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1.0 General Information 
On April 17, 2015, the U.S. Environmental Protection Agency published regulations under Subtitle D 
of the Resource Conservation and Recovery Act meant to control the safe disposal of coal 
combustion residuals (CCR) generated by coal-fired electric utilities.  The rule defines a set of 
requirements for the disposal and handling of CCR within CCR units (defined as either landfills or 
surface impoundments).  The requirements include preparation of an Inflow Design Flood Control 
System Plan for all existing and new CCR impoundments. 

This Inflow Design Flood Control System Plan has been prepared for the CCR impoundment unit at 
the Comanche Station.  It has been prepared in accordance with the requirements of 40 Code of 
Federal Regulations (CFR) §257.82.  The regulation requires an initial Inflow Design Flood Control 
System Plan be prepared and posted no later than October 17, 2016. 

1.1 Facility Description 
Comanche Station is a 1,450-megawatt coal-fired, steam turbine power plant owned and operated 
by Public Service Company of Colorado (PSCo), an Xcel Energy company. PSCo’s corporate offices 
are located at 1800 Larimer Street, Denver, Colorado 80202. 
Bottom ash from the Units 1 and 2 boiler bottoms is pumped as slurry to the on-site Bottom Ash 
Pond for dewatering.  Per 40 CFR §257.53, the Bottom Ash Pond is a partially incised 
impoundment, with a constructed earthen berm on the west side that retains CCR. The Bottom 
Ash Pond has been assessed to be a low hazard potential CCR surface impoundment in 
accordance with §257.73. The bottom ash is sluiced to the impoundment, where solids are 
separated from the water in a dewatering box at one end of the pond.  The box collects the larger 
bottom ash material, and water and fines are passed through to the impoundment.  Dewatered 
bottom ash is removed from the impoundment dewatering box on a regular basis by a wheeled 
loader/excavator and hauled off site for encapsulated beneficial use, or alternatively disposed in the 
on-site CCR landfill. 

Figure 1 provides a Site Plan that depicts the location of the Bottom Ash Pond and the CCR landfill. 
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Figure 1. Site Location Plan 
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1.2 Regulatory Requirements 
Title 40 CFR §257.82 requires that an owner or operator of an existing or new CCR surface 
impoundment or any lateral expansion of a CCR impoundment design, construct, operate, and 
maintain an inflow design flood control system per the following requirements: 

1) The inflow design control system must adequately manage flow into the CCR unit during 
and following the peak discharge of the inflow design flood specified in item 3 below; 

2) The inflow design flood control system must adequately manage flow from the CCR unit 
to collect and control the peak discharge resulting from the inflow design flood specified 
in item 3 below; 

3) The inflow design flood is the 100-year flood for (low hazard potential) surface 
impoundments; and 

4) Discharge from the CCR surface impoundment must not cause a discharge of pollutants 
to waters of the United States that is in violation of the requirements of the National 
Pollutant Discharge Elimination System under Section 402 of the Clean Water Act. 

2.0 Hydrologic and Hydraulic Analysis for CCR 
Impoundments 

A hydrologic and hydraulic analysis was completed for the active surface impoundment at the 
Comanche Station identified as the Bottom Ash Pond.  The evaluation was completed in accordance 
with 40 CFR §257.82 and identified the drainage basin for the impoundment and evaluated the 
capacity of the outfalls to ensure safe passage of the 24-hour, 100-year storm event. 

The evaluation included preparation of a surface water run-off model using AutoCAD Hydrographs to 
determine whether existing flood control systems meet the required criteria for controlling inflow from 
the 100-year flood. 

The evaluation was completed based on the best available information provided by PSCo at the time 
of this report.  There was no current survey of the impoundment.  Estimates were made on the grade 
elevations of the impoundment and outfall structure based on historic drawings.  Assumptions used 
to develop the hydraulic model are discussed in further detail below. 

