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LITTLEFIELD HYDROELECTRIC PROJECT
FERC PROJECT NO. 8158 - ME

DAM BREAK ANALYSIS

l. PROJECT DESCRIPTION

1.1 Littlefield Dam

The proposed Littlefield Dam will be located on the Little Androscoggin
River near Auburn, Maine (see Figure 1). The dam will be either a concrete
or timber-crib structure and will have a maximum height of about 13 feet
above the streambed. The dam will consist of a 240-foot-long main spillway
section, and a 110-foot-long auxiliary spillway section (see Figure 2 and

Figure 3).

The ogee—shaped uncontrolled main spillway will have a crest elevation of
213 feet National Geodetic Vertical Datum (NGVD).. The main spillway will
have provisions for 3-foot-high flashboards, bringing the normal pool
elevation to 216 feet NGVD.

1.2 Downstream Conditions

As can be seen in Figures 4 through 8, several homes and businesses are
located along the river banks between the Littlefield Dam and Upper Barker
Dam located 3 miles downstream. Most of the buildings are situated on the
relatively high river banks and are at-or above elevation 210 feet NGVD.
There are no buildings located in the area immediately downstream of the
Littlefield Dam. Water use around the dam, other than the proposed

hydroelectric project, is limited to recreation such as fishing and boating.

The structures most likely to be affected by a dam break are located in the
low-1lying areas downstream of Littlefield Dam in the flood plains near
Route 202. These buildings are situated along the river bank in the
lowest-1lying inhabitated area downstream of Littlefield Dam and are located
approximately 0.6 miles downstream (see Figures 6 and 7). The exact sill

elevations of these buildings are not known; however, based on five-foot
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contour maps (see Figqures 4 through 8) provided by the City of Auburn,
Maine, these buildings are at or above elevation 200 NGVD.

The Upper Barker Hydroelectric Project and Dam are located 3 miles
downstream of the proposed Littlefield Project. The structure contains a
86-foot-long ogee—shaped main spillway section, and two 15-foot—long gated
spillway sections. The main spillway is at elevation 189 feet NGVD and has
provisions for 3-foot-high flashboards which are designed to fail at high
flows. The gated spillway has a crest elevation of 175 feet NGVD. The
headwater elevation at the Upper Barker Dam controls the tailwater

elevation at the Littlefield Dam.

2. STREAMFLOW AND FLOODING HISTORY

Streamflow on the Little Androscoggin River was measured by USGS Gage
number 01058500 near Auburn, Maine. The gage was located just upstream of
the Littlefield Dam and has been discontinued. The average annual flow at
the gage was 550 cfs for the period of October 1940 through September

1970. To date, the floods of record had approximate peak instantaneous
flows of 16,500 cfs and 16,600 cfs and occurred on March 28, 1953 and March
20, 1936, respectively. Using .a Log-Pearson Type III distribution of
annual peak-flow data, the U.S. Army Corps of Engineers in cooperation with
the Federal Emergency Management Agency (FE:MA)1 defined the following

discharge—frequency relationships for the Little Androscoggin River above
its confluence with the Androscoggin River:

Frequency Discharge
(years) (cfs)
10 8,400
50 16,800
100 22,100
500 28,500

l Flood Insurance Study - City of Auburn, Maine,
U.S. Department of Housing and Urban Development, Augqust 4, 1980.
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Based on the backwater effects of the spillway at Upper Barker Dam

] : . . 2
contained in a backwater study conducted by Morrison-Knudsen Engineers
(see appendix B), it was estimated that the low-lying area of homes 0.6
niles below Littlefield Dam would not begin to flood until river flows
reached approximately 12,450 cfs (elevation 200 feet). This discharge is
less than the 50-year flood.

3. DAM FAILURE MODEL

The Littlefield Dam failure analysis was done using the "National Weather
Service Dam-Break Flood Forecasting Model" (DAMBRK3) developed by D.L.
Fread, Research Hydrologist for the National Weather Service. The model
predicts downstream flooding produced by a dam failure and determines flood
wave peak flows, depths, velocities, and travel times for selected

downstream points.

Input to the computer model consisted of reservoir characteristics,
selected geometry at the breached section, duration of the breach

development, and downstream river channel features.

The approach used to analyze the potential downstream effects due to a
failure of the Littlefield Dam required the input parameters (including
time of failure, the channel roughness coefficient, initial pool elevation,
etc.) be set as close to worst-case as practical. Typically, a "sunny-day"
failure will cause the greatest incremental increase in the water surface
downstream of a dam. Therefore, a "sunny~day" dam failure with all input
parameters as close to the worst-case conditions as possible was analyzed.
After this condition was examined, the breach width, and antecedent flow
conditions and the "sensitivity" of the model to a range of these

parameters was determined.

