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EXECUTIVE SUMMARY
Historic rainfall along Colorado’s Front Range from September 11 ‐ 18, 2013, caused devastating
flooding to developed areas along rivers and drainages. One of the heavily impacted drainages
was the Little Thompson River Drainage. As a result of the historic rainfall event and subsequent
flooding on the Little Thompson River, a series of five dams that serve as water supply for the
community of Big Elk Meadows were overtopped by the swollen river and failed.
The Colorado Division of Water Resources, Office of the State Engineer regulates all dams in
Colorado through the Dam Safety Branch. Dams are regulated, in part, by placing dams in
categories of hazard classification and size. The hazard classification is based on the consequences
of a sudden dam failure on life and property downstream. Hazard classifications of High,
Significant, Low and No Public Hazard are defined in the Rules and Regulations for Dam Safety and
Dam Construction (hereafter, the Rules). The size of a dam refers to the height of the dam, the
volume of water stored and the area of the reservoir impounded. The Rules define the size
categories of Non‐Jurisdictional and Jurisdictional; large, small and minor. Of the failed Big Elk
Meadows dams, one was classified as a Jurisdictional, minor‐sized Low hazard dam. The other
four failed dams were classified as Non‐Jurisdictional sized Low hazard dams.
In the days and weeks following the September 2013 storm, members of the Dam Safety Branch
conducted field reconnaissance and site survey and data collection activities within the Big Elk
Meadows subdivision. During these site visits data were collected to confirm the dams had failed
and no longer posed any threat, and also to gather forensic data for future study of the dam
failures. Subsequent to those initial site visits, additional field work was performed to gather
stream cross‐section data at locations upstream and downstream of the dams to enable peak flow
(discharge) estimates. The collected field work, published flood studies, eyewitness interviews,
photographs and videos were assembled for a focused study to answer Dam Safety Branch
questions and in response to interests in the downstream community. Gage‐adjusted radar rainfall
data focused on the study area from the September 8 to 18, 2013 storm was purchased. The
collected data were used in an HEC‐HMS rainfall‐runoff model for a study basin (including
subbasins) that extended from the headwaters of the Little Thompson downstream approximately
13.2 miles to the vicinity of the X Bar 7 Ranch communities. The modeling was performed to allow
estimates of peak runoff produced only by the rainfall by assuming the dams did not fail. A second
round of modeling was then performed to estimate the peak runoff from rainfall and include the
dam failure timing as reported by eyewitnesses. The purpose of this two‐phase modeling effort
was to determine if the dam failures caused incremental damage on the downstream
environment; damage beyond that caused by the rainfall flooding.
The methods and procedures followed in this analysis meet the current industry standard and
used the best available data. Results of the field work and modeling were consistent and indicate
that the Big Elk Meadows dams failed from overtopping.
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The analysis provides timing of the peak discharges of the rainfall flooding, volume of the flows,
and timing and contributions of the dam failures on the flooding. The modeling estimated the
rainfall flood peak discharge that occurred at the X Bar 7 Ranch cross‐section at approximately
5:30 am on September 12, 2013, at a rate of 15,997 cubic feet per second (cfs). The dam failures
increased flows in the river at the X Bar 7 Ranch cross section by a maximum of approximately
1,295 cfs and raised the water surface there by approximately 0.8 feet. The analysis showed the
dam failures occurred at approximately two hours (1), seven hours (2), eight hours (1) and 20
hours (1) after the rainfall‐induced peak discharge and that flows were generally receding at the
time of the failures. The maximum discharge resulting from flooding combined with the dam
failures were less than the previous flood‐only peak discharge and the water surface did not
exceed what had been previously seen.
The sheer volume and erosive power of the river during and after the peak discharges lead to the
damages observed. Results of this study show Big Elk Meadows dam failure discharges did not
cause incremental damages in the downstream channel.
Possible causes of the surges and extensive damage experienced during September 12 and 13,
2013 and not satisfactorily captured in the modeling were discussed briefly. A more thorough
investigation of the entire reaches of the channels of all tributaries of the Little Thompson River
above the X Bar 7 Ranch community might reveal potential clues for conclusive determination of
the causes of those surges and damages witnessed. Additional research might include analysis of
streambank saturation and erosion, channel migration, and debris dam formation and subsequent
failure.
The September 2013 event is not the first extreme precipitation event to occur on the Little
Thompson River drainage. Rainfall data was acquired for the 1969 “Big Elk Meadows” storm, an
event of similar magnitude that occurred May 3‐9, 1969. The 1969 rainfall and resulting runoff
were modeled using the same procedures and model utilized for the September 2013 event. The
model results show a peak discharge of 3,800 cfs at the X Bar 7 Ranch cross section which is
consistent with a reported 3,900 cfs at the nearest Division of Water Resources stream gage
located approximately 6.4 miles downstream.
The difference in stream flooding response to similar magnitudes (depths) of rain between the
1969 and 2013 storms lies in the duration of the rainfall. The majority of the 2013 rainfall fell over
a period of 12‐18 hours whereas the 1969 rainfall fell steadily over a period of three days. The less
intense, longer duration storm allowed more infiltration and slower runoff of the rainfall to the
river channels, resulting in a lower peak discharge and less damaging flows.

Report of the September 2013 Little Thompson River Flooding
and Big Elk Meadows Dam Failures, June 2014 (Revised, Dec 2014)
ii

DAM SAFETY BRANCH

Table of Contents
EXECUTIVE SUMMARY ......................................................................................................................................... i
Table of Contents ...............................................................................................................................................3
1

INTRODUCTION ..........................................................................................................................................1

2

BIG PICTURE OF THE EVENT ....................................................................................................................... 2

3

BACKGROUND ON DAMS ........................................................................................................................... 3

4

PERFORMANCE OF DAMS DURING THE SEPTEMBER 2013 EVENT ............................................................ 5

5

PURPOSE AND SCOPE OF THE INVESTIGATION .......................................................................................... 5

6

THE LITTLE THOMPSON RIVER BASIN STUDY AREA .................................................................................... 7

7

BIG ELK MEADOWS DAMS DESCRIPTIONS ................................................................................................. 8
7.1

Sunset Lake .........................................................................................................................................9

7.2

Rainbow Lake ......................................................................................................................................9

7.3

Willow Lake.........................................................................................................................................9

7.4

Mirror Lake .........................................................................................................................................9

7.5

Meadow Lake .....................................................................................................................................9

8

FAILURE EVENT AND EMERGENCY RESPONSE ......................................................................................... 10

9

DAM FAILURES ..........................................................................................................................................12

10

ANALYSES OF THE FLOOD AND DAM FAILURES ................................................................................... 13

10.1

Introduction ......................................................................................................................................13

10.2

Rainfall Spatial Distribution Analysis ................................................................................................ 14

10.3

Field Investigation Surveys and Data Collection ............................................................................... 15

10.4

Vertical Elevation Datum and Units.................................................................................................. 19

10.5

Basin Delineation .............................................................................................................................. 20

10.6

Rainfall Temporal Distribution Analysis............................................................................................ 21

10.7

Model Calibration ............................................................................................................................. 22

10.8

Unit Hydrographs..............................................................................................................................23

10.9

Subbasin Loss Rates .......................................................................................................................... 24

10.10

Hydrologic Channel Routing ......................................................................................................... 24

10.11

Overtopping Failure Breach Parameters ...................................................................................... 25

10.12

Model Calibration Cross Sections ................................................................................................. 26

11

FINAL MODEL RESULTS ......................................................................................................................... 27

Report of the September 2013 Little Thompson River Flooding
and Big Elk Meadows Dam Failures, June 2014 (Revised, Dec 2014)
iii

DAM SAFETY BRANCH

11.1

No‐Breach Model Results ................................................................................................................. 28

11.2

Dam Breach Model Results............................................................................................................... 31

11.3

Flood Volumes ..................................................................................................................................34

11.4

Incremental Impacts Analysis ........................................................................................................... 35

12

DISCUSSION OF OBSERVED DAMAGES and POTENTIAL CAUSES ......................................................... 38

12.1

Observed Damage ............................................................................................................................ 38

12.2

Modeling Limitations ........................................................................................................................ 40

12.3

Possible Causes of Events not Captured in the Modeling ................................................................ 42

13

COMPARISON WITH PAST LITTLE THOMPSON RIVER FLOODS ............................................................ 42

14

CONCLUSIONS.......................................................................................................................................46

15

ACKNOWLEDGEMENTS......................................................................................................................... 47

16

REFERENCES..........................................................................................................................................48

LIST OF FIGURES
Figure 1 – Map of Study Area of September 8‐18, 2013 flooding on the Little Thompson River
Figure 2 – Map of total rainfall from September 8‐18, 2013 Storm
Figure 3 – Map of overall drainage basin included in this study.
Figure 4 – A Pre‐Flood Aerial Image Map showing the Big Elk Meadows Association dams.
Figure 5 ‐ Photo taken at 6:47 a.m. Sept. 12th, 2013 at the location of the CR 47 Culverts
Figure 6 – An aerial photo of Crow Lane No. 1 dam in Pinewood Springs, CO
Figure 7 – A Post‐flood aerial photo of the Big Elk Meadows dams
Figure 8 – Gage‐Adjusted Radar Rainfall analysis results for the Little Thompson River study area
Figure 9 ‐ Sunset Dam breach looking across and downstream from left abutment.
Figure 10 ‐ Rainbow Dam breach section viewed from left abutment.
Figure 11 ‐ Willow Dam breach looking downstream from within the reservoir on left abutment.
Figure 12 ‐ Mirror Dam breach looking downstream from the left abutment.
Figure 13 – Panorama of the Meadow Lake Dam breach looking downstream
Figure 14 ‐ Typical high water mark debris line on a slope adjacent to the dam.
Figure 15 ‐ Example of bent grass line from overtopping flow.
Figure 16 ‐ Map showing locations of peak flows estimated using indirect methods.
Figure 17 ‐ Map of basin delineation for rainfall‐runoff modeling
Figure 18 ‐ Map of Big Elk Meadows Dams subbasin delineation for rainfall‐runoff modeling.
Figure 19 – Temporal distribution of the gage‐adjusted radar rainfall
Figure 20 – No Breach Model Hydrographs at Calibration Sections
Figure 21 – No Breach model outflow hydrographs for contributing basins
Figure 22 – Breach model outflow hydrographs at Big Elk Meadows dams
Figure 23 – Breach model outflow hydrographs at calibration sections.
Figure 24 – Peak flow stage analysis at below Meadow Lake dam calibration section.
Report of the September 2013 Little Thompson River Flooding
and Big Elk Meadows Dam Failures, June 2014 (Revised, Dec 2014)
iv

