160.0 0.52 31.1 6.00 7 460.0 1.49 89.5 0.48 1
165.0 0.54 32.1 5.65 7 465.0 1.51 90.5 0.46 1
170.0 0.55 33.1 5.35 6 470.0 1.52 91.5 0.44 1
175.0 0.57 34.1 5.00 6 475.0 1.54 92.5 0.42 0
180.0 0.58 35.0 4.80 6 480.0 1.56 93.4 0.41 0
185.0 0.60 36.0 4.55 5 485.0 1.57 94.4 0.40 0
190.0 0.62 37.0 4.30 5 490.0 1.59 95.4 0.38 0
195.0 0.63 38.0 4.10 5 495.0 1.61 96.3 0.37 0
200.0 0.65 38.9 3.90 5 500.0 1.62 97.3 0.35 0
205.0 0.66 39.9 3.72 4 505.0 1.64 98.3 0.34 0
210.0 0.68 40.9 3.55 4 510.0 1.65 99.3 0.33 0
215.0 0.70 41.8 3.40 4 515.0 1.67 100.2 0.32 0
220.0 0.71 42.8 3.25 4 520.0 1.69 101.2 0.31 0
225.0 0.73 43.8 3.10 4 525.0 1.70 102.2 0.29 0
230.0 0.75 44.8 3.00 3 530.0 1.72 103.2 0.28 0
235.0 0.76 45.7 2.87 3 535.0 1.74 104.1 0.27 0
240.0 0.78 46.7 2.75 3 540.0 1.75 105.1 0.26 0
245.0 0.79 47.7 2.65 3 545.0 1.77 106.1 0.25 0
250.0 0.81 48.7 2.52 3 550.0 1.78 107.0 0.24 0
255.0 0.83 49.6 2.42 3 555.0 1.80 108.0 0.23 0
260.0 0.84 50.6 2.33 3 560.0 1.82 109.0 0.23 0
265.0 0.86 51.6 2.24 3 565.0 1.83 110.0 0.22 0
270.0 0.88 52.6 2.15 2 570.0 1.85 110.9 0.21 0
275.0 0.89 53.5 2.07 2 575.0 1.87 111.9 0.20 0
280.0 0.91 54.5 1.99 2 580.0 1.88 112.9 0.19 0
285.0 0.92 55.5 1.91 2 585.0 1.90 113.9 0.19 0
290.0 0.94 56.4 1.83 2 590.0 1.91 114.8 0.18 0
295.0 0.96 57.4 1.76 2 595.0 1.93 115.8 0.17 0
300.0 0.97 58.4 1.70 2 600.0 1.95 116.8 0.17 0

NOTES :  1.  Methodology used Dimensionless Unit Hydrograph.
2.  For values of q use Table 4-9 from Flood Hydrology Manual RMGS
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Hydrologic Soil Group

Hydrologic Soil Group— Summary by Map Unit — Summit County Area, Colorado

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

5F Frisco-Peeler complex,
25 to 65 percent
slopes

B 207.9 95.3%

7D Grenadier gravelly loam,
6 to 15 percent slopes

B 3.0 1.4%

W Water 7.3 3.3%

Totals for Area of Interest (AOI) 218.2 100.0%

Description

Hydrologic soil groups are based on estimates of runoff potential. Soils are
assigned to one of four groups according to the rate of water infiltration when the
soils are not protected by vegetation, are thoroughly wet, and receive precipitation
from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when thoroughly
wet. These consist mainly of deep, well drained to excessively drained sands or
gravelly sands. These soils have a high rate of water transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These
consist chiefly of moderately deep or deep, moderately well drained or well drained
soils that have moderately fine texture to moderately coarse texture. These soils
have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist
chiefly of soils having a layer that impedes the downward movement of water or
soils of moderately fine texture or fine texture. These soils have a slow rate of water
transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when
thoroughly wet. These consist chiefly of clays that have a high shrink-swell
potential, soils that have a high water table, soils that have a claypan or clay layer
at or near the surface, and soils that are shallow over nearly impervious material.
These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is
for drained areas and the second is for undrained areas. Only the soils that in their
natural condition are in group D are assigned to dual classes.