2.1 Description of CCR Surface Impoundment and Drainage 
Area 

The impoundment is approximately 505 feet long by 140 feet wide and 20 feet deep.  The 
impoundment has a surface area of approximately 1.6 acres.  The impoundment has a top elevation 
of approximately 4,808 feet above mean sea level and a bottom elevation of 4,787 feet above mean 
sea level, and was designed with 3:1 horizontal to vertical side slopes.  The design drawings indicate 
a normal pool of elevation of 4,803 feet above mean sea level for the impoundment. 

The inflow drainage area to the impoundment is limited to the surface area of the pond (+/-1.6 acres) 
and the adjacent perimeter road (+/-0.27 acres).  The site topography is shown in Figure 2. 
  



PSCo | Inflow Design Flood Control System Plan  
 Comanche Station – CCR Impoundment 

 

  4 | 
 

 

Figure 2. Site Topography 
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2.2 Description of Inflow Control System 
There is no inflow control system for the Bottom Ash Pond.  Surface water run-off enters the pond by 
rain falling directly in the pond or sheet flow from the adjacent perimeter road. 

2.3 Description of the Outflow Control System 
Outflow from the Bottom Ash Pond is via a culvert from the northeast corner of the pond under the 
road to the adjacent polishing pond, per the facility’s existing wastewater discharge permit.  Based 
on the limited drainage area, the peak discharge for 24-hour, 100-year event will be less than 10 
cubic feet per second (see Attachment A). 

2.4 Hydrologic and Hydraulic Model 
A surface water run-off model was prepared using AutoCAD Hydrographs, which utilizes procedures 
outlined in the Soil Conservation Service (SCS) Technical Release 55 (TR-55) for computing curve 
numbers and times of concentration, and SCS TR-20 for generating run-off hydrographs.  The model 
is included as Attachment B.  A detailed discussion of the information input into the model is 
provided below. 

The 24-hour, 100-year rainfall depth of 4.04 inches utilized was obtained from the National Oceanic 
and Atmospheric Administration Atlas 14 webserver (see Attachment C).  A curve number of 98 was 
used for the entire drainage area because the land cover is either the pond surface area or the 
adjacent perimeter roads.  Based on the limited drainage area, a 10-minute time of concentration 
was selected. 

2.5 Evaluation of the Inflow Control System 
There is no inflow control system for the Bottom Ash Pond, as surface water runoff enters the pond 
by rain falling directly in the pond or sheet flow from the adjacent perimeter road.  For the minimal 
areas draining into the pond, the peak run-off estimated by the model for the 24-hour, 100-year 
design flood was approximately 9.0 cubic feet per second and the flood volume was approximately 
26,600 cubic feet, resulting in a 5.4-inch rise in the pond elevation. 

2.6 Evaluation of Outflow Control System 
Controlling the outflow as a result of the 24-hour, 100-year event is simple, as the peak discharge is 
a relatively small 9.0 cubic feet per second. The most efficient method for controlling the run-off is to 
use the existing culvert in the northeast portion of the pond that discharges into the adjacent 
polishing pond.  To handle the relatively small discharge quantity, the existing 12-inch culvert (Figure 
3) is adequate to allow the peak flow from the 24-hour, 100-year storm to be conveyed out of the 
Bottom Ash impoundment without overtopping the impoundment.   These existing controls are 
adequate for the operation of the Bottom Ash Pond and control of the outflow.  Supporting 
calculations and information are included as attachments to this report. 
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Figure 3. Location of Culvert 
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Culvert Report

Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Friday, Sep 6 2019

Xcel Comanche Bottom Ash Culvert - 12-inch

Invert Elev Dn (ft) =  4799.00
Pipe Length (ft) =  76.00
Slope (%) =  0.99
Invert Elev Up (ft) =  4799.75
Rise (in) =  12.0
Shape =  Circular
Span (in) =  12.0
No. Barrels =  1
n-Value =  0.013
Culvert Type =  Circular Concrete
Culvert Entrance =  Square edge w/headwall (C)
Coeff. K,M,c,Y,k =  0.0098, 2, 0.0398, 0.67, 0.5