DAM SAFETY BRANCH

Figure 25 – Peak flow stage analysis at Pinewood Springs calibration section.
Figure 26 – Peak flow stage analysis at the X Bar 7 Ranch calibration section.
Figure 27 – Breach model outflow hydrographs at calibration sections for September 12, 2013
Figure 28 – Photo of watershed damage near the Stagecoach Road crossing.
Figure 29 – Photo of watershed damage near the X Bar 7 Ranch calibration section.
Figure 30 – Plot of HEC‐HMS model results for the entire duration of the storm.
Figure 31 – SPAS generated aerial distribution of the May 1969 Big Elk Meadows storm.
Figure 32 – Temporal distribution of rainfall for the May 1969 rainfall event.
Figure 33 – No Breach model correlation section hydrographs for the May 1969 storm.
Figure 34 – No Breach model basin outflow hydrographs for the May 1969 storm.
LIST OF TABLES
Table 1 ‐ Spillway Sizing Criteria from the Colorado Rules and Regulations for Dam Safety
Table 2 – Physical Descriptions of Big Elk Meadows Dams and Reservoirs
Table 3 – Jurisdictional Height and Time of Failure of Big Elk Meadows Dams
Table 4 – Model Unit Hydrograph Parameters
Table 5 – Model Subbasin Loss Parameters
Table 6 – Model Channel Routing Parameters
Table 7 – Model Overtopping Breach Parameters
Table 8 – Indirect Flow Estimates at Calibration Cross Sections
Table 9 – Comparison of Indirect Flow Estimates and No Breach Model Flow Estimates
Table 10 – Contributing Basin No‐Breach Model Peak Discharge Estimates and Times
Table 11 – Dam Failure model Results
Table 12 – Model Peak overtopping Results Compared to Surveys
Table 13 – Rainfall Depths and Rainfall and Runoff Volumes
Table 14 – Summary of Water Surface Elevation Change Analysis
Table 15 – Summary of Peak Discharges on the Little Thompson River
APPENDICES
Appendix A – Elevation‐Area, Elevation‐Capacity, and Spillway Rating Curves
Appendix B – Survey Data and Flow Calibration Point Information
Appendix C – AWA graphical and tabular Data (Revised, December 2014)
Appendix D – Unit Hydrographs, Basin Loss Rates
Appendix E – Limiting horizon soil loss analysis
Appendix F – Summary and inventory of interviews, photos, videos, etc.

Report of the September 2013 Little Thompson River Flooding
and Big Elk Meadows Dam Failures, June 2014 (Revised, Dec 2014)
v

DAM SAFETY BRANCH

1

INTRODUCTION

This is a report of the flooding of September 11‐18, 2013, on the Little Thompson River from the
headwaters to above the X Bar 7 Ranch. The study location is shown on Figure 1 below and is
generally located in southeastern Larimer and northwestern Boulder Counties.

Figure 1 – Map of Study Area of September 8‐18, 2013 flooding on the Little Thompson River

This report is intended for a relatively wide audience that includes the general public that were
impacted by the flooding, the general public who may not have been affected but have an
interest, the legal community, floodplain managers, dam engineers, emergency managers and
others in the science and technical communities. There are many facts to be described and also
some hypotheses to be discussed. This was a complex disaster from almost every aspect and no
one agency or entity is able to describe with total accuracy all events of the flooding and damage.
This report presents the best information available at the time to members of the investigation
team comprised of geologists, hydrologists, and civil engineers with high levels of education and
experience in the analysis of flooding, dam design and dam failure. Methods do not exist to
account for many of the factors that impacted the magnitude of flooding and resulting damage
Report of the September 2013 Little Thompson River Flooding
and Big Elk Meadows Dam Failures, June 2014 (Revised, Dec 2014)
Page 1 of 48

DAM SAFETY BRANCH

and devastation. The Dam Safety Branch used the best available tools and methods, within
available resources at the time of this study to analyze and report on the flood event in hopes of
helping explain the causes and effects of the flood damage experiences during the September
2013 event.

2

BIG PICTURE OF THE EVENT

The rainfall and resulting flooding of September 8 ‐18, 2013, was the result of a large scale
weather system that was not unprecedented, but was historic. It has been reported (Doeskin,
2014) that this storm ranked in the top three of extreme storms documented in Colorado. By
most accounts, the rainfall and flooding occurred simultaneously from El Paso County in the south,
to Larimer County in the north. The first reports of flooding impacting dams came at 2:11 am MST
on Thursday September 12, 2013. Larimer County emergency managers issued warnings and then
sent requests for assistance in response to rainfall and flooding in the headwaters of the Little
Thompson River between Estes Park and Berthoud. By the time the sun rose on September 12,
emergency response agencies from Colorado Springs to Fort Collins were in full response mode as
all levels of responders raced to get impacted citizens out of harm’s way. Figure 2 shows the
extent and magnitude of the rainfall event.

Figure 2 – Map of total rainfall from September 8‐18, 2013 Storm (Applied Weather Associates, 2014)
Report of the September 2013 Little Thompson River Flooding
and Big Elk Meadows Dam Failures, June 2014 (Revised, Dec 2014)
Page 2 of 48

DAM SAFETY BRANCH

3

BACKGROUND ON DAMS

As a precursor to the technical analysis in this report, it is important to understand some basic
functions of the Colorado Dam Safety Program. Ensuring the safety of dams in Colorado is
performed and administrated under the Division of Water Resources, Office of the State Engineer,
through the Dam Safety Branch. All dams in Colorado are regulated and subject to the authority
of the State Engineer consistent with Title 37, Article 87 of the Colorado Revised Statues (C.R.S.)
In addition to C.R.S. requirements, the Dam Safety Branch administers dams in accordance with
the “Rules and Regulations for Dam Safety and Dam Construction” (hereafter, the Rules). The
purpose of the Rules is to provide for public safety through establishment and administration of
standards and to create a public record for reviewing the performance of dams.
There is hazard potential or risk associated with storing water behind dams for beneficial uses due
to the fact that unintended release of those stored waters has consequences. This risk is tolerated
due to the beneficial uses that the stored water provides. The consequences vary, in part, due to
the size of the dam and volume of water stored, but also to the extent of development below the
dam. Dams in Colorado are categorized in groups by hazard classification, which is defined by the
consequences or damage caused by their sudden failure. All Colorado dams are assigned to one of
four hazard classifications;






A High hazard Dam is a dam for which loss of human life is expected to result from failure
of the dam.
A Significant hazard dam is a dam for which significant damage is expected to occur, but no
loss of human life is expected from failure of the dam. Significant damage is designated as
damage to structures where people generally live, work, or recreate, or public or private
facilities. Significant damage is determined to be damage sufficient to render structures or
facilities uninhabitable or inoperable.
A Low hazard dam is a dam for which loss of human life is not expected, and significant
damage to structures and public facilities as designed for Significant hazard dam is not
expected to result from failure of the dam.
A No Public Hazard dam is a dam for which no loss of human life is expected, and which
damage only to the dam owner’s property will result from failure of the dam.

In addition to hazard classification, dams are also defined by their size. Dams are divided into two
major size categories; jurisdictional and non‐jurisdictional. Non‐jurisdictional (NJ) dams are
defined as having a capacity of 100 acre‐feet or less, creating a reservoir with a surface area 20
acres or less at the high‐water line, or being 10 feet in height or less. Dams and reservoirs
exceeding any one of these criteria are considered jurisdictional. Additional definitions of “a dam”
are contained in Rule 4.2.5 of the Rules.
The hazard classification and size categories of dams dictate the requirements of their regulation.
Larger dams, with higher consequences of failure are subject to more strict regulation. For
example, large, High hazard dams are inspected every year and have the most stringent
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engineering design and emergency preparedness criteria. Minor‐sized Low hazard dams are
inspected every six years and have more basic engineering design and no emergency preparedness
criteria. These differences with respect to the design of spillways for dams are described below.
Hundreds of dams of all size and hazard classification lie within the area impacted by the
September 2013 rain event. Being a flooding (hydrologic) event, the primary concern for safety of
the dams was with respect to their spillway capacity. Spillways are structures constructed on
dams to safely route flood flows around the embankments to minimize the potential for
overtopping. The vast majority of dams in Colorado are earth dams which are susceptible to
erosion damage and failure if the earth embankments are overtopped by flooding flows.
The design and size requirements for spillways at dams and reservoirs in Colorado are dictated by
the Rules. Spillway size requirements are related to the magnitude and duration of an assumed
storm that will fall on a watershed above a dam. The size of the assigned or assumed storm is a
function of how often that depth or volume of rainfall is expected to be seen. For the sake of
design, this is reduced to a statistical probability of occurrence. For example, a 1‐year storm has a
100% probability of occurring every year. A 2‐year storm has a 50% probability of happening at
some time in the course of a year, and a 100‐year storm has a 1% chance of happening at any time
in the same year. The Federal Emergency Management Agency (FEMA) flood‐plain mapping also
provides for the 500‐year storm which has a 0.2% chance of happening in any given time in a year.
A term used in the dam engineering community is the “Probable Maximum Precipitation” (PMP),
which is used to describe the largest conceivable rain event that can be calculated at a given
location through the application of the science of meteorology. A PMP rainfall event is difficult to
calculate, and even more difficult is providing a statistical explanation for this amount of rain.
Although it is difficult to assign a probability of a PMP rain event happening, it is thought to be
between a 10,000‐year event and a 1,000,000‐year event, or between a 0.01% and 0.0001%
chance of happening at any time in a given year.
Table 1 below is from the Rules and shows the variation in design criteria for spillways on dams in
Colorado by hazard classification and dam size. The Inflow Design Flood is the flood created by
runoff of the required rainfall event that must be safely passed through the spillway without
causing damage to the dam.
A variation in the requirements described above for spillways is based in the concept of
incremental damages. Incremental Damage Assessment (IDA) for dam safety evaluation
determines whether or not a significant increase in flooding will result from dam failure beyond
that which would occur if the dam were not in place. The reduced requirements for spillways for
smaller and lower consequence dams are based on analysis of incremental damage effects. Past
analysis and experience have shown no incremental increases on flooding due to failure of these
categories of dams during storm events greater than or equal to those for which their spillways are
designed.
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Table 1 ‐ Spillway Sizing Criteria from the Colorado Rules and Regulations for Dam Safety and
Dam Construction, 2007
INFLOW DESIGN FLOOD REQUIREMENTS
USING HYDROMETEOROLOGICAL REPORTS (HMR)
DAM SIZE

4

HAZARD CLASSIFICATION
High

Significant

Low

NPH

Large

0.90 PMP

0.90 PMP

100 YR

50 YR

Small

0.90 PMP

0.90 PMP

100 YR

25 YR

Minor

0.45 PMP

0.45 PMP

50 YR

25 YR

PERFORMANCE OF DAMS DURING THE SEPTEMBER 2013 EVENT

Although the September 2013 rainfall is considered extreme, it was well below what would be
termed a PMP event. High and Significant hazard dams in the affected area have spillways
designed for some percentage of the PMP. In the affected area the full PMP rainfall is on the
order of 30 to 40 inches over a period of 72 hours. The maximum measured rainfall for the
September 2013 storm was in Boulder at near 20 inches of rain over a period of 10 days. As a
result, the High and Significant hazard dams within the affected area performed as designed and
none of those dams were considered in danger of failing due to overtopping through the course of
the event.
The 100‐year 24‐hour rainfall typically used for design of spillway for small Low hazard dams in the
affected area is in the range of 4‐6‐inches. During the course of the storm, the maximum 24‐hour
rainfall over much of the affected area was in the 6‐10‐inch range. It is therefore not surprising or
unexpected that small Low hazard dams overtopped and failed as the rainfall and runoff exceeded
the designed capacity of their spillways. The official count of failed dams during the September
2013 event stands at nine. Five of these, one minor‐size Low hazard and four non‐jurisdictional
size dams were located within the Big Elk Meadows Subdivision on the West Fork of the Little
Thompson River.
Through post‐flooding analysis of before and after Google Earth and Digital Globe ™ aerial images,
the failure of additional non‐jurisdictional dams within the area of the September 2013 flooding
have been identified. Members of the Dam Safety Branch have also received second hand reports
of NJ dam failures. Investigation of all NJ dam failures with no corresponding reports of
downstream damage is beyond the current resources of the Dam Safety Branch.

