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EXECUTIVE SUMMARY

The Maine Department of Environmental Protection engaged the services of E/PRO Engineering
and Environmental Consulting, LLC and Northstar Hydro to conduct a preliminary feasibility
study to: (1) assess the hydrology of the Dead River and Androscoggin Lake, and (2) assess the
effectiveness of the existing dam; needed repairs; changes to existing dam; and alternative
structures.

The hydrologic analysis concluded that the existing dam with two feet of flashboards is likely to
be overtopped several times every year. The present site, due to the height of the embankments,
restricts the dam to a maximum of four feet of flashboards that are likely to be overtopped once a

year.

The existing dam is in good condition with only minor concrete repairs needed. However, the
west embankment and the west riverbank downstream of the dam are eroded, and repairs are
estimated to cost $101,800. This work is recommended for continued use of the dam at this site.

Alternate dam sites exist near the mouth of the Dead River and near the cemetery off Route 219,
which would support the construction of a higher structure. A new dam could be constructed,
consisting of a concrete base with an inflatable rubber bladder mounted on top. The bladder
would be inflated in the event of a flood; while deflated, it would not restrict the flow from the
lake to the river. Three different height dams were evaluated — 10, 16, and 18.4 feet — which
would provide protection against floods expected to be exceeded in 2, 25, and 100 years,
respectively. The estimated cost for each structure is $1,980,000, $2,846,000, and $5,240,000,

respectively.

The construction of a higher structure will affect the level of flooding on the Androscoggin
River. An example of this effect is that the flood level at the Route 219 Twin bridges would
increase about 0.3 feet for a minimal Dead River dam, to as much as 6 feet for a Dead River dam
designed to withhold a 100-year flood.

The next steps would be to conduct a more detailed study of the potential impact on the
Androscoggin River flooding, determine the availability of the proposed dam sites for purchase,
and prepare a preliminary engineering study on the selected site.

v
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INTRODUCTION

The Dead River Dam was authorized by the legislature, under the Private and Special Laws,
Chapter 127 “An ACT to Provide for Building a Dam Across Dead River, in Androscoggin
County, to be known as Androscoggin Lake Dam.” The dam was built between October 12,
1932, and February 4, 1933, to keep Androscoggin River flood waters from entering
Androscoggin Lake. The location is shown in Figure 1 on the next page.

1
The purpose of this study is to determine the most cost-effective means of minimizing flood
flows from the Androscoggin River into Androscoggin Lake. E/PRO Engineering and
Environmental Consulting, LLC and Northstar Hydro developed hydraulic models of a portion
of the Androscoggin River and the entire Dead River to Androscoggin Lake. These models were
used to predict the effectiveness of various heights of flood control structures and their effect on
the water levels in the Androscoggin River. Budget level cost estimates were prepared for
selected options and are included in Appendix C.

HYDROLOGIC ANALYSIS

The interaction between Androscoggin Lake and the Androscoggin River is complex. Five key
factors affect how much water enters the lake from the river and how long the water level stays

high. These include:

1. The Dead River Dam. The dam includes flashboards that often fail, and two flap gates
that allow flow only from the lake to the river.

2. The Dead River and its floodplain. The geometry of the Dead River and its floodplain
affect how water flows from the river to the lake, and vise versa.

3. Androscoggin Lake Watershed. At least six significant lakes or ponds with spillways that
may or may not be controlled affect the amount and rate of runoff from the watershed of
Androscoggin Lake.

4. Storage in the Lake. The Storage volume of Androscoggin Lake above its normal water
level determines how much river water is stored, and how high the level is.

5. Androscoggin River Flow. The amount of flow in the river determines the water level in
the Androscoggin River, including how long the river remains at a certain level, and that
determines how much flow is diverted into the Dead River.

The purpose of this portion of the study was to evaluate whether changes at the dam could
decrease the number and length of overtopping events, when water from the Androscoggin River
flows backwards over the dam and into the lake. The study was also designed to evaluate
whether changes at the dam could adversely impact flood water levels on the Dead River and in
the Androscoggin River.

The key issues to be addressed in the study relative to hydrology are:

1
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*  What height dam would be required to prevent inflow from floods of various heights,
corresponding to floods with a 1-year recurrence interval up to the 100-year flood?

*  What would happen in the floodplain of the Dead River with a higher dam? Would
eliminating the storage provided by Androscoggin Lake aggravate floods downstream on
the Androscoggin River?

e With different dam heights, what would happen to water levels in the Dead River and the
lake? What would be the affect on the volume and rate of water entering the lake and
leaving the lake?

Analytical Approach

Each of the five factors listed above is complex and a detailed study of each would be extremely
time consuming. In order to meet the goals of this study as outlined by DEP and to accomplish it
within a limited timeframe and budget, the following analytical approach was selected. The
goals of this approach were to eliminate some factors from the need for further study, provide
information on the impacts of various dam configurations, and recommend where further study

may be appropriate.

Because the dam required close evaluation, a detailed model was developed that could simulate
stream flow in the Dead River in two directions, and with different dam configurations. The
HECRAS modeling software was selected, which calculates water surface elevation as a function
of streamflow and location in the stream. This model of the Dead River will be referred to as the

HECRAS model.

For the Androscoggin River, best available data were used to create a reasonable model for
prediction of water levels for various frequency floods at the junction of the Androscoggin and
Dead Rivers. The HECRAS model and information from USGS and FEMA were used for this

task.

For Androscoggin Lake, an approximate model was developed to estimate the impact on lake
levels of runoff from the watershed. The HydroCAD model, the USGS Regional formula for
peak flows, and the National Dam Inventory were used in the development of this model.

Information was also gathered on historical flooding in the lake, based primarily on interviews
with local residents by Androscoggin Lake Association.

In developing the study methodology, consideration was given to the use of a two-dimensional
model, which operates for a series of time steps and could simulate the effects of the interaction
of the five factors in one model. However, no suitable model was found which could accurately
simulate various dam configurations. These types of models are time consuming to construct,
difficult to calibrate, and often lacking in the detail needed to examine the dam.

Therefore, information generated by the HECRAS models for the two rivers, and the HydroCAD
model for the lake were merged through various hand/spreadsheet calculations to account for

3
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time and changing flow and elevation with time. Lack of data or time constraints dictated that
certain assumptions were required, which are described below. These assumptions were used

consistently throughout the analysis.

The study identified several issues that should be evaluated in greater detail as decisions are
made on the final configuration of the dam. Specifically:

* Further evaluation of the impacts of the dam on the Androscoggin River.

* Evaluate how the effect of diversion of flow affects upstream and downstream flood
elevations in the Androscoggin River. Whereas one location was selected as an example
for this study, a number of locations should be checked.

* A more detailed model to account for flows upstream of the Dead River.

* The USGS gaging station records/frequency curves on the River should be reconciled
with the peak flows used in the FEMA studies.

* The impact of the dam on the historical record of flow should be evaluated.

Explanation of Flood Frequency, Flood History

Hydrology is a science that relies on records of past events to predict what is most likely to occur
in the future. Records of past events are typically at stream gaging stations (about 56 total
stations in Maine), and precipitation records (also limited number of stations in Maine). When
discussing floods, the terms “recurrence interval”, “X-year flood” and “flood frequency” are
often used. An example is the “100-year recurrence interval” or “100-year flood”. This is
defined as the flood that on average would be expected to occur once every 100-years, or which
has a 1% chance of occurring in any given year (1/100 of a chance), all based on what has
occurred in the past.

Records of past flooding are incomplete. For a given location, there may be no records available
at all. When a flood event is assigned a frequency of occurrence, it is in comparison to what has
happened in the past at that location. Thus, when, for example, the 1987 flood is said to be a
50-year flood, it may mean that at a few gaging stations, the measured discharge for that storm
event, fits the frequency curve for that station, as about a 50-year flow. Frequency curves are
statistical models of what is likely to happen in the future based on what has happened in the
past. Once a 100-year event has occurred, ideally, the curves should be recomputed, and future
predications of risk may change.