Hydrologic Soil Group–Summit County Area, Colorado Old Dillon Dam

Natural Resources
Conservation Service

Web Soil Survey 2.0
National Cooperative Soil Survey

9/4/2008
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Rating Options

Aggregation Method:  Dominant Condition

Component Percent Cutoff:   None Specified

Tie-break Rule:  Lower

Hydrologic Soil Group–Summit County Area, Colorado Old Dillon Dam

Natural Resources
Conservation Service

Web Soil Survey 2.0
National Cooperative Soil Survey

9/4/2008
Page 4 of 4













 
 
 
 

HMR-49 
PMP STORM DETERMINATION 

 









































































































 
 
 
 

AREA CAPACITY CURVE 
 





Proposed Enlargement of Old Dillon Dam 22-Oct-08

Elevation area area average area Σ volume
ft^2 acre acre acre-ft

9159.99 0 0 0
9160 29774 0.684 0.3418 0.34
9161 58310 1.339 1.0111 1.35
9162 91631 2.104 1.7211 3.07
9163 122320 2.808 2.4558 5.53
9164 156456 3.592 3.1999 8.73
9165 194829 4.473 4.0322 12.76
9166 235483 5.406 4.9393 17.70
9167 257978 5.922 5.6642 23.37
9168 278391 6.391 6.1567 29.52
9169 291106 6.683 6.5369 36.06
9170 303899 6.977 6.8297 42.89
9171 413151 9.485 8.2306 51.12
9172 423499 9.722 9.6034 60.72
9173 433938 9.962 9.8420 70.56
9174 444548 10.205 10.0836 80.65
9175 455294 10.452 10.3288 90.98
9176 466196 10.702 10.5772 101.55
9177 477228 10.956 10.8290 112.38
9178 488423 11.213 11.0841 123.47
9179 499772 11.473 11.3429 134.81
9180 511305 11.738 11.6056 146.42
9181 522923 12.005 11.8713 158.29
9182 534753 12.276 12.1404 170.43
9183 546715 12.551 12.4135 182.84
9184 558872 12.830 12.6904 195.53
9185 571145 13.112 12.9708 208.50
9186 583634 13.398 13.2550 221.76
9187 596318 13.690 13.5440 235.30
9188 614858 14.115 13.9024 249.20
9189 631594 14.499 14.3073 263.51
9190 640929 14.714 14.6066 278.12
9191 650306 14.929 14.8213 292.94
9192 659721 15.145 15.0370 307.98
9193 669174 15.362 15.2536 323.23
9194 678660 15.580 15.4710 338.70

CARDS FOR HEC-1 INPUT

SA 0.000 0.684 2.104 3.592 5.406 6.391 6.977 9.722 10.205 10.702
SA 11.213 11.738 12.276 12.830 13.398 14.115 14.714 14.929 15.145 15.580
SE 9159.9 9160 9162 9164 9166 9168 9170 9172 9174 9176
SE 9178 9180 9182 9184 9186 9188 9190 9191 9192 9194

P:\133_1187_004_03_Old_Dillon_Res\SupportDocs\Calcs\Hydrology\proposed_res_areas_Oct_22.08.xls 1/18/2010
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PROPOSED SPILLWAY RATING CURVE 
 











 
 
 
 

RESERVOIR ELEVATION – CAPACITY CURVE 
 





Elevation Area Average area Cum Volume
(Acres) (Acre-Ft)

9194 15.58 15.5 338.70 Dam Crest
9193 15.36 15.3 323.23

9192.4 15.23 15.2 314.08 PMF
9192 15.15 15.0 307.98
9191 14.93 14.8 292.94

9190.5 14.82 14.7 285.53 Spillway Crest
9190 14.71 14.6 278.12
9189 14.50 14.3 263.51
9188 14.12 13.9 249.20
9187 13.69 13.5 235.30
9186 13.40 13.3 221.76
9185 13.11 13.0 208.50
9184 12.83 12.7 195.53
9183 12.55 12.4 182.84
9182 12.28 12.1 170.43
9181 12.00 11.9 158.29
9180 11.74 11.6 146.42
9179 11.47 11.3 134.81
9178 11.21 11.1 123.47
9177 10.96 10.8 112.38
9176 10.70 10.6 101.55
9175 10.45 10.3 90.98
9174 10.21 10.1 80.65
9173 9.96 9.8 70.56
9172 9.72 9.6 60.72
9171 9.48 8.2 51.12
9170 6.98 6.8 42.89
9169 6.68 6.5 36.06
9168 6.39 6.2 29.52
9167 5.92 5.7 23.37
9166 5.41 4.9 17.70
9165 4.47 4.0 12.76
9164 3.59 3.2 8.73
9163 2.81 2.5 5.53
9162 2.10 1.7 3.07
9161 1.34 1.0 1.35
9160 0.68 0.3 0.34 Outlet Works Invert

AREA - CAPACITY TABLE

1/18/2010 P:\133_1187_004_03_Old_Dillon_Res\SupportDocs\Calcs\Hydrology\Elevation_capacity\Proposed_Elevation_capacity_Curve.xls
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APPENDIX B 
 

HEC-1 MODELS 
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