2Backwater Studies — Little Androscoqgin River
Morrison-Knudsen Engineers, Inc. August 1986.

3pambrk: The NWS Dam-Break Flood Forcasting Model D.L.
Fread, office of Hydrology, National Weather Service
July 18, 1984
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3.1 Reservoir Characteristics

The proposed Littlefield Dam will be a 13-foot-high concrete or timber-crib
gravity structure that will be founded on bedrock with a total spillway

length of 350 feet. The dam has provisions for 3-foot-high flashboards.

The reservoir has a length of 1.8 miles and a storage capacity of
approximately 750 acre-feet at elevation 216 feet NGVD. The DAMBRK model
uses reservoir characteristics specified via input data to determine the
magnitude of the breach outflow and the rate of depletion of the reservoir

storage.

3.2 Breach Characteristics

Based on the FERC quidelines for Emergency Action Plans (April 5, 1985 and
revised October 8, 1987), the suggested breach width for concrete gravity
dams is the width of one or more monoliths with the average breach width
less than or equal to half the dam width. The suqgested breach width for
timber—-crib dams is between one and five times the height of the dam. The
suggested bottom of the breach for both conditions is the foundation
elevation. Therefore, the dimensions of the breach were set at 175 feet
wide (half of the spillway length) by 13 feet high (the height of the dam
above the streambed) for the concrete dam failure. The dimensions were set
at 65 feet wide (five times the height of the dam) by 13 feet high for the

timber-crib dam failure.

3.3 Antecedent Flow Conditions

To be conservative, an antecedent flow condition of 3,000 cfs, the maximum
river flow before spilling occurs at Upper Barker Dam, was used. The
"sunny-day" failure was analyzed with the reservoir at the top of the

spillway crest.

Dam failure during flood conditions (12,450 cfs) was also ‘analyzed. The
flood flow of 12,450 cfs was selected because this flow is the approximate

antecedent flow conditIon at which the buildings near Route 202 would begin
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to flood. The incremental rise in water surface elevation would be less
than expected under the "sunny-day” failure, but this incremental rise
could pose a greater potential for flooding because the river elevation

would be approximately at the top of the river bank.

Dam failure at the 100-year or greater flood flows was not analyzed because
the dam would approximate a submerged weir at these flood flows and the
incremental rise in downstream water surface elevations would be

inconsequential (see Section 4.2).

3.4 Time of Failure

FERC suggests a 0.1 to 0.3 hour time of failure for a gravity dam and a 0.1
to 1.0 hour time of failure for a timber crib dam. A time of failure of
0.1 hours was used for the worst-case for both "sunny-day" and flood

conditions.

3.5 sections and Channel Roughness Coefficient

The downstream channel cross—sections used in the analysis were taken from
supporting data obtained from the FEMA Flood Insurance Study for the City
of Auburn. Section locations are shown in Fiqure 1. Fourteen
cross—sections extending from the base of Littlefield Dam downstream to

Upper Barker Dam (3 miles) were used.

The channel roughness coefficient, Manning's "n", is dependent upon not
only the channel roughness, but also the size and shape of the channel.
The U.S. Bureau of Reclamation has quidelines for determining average
values of the Manning roughness factor for various boundary materials.
Earth with stones or weeds has a roughness coefficient equal to
approximately 0.03. 1In natural rivers with gravel, cobbles, and boulders,

Manning's "n" is 0.04. In moderately wooded areas, Manning's "n" is 0.07.

The calibrated Manning's "n" value for this reach of the Little
Androscoqggin River was determined to be between 0.02 and 0.035 in the river
channel and 0.05 in the overbank areas. These values were calibrated using
the U.S. Army Corps of Engineers' HEC-2 Water Surface Profile Program.
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As suggested by FERC's October 8, 1987 revision to the breach parameters
for a worst-case scenario, Manning's "n" was set at 0.05, a value larger

than the maximum value suggested by field investigations.