How does all of this relate to this study? Local residents may remember high water during
certain storm events, and may have heard that the storm was a 50-year event for example. The
question may be raised, “how can two 50-year events occur in one 25-year period?” for example.
The answer is that hydrology is not an exact science, nor can predictions of future ﬂood risk be
exactly assigned. The estimates of flood frequency are best estimates based on past records, and
statistical analysis of those records. The flood flows used in this study are also exactly that: best
estimates, based on available data. .

4
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By way of history in the geographic region of this study, the USGS reports the following
generalized flood events. During the flood of April 1, 1987, peak discharges of record occurred
on the Kennebec, Piscataquis, Carrabasset, and Little Androscoggin River. The frequency of
occurrence was greater than 50-years. On March 27-30, 1953, Southwestern Maine experienced
a flood event of greater than 50-years. On March 19 of 1936, south central Maine experienced a
flood event of greater than 50-years, including the peak discharge of record on the Androscoggin
River in Auburn.

It should be noted that flood frequency curves for USGS gaging stations are computed by USGS
and are widely accepted in the hydrologic community. For each of the above floods, the
frequency of occurrence is calculated at gaging stations.

Study Methodology

The following tasks were performed and are described in detail in each section below:

e Obtain water level frequency data for Androscoggin River

» Evaluate Hydrology of Androscoggin Lake Watershed and Storage in Lake and
Floodplain

* Evaluate Hydraulics of Dead River and Existing Dam

* Create Modified HECRAS model with Alternate Dam configurations

e Determine duration of various flow levels

¢ Evaluate the effect of flood control on Androscoggin River levels

Obtain water level frequency data for Androscoggin River. The goal of this task was to
ascertain how often, and for how long, the river reaches given water levels.

e Flood Flow Frequency at the Junction with the Dead River. The flowrate in the
Androscoggin River determines water level at the junction point. The water level at the
junction point with the Dead River determines how much flow is entering the Dead
River. Available information for this task included

¢ Flow data for the Androscoggin River, including flood flow frequency curves at
the USGS gaging stations at Rumford and Auburn on the River and on the Swift
River.

* Flood Insurance Studies for surrounding towns on the Androscoggin River.

Table 1 summarizes data from the flood frequency curves for the three gaging stations.
Figure 2 is a plot of stream flow frequency vs. drainage area for this segment of the
Androscoggin River (see Appendix H). Using this plot and the drainage area of the river
at the confluence with the Dead River, flow-frequency data were derived for the junction.
These data are summarized in Table 1. The flood flow frequency data from the Leeds
Flood Insurance Study were also compiled and are summarized in Table 1. Figure 2A is
a plot of the frequency curves extrapolated to the 1.05-year frequency (see Appendix H).

5
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Comparison of the two sets of flows for the site shows higher flows in the Leeds study.
This study did not reconcile this difference, but rather, the final flow-frequency curve
used for this study is a combination of the two sets of flow data, and represents a
conservative estimate of flood flow frequency for the Androscoggin River at its junction
with the Dead River. It is recommended that a final design study for the dam would
examine and reconcile these differences. This data is listed in the last column of Table 1.

Table 1
Peak Flows, Androscoggin River Basin
Flows from USGS-Gaging Records | -~ - ' Flows from | ~ Final Flow-
" Androscoggin River | Flow Bagsed on Flood Frequency Curve
==t USGS data and | Insurance for Androscoggin
, Drainage Area Study River at Junction -
Water Body |Swift River| Rumford | Aubuin. . Site | Leeds with Dead River*
Drainage Area, sq. mi. | = 96.9 2068 326% 26000 2640 2600
Recurrence Interval
1.05* 4000 22,000 32,000 28,000
2 5,830 26,400 38,500 31,500 31,500
5 9,390 35,700 50,500 42,000 42,000
10 12,010 42,000 58,300 49,000 53,700 53,700
25 15,540 49,100 67,500 56,000 65,000
50 18,330 | 54,700 | 74,200 62,000 | 77,300 77,300
100 21,220 60,000 80,500 68,000 90,100 90,100
500 28,640 72,000 95,000 80,000 123,000 123,000

* 1.05 year flow at site based on frequency curve extrapolation

Convert Flow-frequency to Elevation-frequency for the Junction Point. The goal of this
task was to create a rating curve of water surface elevation vs. flow at the cross section of
the Androscoggin River near the junction with the Dead River. No cross section data
were available for the Androscoggin River from the Flood Insurance Studies.
Approximate cross sections and bridge data at Route 219 were compiled using the USGS
topographic map and MDOT bridge plans. Cross section locations are shown in

Appendix D.

A hydraulic model of the Androscoggin River was developed using computer HECRAS
modeling software. The backwater model was run from downstream of the Route 219
Bridge, to a section upstream of the junction with the Dead River. Model results are
summarized in Figures 3 and 4 (see Appendix H). These figures are river profiles
showing water surface elevation as a function of distance along the River. The junction
with the Dead River is near channel distance station 19000. Flood elevations in the River
at the junction point with the Dead River were derived from the two model runs, using

the final flow frequencies as summarized in Table 1.

6
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Table 2 summarizes Flood Elevations and Flow rates for the Androscoggin River at the
junction with the Dead River.

Table 2
Flood Flow Frequency and Elevations, Androscoggin River at Junction with Dead
River
Frequency " Flow rate, cfs - Elevation, ft NGVD*
1.05 year 28,000 ' 278.0
2-year 31,500 279.1
5-year 42,000 281.8
10-year 53,700 284.5
25-year 65,000 ' 286.2
50-year 77,300 288.5
100-year 90,100 2913
500-year 123,000 298.2

* NGVD: National Geodetic Vertical Datum

Dana Murch, of DEP approximated flood elevation frequency data in an April 2000
study. Those predictions were based on water level observations at the dam and
estimates of river flows. Key portions of that study are included as Appendix E. With
refinement in study technique as provided in this study, information provided in that
study supports the conclusions of this study.

Evaluate Hydrology of Androscoggin Lake Watershed and Storage in Lake and
Floodplain. The watershed of Androscoggin Lake contains nine lakes upstream of
Androscoggin Lake, as well as Androscoggin Lake. The effect of these lakes is to slow and
decrease the rate at which runoff occurs in the watershed. Androscoggin Lake provides a final
attenuating affect on storm runoff. The lake drains a total of 83.0 square miles, of which 64 are
upstream of the direct watershed of the lake. The surface area of the lake at elevation 269
(normal water level) is 5.98 square miles or 3826 acres. Typical late winter water level is
reported to be 271.

A model of the watershed of Androscoggin Lake was developed using HydroCAD modeling
software. This software uses the SCS TR20 formulation to calculate flood hydrographs for sub-
watersheds, and to route those flows through storage and over structures.

Watershed areas, land use, land slope, and storage area in each lake were derived using the
DeLorme Maine Atlas topographic maps. The HydroCAD model is often found to overestimate
flows for wooded, rural watersheds. For this reason, the model runoff curve numbers were
calibrated to generate peak flows comparable to the USGS Regional Formula for inflows to each
lake. Spillway widths were taken from the USEPA BASINS model database for New England.
Time of concentration for each sub-watershed was calculated using the “Curve Number method”
in the model, as well as typical stream flow velocity information as presented in the SCS
publication Urban Hydrology for Small Watersheds.
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Model data are presented in Appendix F, which is a printout of the Hydrocad model input and
output.