5

PURPOSE AND SCOPE OF THE INVESTIGATION

The remainder of this report focuses on the study of flooding that occurred during the September
2013 event, including the impact of the Big Elk Meadows dam failures on a portion of the Little
Thompson River Basin. The section of the study includes from the headwaters downstream
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approximately 13.2 river miles to a surveyed cross section downstream of the X Bar 7 Ranch. The
study area was established to assess flooding damage observed on the stretch of the Little
Thompson River through the residential properties in the Pinewood Springs, X Bar 7, Stagecoach
Trail, Blue Mountain Road and Ponderosa Hill areas.
As is described later in the report, an aerial reconnaissance of the Big Elk Meadows dam failures
was made five days after failure, and detailed surveys were conducted 12 days after failure. The
intent of the aerial reconnaissance was to determine if the dams had fully breached and a hazard
no longer existed. The intent of the detailed surveys was to enable future study of these failures
for the benefit of the dam engineering community. The results of any future analysis of these
failures will be used by dam engineers to better predict dam failures and the potential adverse
consequences.
It is also important to analyze the dam failures and determine if the anticipated impacts were
realized. The Big Elk Meadows dams were classified as minor‐size Low hazard and NJ dams. If the
impacts from failure of the dams were different than expected then the Rules should be revised so
that the risk of these structures and other similar Low hazard dams within the State are properly
acknowledged and regulated.
The Dam Safety Branch response to the September 2013 flooding events created a backlog of
work and the forensic analysis of dam failures had to be placed at a lower priority to other ongoing
activities. Only minor work had been done with the collected data between September 2013 and
February 2014.
In February 2014 members of communities near the X Bar 7 Ranch area in southern Larimer
County reached out to the Dam Safety Branch for information pertaining to the failure of the Big
Elk Meadows Dams and their reconstruction. The group included members of the Little Thompson
River Watershed Restoration Coalition (LTRWRC) that were very interested in knowing the effect
dam failures had on the overall flooding and damage their community had sustained. That
community interaction provided the Dam Safety Branch the impetus to re‐prioritize studies of the
Big Elk Meadows dam failures and expand the intended study area to assist in answering the
questions regarding the sources of damaging floods.
The scope of the study included reviewing historic data on the dams, field inspections and surveys
of the dams and river floodplain, analysis of the hydrology of the storm event, interviews with eye
witnesses, and analysis of the incremental consequences that the failure of the dams had on the
downstream floodplain. The limits of the study include the basins above the Big Elk Meadow
Dams downstream to the X Bar 7 ranch, as shown in Figure 3. The limits were selected to capture
the rainfall and flooding and analyze the impacts downstream of the dams.
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6

THE LITTLE THOMPSON RIVER BASIN STUDY AREA

The Little Thompson River watershed encompasses approximately 203 square miles in Boulder,
Larimer, and Weld Counties. The basin begins in the mountains at an elevation of approximately
11,425 feet on Twin Sisters Peaks and drops to near 4,700 feet, over a river distance of
approximately 46 miles, where it joins the Big Thompson River near Milliken, CO.
The area of this study is a smaller sub‐section of the overall basin and extends from the
headwaters at Twin Sisters Peaks downstream through Big Elk Meadows, past US 36 and
Pinewood Springs, and through the X Bar 7 Ranch area. The downstream boundary of the study is
roughly where the river first intersects the prominent hogbacks upstream of Berthoud. The study
area encompasses approximately 83 square miles, and approximately 17.8 miles of the main stem
of the Little Thompson River. The basin outline and key features of the basin used for the
purposes of the study and are shown below in Figure 3.

Figure 3 – Map of overall drainage basin included in this study.

Within the study area the Little Thompson River contains the tributaries of the West Fork which
includes the Big Elk Meadows area and the areas between Meadow Lake Dam and US Highway 36,
the North Fork, and Rowell Gulch. The main stem of the river is included in the Muggins Gulch
subbasin and the basin between Pinewood Springs and the confluence of the main stem with the
North Fork.
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7

BIG ELK MEADOWS DAMS DESCRIPTIONS

Big Elk Meadows is located in the southwest portion of the study area approximately five miles
upstream of US 36 along Larimer County Road 47. The community dates back to 1953 and consists
of approximately 160 homes which are owned by full‐time and part‐time residents. In 1966, the
Big Elk Meadows Association (BEMA) was formed to provide municipal services to the residences.
BEMA owns five dams located within the community that are the source of water for the
residences. The BEMA dams are on‐channel structures located on the West Fork of the Little
Thompson River. Meadow Lake Dam, Mirror Lake Dam, Rainbow Lake Dam, and Willow Lake Dam
are located in Larimer County (Sections 34 and 35, Township 4N, Range 72 west, Sixth P.M.). The
upstream most structure, Sunset Lake Dam, is located in Boulder County (Section 3, Township 3N,
Range 72 West, Sixth P.M.). An aerial image map of BEMA and all five dams is shown below in
Figure 4.

Figure 4 – A Pre‐Flood Aerial Image Map showing the Big Elk Meadows Association water supply dams.

The construction history of the dams is not well documented, but they appear to have all been
constructed in the early 1950’s. Excerpts from file documents indicate that Mirror Lake Dam and
Rainbow Lake Dam were constructed in 1952; Meadow Lake Dam, Willow Lake Dam, and Sunset
Lake Dam were constructed in 1955. Documents were found for each dam dated from 1952 and
1953 to support water rights filing on the reservoirs that were decreed in 1958.
An important step for the failure investigation study was to gather information on the pre‐flood
existing conditions for each dam and reservoir. Light Detection and Ranging (LIDAR) data became
available from FEMA for the BEMA area shortly after the September flooding and was used to
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develop elevation‐capacity data for proposed reconstruction of the dams (GEI, 2014). However,
this topographic data may not represent pre‐flood conditions as flooding and failure of the dams
likely modified the topography through erosion and sedimentation processes. Review of the Dam
Safety Branch files produced surveys of the reservoirs that were conducted in 1997 to support
supplemental water rights applications. These surveys were used to establish pre‐flood elevation‐
storage curves for each reservoir. Presentation of the digitized surveys and resulting elevation‐
storage curves are presented in Appendix A.
Physical parameters and dimensions of the dams were obtained from the best available data; a
combination of file reports, as‐constructed drawings, field surveys, and GIS mapping. Following
are brief descriptions of each dam.
7.1

Sunset Lake

Sunset Dam was classified as a non‐jurisdictional dam. The dam had an earthen embankment with
height of approximately 6‐ft and was decreed to stored 8.6 acre‐ft of water. Being non‐
jurisdictional it did not receive routine safety inspections.
7.2

Rainbow Lake

Rainbow Dam was classified as a non‐jurisdictional dam. The dam had an earthen embankment
with a height of approximately 10‐feet and was decreed to store 37.3 acre‐ft of water. It did not
received routine safety inspections by the Dam Safety Branch.
7.3

Willow Lake

Willow Dam was classified as a non‐jurisdictional dam. The dam was an earthen embankment
with a height of approximately 10‐ft and was decreed to store 26.67 acre‐ft of water. It did not
receive routine safety inspections by the Dam Safety Branch.
7.4

Mirror Lake

Mirror Dam was classified as a non‐jurisdictional dam. The dam had an earthen embankment with
a height of 10‐feet and was decreed to store 18.16 acre‐ft of water. The reservoir impounded by
Mirror Dam contained the intake structure for the BEMA community water system.
7.5

Meadow Lake

Meadow Dam was classified as a minor size, jurisdictional dam assigned DAMID 040229. The dam
was an earthen embankment with a jurisdictional height of 10.1 feet and was decreed to store
32.3 acre‐ft of water. The dam received regular safety inspections with the last inspection on file
from 2008. Significant rehabilitation with replacement of the outlet works occurred in 2012 under
State Engineer approved Construction File No. C‐2003. Final inspection and acceptance of the
construction was granted by the State Engineer in May, 2013.
A summary of the dam parameters used for modeling Big Elk Meadows dams and reservoirs is
provided in Table 2.
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Table 2 – Physical Descriptions of Big Elk Meadows Dams and Reservoirs
Geometry
Spillway Elev. (ft)
Dam Crest Elev. (ft)
Dam Crest Length (ft)
Upstream Toe Elev. (ft)
Normal Storage (ac‐ft)
Maximum Storage (ac‐ft)
Normal Pool Surface Area (ac)
Maximum Pool Surface Area (ac)

8

Sunset
Dam
7526.1
7530.1
448
7520.1
11.42
19.26
2.24
3.00

Rainbow
Dam
7516.2
7518.9
300
7506.2
37.20
48.99
6.07
6.92

Willow Dam

Mirror Dam

7509.5
7515.0
256
7499.5
26.67
59.59
5.35
7.06

7499.4
7502.6
270
7489.4
18.16
29.91
3.39
6.44

Meadow
Dam
7489.9
7497.6
265
7481.4
32.2
90.38
7.20
11.70

FAILURE EVENT AND EMERGENCY RESPONSE

Emergency warnings and notifications broadcasted during the early morning hours of September
12, 2013 provided the first indication that heavy rainfall was occurring in the area of the BEMA
dams. The first warning of flash flooding was issued by the Larimer County emergency manager at
12:58 a.m. on Thursday, September 12, 2013. Between 1:00 a.m. and 2:00 a.m. a Larimer County
Sherriff’s Deputy dispatched to the area became trapped in Big Elk Meadows when the access
road (Larimer County Road 47) was washed out and became impassible due to the flow in the
Little Thompson River. At 2:11 a.m., the Larimer County Emergency Manager issued a notice
specific to Big Elk Meadows reporting critical flash flooding was occurring with possible small dams
breaking. A reverse 911 call went out all BEMA residents warning them of the danger. Figure 5
shows an image of CR 47 taken just before 7:00 am on September 12, showing the flooding
damage to the road that resulted in isolation of the Big Elk Meadows Community in the first hours
of the storm.
Subsequent reports and telephone communication with BEMA residents and emergency services
personnel over the next 24‐hours communicated that by 7:00 am on Friday, September 13, 2013
all five BEMA dams had overtopped and failed. There was no access to the dams and reports were
relayed by residents and first responders. Table 3 presents the timeline of the dam failures as
reported by eyewitnesses, some of whom were first responders on‐scene, and from review of
photographs and videos taken by eyewitnesses.
Table 3 – Jurisdictional Height and Time of Failure of Big Elk Meadows Dams
Dam Name
Jurisdictional Height (ft)
Time of Failure (MDT)
Sunset Lake
6
Sept. 12, 7:41 a.m.
Willow Lake
10
Sept. 12 12:02 p.m.
Rainbow Lake
10
Sept. 12 12:24 p.m.
Meadow Lake
10.1
Sept. 12 1:40 p.m.
Mirror Lake
10
Sept. 13, Approx. 2:00 a.m.
Note: Failure times provided by BEM Fire Dept. log, and Larimer County Sheriff video.
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Figure 5 ‐ Photo taken at 6:47 a.m. Sept. 12th, 2013 at the location of culverts where the West Fork crosses beneath CR
47. Photos shows the culverts are washed out and damage to the road (Photo provided by Larimer County via BEMA).