3.6 Downstream Boundary Conditions

Water levels between Littlefield and Upper Barker Dams are controlled by
the water surface elevation at Upper Barker Dam. In general, the higher
the water surface elevation at Upper Barker Dam, the higher the maximum
height of the flood wave calculated by the dam failure model. Therefore,
headwater elevations with flashboards at Upper Barker Dam were used as the
downstream boundary conditions because they provide the highest expected
elevations for the river below Littlefield Dam. These headwater elevations

used as the downstream boundary condition are shown below:

River Upper Barker
Flow Headwater
(cfs) Elevation (feet)
3,000 192.0
8,100 193.1
16,800 196.6
22,100 198.5
28,500 200.6
LITTLEFIELD-5611 —-6- 0971r
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3.7 Summary of Input Data

The input parameters used in the dam breach analyses are summarized below:

"Sunny-Day" Flood
Condition Condition
Reservoir Elevation (feet) 216.00 216.95
Reservoir vVolume (acre-feet) 750 2,500
Bottom Breach Elevation (feet) 200.0 200.0
(Streambed Level)
Breach Width (feet) 65 and 175 65 and 175
(Timber—-Crib and Concrete)
Time of Failure (hours) 0.1 0.1
Antecedent Flow (cfs) 3,000 12,450
Manning's "n" 0.05 0.05

3.8 Model Development

In order to determine the total reservoir outflow as a function of time,
DAMBRK determines the simultaneous effects of the reservoir storage
characteristics and reservoir inflow using a dynamic routing technique.
Reservoir depletion (outflow versus time) is a function of the reservoir
volume, breach width, breach height, time of failure, and inflow to
reservoir. After the reservoir depletion is calculated, the depth of flow
produced is determined based on the geometry of the channel immediately
downstream of the dam, the channel roughness coefficient, and the slope of
the downstream channel. This depth is then compared to the depth of water
in the reservoir to determine if a submergence correction factor must be
applied to account for tailwater effects on the breach outflow. That is,
the model determines whether the water downstream is restricting the flow

of water through the breach.

As the reservoir depletion table—and depth are calculated, the flow is
routed downstream using a hydraulic flood routing technique known as the

dynamic wave method. Channel gqeometry, frictional resistance, slope, and
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downstream boundary conditions are used to determine the hydrographs at
selected downstream points. Water surface elevations, flood wave travel

time, peak flows, and depths of peak flow are calculated.

The time of occurrence of the peak flow at a selected cross—section is
determined by adding the time of failure to the time required for the peak
outflow to travel from the dam to that cross—section. Complete computer

listings showing the results of the DAMBRK model are provided in Appendix A.
4. RESULTS

Table 1 summarizes the various input parameters and results of the DAMBRK
Model for the river immediately downstream of Littlefield Dam for each of
the conditions analyzed. Consistent with FERC EAP gquidelines (revised
October 8, 1987) the effects of a dam failure were examined for both
"sunny-day" and flood conditions. As suggested in the guidelines, a
sensitivity analysis was performed to examine relative differences in the

flood wave peak and time of travel resulting from various failure
assumptions.

Table 2 summarizes the initial water surface elevations before the dam
breach, maximum water surface elevations after the dam breach, and the time
to reach the maximum (peak) water surface elevations for each of the four
computer runs. This summary includes fourteen cross-sections downstream of
Littlefield Dam. More detailed information is provided in each of the

computer listings in appendix A.

To examine the downstream effects of dam failure, the peak elevations and
travel times of the flood wave were analyzed at the locations where
significant inundation was most likely to occur. These areas were the
buildings near Route 202 located 0.6 miles below Littlefield Dam

(cross-sections 16 through 11).
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Table 1

BUN NUMBER

EESERVOIR BLEVATION (FT)
RRSERVOIR VOLUME {AC-FTI
BOTTOM BREACH BLEVATION (FT!
BOTTOM BRBACH VOLUME (AC-FT!
BREACH WIDTH (FT!

TIME OF FAILURE (EQURS!
ANTECEDENT FLOW [CFS)
MANNING'S "n"

DAY BRBAE BESULTS

IHITIAL TAILWATER BLEVATION (BT
MALIMUM TAILWATER (FTI

HAXIMUM FLO¥ (CFS)

TIME TO MAX. ELEVATION {HOURS)

CHANGE (FT!
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Table 2

DISTANCR  BEGINNING
FROY DAH  BLEVATION
(NILES] (FERT)
2.000 19588
0.568 186.12
6.533 19508
¢.602 196.03
0.731 195.34
604 195,39
0.756 195.38
1443 184.85
1.864 133,67
2.220 132.33
2.224 192.32
2,281 192.28
2797 182,05
2,349 192,90
DISTANCZ  BEGINKING
FEOY DAY BLBVATION
(4ILES) (FEET)
5.000 20338
0.568 208,02
.58 204.81
0.502 204.76
0.731 204.78
574 64,60
5,756 204,53
1442 202.60
1454 201,22
2220 196,25
H 13,16
2.281 195.48
2107 195.12
2949 194,85
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4.1 "sSunny-Day" Condition

A "sunny—day"” failure at Littlefield Dam would discharge 10,070 cfs for the
timber-crib dam failure and 14,947 cfs for the concrete dam failure and
would increase the initial water surface elevation immediately below the
dam by 2.89 feet and 4.39 feet, respectively (see Tables 1 and 2). More
importantly, the water surface elevation in the vicinity of the low-1lying
area, located 0.6 miles downstream, would increase by a maximum of 2.4
feet. The maximum water surface elevation in this area would occur 17

minutes after the initial dam failure.