The model was run for a 100-year flood event, with the lake level starting at elevation 269. The
model predicts a peak inflow to the lake of 7900 cfs, and a peak outflow of about 500 cfs, flow
that will occur only through the gates, and not over the flashboards. It is important to note this
dramatic drop from inflow to outflow. This model result is based on free flow out of the dam
(i.e., no high water in the river). The peak elevation in the lake due only to flow from its own
watershed and not the river would be about a foot higher than before the rainstorm occurred in
the watershed. This shows that inflow from one storm in the watershed alone is not likely to
cause a significant rise in the level of the lake. A second model run was conducted which
assumed that almost no flow could occur out of the dam, which is the same as if the river were
high, and no outflow could occur. The peak level for this scenario is only about 0.5 foot higher.
The water level however, is predicted to stay high for at least several days, as the only outflow
could occur through the dam.

It is reported by local residents that typical winter lake elevation is 271. Several runoff events
coupled with typical river flows could easily cause this winter level.

Another way to evaluate the potential high water in the lake due only to runoff from its
watershed can be done as follows: For an 83 square mile watershed, and a 100-year storm event
of 6.17, assuming half of the storm infiltrates and half of the runoff ends up as stream flow, a
total storm runoff of 13,280 acre feet is calculated. With a lake surface area of 3826 acres, this
results in a rise in lake level (with no outflow) of 3.4 feet, or an elevation of 272.4 if the lake
starts at elevation 269. This scenario does not account for any storage in the six lakes in the
upper watershed.

Other available information includes the FEMA Flood Insurance Study for Wayne, which lists
the 100-year elevation in Androscoggin Lake as 286.4 although this elevation was not
determined through detailed modeling.

Evaluate Hydraulics of Dead River and Existing Dam. The flow characteristics of the Dead
River and the existing dam were evaluated to ascertain how various flow rates travel from one
end of the river to the other. The HECRAS hydraulic model was used and was “run” in two
directions - from the river to the lake and from the lake to the river. To create the model, the
following tasks were conducted:

1. Cross Sections:

* A search was conducted for existing data on cross sections of the Dead River. No
data were available.

* Cross section data were compiled by surveying a series of cross sections below the
water line on November 16, 2001 by E/PRO. The elevation of the sections was
obtained by reading the USGS gage 01055220 located at the left downstream
abutment of the Route 106 bridge crossing the Dead River.

8

q:\clients\state of maine\proposal-contract\9620 dead river dam assessment\final report\_complete report.doc



Dead River Dam
Study to Minimize Flood Flows from the Androscoggin River into the Androscoggin Lake

e Hydraulic information was obtained for the dam. These data included spillway crest
elevation and length, flashboard elevation and length, gate elevation and size and
materials. Field survey and existing plan information were used to obtain these data.

2. The HECRAS step backwater computer model was used to calculate water level vs.
flowrate for the Dead River, for flow from the River to the Lake.

The model requires that the user specify a “starting water level” for the downstream end
of the model and “flowrate” at the upstream end of the model. It should be emphasized
that because the model in this case must be operated with two unknowns, (i.e., upstream
flow and downstream water level), the solution is an iterative process, requiring many
trials.

A series of flows ranging from 50 to 40,000 cfs was entered into the model. The
assumed water level in the lake ranged from 271 feet to 280 feet. 271 is normal late
winter water level, and 280 was found to be a typical elevation that occurs as the lake
fills, and the river starts to recede. This model allowed creation of rating curves of flow
vs. elevation at selected locations in the river. Figures 5A and 5B are profiles of the river
showing water surface elevations for various rates of flow for the entire length of the
river, assuming the existing dam with no flashboards. Different lake elevations were
used for the two model runs. Figures 5C, 5D and 5SE are rating curves of flow vs.
elevation at the junction with the Androscoggin River and at the dam.

The results show that lake level has very little impact on flood elevation on the
Androscoggin River side of the dam, and therefore very little impact on the amount of
flow that enters the lake. During high flows, other structures in the Dead River restrict
the amount of flow from river to lake.

3. The HECRAS model was modified to account for alternative dam configurations.

Six alternatives were modeled, including:

e Dam with no flashboards

* Nodam

e Dam with 2’ flashboards

e Dam with half 2’ and half 3’ flashboards
e Dam with 3’ flashboards

e Dam with 4’ flashboards

For each model run, the following graphics were prepared:

* Water surface profile (figures 5A, 5B, 6A, 7A, 8A, 9A, and 10A)

* Rating curve of flow vs. elevation at the junction of the two rivers (figures 5C, 5D,
6B, 7B, 8B, 9B, and 10B)

» Rating curve of flow vs. elevation at the river side of the dam (figures 3E, 6C, 7C,
8C, 9C, and 10C.)
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The rating curves were used to derive flow rates in the Dead River that will occur for
different flood frequencies with different configurations of the dam. Table 3 presents a
summary of flows that will occur from the river to the lake.

Table

3

Flows and Elevations in Dead River — Flow from River to Lake

Frequency of Peak Flowin | .~ - = Flow To Dead River from Androscoggin River, cfs
Flooding onthe | Androscoggin| . [Dam w/no | Dam w/2' | Dam w/ 372" | Dam w/ 3' | Dam w/4'
Androscoggin River | River, ¢fs | No Dam" | flashboards | flashboards | flashboards | flashboards | flashboards
1.05 year 28000 4,000 2,100 1,000 500 200 0
2-year 31500 4,500 3,000 2,000 1,500 1,200 200
5-year 42000 7,000 4,500 4,000 3,700 3,500 3,500
10-year 53700 10,000 8,000 7,800 7,500 7,300 6,200
25-year 65000 14,000 12,500 12,000 12,000 11,800 9,500
50-year 77300 18,700 17,500 16,500 16,200 16,200 14,000
100-year 90100 24,000 23,000 22,500 22,000 22,000 21,500
500-year 123000 46,000 45,000 45,000 45,000 45,000 40,000
Frequency of Elevation in “Elevation at Upstream Face of Dam = .~ L
Flooding on the River at . .| Damw/ no | Damw/2' | Dam w/ 3/2' | Dam w/3' | Dam w/4'
Androscoggin River |  Junction | NoDam | flashboards | flashboards | flashboards | flashboards | flashboards
1.05 year 278.0 2775 277.8 278.0 278.0 278.0 278.0
2-year 279.1 278.0 2785 278.8 279.0 279.0 279.0
5-year 281.8 280.5 281.0 281.2 281.0 281.2 2812
10-year 284.5 2835 284.0 284.0 284.0 284.0 284.0
25-year 286.2 285.8 285.5 286.0 286.0 286.0 286.0
50-year 288.5 288.2 2885 288.5 288.5 288.5 288.5
100-year 2913 290.4 290.5 290.5 290.5 290.5 290.5
500-year 298.2 298.0 298.0 298.0 298.0 298.0 298.0

Note: Starting Elevations in Lake Range from 271 to 280 to account for change in levels as lake fills.

The model data show that during storms of a 1.05-year frequency, flow would occur over
the dam without flashboards, and into the lake, but would not flow over the dam into the
lake with 4' flashboards in place. During a 2-year event in the Androscoggin River, flow
will occur over the dam into the lake for all configurations, with peak flow being
decreased from 3000 cfs to 200 cfs with the addition of 4’ of boards. For a 5-year storm,
flows are nearly identical for all three configurations, ranging from 4500 cfs with no
boards to 3500 cfs with 4’ of boards. Similar results are obtained for floods of higher
frequency, with the 4’ of boards keeping out about 1000 cfs in each case.

flowrate for the Dead River for flow from the Lake to the River.

I
The HECRAS step backwater computer model was used to calculate water level vs.
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The HECRAS model was reconfigured to simulate flow from the lake into the river. A
series of outflows ranging from 50 cfs to 7500 cfs was run, and starting elevation in the
river ranged from low water (265.8) to normal water (269).

Initial model runs were made with the dam assuming no flashboards and the two existing
gates, and then assuming two additional gates. It was found that adding the two gates
added very little additional outflow capacity and would only decrease the time to drain by
about 1 day. (See below for more information on estimated time to drain each flood).