Embankment
Top Elevation (ft) =  4808.38
Top Width (ft) =  20.00
Crest Width (ft) =  100.00

Calculations
Qmin (cfs) =  9.00
Qmax (cfs) =  10.00
Tailwater Elev (ft) =  Normal

Highlighted
Qtotal (cfs) =  9.02
Qpipe (cfs) =  9.02
Qovertop (cfs) =  0.00
Veloc Dn (ft/s) =  11.49
Veloc Up (ft/s) =  11.48
HGL Dn (ft) =  4800.00
HGL Up (ft) =  4804.88
Hw Elev (ft) =  4807.95
Hw/D (ft) =  8.20
Flow Regime =  Outlet Control
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Pond Tributary Area

Bottom Ash Pond

1

Watershed Model Schematic
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2014 by Autodesk, Inc. v10.3

Project: Comanche.gpw Friday, 09 / 2 / 2016
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Hydrograph Return Period Recap
2

Hyd. Hydrograph Inflow Peak Outflow (cfs) Hydrograph
No. type hyd(s) Description

(origin) 1-yr 2-yr 3-yr 5-yr 10-yr 25-yr 50-yr 100-yr

1 SCS Runoff ------ ------- ------- ------- ------- ------- 6.674 ------- 9.015 Pond Tributary Area

2 Reservoir 1 ------- ------- ------- ------- ------- 0.000 ------- 0.000 Bottom Ash Pond

Proj. file: Comanche.gpw Friday, 09 / 2 / 2016

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2014 by Autodesk, Inc. v10.3
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Hydrograph Summary Report
3

Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph
No. type flow interval Peak volume hyd(s) elevation strge used Description

(origin) (cfs) (min) (min) (cuft) (ft) (cuft)

1 SCS Runoff 6.674 2 720 19,448 ------ ------ ------ Pond Tributary Area

2 Reservoir 0.000 2 n/a 0 1 4803.33 468,247 Bottom Ash Pond

Comanche.gpw Return Period: 25 Year Friday, 09 / 2 / 2016

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2014 by Autodesk, Inc. v10.3
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Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2014 by Autodesk, Inc. v10.3 Friday, 09 / 2 / 2016

Hyd. No. 1
Pond Tributary Area

Hydrograph type =  SCS Runoff Peak discharge =  6.674 cfs
Storm frequency =  25 yrs Time to peak =  12.00 hrs
Time interval =  2 min Hyd. volume =  19,448 cuft
Drainage area =  1.870 ac Curve number =  98
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  10.00 min
Total precip. =  3.01 in Distribution =  Type II
Storm duration =  24 hrs Shape factor =  484
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Hydrograph Summary Report
5

Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph
No. type flow interval Peak volume hyd(s) elevation strge used Description

(origin) (cfs) (min) (min) (cuft) (ft) (cuft)

1 SCS Runoff 9.015 2 720 26,636 ------ ------ ------ Pond Tributary Area

2 Reservoir 0.000 2 n/a 0 1 4803.45 475,435 Bottom Ash Pond

Comanche.gpw Return Period: 100 Year Friday, 09 / 2 / 2016

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2014 by Autodesk, Inc. v10.3
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Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2014 by Autodesk, Inc. v10.3 Friday, 09 / 2 / 2016

Hyd. No. 1
Pond Tributary Area

Hydrograph type =  SCS Runoff Peak discharge =  9.015 cfs
Storm frequency =  100 yrs Time to peak =  12.00 hrs
Time interval =  2 min Hyd. volume =  26,636 cuft
Drainage area =  1.870 ac Curve number =  98
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  10.00 min
Total precip. =  4.04 in Distribution =  Type II
Storm duration =  24 hrs Shape factor =  484
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ATTACHMENT C - PRECIPITATION ESTIMATES 
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