From the early morning hours of September 12th, access to areas affected by the flooding ranged
from difficult to impossible and reports were being received second hand from emergency
response personnel and those sheltered in place. On Tuesday, September 17, 2013 the Colorado
Division of Homeland Security and Emergency Management (CDHS & EM) secured access via
helicopter for a Dam Safety Engineer to conduct an aerial inspection of dams in northern Boulder
and southern Larimer counties. The purpose of the reconnaissance mission was to assess the
dams in the area and report any threatening situations. It was confirmed that the Big Elk
Meadows dams had fully breached and that the dams did not present an ongoing threat. During
this initial dam safety reconnaissance, the helicopter was also able to fly over Pinewood Springs to
view Crow Lane No. 1 dam. Crow Lane No. 1 dam is a small, High hazard structure completed in
2008 for the Pinewood Springs Water District. A photo taken from the air on September 17 is
shown in Figure 6. The dam embankment can be seen in the center of the photo and the
emergency spillway is the concrete structure on the left. As a small, High hazard dam the
emergency spillway at Crow Lane No. 1 dam was designed for 90% of the PMP rainfall. Note the
large concrete lined spillway channel relative to the size of the embankment. As with other High
and Significant hazard dams in areas exposed to the extreme rainfall of this event, this dam
performed as designed and weathered the storm with no damage.
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Figure 6 – An aerial photo of Crow Lane No. 1 dam in Pinewood Springs, CO taken on Sept. 17th, 2013 during the first
reconnaissance trip to the Big Elk Meadows and Pinewood Springs areas.

9

DAM FAILURES

Reports indicate that all the Big Elk Meadows dams were overtopping by midnight on Wednesday
September 11, 2013. According to eyewitness reports, Mirror Dam was being overtopped by 2
feet of water at 4:00 am September 12. Rainbow Dam was reportedly being overtopping by 3 feet
of water at 5:00 am.
Reports indicate that Sunset dam was overtopped for approximately seven hours and failed at
7:41 am on September 12. Willow Dam overtopped for over 12 hours and then failed at 12:02 pm.
Material was washed around the left abutment of the dam into a residence as the reservoir
drained through erosion of native material adjacent to the dam. The reservoir emptied with the
main dam still standing. Rainbow dam also overtopped for approximately 12 hours and breached
at 12:24 pm on September 12, 2013. The discharge from the failure of Rainbow dam was
attenuated as it flowed through both the left abutment breach and through a new breach in the
weakened Willow Dam embankment immediately downstream. Meadow Dam breached at 1:40
pm on September 12, 2013. As the spillway operated at full capacity, this dam was overtopping
continuously for nearly 13 hours. Finally, a low area near the left abutment concentrated flows to
the point of full breach initiation. Review of videos of the Meadow dam breaching event and
photos taken immediately afterward, indicate a time of 30 to 45 minutes from the time the breach
began forming to the when the reservoir was completely drained.

Report of the September 2013 Little Thompson River Flooding
and Big Elk Meadows Dam Failures, June 2014 (Revised, Dec 2014)
Page 12 of 48

DAM SAFETY BRANCH

Figure 7 – A Post‐flood aerial photo of the Big Elk Meadows dams, for comparison with Figure 4 above.

Mirror Dam could not be seen at 7:00 pm on September 12, 2013, because of the high water flow
in the channel. By the morning of September 13th the dam was gone. A failure time of
approximately 2:00 am was provided by first responders in the area. Figure 7 shows the after
failure conditions of Big Elk Meadows dams, for comparison with the before flooding image
provided in Figure 4.

10 ANALYSES OF THE FLOOD AND DAM FAILURES
10.1 Introduction
The Dam Safety Branch approached this investigation using standard means and methods
established and used by the dam safety engineering community for the study of similar events.
The investigation followed the “Dam Failure Investigation Guideline” by the Association of State
Dam Safety Officials (ASDSO) dated December 8, 2011. The U.S. Bureau of Reclamation (USBR)
Hydraulic Investigations and Laboratory Services Group was also consulted for recommendations
on how to conduct field investigations and interviews.
A combination of methods and software were used to conduct the investigation and analysis of
the BEMA dam failures. The storm runoff and dam failure model was primarily developed using
the United States Army Corps of Engineers (USACE) Hydrologic Engineering Center‐Hydrologic
Modeling System (HEC‐HMS) software, version 3.5. Calibration with cross section surveys to
estimate peak flows was facilitated by the USACE Hydrologic Engineering Center‐River Analysis
Systems (HEC‐RAS) software, version 4.1.0 and Bentley Systems, Inc., FlowMaster software,
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version 8i. Soil information was obtained from the Natural Resources Conservation Service (NRCS)
Geospatial Data Gateway. ESRI ArcMap 10.0 was used for processing Geographic Information
System (GIS) mapping and spatial information. The Colorado Dam Safety Branch guidance
documents; Guidelines for Dam Breach Analysis (2010), Guidelines for Hazard Classification (2010),
and Hydrologic Basin Response Parameter Estimation Guidelines, (2008), were also used as
references for the analyses.
10.2 Rainfall Spatial Distribution Analysis
Analysis of a design precipitation event on a drainage basin to evaluate the appropriate size
spillway for a dam is a fairly common exercise performed by the Dam Safety Branch and is typically
conducted with a high level of confidence. However, analyzing the occurrence of a given
precipitation event and accurately modeling the resulting runoff requires collecting and
assembling data from the actual physical processes and is inherently more difficult.
In order to accurately model the storm runoff, the Dam Safety Branch contracted with Applied
Weather Associates, Inc. (AWA) to obtain rainfall data from the 1:05 am MDT on September 8 to
1:00 am MDT on September 18, 2013 to capture the full extent of the storm. Figure 8 below
shows the results of the AWA analysis for the study area basins. The rainfall analysis process
involved analyzing radar images for the storm event and calibrating them to gages that measured
the rainfall as it actually fell. This product is referred to as gage‐adjusted Radar rainfall. The study
area had a good density of rain gages to facilitate the adjustment process. The density of gages
available to calibrate radar images provides a high level of confidence in the results of the analysis.

Figure 8 – Gage‐adjusted Radar rainfall analysis results for the Little Thompson River study area (from AWA, 2014. See
Figure 17 for additional local landmarks)
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10.3 Field Investigation Surveys and Data Collection
It was imperative that forensic information be gathered at the site as quickly as possible prior to
site degradation. Once the CDHS & EM had moved from response to recovery mode of the
disaster, the Dam Safety Branch requested access to shuttle engineers and survey equipment to
the site. Over the course of two days, September 24 and 25, 2013, five DSB engineers were
transported to the site to conduct the field investigations and surveys.
During the field investigation the Dam Safety Branch engineers measured the dam breach
geometries and obtained a photographic record of the dam failures. Longitudinal sections along
the dam crest and across the breach of each dam were surveyed by traditional direct‐level
methods. Stationing along the sections was recorded with an extended‐reel tape and digital range
finder. Spillway dimensions, dam crest widths, locations of upstream and downstream
embankment toes, and outlet works were also documented. Photos of the dam breaches
observed during the field surveys are presented in Figures 9 through 13. High water marks were
estimated on the slopes adjacent to each dam based on the accumulation and settling out of
organic duff and debris as shown in Figure 14. Bent grass indicative of overtopping flows was also
observed on the crests and downstream slopes of the remaining embankments and is shown in
Figure 15.

Figure 9 ‐ Sunset dam breach looking across and downstream from left abutment.
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Figure 10 ‐ Rainbow dam breach section viewed from left abutment.

Figure 11 ‐ Willow dam embankment breach looking downstream from within the reservoir on left abutment.
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Figure 12 ‐ Mirror dam breach looking downstream from the left abutment.

Figure 13 – Panorama of the Meadow Lake dam breach looking downstream from within the reservoir area. Note
displaced intake headwall from the recently (April 2013) replaced outlet works.
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Figure 14 ‐ Typical high water mark debris line on a slope adjacent to the dam.

Figure 15 ‐ Example of bent grass line from overtopping flow on Sunset dam looking from the left abutment.
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In addition to survey information collected on each dam, cross sections including high water mark
surveys on the West Fork Little Thompson River and Deer Creek tributary drainage were obtained
to facilitate estimates of peak flows by indirect methods. Cross sections downstream of Meadow
Lake Dam were taken on September 25, 2013. Cross sections on the West Fork Little Thompson
River, Deer Creek and the Little Thompson River were taken on a follow‐up visits in March and
April 2014. A cross section was also taken approximately 13 miles downstream of Meadow dam
on the Little Thompson River near the X Bar 7 Subdivision on March 4, 2014 during a field visit
arranged at the request of residents in that heavily impacted portion of the river. Figure 16 shows
the locations of cross section surveys and locations of indirect measurements by others utilized in
runoff model calibration. Detailed survey notes and indirect measurement information from all
site visits are included as Appendix B.

Figure 16 ‐ Map showing locations of peak flows estimated using indirect methods.

An additional invaluable source of information came from interviews, video recordings, and digital
photographs provided by emergency personnel and the impacted residents. Recorded timelines,
narratives, and verbal stories all helped piece together significant events, especially those that
occurred between September 12 and 13, 2013. A summary and inventory of such information is
summarized in Appendix F.
10.4 Vertical Elevation Datum and Units
During reduction of the field survey data and development of input parameters for rainfall‐runoff
modeling, it was necessary to establish a vertical elevation datum. The datum used for this
investigation was selected to enable the reader to relate elevations presented in this report to pre‐
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and post‐flood conditions. The BEMA is restoring the dams back to original condition with no
enlargement of the dams or reservoirs. As such, it was logical to assume a datum relative to
elevations used for reconstruction of the dams. For this investigation, elevations of the spillway
crests for each dam were set to the respective elevations for the proposed reconstruction; as
presented in Big Elk Meadows Association Dam Reconstruction Project Hydrology Report by GEI
Consultants, Inc., February 2014. The datum for the reconstruction project is based on the
National American Vertical Datum of 1988 (NAVD88). All units for the models and results
presented in this report are U.S. Customary.
10.5 Basin Delineation
Drainage basin delineation was performed using a combination of the United States Geological
Survey (USGS) StreamStats Web‐based GIS interactive mapping tool, USGS Hydrologic Unit Code
(HUC) GIS shapefiles, and various other GIS georeferenced mapping sources. Basin delineation
was included for basins tributary to the BEMA dams and drainages tributary to the X Bar 7 cross
section. Figure 17 shows the basin delineation used in the rainfall and runoff models.