Five alternatives were modeled including:

* Dam with no flashboards

» Existing dam with 2’ flashboards

¢  Dam with half 2’ and half 3° flashboards
*  Dam with 3’ flashboards

* Dam with 4’ flashboards

For each model run, the following graphics were prepared:

e Water surface profile (figures 114, 12A, 13A, 14A, and 15A)

e Rating curve of flow vs. elevation at the lake side of the dam (figures 11B, 12B, 13B,
14B, and 15B.)

These model runs were used to determine the effect of various dam configurations on
the time for the lake to drain for various frequencies of storm.

Determine duration of various flow levels. To assess the storage issue, and to determine how
flood hydrographs travel down the Dead River and into Androscoggin Lake, information was
gathered related to the duration of flooding on the Androscoggin River. Flood routing involves
balancing volume of inflow over time with available storage, so timing of flood events is critical.
Runoff must travel into Androscoggin Lake from its watershed, and varying peak flows travel
down the Androscoggin River at different rates.

The Hydrocad model for the Androscoggin Lake calculates that peak flow will occur into the
lake for nearly 20 hours after peak rainfall.

For the Androscoggin River, the 1987 flood is a good example of a flood hydrograph, for timing
of peak flows, and duration of high flow rates. Figure 16 shows the hydrographs of stream flow
at Rumford, at Auburn, and at the site. Figure 17 shows when peak rainfalls occurred. This was
also a snowmelt event, which likely delayed peak runoff by about 6 hours after peak rainfall.
Maximum rainfall occurred in the upper watershed of the Androscoggin River during the day on
March 31, and for the early part of April 1. Peak flow occurred at Rumford at about 16:30 hours
on April 1 and at Auburn at 10:00 hours on April 2. At the junction with the Dead River, the
peak occurred at about 22:00 hours on April 1. This is a lag of about 20 hours after peak rainfall,
very similar to Androscoggin Lake.
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Table 4 presents an estimate of how much water is diverted from the Androscoggin River to
Androscoggin Lake during various flood events. The table shows total flood volumes in acre-
feet, both in the Androscoggin River and diverted to the Lake. The table shows the effect of
different configurations for flashboards. An example is in a 100-year flood with the existing
dam, (0’ flashboards assumed), about 14% of the total flood volume in the river is temporarily
stored in the lake. With no dam, about 16% of the total flood volume would be stored, and with

4’ of flashboards, about 13% is stored.

Table 4
Estimated Volume of Water flowing from Androscoggin River to Androscoggin Lake
during flood events

© ... ~Volume of Water, in acre feet diverted from river fo laké, acre feét -~ -~ -
Recurrence | Androseoggin |- o7 Tt el i SRS e LT T ] A ] e
interval ~--River “ | 'nodam | 0'boards | 2 boards - | 3/2' boards | 3' boards | 4" boards
1.05-year 163636 18000 9500 4800 2250 950 0
2-year 180992 19000 13500 9600 7200 5800 950
5-year 233058 32000 22000 19500 18000 17000 17100
10-year 291074 43000 36000 35000 32000 30000 29000
25-year 347107 50000 48000 50000 46000 44000 39000
50-year 408099 70000 67000 58000 57000 56000 54000
100-year 471570 77000 68000 64000 63000 62000 61000
Recurrence " % of River Flow stored in lake -~ = .~ =~ . =
~ interval no dam 0'boards | 2'boards | 32" boards | 3'boards | 4'boards
1.05-year 11 6 3 1 1 0
2-year 10 7 5 4 3 1
5-year 14 9 8 8 7 7
10-year 15 12 12 11 10 10
25-year 14 14 14 13 13 11
50-year 17 16 14 14 14 13
100-year 16 14 14 13 13 13

Table 5 is a summary of the amount of storage available in the lake in acre-feet for various lake
elevations.

Using the lake storage, and flood volume data, a second set of results is presented in Table 6.
For each flood event, the estimated elevation of the lake is calculated for the various
configurations of flashboards. An example is for the 100-year flood with the existing dam (no
flashboards), the lake is expected to reach approximately elevation 285. With no dam, the lake
would reach elevation 285.5 and with 4’ of boards the lake would reach elevation 284.2. These
are approximate elevations, but each is derived using the same set of assumptions, so they are
very useful for comparing the relative impacts of each dam configuration. Calculations to derive

these elevations are included in Appendix G.
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Table 5
Storage in Androscoggin Lake
Lake Storage
Volume Volume Volume
Elevation | Acre feet | Elevation | Acre feet | Elevation | Acre feet
271 0 279 38,514 287 85,163
272 4,240 280 43,756 288 91,190
273 8,878 281 48,997 289 97,218
274 13,515 282 55,025 290 103,245
275 18,153 283 61,052 291 109,273
276 22,790 284 67,080 292 115,301
277 28,031 285 73,107 293 121,328
278 33,273 286 79,135 294 127,356
Table 6

Estimated Elevations in Androscoggin Lake

Estlmated Elevation in Lake from River inflow - assume lake starts at 271

Recurrence Elevation e - Dam w/ no Dam w/2' Dam w/2'/3" | Dam w/3' | Damwi4'

interval in River N’o Dam - | flashboards | flashboards | flashboards flashboards | flashboards
1.05-year 276.3 274.5 273.5 272.2 271.5 271.2 271.0
2-year 279.1 275.0 274.0 273.4 272.6 2723 2712
5-year 281.8 271.5 275.6 275.3 275.0 274.8 274.7
10-year 284.5 280.0 278.5 278.0 277.5 277.2 277.5
25-year 286.2 281.7 281.3 281.0 281.0 281.0 279.0
50-year 288.5 284.5 283.8 283.5 2832 283.1 282.3
100-year 291.3 285.5 285.0 284.5 284.5 284.5 284.2

Finally, Table 7 presents the estimated time in days to drain the lake to elevation 270, with the
two existing gates, and various flashboards in place. Because the flashboards have kept out a
certain amount of flow, the time to drain may also be lower with higher boards. An example is
for the 1.05-year flood, with no boards the lake would reach elevation 273.5 and would take 8
days to drain. With 3’ of boards, the lake would reach 271.2 and would take 5.7 days to drain to
elevation 270. On the other hand, for higher lake levels, the boards may detain floods for longer.
For the 100-year flood for example, no flashboards would allow the lake to drain in 16.8 days,
the 4’ of boards would require about 22 days to drain if the flashboards did not fail. Calculations
to derive these estimates are included in Appendix G.
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Table 7
Time to Drain Androscoggin Lake

ESTIMATED TIME IN DAYS TO DRAIN LAKE TO ELEVATION 270 __

Recurrence Dam w/no | . Damw/2! Dam w/2y3"-+| > Dam w/3' = Dam w/4* -

interval flashboards | fl rds* .. flashboards | flashboards ~| .- flashboards
1.05-year 11.3 5.7 5.7 4.4
2-year 11.0 9.2 8.3 5.0
S-year 13.4 14.2 13.9 13.7
10-year 14.6 17.4 17.4 17.8
25-year 15.7 19.9 20.6 202
50-year 16.2 20.6 21.3 21.0
100-year 16.8 21.3 22.0 22.0

Evaluate the affect of flood control on Androscoggin River levels. The modeling of the Dead
River has shown that during flood events, a portion of the total flood volume is temporarily
stored in Androscoggin Lake. The effect is to reduce the peak flood levels below the Dead River
and lengthen the duration of the flooding. Table 8 shows the effect of the removal of the storage
for the existing condition with no flashboards, with a dam with a fixed crest at elevation 278, and
a dam that would stop all floods.