As discussed previously, the lowest invert (sill) elevation of the
buildings in the low lying area is 200 feet. Therefore, a "sunny-day"
failure would not overtop the river bank and would not affect any buildings

for either the concrete or timber-crib dam condition.

No impacts are expected to occur between the low lying area near Route 202
and Upper Barker Dam. All of the homes and businesses downstream of
cross—-section 11 are located above elevation 200 feet and for all
conditions analyzed, the flood wave was below this level (see Table 2).

The maximum increase in the water level at Upper Barker Dam is
approximately 0.4 feet (from elevation 192.0 feet to 192.4 feet) and occurs
gradually over 52 minutes. Since this 0.4 foot increase is within the
normal range of headwater elevations, no damage to the dam is expected to

occur.

4.2 Flood Conditions

Based on the results of the "sunny-day" failure, it became apparent that a
condition more likely to affect residents in the low-lying area located 0.6
miles downstream of the dam was a dam failure during substantially higher
flow conditions (i.e., floods). More specifically, a dam failure at flood
conditions when the river had just overtopped the river bank (approximately
elevation 200 feet and a flow of 12,450 cfs) may cause an incremental
increase in water surface elevations that could endanger life and

property. At higher flood flows this area would be under water, and it was
assumed that residences would have been evacuated.

LITTLEFIELD-5611 ~-11- 0971r
0620888



A failure of the Littlefield Dam during the flood condition would result in
an overall river flow between 15,789 cfs for the timber-crib dam failure
and 20,565 cfs for the concrete dam failure. The additional discharge due
to dam failure would increase the initial water surface elevation
immediately below the dam by 0.48 feet and 1.14 feet, respectively (see
Tables 1 and 2). The water surface elevation in the vicinity of the low
lying area, located 0.6 miles downstream, would increase by a maximum
increment of 0.7 feet in the event of a concrete dam failure and less than
.4 feet for a timber-crib dam failure. The maximum water surface elevation

in this area would occur 9 minutes after the initial dam failure.

It is unlikely that the maximum (0.7 feet) incremental rise in the water
surface elevation under these river flows would endanger life or create
substantial property damage in this low-lying area. This level of
inundation at these low-lying residences would be similar to that which

periodically occurs during spring.

Other than the low-lying area located 0.6 miles downstream of the dam,
other areas along the river upstream of Upper Barker Dam may experience a
maximum incremental rise of water surface elevation of 0.3 feet (see Table
2). This incremental rise would occur in areas already experiencing
flooding and would cause insignificant effects. The resulting flood levels

would be lower than the inundation level for the 50-year flood.

The maximum increase in the water level at Upper Barker is 0.3 feet from
elevation 194.85 to 195.16 feet. The elevation reached is within the
normal range of elevations experienced during a 50-year flood, and no

damage is expected to occur.

A dam failure during the 100-year flood (22,100 cfs), or the probable
maximum flood, would have less of impact on downstream residences because
the dam would approximate a submerged weir and water released from the dam
 would be insignificant in relation to the higher river flows. The
incremental rise in water surface elevation would be substantially less
than one foot. Therefore, a dam failure would cause no damage to life or
property beyond that which had already occurred. All residences along the
river would be evacuated.
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5. CONCLUSION

A "sunny-day" failure of the Littlefield Dam would cause no damage to life,
health, or property. The lowest-lying area is located 0.6 miles downstream
of the dam. Even under the most extreme "sunny-day" failure conditions
(half of a concrete spillway fails, the time of failure set at the lowest
recommended value, Manning's "n" set greater than the calibrated value),
none of the buildings would be affected because all flows are contained

within the river banks.

A failure of the Littlefield Dam during flood conditions would not endanger
life. The impact on downstream property would be minor and similar to
impacts that periodically occur during spring. The greatest incremental

increase in the water surface elevations would be approximately 0.7 feet.

on this basis, Littlefield Dam should be classified as a low hazard

structure.
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SUPPORTING MATERTAL
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