Figure 17 ‐ Map of basin delineation for rainfall‐runoff modeling showing the locations of interest for model results.

Limits of drainage basin delineation were chosen to enable modeling of the runoff contributions
from selected drainages at several locations of interest. The runoff into each reservoir is critical to
understanding the magnitude of overtopping that led to the failure of those dams. The extent of
damage to US Highway 36 in the vicinity of the confluence of the main stem of the Little
Thompson River with the West Fork of the Little Thompson River is also of interest. The study
needed to be able to determine with some certainty the timing of the peak discharges from each
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basin as well as the timing of the dam failures and how the contribution of those discharges may
have added to the peak discharge at that location. In order to answer questions brought by the
residents of the community around the X Bar 7 Ranch, the contributions of the main stem, West
Fork and Meadow Lake needed to be combined with those from the North Fork of the Little
Thompson River joining from the north and Rowell Gulch joining from the south.
Subbasin delineation was judged to be more critical in the BEMA area in order to more accurately
portray the timing and duration of dam overtopping. As a result, five subbasins representing the
contributing drainage areas for each dam were delineated within the larger basin and labeled with
as the respective dam name. Figure 18 shows delineation of the subbasins created for the Big Elk
Meadows Dams.

Figure 18 ‐ Map of Big Elk Meadows Dams subbasin delineation for rainfall‐runoff modeling.

10.6 Rainfall Temporal Distribution Analysis
A key part of this investigation was to attempt to accurately portray the spatial distribution, or
area of rainfall and the temporal distribution, or how the rain fell through time during the event.
As previously described, the Dam Safety Branch contracted with Applied Weather Associates, LLC
to obtain 5‐minute incremental subbasin average rainfall from 1:05 am MDT on September 8 to
1:00 am MDT on September 18, 2013 to capture the full extent of the storm. The spatial extent
and total depths of the rainfall derived from their analysis is shown above in Figure 8. The
temporal distribution of the rainfall within each subbasin is shown below in Figure 19. The basin‐
averaged rainfall data were input as Precipitation Gage elements for each subbasin in the HEC‐
HMS model. The tabulated rainfall data from which the basin averages were calculated are
presented in Appendix C.
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Figure 19 – Temporal distribution of the gage‐adjusted radar rainfall for each subbasin in the study. The data forming
these curves were provided in 5‐minute increments and displayed at the timescale shown for clarity.

10.7 Model Calibration
Results of the field investigations, datum analysis, basin delineation, and rainfall data analysis all
provide important parameters to be able to model the physical system of the basin as rain falls
and water runs off into the stream networks. Those previously discussed parameters are all fixed
once they are determined. The following parameters to be discussed are somewhat different.
Unit hydrographs, basin loss parameters, channel routing parameters, and dam breach parameters
are all more difficult to determine and some degree of subjectivity in parameter selection is typical
in all modeling efforts. This results in an iterative process being utilized to select the most
appropriate values of each of these parameters. This process is referred to as the “calibration
phase” of the modeling and is a standard practice when performing this type of study.
Accepted hydrologic literature typically assigns ranges of appropriate values for the parameters
listed above. In the modeling process, initial values for the parameters are assigned; the model is
run and output values are compared to those estimated through indirect methods at locations of
interest. The parameters determined to be sensitive, meaning a small change results in significant
changes in the model results, are modified, staying within the appropriate ranges, until the model
results compare favorably with the measured values at locations of interest, the calibration
sections.
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The discussion below for each of these parameters describes some of the details of the calibration
process. Associated tables provide the final parameters utilized in the modeling. Appendices D
and E provide more detail on the analyses and references utilized in development of these
parameters.
10.8 Unit Hydrographs
Unit hydrographs were developed for each of the drainage basins delineated. The Dam Safety
Branch has adopted use of the United States Bureau of Reclamation (USBR) synthetic unit
hydrograph procedure outlined in Cudworth (1989) as part of the process of transforming rainfall
to runoff. Input parameters were estimated assuming normal antecedent conditions using
guidance from the Hydrologic Basin Response Parameter Estimation Guidelines, (HBRPEG, 2008).
Physical parameters for each subbasin were estimated from GIS mapping and known
characteristics of the basins. Selection of the Rocky Mountain Thunderstorm dimensionless unit
hydrograph was based on the type of storm and rainfall depths that occurred in September 2013
and the location of the basins.
Guidance for estimation of initial values for the lumped resistance parameter Kn was taken from
HBRPEG, 2008. For the storm and basins analyzed in this study, a typical mid‐range value for Kn of
0.25 was used. During the subsequent calibration phase of the modeling the value of Kn was
reduced to 0.20. A summary of the physical basin parameters and initial selection of the unit
hydrograph values is presented below in Table 4.
Table 4 – Model Unit Hydrograph Parameters
Variable
Area, A
(sq. miles)
L (miles)
Lca (miles)
Slope, S
(ft/mile)
Kn
Unit
Duration,
D (min)
Selected
Timestep
(min)

Sunset
Dam

Rainbow
Dam

Willow
Dam

Mirror
Dam

Meadow
Dam

Muggins
Gulch

Lower
West
Fork

LT
Below
PWS

North
Fork

Rowell
Gulch

14.92

0.41

0.21

0.07

4.28

17.79

5.46

7.55

27.85

4.00

5.19
2.57

1.54
0.88

0.64
0.37

0.27
0.25

4.52
2.23

8.72
4.44

5.51
2.35

7.96
4.95

11.78
4.14

3.64
0.51

345.7

669.5

826.5

1340.7

375.2

304.2

470.1

266.2

247

440

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.2

30

15

10

5

30

60

30

60

60

15

10

10

5

2

10

20

10

20

30

10
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10.9 Subbasin Loss Rates
Subbasin loss rates were determined using the Initial and Uniform Loss Rate method described in
HBRPEG, 2008. As a simplified alternative to the Green and Ampt Loss Rate method normally used
by the Dam Safety Branch, the selected method still performs a rigorous computation for a
composite value of uniform loss (designated CNSTL or XKSAT in HBRPEG, 2008, and ‘Constant Rate’
in HEC‐HMS) and was judged as an acceptable method for this investigation.
For the Initial and Uniform Loss Rate method, the value for CNSTL is taken as the Green and Ampt
composite value of hydraulic conductivity, XKSAT, adjusted for vegetation cover for each subbasin.
Therefore, soils information for each subbasin delineated in this investigation was downloaded
from NRCS Soil Survey website to determine this variable. The data were then processed to
develop rainfall loss parameters using GIS and the Dam Safety Branch rainfall losses spreadsheet
using procedures outlined in HBRPEG, 2008. Details of the analysis are provided in Appendix D. A
summary of the initial loss parameters for the base model is shown in Table 5. The initial values
for the Uniform Rate parameter was also determined to be sensitive and relatively small changes
resulted in significant changes in results during the calibration process. The values of Uniform
Rate utilized are shown in Table 5. A more thorough discussion of development of these
parameters and changes to them are contained in Appendices D and E.
Table 5 – Model Subbasin Loss Parameters
Variable
Initial Loss
(in)
Uniform
Rate
(in/hr)
% Imperv.

Sunset
Dam

Rainbow
Dam

Willow
Dam

Mirror
Dam

Meadow
Dam

Muggins
Gulch

Lower
West
Fork

LT
Below
PWS

North
Fork

Rowell
Gulch

0.4

0.4

0.4

0.4

0.4

0.3

0.3

0.3

0.3

0.3

0.194

0.206

0.212

0.164

0.204

0.272

0.215

0.214

0.267

0.226

6

3

17

13

13

9

9

11

12

14

10.10 Hydrologic Channel Routing
Due to the configuration of the five BEMA dams, each one downstream of the one before, no
“reaches” exists between the reservoirs and routing between them was not required. Channel
reaches are required and were utilized from the Meadow Dam basin to the HWY 36 element along
the West Fork. On the main stem of the Little Thompson a routing reach is required between the
HWY 36 junction element and the Pinewood Springs (PWS) junction element, between the PWS
junction and the Confluence junction element, and then a final routing reach is required between
the Confluence and X Bar 7 outflow elements. These routing reaches were of sufficient length to
warrant channel routing to accurately portray the time lag of runoff hydrographs from the
subbasins, from element to element.
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The high‐gradient mountain streams being modeled in the reach sections described above are
most suited for the Kinematic Wave method in HEC‐HMS. A summary of the hydrologic routing
parameters selected for the base model is shown in Table 6. Note that channel length, slope, and
shape are fixed parameters, but Manning’s n roughness was adjusted during the calibration phase.
A value of 0.05 was selected for the final modeling.
Table 6 – Model Channel Routing Parameters
Channel Reach
Kinematic Wave
Variable
Length (ft)
Length (mi)
Slope (ft/ft)
Manning’s n
Subreaches
Shape
Bottom Width (ft)
Side Slope (xH:1V)

West Fork
Little
Thompson
21278
4.03
0.03
0.05
2
Trapezoidal
45
2

LT Above
PWS

LT Below
PMS

X Bar 7

8184
1.55
0.03
0.05
2
Trapezoidal
45
2

27826
5.27
0.03
0.05
2
Trapezoidal
45
2

13094
2.48
0.012
0.05
2
Trapezoidal
50
3

10.11 Overtopping Failure Breach Parameters
The critical elements of an overtopping breach analysis are the breach bottom width, breach
shape, and time of failure. Time of failure is also described as Breach Development time.
Determining the value of these parameters typically requires comparing similar case histories or
using empirical methods published in literature. The ultimate breach size and shape (side slopes)
were measured directly during the September 24 and 25, 2013 field surveys. The survey
information is contained in Appendix B and shows the configuration of the breaches
approximately 12 days after the dam breaching. To accurately model peak breach discharges,
breach side slopes and bottom widths determined from that final embankment condition,
immediately after the reservoir has been drained, are ideally utilized.
Initial model runs used the bottom widths and side slopes surveyed during the September 24‐25
site visits. Subsequent review of failure videos for Meadow Dam revealed that the actual breach
width of that dam immediately after failure was relatively narrow. It was felt that the much wider
widths measured in the field were the result of additional erosion of those embankments as the
remainder of the storm flows passed through them continuously for 12 days after breaching. The
final breach bottom widths were therefore adjusted based on that knowledge and validated using
Dam Safety Branch spreadsheets for determining dam breach parameters using the methods of
MacDonald Langrange‐Monopolis and Froelich (DSB, 2010).
Determination of the breach development time was also challenging. Breach development time is
the total time for the breach to form and the reservoir to drain through that breach. The time
starts when the erosion of the embankment progresses to the point of meeting the upstream edge
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of the dam crest, and continues until the erosion progresses to the upstream toe of the dam
allowing the reservoir to fully drain through the resulting opening. Since the BEMA dams survived
extended periods of overtopping it was felt they failed relatively slowly. Initial model runs utilized
a breach development time of 1 hour. This resulted in lowering the peak discharges. Based on
review of the previously noted videos, the failure development time for all dam failures was
reduced to 30 minutes and utilized in the final modeling. The reduced breach development time
resulted in higher peak discharges. Table 7 presents a summary of the overtopping failure breach
parameters used in the modeling.
Table 7 – Model Overtopping Breach Parameters
HEC‐HMS
Variable
Top Elevation
(ft)
Bottom
Elevation (ft)
Bottom Width (ft)
Avg Side Slope
(xH:1V)
Development
Time (HR)
Trigger Method
Trigger Time
(DDMMMYYYY
HH:MM) (MDT)
Progression
Method