Table 8
Flood Elevations in the Androscoggin River at the Route 219 Twin Bridges
v .~ Existing Conditions | With Permanent Dam Crest |With Permanerit Dami Crest
- Frequency Dam atelev 274, no boards | at elevation 278  atelevation 300
Flow, cfs Elevation Flow, ¢fs Elevation Flow, c¢fs | Elevation

1.05-year 28,000 2727 30,000 2733 30,000 273.3
2-year 31,500 273.7 34,200 274.3 34,500 274.4
S-year 42,000 276.1 43,000 276.4 46,500 277.1
10-year 53,700 278.6 55,500 279.0 61,700 280.1
25-year 65,000 280.6 68,000 281.1 77,500 282.8
50-year/ 1987 flood 77,300 282.8 80,800 283.4 94,800 285.9
100-year 90,100 285.1 91,600 2854 113,100 291.1

The table indicates that the current dam with 4 feet of flashboards that would not fail would have
a minimal effect on downstream flood levels. However, the total blockage of flows into the
Dead River would raise the river an additional 1.7 feet for a 25-year event and 2.5 feet for a 50-

year event.

It should be noted that before final design decisions are made, the effect on the river should be
evaluated in greater detail as discussed in the beginning of this report.
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ENGINEERING ANALYSIS

Dam Inspection ¢
Wb

The dam was visually inspected on October 12, 2001 and found to be in overall good condition.

The water level was a few inches below the top of the base slab, elevation The dam was

measured as part of the inspection because the original construction drawing§ are missing. The

resulting plan is included in Appendix A.

The concrete stem and base slabs were checked for areas of weakness by striking the surface
with a five-pound hammer. A good quality concrete will ring, while areas of weak or
delaminated concrete will produce a dull tone. The concrete, while well weathered, was sound
with the exception of three areas near construction joints, as shown in photos 1 and 2 (Appendix
B). These areas are delaminating and should be repaired to prevent deterioration of the
reinforcing steel. The downstream concrete gate piers have deteriorated at the normal waterline
leaving the reinforcing steel exposed, see photo 3. While this is unsightly, it does not affect the
stability or function of the structure. The interior of the concrete stem is reported to be soft
around the flashboard pin sockets, according to Charles Barker, who does the dam maintenance.
This could not be verified in the inspection.

The trash racks, which protect the gate openings, are pitted at the normal water line with the right
most rack more severely pitted over its entire height. The right (looking downstream) trash rack

is shown in photo 4.

The wooden flap gates are sound with signs of rot at the joints between the individual timbers,
particularly on the left most gate. The rot is most evident where bark had been left on the
timbers. Photo 5 shows the flap gate condition.

The riprap along the :Isl’Qping abutments is intact and functioning satisfactorily. The ground level
beyond the left abutment has eroded and is now three feet below the top of the abutment.

.oy

e ) o2 3¢

Forty-thr\e\é‘(43‘)~f§_e£ of the pre;éﬂnt‘v‘Z-foot ﬂashboards(aré “miséing.

At the time of the inspection there were no signs of leakage at the dam. The difference in water
level either side of the dam was 0.8 feet.

Riverbank Erosion

The entire length of the Dead River was inspected by boat on November 16, 2001. The soils
along the banks consist generally of fine silts and sands stabilized by tree roots. There are many
trees that are toppled and would be mobilized during a flood. The only major eroded area is on
the left bank immediately below the dam, see photo 6. The area affected is approximately 300
feet long. The landowner claims the bank has eroded about one foot per year since the dam was
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constructed. The area was surveyed on November 21 and the resulting plan is included in
Appendix A.

The repair of this area would consist of placement of a granular fill to flatten the slope to a 3 on
1, placement of a filter fabric and 18 inches of riprap keyed into the riverbed. The estimated
repair cost would be $97,000.

Dam Stability Analysis

Current practice would require a low hazard structure to be stabile for all anticipated load cases
and have a factor of safety of 2 against sliding.

The dam cross section was analyzed for sliding stability with four feet of flashboards and an
assumed four-foot base height resting on a soil foundation. This section was found to be
unstable with a factor of safety of less than one. This would indicate the structure was not
designed to be supported on soil foundation.

The presence of timber piling both upstream and downstream of the dam that was used during
the construction would suggest the dam is supported on a pile foundation. Residents confirm
this, although there is no mention of the foundation preparation in the final construction report to
Governor Brann. The existence of piles is also supported by the fact that the Foss Bridge (which
carries Route 219 over the Dead River, 0.5 miles upstream of the dam) was constructed in the
late 1920°s and is supported on a wooden pile foundation.

The determination of the number and position of the piling will be necessary to determine the
stability of the structure. The likely presence of reinforcing steel in the dam base and the high
water surface would make the use of a non-destructive technique, such as ground penetrating
radar, unproductive. A program of directional drilling to intersect the vertical pile would be
difficult due to limited working space.

The stability of the existing dam cannot be determined from the data presently available.
The present location of the dam, with the height of the left embankment at elevation 280, limits
the ability of the dam to hold back flood levels of more than the 2-year frequency.

Dam Structural Analysis

The components of the dam were investigated to determine the limiting component to raising the
structure. The current flashboards are supported by 2-inch diameter schedule 80 pipe at four feet
on centers. The minimum yield strength of the pipe is 35 ksi and will support 4.25 feet of water
or elevation 278.25.

The 6-foot reinforced concrete stem is assumed to have a concrete compressive strength of 3 ksi,
taking into account the reported softness around the flashboard pins, and the reinforcing steel as
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structural grade with a yield strength of 30 ksi. With an assumed % inch bar spaced at 8'inches
on center, the stem will support the equivalent of 8-feet of flashboards or elevation 284.

|
The factor limiting the ability of the structure to hold back the floodwaters is the strength of the
flashboard pins. This could be remedied by using a higher strength steel pipe or solid bars.

Review existing gate capacity and gate alternatives ,

The current gate configuration of two flap gates with a crest elevation of 264 does not provide
any lake level control. The gates can pass a flow of 950 cfs with the water at the dam fixed crest
elevation 274, which limits the out flow from the lake and prolongs lake flooding. The ALIC
presently places plywood over the lower portion of the trash racks to maintain the lake level at
elevation 269. This raises the lake level approximately two feet over the natural constrictions
upstream of the dam. These are held in place by water pressure and are subject to washing out
during rain events, which bring the Androscoggin River above the lake level. The use of a steel
plate in place of the plywood would be a more positive way to maintain the lake level.

The use of duckbill tide gates was investigated but their high cost and low discharge capacity
made them uneconomical for this application.

The addition of a sluice gate or other lake level control method was not pursued because lake
level control was not a high priority.

The installation of two additional flap gates, having a crest at elevation 269, would only add a
maximum of 1000 cfs to the dam discharge capacity and only 300 cfs with the water level at the
fixed crest. This would only shorten the typical two weeks of elevated lake levels by one day.
The estimated cost for furnishing and installing the gates is $111,000. .
|

Review flashboard alternatives

Flashboards are normally used at dams to raise the normal pond level above the fixed crest level
to increase the head for power generation. During a flood event the boards will fail and increase
flood discharge capacity of the dam. The use of pinned flashboards relies on the failure of the
steel pin in bending and the boards are lost downstream. The boards are replaced after every
flood to return the pond to its operating level. A more permanent type are hinged flashboards.
These are generally steel panels hinged at the base and supported by a strut on the downstream
face. During a flood the water pressure causes the strut to fail and the panels drop and lay on the
crest. After the flood the panels are raised and the struts replaced.

Hinged flashboards would be better suited to the Dead River as they can be made stronger to
resist flood overtopping, yet fail easily in the downstream direction to permit lake flood levels to
quickly return to the dam fixed crest level. The replacement of the present pinned boards with a
4-foot steel panel hinged board system is estimated to cost $140,000.
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The use of flashboards to retain a pond level also requires the installation of a log boom to
prevent ice and logs from hitting the boards and causing a premature failure. Remnants of the
old log boom chain can be found on the left bank below the dam at the river bend. Assuming the
old anchors are still place, a new multi timber boom is expected to cost $40,000. The installation
of new anchors could double the cost.

Another alternative is a rubber dam. A rubber dam is long cylindrical tube made from a
reinforced rubber and generally inflated with air by a low-pressure/high volume air compressor.
The rubber dam would be inflated during a flood event and deflated after the flood to allow the
lake to drain as quickly as the Androscoggin River recedes. A retrofit of the present dam was
not considered due to the uncertainty of the foundation, elevation of the left bank and the cost of
the concrete stem removal added to the cofferdam and reshaping of the dam base would be more
expensive than installing a new dam. A typical section of a rubber dam is included in Appendix

A.
Review possible alternate dam locations

A review of the available topographic mapping and the river inspection trip suggested two
possible locations for a new dam, consisting of a inflatable rubber dam on top of a concrete base
slab. These locations are shown on Figure 1 as sections G and L and are shown in more detail in
Appendix D. The locations are similar with high banks and narrow cross section. A cost
estimate was developed at section G for rubber dams with flood protection to elevation 279, 285
and 292 (10, 16 and 18.4 feet high). These elevations represent flood protection for the 2-year,
25-year and 100-year flood return periods.

The 10 and 16-foot high dams would consist of a concrete base slab with a sill elevation of 269.
The slab was assumed to be supported on steel piling and have a sheet pile cutoff wall driven to a
depth of 40 feet. The length of the dam is 170 feet. The estimated cost for the 10-foot-high dam
is $1,980,000 and the 16-foot-high dam is $2,845,000.

The 18.4-foot dam would have a sill elevation of 273.8 feet. The length of the dam would be
150 feet with similar construction. The addition of two low-level sluice gates would be used to
control the lake level at elevation 269. The estimated cost for this option is $5,240,000.

The cost for a dam at section L would be similar. The cost for a more conventional concrete dam
with slide gates is believed to be approximately the same. The estimates exclude the cost of land
acquisition and additional studies to determine the effect on the Androscoggin River flooding.

SUMMARY

The result of the hydrologic analysis shows that the present dam location with 4-foot flashboards
is limited to holding back floods of up to a 2-year return period. The fragile nature of pinned
boards reduces the effective height of the dam to its fixed crest elevation of 274 feet, which is

18
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expected to be over topped every year. The present gate capacity restricts the out flow from the
dam and increases the duration of the flooding in the lake.

The dam is in good condition with minor concrete repairs needed to maintain the structure. The
location of the dam with its top of bank elevation of 280 feet limits its usefulness in holding back
floods of return periods of less than 2-years.

Various options were investigated to reduce the flooding. The present flashboard system could

be improved by using stronger steel pins and the addition of a log boom to minimize the damage
due to floating logs and ice. A hinged flashboard system would reduce the maintenance cost and
limit the damage caused by floating debris.

A rubber dam constructed at river cross section G or L could be designed to provide for a greater
level of flood protection and allow for a faster return to normal lake levels after a flood event. A
dam with 16-foot bladder with a flood crest of elevation 285 would protect up to a flood with a
25-year return period and limit the effect on the water levels in the Androscoggin River at the

Route 219 bridges to approximately 2.2 feet.

Table 9
Summary
Effective |~ - | Affeton” - |° i -
‘Against ‘| Estimated |AndroscogginRiver| . ... o .

O s ~Flood ™~ |- . Cost* - | Flood Level . - " Comments.~. .
Existing Dam B
2 ft boards $ 56,900 annual replacement of boards
4 ft boards 1.05-year | $ 79,800 0.7 feet annual replacement of boards
4 ft Hinged boards 1.05-year | $ 184,800 0.7 feet - B
New Dam w/ Rubber crest e _ —
10 ft High 2-year |$ 1,980,000 0.7 feet
16 ft High 25-year |$ 2,845,000 2.2 feet
18.4 ft High 100-year |$ 5,240,000 6 feet
Dam Removal $ 113,000 add to new dam cost
Erosion Repair s 97,000 downstream of existing dam

* Includes $40,000 for log boom and $4,800 abutment repair for existing dam costs.
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Appendix B
Photos of the Dead River Dam
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Photo 2 — Concrete delaminated areas downstream left bank
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Photo 5 — Left flap gate

Photo 6 — Downstream left bank erosion
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Appendix C
Budget Level Cost Estimates
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LOCATION:

DEAD RIVER DAM
LEEDS, MAINE

Replace 75 feet of 2 foot flashboards and new high strength steel pins

by: RK.COTE
date: 1/21/02

SUMMARY OF COSTS
DIRECTS
CONSTRUCTION
CONTINGENCY 10%
SUBTOTAL DIRECTS
INDIRECTS
ENGINEERING 10%
SUBTOTAL INDIRECTS
PROJECT TOTAL

USE

&~

10,000
1,000
11,000

1,100

1,100

12,100

12,100



LOCATION:

DEAD RIVER DAM
LEEDS, MAINE

Replace 75 feet of 3 foot flashboards and new high strength steel pins

by: RK.COTE
date: 1/21/02

SUMMARY OF COSTS
DIRECTS
CONSTRUCTION $
CONTINGENCY 10% $
SUBTOTAL DIRECTS $
INDIRECTS
ENGINEERING 10% $

SUBTOTAL INDIRECTS §

PROJECT TOTAL $

USE §

10,500
1,050
11,550

1,155

1,155

12,705

12,700



LOCATION: DEAD RIVER DAM
LEEDS, MAINE

Install new 3 foot flashboards with high strength steel pins

by: RK.COTE
date: 1/21/02

SUMMARY OF COSTS
DIRECTS
CONSTRUCTION § 20,300
CONTINGENCY 10% $ 2,030
SUBTOTAL DIRECTS  § 22,330
INDIRECTS
ENGINEERING 10% $ 2,233
SUBTOTAL INDIRECTS § 2,233
PROJECT TOTAL $ 24,563

USE $§ 25,000



LOCATION:

DEAD RIVER DAM
LEEDS, MAINE

Install 4 foot steel hinged flashboards on existing dam
148 feet long with concrete bulkhead each end

by: RKX.COTE
date: 12/17/01

SUMMARY OF COSTS

DIRECTS
CONSTRUCTION
CONTINGENCY

INDIRECTS
ENGINEERING

20%

10%

$
$
SUBTOTAL DIRECTS  §
$
$
$
SUBTOTAL INDIRECTS §
PROJECT TOTAL $

106,200
21,240
127,440

12,744

12,744

140,184

140,000



LOCATION:

DEAD RIVER DAM
LEEDS, MAINE

Install two additional 5 x 9 foot wooden flap gates in existing dam

Sill elevation 269

by: RK.COTE
date: 12/17/01

SUMMARY OF COSTS
DIRECTS

CONSTRUCTION $
CONTINGENCY 20% $
SUBTOTAL DIRECTS  §

INDIRECTS
ENGINEERING 10% $
3
$
SUBTOTAL INDIRECTS §
PROJECT TOTAL $

84,400
16,880
101,280

10,128

10,128

111,408

111,000



LOCATION: DEAD RIVER DAM
LEEDS, MAINE
Fill depressioq/'ét east";qhd of existing dam to elevation 280

\ e
) L

by: RK.COTE
date: 1/21/02

SUMMARY OF COSTS
DIRECTS
CONSTRUCTION $ 4,000
CONTINGENCY 10% $ 400
SUBTOTAL DIRECTS  $ 4,400
INDIRECTS
ENGINEERING 10% $ 440
SUBTOTAL INDIRECTS $ 440
PROJECT TOTAL $ 4,840

USE § 4,800



LOCATION:

DEAD RIVER DAM
LEEDS, MAINE

Stabilize 300 feet of east riverbank downstream of dam
1.5 feet riprap over filter fabric on 3:1 fill slope

by: RK.COTE
date: 12/17/01

SUMMARY OF COSTS
DIRECTS

CONSTRUCTION $
CONTINGENCY 20% $
SUBTOTAL DIRECTS  §

INDIRECTS
ENGINEERING 10% $
$
$
SUBTOTAL INDIRECTS $§
PROJECT TOTAL $

73,423
14,685
88,108

8,811
8,811

96,918

97,000



LOCATION: DEAD RIVER DAM
LEEDS, MAINE

Construct 10 foot rubber dam on pile supported concrete base at Section G
Length of 180 feet with crest at elevation 279

by: RX.COTE
date: 12/17/01

SUMMARY OF COSTS
DIRECTS
CONSTRUCTION $ 1,021,000
CONTINGENCY 20% $ 204,200
SUBTOTAL DIRECTS $ 1,225,200
INDIRECTS
ENGINEERING 10% $ 122,520
RUBBER DAM SUPERVISION $ 25,000
RUBBER DAM $ 607,000
SUBTOTAL INDIRECTS § 754,520
PROJECT TOTAL $ 1,979,720

USE § 1,980,000



LOCATION: DEAD RIVER DAM
LEEDS, MAINE

Construct 16 foot rubber dam on pile supported concrete base at Section G
Length of 180 feet with crest at elevation 285

by: RK.COTE
date: 12/17/01

SUMMARY OF COSTS
DIRECTS
CONSTRUCTION $ 1,061,000
CONTINGENCY 20% 3 212,200
SUBTOTAL DIRECTS  § 1,273,200
INDIRECTS
ENGINEERING 10% $ 127,320
RUBBER DAM SUPERVISION $ 25,000
RUBBER DAM $ 1,420,000
SUBTOTAL INDIRECTS § 1,572,320
PROJECT TOTAL $ 2,845,520

USE § 2,846,000



LOCATION: DEAD RIVER DAM
LEEDS, MAINE

Construct 18.4 foot rubber dam on pile supported concrete base at Section G
Length of 180 feet with crest at elevation 292

by: RK.COTE
date: 1/17/02

SUMMARY OF COSTS
DIRECTS
CONSTRUCTION $ 2,572,000
CONTINGENCY 20% b 514,400
SUBTOTAL DIRECTS  § 3,086,400
INDIRECTS
ENGINEERING 10% 3 308,640
RUBBER DAM SUPERVISION $ 25,000
RUBBER DAM $ 1,820,000
SUBTOTAL INDIRECTS $ 2,153,640
PROJECT TOTAL $ 5,240,040

USE $ 5,240,000



LOCATION: DEAD RIVER DAM
LEEDS, MAINE

Remove Existing Dam

by: RX.COTE
date: 1/23/02

SUMMARY OF COSTS
DIRECTS
CONSTRUCTION $
CONTINGENCY 10% $
SUBTOTAL DIRECTS  §
INDIRECTS

ENGINEERING 15% $

SUBTOTAL INDIRECTS $

PROJECT TOTAL $

USE $

89,000
8,900
97,900

14,685

14,685

112,585

113,000
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Appendix D
Cross Section Locations
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Appendix E
Key Portions of Dana Murch’s (DEP) Approximated
Flood Elevation Frequency Data from April 2000
Study
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SUMMARY OF DEAD RIVER DAM/ANDROSCOGGIN LAKE OBSERVATIONS
WINTER/SPRING 1999/2000

[For the purpose of the following summary, the “lake” is Androscoggin Lake and
the flooded portion of the Dead River to the east of the Dead River Dam, while the
“niver” is the Androscoggin River and Dead River to the west of the dam. ]

12/22/1999 10 A.M. The river was about 5.3 feet below the top of the concrete
dam. River flows were at about 5,700 cfs, well above average
(median) flows for the date. The lake was about 3.3 feet below the
top of the concrete dam. Water was flowing out of the lake into the
river. Flashboards were in place.

03/27/2000 2:15 P.M. Water was essentially equal on each side of the dam at
about 3 feet below the top of the concrete dam, with very little
discernable flow through the dam. River flow was about 9,700 cfs.

Two 6-foot long sections of flashboards had been displaced by ice or
debris.

03/28/2000 Heavy rain and snow melt began this day. The Swift River near
Roxbury peaked in the afternoon of the 28" at about 1 foot over
flood staoe while the Androscoggin River at Rumford peaked early
on the 29" at about 2 feet below flood stage.

03/29/2000 10:15 A.M. The river had risen to a level about 4 feet over the top
of the concrete dam (2 feet over the flashboards) and was flowing
into the lake (see photograph). River flow was about 33,900 cfs.
The maximum level reached by the river was probably less 5 feet
over the dam. The lake was about ¥ foot below the top of the
concrete dam, and peaked sometime on the 30™ at a level probably
approaching the top of the concrete dam. At the Route 106 bridge
(east of the dam), the water level was over the banks of the flooded
river channel, with a strong and definite current of water flowing
from the Androscoggin River into the lake.

03/31/2000 11:30 A.M. The river had dropped to a level about 3/4™ of a foot

below the topof the coticrete dami, While the 1ake Tevel was about T
/2 inches higher than the river level. The lake was clearly flowing
out through the dam into the river.



04/08/2000

04/11/2000

04/13/2000

Page 2

Heavy rains and snowmelt again occurred on April 8™ and 9. The
Swift River at Roxbury peaked in the afternoon on the 9™ at about 5
feet above flood stage. The Androscoggin River at Rumford peaked
in the morning on the 10" at about flood stage.

9:30 AM. The river was about 3 Y% feet above the top of the
concrete dam, and was receding after the heavy rains of the previous
weekend. The maximum level reached by the river was probably
more than 5 feet above the top of the concrete dam. There was a
strong and steady flow from the Androscoggin River into the lake.
The lake had risen to a level more than 2 feet above the top of the
concrete dam. - The maximum level reached by the lake was
probably about 2 ¥ feet above the top of the concrete dam (equal to
about ¥ foot above the top of the flashboards). The bases of all the
trees along the river channel to the east of the dam were under water,
as were the trees around the lake as viewed from the yacht club in
Wayne.

10:30 A.M. The river had dropped to about 3/4™ of a foot below the
top of the concrete dam. The lake was just below the top of the
flashboards, about 2 feet above the top of the concrete dam. There
was a strong flow out of the lake into the river. There was
significant bank erosion evident along the river channel.

Summary Prepared By:  Dana Paul Murch, Dams Supervisor

Department of Environmental Protection
April 18, 2000

\dead river flooding




ANDROSCOGGIN RIVER FLOYWS AND WATER LEVELS
AT DEAD RIVER DAM

RIVERFLOW  WATER LEVEL AT DAM

ATDAM HEIGHT (FT) HEIGHT  DATA SOURCE

(MSL)
5,732 -5.3 268.7 Observations made 12/22/1999 10:00
9,700 -3.0 271.0 Observations made 03/27/2000 14:15
12,620 -0.7 2733 Observations made 04/13/2000 10:30 ..
33,925 4.0 278.0 Observations made 03/29/2000 10:15 - = =
52,800 8.0 282.0 Calculated 10-year flood conditions
74,400 12.0 286.0 Calculated 50-year flood conditions
86,100 14.0 288.0 Calculated 100-year flood conditions
COMMENTS
1. Flows in the Androscoggin River (except for calculated flood flows) are based on

(U]

USGS gauging station data (provisional) adjusted to Livermore Falls using the
following formula (developed by International Paper):

Flow at Livermore Falls = Rumford gauge flow + (Swift River gauge flow x 3.65).

These flows are approximate, as the formula does not account for the time of travel
between the source gauges and Livermore Falls. Flows determined using the formula
are especially suspect during times of rapid changes in flows.

Note on 03/27/2000 flows: Swift River gauge was reporting ice on this date. Flow at
gauge was assumed to be 3 times median flow for date.

Water levels at the dam (except for calculated flood levels) are based on measurements
by DEP staff on the date and time noted. Water levels are given in feet above or
below the top of the concrete spillway, which is at a reported elevation of 274.0 feet
msl. At the time of the observations, the spillway was fitted with 2-foot high
flashboards. '

All flood flows are from FEMA Flood Insurance Study for the Town of Livermore
Falls (1991).