SUNSET
DAM

RAINBOW
DAM

WILLOW
DAM

MIRROR
DAM

MEADOW
DAM

7530.1

7518.9

7515.0

7499.4

7498.0

7520.1

7506.2

7499.5

7489.4

7481.4

25

29

18

16

20

1

0.9

0.8

1

1

0.5

0.5

0.5

0.5

0.5

Time

Time

Time

Time

Time

12Sep2013
07:41

12Sep2013
12:24

12Sep2013
12:02

13Sep2013
02:00

12Sep2013
13:40

Sine Wave

Sine Wave

Sine Wave

Sine Wave

Sine Wave

Triggering the initiation of failure can be accomplished by three methods in HEC‐HMS: elevation,
duration at elevation, and a specific time. Through the investigation process we were able to
obtain eyewitness timelines of the failures, as have been previously described. Those trigger times
of failures were used in the modeling and are also shown in Table 7.
10.12 Model Calibration Cross Sections
As was previously discussed, numerous cross‐sections were selected at various locations upstream
and downstream of the dams and on selected tributaries at places where indirect measurements
could be made and peak discharge estimated. This study also utilized information on indirect
measurements and discharge estimates provided by others as a means to check and validate the
results (NRCS, 2013).
Dam Safety Branch collected survey data were reduced and input into either HEC‐RAS or
FlowMaster software to estimate peaks flows at the surveyed cross sections. Peak flow estimates
were determined assuming flow occurred at either critical depth or normal depth depending on
the location of the cross section. For large flood events and relatively long reaches of stream, flow
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at or near critical depth is an acceptable assumption (NRCS, 2013) and appeared appropriate in
this study. Table 8 summarizes the estimated peak flows at each indirect measurement location
from Dam Safety Branch surveys and also taken from the referenced studies. If should be noted
that the methods used in the referenced studies vary as do the locations of the measurements.
Figure 16 shows the locations of indirect flow measurement sections. Location maps showing Way
Point (WP) designations, reduced survey data, and details of the peak flow estimate computations
are presented in Appendix B.
Table 8 – Indirect Flow Estimates at Calibration Cross Sections
Estimated Peak
Location of Indirect Measurement (Source)
Flow (cfs)
West Fork Little Thompson River, Upstream of
3,657
Sunset Lake (WP60)
West Fork Little Thompson River, Upstream of
4,056
Sunset Lake (WP27)
Deer Creek, Upstream of Meadow Lake (WP 29)
West Fork Little Thompson River, Downstream
from Meadow Lake (WP20)
West Fork Little Thompson River, Downstream
from Meadow Lake (WP21)
Little Thompson River, Upstream of confluence
with West Fork (WP62)
Little Thompson River, Near Pinewood Springs
(NRCS, 2013)
Little Thompson River, Near X Bar 7 Subdivision

1,764
4,201
6,215
2,420
14,600
15,731

11 FINAL MODEL RESULTS
Table 9 shows comparison of the estimates of flow at those selected cross sections as compared to
those from the final HEC‐HMS model. Exact calibration at all cross‐sections is not a realistic
expectation given the complexity of the physical processes of this rainfall, runoff and flooding.
Some tradeoff between upper basin correlation and lower basin correlation was considered
acceptable in order to maintain all correlations within an acceptable range.
Two models were run for this study: (1) the model run assuming no dams breached during the
rainfall which provides the basis of the flows, timing of the peak discharges from each contributing
basin and provides a sense of potential impacts to existing structures and facilities downstream of
the Big Elk Meadows assuming no dams breached during the storm, and (2) The HEC‐HMS model
was configured with the overtopping breach parameters previously described, and the model set
to breach the dams at the trigger (dam failure) times established. Results of the model including
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breaching the dams enable comparison of the effects of the flooding without dam failures to the
flooding effects caused by the dams failing as they did during the event.
11.1 No‐Breach Model Results
Table 9 shows results of the model run with no dam breaches and includes a comparison of the
peak discharges calculated from the model to those calculated by indirect measurements by Dam
Safety Branch staff and calculated by others. Also shown is a calculation of percent difference
between those two sets of numbers. The percent differences are not excessive by hydrology
model standards and an average of over‐calculations and under‐calculations result in an average
percent difference of less than 10%. This percent difference provides a moderate level of
confidence in the HEC‐HMS model as configured.
Table 9 – Comparison of Indirect Flow Estimates and No‐Breach Model Flow Estimates
Location of Indirect Measurement
(Source)
West Fork Little Thompson River,
Upstream of Sunset Lake (WP60)
West Fork Little Thompson River,
Upstream of Sunset Lake (WP27)
Deer Creek, Upstream of Meadow
Lake (WP 29)
West Fork Little Thompson River,
Downstream from Meadow Lake
(WP20)
West Fork Little Thompson River,
Downstream from Meadow Lake
(WP21)
Little Thompson River, Upstream of
confluence with West Fork (WP62)
Little Thompson River, Near
Pinewood Springs (NRCS, 2013)
Little Thompson River, Near X Bar 7
Subdivision

Estimated
Peak Flow (cfs)

Modeled Peak
Flow (cfs)

%
Difference

Modeled Time of
Peak Flow (MDT)

3,657

4,697

22.1%

9/12/13, 4:20 AM

4,056

4,697

13.7%

9/12/13, 4:20 AM

1,764

1,365

‐29.2%

9/12/13, 4:00 AM

4,201

6,143

31.7%

9/12/13, 4:10 AM

6,215

6,143

‐1.1%

9/12/13, 4:10 AM

2,420

3,312

26.9%

9/12/13, 6:30 PM

14,600

10,190

‐43.3%

9/12/13, 4:45 AM

15,731

15,997

‐1.6%

9/12/13, 5:30 AM

Also shown in Table 9 is the time of peak discharge at each location as calculated by the model.
The variation in time of peaks is a function of the timing of the rainfall as it fell on each subbasin
and also the travel time along the stream courses to those calibration cross‐section locations. The
model information shown in Table 9 is also shown graphically below in Figure 20.
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Figure 20 – No‐Breach model outflow hydrographs at each of the Calibration Cross sections (corresponds to model
data shown in Table 9).

Truncating these graphs was done for presentation purposes, to allow better resolution of the
most intense periods of rainfall that would have contributed to the damaging portion of the storm
and flooding. It should be noted that Figures 20 through 23 presenting information on both no‐
breach and breach modeling and hydrographs are truncated with respect to timing of the storm as
modeled. As is described above, the rain event occurred from Sept 8th and continued until Sept
18th and the HEC‐HMS modeling was performed for that entire period.
Table 10 shows the modeled peak discharge from each of the six (6) subbasins delineated for
rainfall and runoff analysis. For simplicity, the Meadow Basin discharges, including those into each
dam and reservoir were combined to their common outflow location at Meadow Dam. Also
included in Table 10 is the percent contribution of each of the basins to the total flow seen at the
downstream end of the model at the X Bar 7 Ranch calibration cross‐section.
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Table 10 –Contributing Basin No‐Breach Model
Peak Discharge Estimates and Times
Contributing Basin to X Bar 7 Section
Modeled Peak Basin Contribution
Modeled Time of
(rainfall subbasin #)
Flow (cfs)
as % of Total Peak
Peak Flow (MDT)
West Fork Little Thompson River
6,143
38.4%
9/12/13, 4:10 AM
Upstream of Meadow Dam (3a, 3b)
Little Thompson River, Upstream of US 36
3,312
20.7%
9/12/13, 6:30 AM
(2b)
West Fork Little Thompson River, Meadow
1,782
11.1%
9/12/13, 2:45 AM
Lake to US 36 (2c)
West Fork Little Thompson River, US 36 to
1,584
9.9%
9/12/13, 5:00 AM
North Fork (2a)
North Fork Basin (4)
4,162
26.1%
9/12/13, 6:15 AM
Rowell Gulch Basin (1)
544
3.4%
9/12/13, 1:50 AM
Little Thompson River, Near X Bar 7
15,997
100%
9/12/13, 5:30 AM
Subdivision (Total modeled peak outflow)
Notes:
1. Subbasin (SB) designations provided correspond with Figure 8 to show the contributing subbasins to the
modeled peak flow values.
2. “Total Peak” flow is the modeled peak flow at the outlet of the model, the X Bar 7 Ranch section (15,997
cfs).

The percent contribution of each basin is included to provide a basis of comparison of where the
rainfall fell across the entire watershed and to show the relative contributions from those
individual basins to the total flow. Due to variation in timing of those peak discharges, the percent
basin contributions shown will not total up to an even 100%. The information shown in Table 10 is
presented graphically in Figure 21, where the timing of the flows within subbasins relative to each
other and the model outlet can be seen.
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Figure 21 – No Breach model outflow hydrographs for each contributing basin and combined total outflow
(corresponds to model data shown in Table 10).

11.2 Dam Breach Model Results
Once parameters for the no‐breach model were calibrated to produce reasonable results relative
to estimated flows at the calibration cross‐sections, the model was run with the same rainfall and
runoff scenarios, but with dams set to breach at their established failure times. Table 11 shows
results of that model run.
Table 11 – Dam Failure Model Results
Dam

Time of Dam
Failure

Inflow at Time
of Failure (cfs)

Sunset
Rainbow
Willow
Mirror
Meadow

9/12/13, 7:40 AM
9/12/13, 12:25 PM
9/12/13, 12:05 PM
9/13/13, 2:00 AM
9/12/13, 1:40 PM

2,132
2,282
2,374
1,224
2,444

Time of Dam Failure
Peak Outflow
(MDT)
9/12/13, 8:00 AM
9/12/13, 12:45 PM
9/12/13, 12:25 PM
9/13/13, 2:20 AM
9/12/13, 2:00 PM

Peak Outflow due
to Failure (cfs)

Increase in flow
due to failure (cfs)

2,535
3,790
3,151
1,706
4,419

403
1,508
777
482
1,975

Comparison of Table 11 information depicting the timing of the failures, with the information in
Table 10 showing the timing of the peak discharges from each basin and cross‐section of interest
reveals that only Sunset dam failed approximately 3.5 hours after the peak discharge from the
basin. This relationship of dam failure to peak inflow is also shown below in Figure 22. The Sunset
dam failure occurred on the falling limb of the inflow hydrograph between periods of intense rain.
Due to the size of the contributing basin (14.92 sq mi) and overwhelming volume of the inflow, the
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small volume of Sunset Lake was quickly absorbed by the flood and had the least impact on on the
outflow hydrographs.

Willow and Rainbow Failures
Meadow Failure

Mirror Failure

Sunset Failure

Figure 22 – Breach model outflow hydrographs at each dam including dam breaches (corresponds to model data
shown in Table 11. Plot of data is truncated to a 1.75‐day period to enhance resolution of the events.)

The hydrographs in Figure 22 show that Willow, Rainbow and Meadow dams failed after more
than 12 hours of contiunuous overtopping and following a second period of intense rain. Figure 22
shows the dam failures after a brief increase in stream flows just before noon on September 12.
Mirror Dam, the final dam in the series to fail, failed after another period of intense rain in the
early morning hours of September 13, as is shown by the third, smaller peak after midnight. The
model results show that although the peak runoff discharges from the drainage basins had already
occurred, the dams were still being overtopped at the time of failure, and flood flows were
receeding up to the time of failure. The model results show that inflows at the time of failure,
combined with the sudden increases in outflows due to the dams failing, did not produce outflows
reaching the magnitude of peak runoff discharges that had occurred prior to the the dams failing.
Figure 23 shows the hydrographs produced by the dam breach model at the calibration cross‐
section locations previously described. The hydrograph plots show that since the flows had
dropped well below the peaks at the time of the dam failures, the sudden increases in flows due to
the dam failure discharges did not approach the peak discharges that had already occurred.
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Figure 23 – Breach model outflow hydrographs at each of the calibration sections including dam breaches.

Table 12 – Model Peak Overtopping Results Compared to Surveys
Dam
Sunset
Rainbow
Willow
Mirror
Meadow

Surveyed
Overtopping
Depth (ft)
1.11
2.65
0.24
3.42
1.90

Model Peak
Res. El (Dam Crest El)
7532.1 (7530.09)
7521.4 (7518.9)
7515.2 (7515.01)
7502.3 (7499.38)
7499.7 (7497.56)

Model Maximum
Overtopping
Depth (ft)
2.01
2.5
0.19
2.92
2.14

Model Overtopping
Elevation/Depth at
Dam Failure (ft)
7531.2/1.11
7520.3/1.4
7512.7/‐2.31
7500.6/1.22
7497.56/0.04

Reservoir Volume
at Time of
Dam Failure (ac‐ft)
25.3
65.1
45.2
22.6
92.7

Table 12 above shows the model results for peak overtopping depth with respect to the surveyed
overtopping depth results. Also shown is a comparison of those values with the depths of
overtopping at the times the dams failed. These data were also used to provide confidence in the
model producing realistic results as the variation is within reasonable limits for this type of
analysis.
The failure of Willow Dam was difficult to model as eyewitness accounts and photo’s show it
essentially failed twice. The first failure occurred on the native ground at the left abutment.
Water flowed through a low area on the left abutment and erosion resulted in partial reservoir
draining through that area in what was modeled as a second spillway. The sudden increase in
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Willow Reservoir level as a result of the subsequent failure of the upstream Rainbow dam
overwhelmed both “spillways” and exploited an apparent low area in the embankment crest,
resulting in the embankment breach as observed during the forensic investigation field work. This
also explains the negative values for overtopping depth for Willow dam shown in Table 12.
11.3 Flood Volumes
The rainfall data shown previously describes the aerial and temporal extents of the rainfall over
the study basin. Table 13 below shows the rainfall depths in the sub‐basins, the total volume of
rainfall that fell during the event and the rainfall that was not absorbed by the soils in the basin
and produced the damaging runoff.
Table 13 – Rainfall Depths and Rainfall and Runoff Volumes
Subbasin
West Fork Little Thompson River
Upstream of Meadow Dam (SB 3a, 3b)
Little Thompson River, Upstream of
US 36 (SB 2b)
West Fork Little Thompson River,
Meadow Lake to US 36 (SB 2c)
West Fork Little Thompson River, US
36 to North Fork (SB 2a)
North Fork Basin (SB 4)
Rowell Gulch Basin (SB 1)

Basin Average
Rainfall Depth (in)

Rainfall
Volume (ac‐ft)

Runoff
Volume (ac‐ft)

% of Total
Runoff

14.44, 13.55

15,116

6,655

31.9%

11.64

11,044

3,513

16.8%

13.84

4,030

1,791

8.6%

13.73

5,529

2,487

11.9%

11.80
10.46

17,525
2,228
55,472

5,707
717
20,870

27.4%
3.4%
100%

Totals

The HEC‐HMS modeling shows the timing of the flows from the basins and the volumes of water
behind the dams at the time of their failure. Due to the overtopping that was occurring at the
time of failure, the total volume of water released from the failed dams is slightly higher than the
maximum volumes shown in Table 2. Table 12 shows the volume of water released from each
dam during the breaches with a cumulative total of 251 acre feet. Table 13 shows the average
rainfall depths over each of the basins in the study, the total volume of water that fell and the
total volume of water modeled as runoff. Comparing the total storm runoff volume to the volume
of water released from the dams shows the dam breaches were 1.2% of the total volume of runoff
that occurred during the entire period of flooding. As was discussed in the public meeting on
March 29, 2014, the reservoir volume release equates to the volume of approximately 125
Olympic–sized swimming pools while the volume of runoff from the entire storm is approximately
10,435 Olympic‐sized pools.
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11.4 Incremental Impacts Analysis
FEMA, 2013 defines “incremental consequence” as:
Under the same conditions (e.g., flood, earthquake, or other event), the difference in impacts that
would occur due to failure or misoperation of the dam over those that would have occurred
without failure or misoperation of the dam and appurtenances.
The following analysis was performed to gain information on the incremental impacts of the Big
Elk Meadows dam failures. For the purposes of this analysis the process was simplified and
assumed that the highest incremental impacts would be from flows resulting from the failure of
Meadow Lake dam. Only the effects from the failure of Meadow Lake dam were evaluated,
assuming that if those impacts did not show incremental impacts, then the failure of the smaller
dams would not either.
The following flows were modeled to determine resulting changes in water surface elevations at
each section included: (1) the peak flow from the entire period of flooding, (2) the flow just before
the arrival of the largest dam breach flood wave, and (3) the peak flow generated by the largest
dam breach flood wave. Table 14 summarizes the results at each of the three calibrations sections
analyzed.
Table 14 – Summary of Water Surface Elevation Change Analysis
Calibration Section
West Fork Little Thompson
River Below Meadow Dam (WP
21)
Little Thompson River at
Pinewood Springs (NRCS
section)
X Bar 7 Ranch Section

Peak Flow
(cfs)/Time

Relative
Elevation
(ft)

Flow Prior to
Breach Wave
Arrival (cfs)/Time

Relative
Elevation
(ft)

Peak Breach
Wave Flow
(cfs)/Time

Relative
Elevation
(ft)

6,140,
4:10 am

100

2.531,
13:40 pm

97.3

4,418,
14:00 pm

98.8

10,189,
4:45 am

100

3,874,
14:01 pm

95.8

5,449,
14:20 pm

97.4

15,997,
5:30 am

100

5,675,
14:30 pm

95.0

6,961,
14:45 pm

95.8

Note: All times shown are on September 12, 2013, MDT.

Figures 24, 25 and 26 show the relative water surface elevations (peak water surface assumed to
be 100 feet) generated by flows at calibration sections below Meadow Lake Dam on the West Fork
of the Little Thompson (WP 21), on the Little Thompson River at Pinewood Springs (section info
from NRCS) and at the X Bar 7 Ranch section.
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Figure 24 – Peak flow stage analysis at the West Fork of the Little Thompson River, Below Meadow Lake calibration
section.

Figure 25 – Peak flow stage analysis at the Little Thompson River near Pinewood Springs calibration section. (note,
section information provided by NRCS, calculation of flows performed by DSB for consistency with our methods.)
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Figure 26 – Peak flow stage analysis at the Little Thompson River X Bar 7 Ranch calibration section.

A closer examination of the X Bar 7 section response to the Meadow Lake dam breach flood wave
is shown in Figure 27 and reveals the following: the flood in the river had been at a discharge of
5,674 cfs or higher from 01:45 on 9/12/13 until the arrival of the dam breach flood wave at 14:35,
a duration of approximately 12 hours and 45 minutes. Since the volume of water in the dam
breach flood wave was small (92.7 ac‐ft) relative to the volume in the system, the dam break flood
wave rose and fell quickly. The data show that the Meadow Lake dam breach flood wave rose to a
peak of 6,969 cfs between 14:35 and 14:55, and that the flow at the section was back to 5,674 cfs
by 15:15. This analysis shows the section saw an increase in flow up to approximately 1,295 cfs
over a period of approximately 20 minutes, with a corresponding rise in water surface of
approximately 0.8 feet, or about 10 inches, in response to the Meadow Lake dam breach flood
wave.

Report of the September 2013 Little Thompson River Flooding
and Big Elk Meadows Dam Failures, June 2014 (Revised, Dec 2014)
Page 37 of 48

DAM SAFETY BRANCH

Meadow Lake dam failure
effect on hydrograph at
selected locations

Figure 27 – Breach model outflow hydrographs at each of the calibration sections including dam breaches for the
September 12, 2013, 3:00 am to Midnight. Scale expanded for better resolution of this section of the overall
hydrograph.

12 DISCUSSION OF OBSERVED DAMAGES and POTENTIAL CAUSES
12.1 Observed Damage
Representatives of homeowners in the vicinity of the X Bar 7 ranch contacted the Dam Safety
Branch engineers in mid‐February 2014 expressing concern and desire for further explanation of
causes of observed damage in their watershed. They were also very interested in information
relating to the planned re‐construction of the Big Elk Meadows Dams. Failure of the BEMA dams
raised concerns from residents in the downstream floodplain that damages to their properties
occurred as a consequence of the dam failure flood flows. Specifically, Dam Safety Branch was
contacted by residents from the X Bar 7 subdivision located approximately 13 miles below Big Elk
Meadows on the Little Thompson River. Damage to residences and structures in the subdivision
were extensive from flooding in the adjacent river. Residents relayed stories of the normally calm
Little Thompson River “raging out of its banks”. The photographs in Figures 28 and 29 show
examples of conditions members of the Dam Safety Branch observed during a tour of the area on
March 4, 2014.
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Figure 28 – Photo looking downstream from near the Stagecoach Road crossing of the Little Thompson River, onto the
Lewis property.

Eyewitness accounts indicate the river began to rise in the X Bar 7 area the night of Wednesday
September 11, 2013 and by the morning of Thursday September 12 low‐lying areas along the river
were flooding heavily with all access across the river cutoff. Residents told of the water level rising
and falling throughout the day on Thursday September 12, but they felt they had survived the
worst of the flooding. Reports indicate that on the night of Thursday September 12 and into the
morning hours of Friday September 13 there was a noticeable increase in the flow and sound of
the river. Eyewitnesses told stories of “waves of damaging flows” from about 3:00 a.m. to 6:00
a.m. on Friday morning, September 13. Reports indicate that during this period the river rose
significantly and the worst of the damage occurred along the floodplain. Numerous homes were
destroyed as the river channel overflowed its bank and caused erosion. Not knowing the majority
of the dams had failed nearly 12 hours before these surges, some residents of the X Bar 7 thought
the failure of the Big Elk Meadows dams caused these waves of additional flow.
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Figure 29 – Photo looking upstream at the Little Thompson River from near the X Bar 7 Ranch calibration section at the
location of a former residence.

12.2 Modeling Limitations
The computer modeling performed for this study is within the current state of the practice. The
models are admittedly simplified relative to actual real‐world processes that occurred during this
flooding event. Readily available models do not exist that can account for the debris accumulation
or erosion processes observed. The models used are considered accurate for calculating rainfall
volumes, calculating excess runoff volumes and rates, and for determining flows and stages at
measured cross‐sections. The model results are utilized for determination of relative rainfall‐flood
and dam failure‐flood responses within the basin so the consequences can be compared.
The time of the dam failures is fairly well documented in videos, pictures and eyewitness accounts
and the modeling portrays those observations well. Plots of the hydrographs contained in the
report and the summary information in Table 14 provide information on the timing of flooding and
dam breach flood waves. Combined rainfall and dam failure flows modeled and presented herein
correspond roughly with reported damaging surges during the day and overnight on September 12
and 13, 2013. Figure 22 shows the outflow at the dams during the times of their failure.
Figure 30 shows the model results for the full duration of the storm at the calibration sections.
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Figure 30 – Plot of the HEC‐HMS model results for the full duration of the storm.

From these two plots, it can be seen that the main peak of the rainfall induced flows occurred near
5:30 am on September 12. The failure of Sunset dam at 7:40 am is on the falling limb of that large
peak and is barely noticeable on the hydrographs. During the day on September 12, the data in
Figure 22 show a smaller rainfall peak just before noon likely initiated failure of Willow, Rainbow,
and Meadow dams, and the waves of flow reported by X Bar 7 Ranch residents are likely, at least
in part, the result of those events. The model shows a third period of significant rainfall starting
after 6 pm in the upper basin. It is likely that the runoff from this rainfall initiated the failure of
Mirror dam around 2:00 am and also drove the second noticeable peak in the hydrograph near
3:00 am at X Bar7 Ranch. The timing and volume of this peak include the Mirror dam failure
influence. The rainfall that evening drove the flows from a low near 2,800 cfs up to another peak
near 5,170 cfs between 19:30 and 3:30 am. Rainfall flow contributes 4,940 cfs and the dam failure
flows contribute 230 cfs to that modeled. This is an increase in about 2,400 cfs and even with the
added flows from the failure of Mirror Lake dam, is well below the peak and sustained flows seen
in the system in the previous 24 hours. Although the timing of this peak corresponds well with the
eyewitness reports of an increase in flow, the discharge and volume modeled do not explain the
extensive damage reported and observed as a result of that increase.
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12.3 Possible Causes of Events not Captured in the Modeling
Various hypotheses have been proposed for the cause of the eyewitness reported damaging
surges not captured in the modeling. The possible explanations for the surges fall into the
categories of those related to debris accumulation, erosion, and channel migration.
By all accounts and observations it is obvious that massive amounts of debris were moving within
Little Thompson River system during the flooding. As trees fell and became lodged along with all
other forms of debris, blockages would have been created in the channel. It is considered likely
that within the channels of the Little Thompson River and North Fork of the Little Thompson River,
such debris dams formed and temporarily detained water behind them. Subsequent flows may
have overtopped those “dams” and caused them to become dislodged and fail, resulting in the
observed surges of water.
The erosion that took place along the Little Thompson River during the event was nothing less
than extreme. Throughout the flooded area and unseen below the water surface, the fine soil was
being stripped away, exposing the coarse‐grained deposits beneath. The underlying glacial
outwash deposits observed throughout the stream channels are rounded and would become
mobilized by the flows once dislodged from their supporting matrix. Soil around the roots of trees
was slowing eroded and after so long there was likely little soil remaining to support the trees. As
these erosion processes continued the power of the river increased. In all stages of stream
erosion, by far the most erosion occurs during times of flood, when more and faster‐moving water
is available to carry a larger sediment load. In such processes, it is not the water alone that
erodes: suspended abrasive particles, sand, gravel, cobbles and boulders can also act erosively as
they traverse a surface, in processes known as traction and saltation (Ritter, 2006).
Observations of the river channel following the event indicate the river created numerous new
channels. It is considered likely that as debris accumulated and diverted the river, and erosion
processes occurred to create these new channels, the flow in the river would have changed course
and flows less than the peak flows may have concentrated into isolated areas, causing additional
damage. It is known that as the roughness of a stream channel increases, the flows tend to slow
while at the same time the water surface is forced higher. The changes in the channels due to all
these forces acting at the same time may have amplified these cause and effect relationships and
resulting in the magnitude of damages observed.

13 COMPARISON WITH PAST LITTLE THOMPSON RIVER FLOODS
The 2013 flooding event appears to have been the largest event in recorded history on the Little
Thompson River watershed, but it was not the first extreme flood. Documented events in 1969,
1995 and 1999 have occurred. The following discussion provides some insight into the events and
how they differ in magnitude relative to the September 2013 flood.
Table 15 below shows a summary of the peak discharges from the Division of Water Resources
(DWR) maintained stream gauge located at the mouth of the Little Thompson River upstream of
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Berthoud, CO. The DWR Hydrography Branch maintained that gage from 1993 until September
2013 when it was destroyed. The record shown for 1969 was found in the documentation of the
history of the gage and was shown as the only historic record related to flooding at this site.
Table 15 – Summary of Peak Discharges on the Little Thompson River
Water Year

Peak
Discharge (cfs)

Peak Date and Time

Peak Gage
Height(ft)

1969

3900

5/7/1969

7.9

1993

48

5/18/1993 9:00

3.37

1994

1258

8/11/1994 0:30

5.4

1995

2870

5/29/1995 19:00

6.63

1996

348

5/26/1996 22:30

3.72

1997

331

4/29/1997 23:00

3.93

1998

267

4/24/1998 2:15

3.76

1999

2198

4/30/1999 12:45

6.97

2000

30

4/7/2000 7:45

3.09

2001

108

5/7/2001 4:00

3.75

2002

27

9/12/2002 17:30

3.04

2003

467

5/15 2003 22:30

4.98

2004

358

7/24/2004 3:15

4.95

2005

651

6/3/2005 15:45

5.71

2006

8

7/12/2006 8:45

2.65

2008

85

6/5/2008 22:45

3.59

2009

67

4/23/2009 11:00

3.6

2010

270

5/16/2010 6:15

5.24

2011

186

5/19/2011 4:00

4.85

Note: This is a partial record of Information obtained from DWR records for stream gauge LTCANYCO

Eyewitness accounts provided by X Bar 7 Ranch residents had made mention of the 1995 and 1999
events, and the information in Table 15 provides the discharge numbers for comparision of those
past events.
As is also shown in Table 15, the 1969 event was previously the highest documented peak
discharge on the Little Thompson River. The storm was considered significant at the time and is
cataloged in the Colorado Climate Center catalog of Colorado Extreme Storms as the “Big Elk
Meadows Storm”. In fact, this storm has previsouly been the primary contributer to analysis of
PMP events for design of spillways for High and Significant hazard dams along the Front Range.
Applied Weather Associates was able to provide the digital data from their past analyses of this
storm for use in our current basin model. Figure 31 shows the aerial distributuon of the 1969 Big
Elk Meadows Storm realtive to the subbasins utilized in this modeling.
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Figure 31 – Results of SPAS rainfall analysis results for the Big Elk Meadows 1969 storm event (from AWA, 2014).

Figure 32 – Temporal distribution of the rainfall for each subbasin for the May 1969 Big Elk Meadows storm. The data
forming these curves were provided in 60‐minute increments and displayed at the timescale shown for clarity.
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Figure 32 shows the temporal distribution of the rainfall. It is also interesting to note that
meteorologists have reported the 1969 storm started as rain and ended as snow, such that some
of the rainfall depth reported is actually snow.
The rainfall provided by AWA was utilized in our basin model using the same procedures as the
September 2013 storm data were. No changes were made to any of the input parameters or basin
model. Figures 33 and 34 show the results of the modeling performed. The dams were included
in the model as part of the routing of the runoff, but no failure scenarios were run as we have no
reports of dams having failed during the 1969 event.

Figure 32 – No Breach model outflow hydrographs at each of the Calibration Cross sections for the May 1969 storm
rainfall.

As is shown in the figures, the model reports a peak discharge of approximately 3,800 cfs, this is
consistent with the peak reported from the DWR Hydrography Branch records shown in Table 15.
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Figure 33 – No Breach model outflow hydrographs from each of the contributing basins and the combined totals for
the May 1969 storm rainfall.

14 CONCLUSIONS
The methods and procedures followed in this analysis meet the current industry standard and
used the best available data. Results of the field work and modeling were consistent and indicate
that the Big Elk Meadows dams failed from overtopping. The timing of the dam failures is
documented in photographs, videos, and eyewitness accounts and was utilized to support the
modeling efforts.
The analysis demonstrates the timing of peak discharges from flooding, the volume of flows and
the timing and contributions of the dam failures on the flooding. The model and analyses show
that peak discharges from flooding occurred before the dam failures and produced higher peak
discharges and water surface elevations. The water volume and time associated with the dam
breach flows in the system was practically insignificant relative the total storm runoff volume and
duration. Results of the study demonstrate the sheer volume and erosive power of the river
during and after the peak discharges lead to the damages observed. The study shows Big Elk
Meadows dam failure discharges did not cause incremental damages in the downstream channel.
Analysis of incremental impacts in this study was limited to a comparison of effects from the
September 2013 storm which is considered to be well above the design standard for minor sized
Low hazard dams. To avoid confusion, the analysis of incremental effects due to failure of the Big
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Elk Meadows dams during the Inflow Design Flood (IDF, 100 yr storm) was not included in this
report. That analysis is contained in the Dam Safety Branch documentation of design review for
the reconstruction of the Big Elk Meadows dams. That analysis concludes no incremental damage
due to failure of the Big Elk during the IDF event. Based on the two studies of incremental effects
the Big Elk Meadows dam failures, it is concluded that the Rules adequately represent the risk
associated with Low hazard dams.
Possible causes of the surges and extensive damage experienced during September 12 and 13
were discussed briefly. A more thorough investigation of the entire reaches of the channels of all
tributaries of the Little Thompson River above the X Bar 7 Ranch might reveal potential signs of
debris dams and might assist in further explanation of the events that could not be modeled
accurately.
The difference in peak discharges of the September 2013 storm compared with the May 1969
storm and effect on the Little Thompson River drainage can be attributed to the durations of the
events. The majority of rainfall during the 2013 event fell in a period of 12 to 18 hours, while the
rain in the 1969 event fell over a period of three days. The longer duration 1969 rainfall resulted
in the runoff entering the streams more slowly, never peaking to the magnitude of the shorter and
more intense September 2013 rainfall‐induced runoff.
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