100-year flood level at the dam 1s from FEMA Flood Insurance Study for the Town
of Leeds (1990). This level is 3 feet lower than the 100-year flood level for the

Androscoggin River at the confluence with the Dead River, as reported in the FEM
Flood Insurance Study for the Town of Livermore Falls. Based on this, the 10-year

and -50-year flood levels-at the-danrdetermined by subtracting 3 feet from these Tevels ™ |

for the Androscoggin River at the confluence with the Dead River.

_——-—"—'.'

Prepared by: Dana Murch, Dams Supervisor

Department of Environmental Protection
April 18, 2000

\dead river dam water levels



Letter to Molly Saunders
September 28, 2000
Page 3

e The presence of the various headwater storage dams on the Androscoggin
River has the effect of increasing natural drought flows and decreasing natural
flood flows in the river. Based on a recent analysis (FPL 1999), the best
estimate of this effect is that the headwater storage dams increase the 100-year
drought level of Androscoggin Lake by 1-2 feet (to 8 feet below the top of the

~ dam) and decrease the 100-year flood level of the lake by about 1 foot (to 14
feet over the top of the dam). This means that, over a 100-year period with the
headwater storage dams in place, the level of Androscoggin Lake would vary
by about 22 feet.

e The natural water levels of Androscoggin Lake over a 10-year period ranged
from a 10-year drought low of elevation 266 f/eelms\l (8 feet below the top of 7
the dam) to a 10-year flood high of elevatiog 284;;& msl (10 feet above the 5™ | o
> L

top of the dam). This means that, over a 10yearferiod, the level of (&7 457
Androscoggin Lake naturally varied by about 18 feet. eav
.
e The presence of the Dead River Dam has the effect of slowing the natural flow /) e
of water into the lake during floods and slowing the natural release of water v

from the lake during droughts. As a result, the lake now both rises less and

falls less than it would under natural flood and drought conditions. Basedon  /
observations to date, the best estimate of this effect is that the Dead River Dam /
increases the 10-year drought level of the lake by 2 feet (to 6 feet below to

of the dam) and reduces the 10-year flood level of the lake by 2 feetTto 8 feet”
above the top the dam). This means that, over a 10-year period withthe
headwater storage dams and the Dead River Dam in place, the level of the lake
still varies by about 14 feet.

e With the flapper gates in the dam blocked partially open, some river water
currently enters the lake whenever the level of the river is higher than that of
the lake. However, at the same time, the higher river water prevents any water
coming into the lake from its drainage area from leaving, so the lake rises in
large part as it “fills up” with its own water. Itis not clear how much river
water is prevented from entering the lake by the presence of the dam.

On a final note, the De;;artment of Agriculture has now acknowledged that it owns
. the dam. -1 suspect that the Department will soon be considering whether it should .- ..
continue to own the dam.
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Dead River Dam
Study to Minimize Flood Flows from the Androscoggin River into the Androscoggin Lake

Appendix F
Model Data, Hydro CAD input and output of Model of
the Watershed of Androscoggin Lake

g:\clients\state of maine\proposal-contract\9620 dead river dam assessment\final report\_complete report.doc
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Data for androscoggin lake Page 1
TYPE ITI 24-HOUR RAINFALL= 6.10 IN

Prepared by Northstar Hydro 13 Feb 02

HydroCAD 5.01 001047 (c) 1986-1998 Applied Microcomputer Systems

WATERSHED ROUTING

OIS,
sz>3*-~>zi%>3->

DSUBCQTCHMENT [ ] reacH /\ ponp [:j LINK

SUBCATCHMENT 1 = watershed to Flying Pond, Mt. Vernon -> POND 1
SUBCATCHMENT 2 = area to Hopkins Stream -> POND 2
SUBCATCHMENT 3 = area to Echo Lake -> POND 3
SUBCATCHMENT 4 = area to Lovejoy -> POND 4
SUBCATCHMENT 5 = area to Pocasset -> POND 5
SUBCATCHMENT 6 = area to Parker Pond -> POND 6
SUBCATCHMENT 7 = to Androscoggin Lake -> POND 7
SUBCATCHMENT 8 = direct ro to Takes -> POND 5
POND 1 = Flying Pond -> POND 2
POND 2 = Hopkins Stream -> POND 3
POND 3 = Echo Lake -> POND 4
POND 4 = Lovejoy Pond -> POND 5
POND 5 = Pocasset Lake -> POND 7
POND 6 = PArker Pond -> POND 3

POND 7 = Androscoggin Lake ->



Data for androscoggin lake
TYPE IIT 24-HOUR RAINFALL= 6.10 IN
Prepared by Northstar Hydro

HydroCAD 5.01 001047

(c) 1986-1998 Applied Microcomputer Systems

Page 2
13 Feb 02

FLOW Cefsl

FLOW C(cfs)

26868
1 848
1668
14808
1288
1880
8686

68+

484

284 -

8

POND 1 INFLOW & QUTFLOW

1 688

1560
1488 -
13680+
12881

1188

1808
284 -
868 r

784

664 -

4068
369
2684

186

Flying Pond
| f
r STOR-IND METHOD
L f PEAK STOR= 6B5.11 AF
PEAK ELEU= 346.8 FT
| Qin= 2155.4 CFS
5 Dout= 888.6 CFS
~ \ LAG= 269.8 MIN
AL
r / 'n‘ \\
P
L f \ \
\
ff \\ \\\\M
: f T I I Tt et ey == e W S
0 -~ 0 — 0 — 0 — 0 — 0 — 0 —d — 3 — O
TS NMNMMT YO0 OgO~N~OOGOD
TIME Chours)
POND 2 INFLOW & OUTFLOW
Hopkins Stream
i STOR-IND METHGD
| PEAK STOR= 935.44 AF
Lﬁ\\ PEAK ELEU= 326.8 FT
L \ Qin= 166%1.5 CFS
\ Qout= B656.3 CFS
\ LAaG= 768.3 MIN
O -~ 0 = 0 — 0 - 0 — 0 — 0 — 0D — 3 — 0
TN NMMT YOO WA~ ~®D@QO D

TIME Chours?)



Data for androscoggin lake
TYPE IIT 24-HOUR RAINFALL= 6.10 IN
Prepared by Northstar Hydro

HydroCAD 5.01 001047 (c) 1986-1998 Applied Microcomputer Systems

Page 3
13 Feb 02

(§5[415]

968 |-

cae
78d
686

488

FLOW C(cfs)

168

588+

3808 ¢
op8

PONG 3 INFLOW & OUTFLOW
Echo Lake

PEAK STOR= 1@87.7 AF
PEAK ELEU= 319.9 FT

\ //\\\ Qin= 1822.2 CFS

v/ N Qout= 353.2 CFS
\ LAG= 1826.9 MIN

ﬁ STOR-IND METHOD

e

FLOW C(efs)
N )
= (8]
® ®

aud

1 1 1 | |
— {0 — @ — — 0 — {0 —
NN Mmoo 010 @ o~

TIME C(hours)

POND 4 INFLOW & OUTFLOW
Love joy Pond

STOR-IND METHQD
PEAK STOR= 334.38 AF
PEAK ELEU= 382.9 FT

Qin= 998.7 CFS
Qout= 336.1 CFS
LAG= 2324.7 MIN

e
A
- -
v

~

/
/
f

W

[X4] ]
— T

66F
71

1 1
— g — O — — 8 —
NN Mmomos 0 0 0

TIME Chours)



Data for androscoggin lake Page 4
TYPE III 24-HOUR RAINFALL= 6.10 IN

Prepared by Northstar Hydro 13 Feb 02

HydroCAD 5.01 001047 (c) 1986-1998 Applied Microcomputer Systems

POND 5 INFLOW & QUTFLOW

Pocosset Lake

14008 |
{ 3804 - STOR-IND METHQOD
12880 - PEAK STOR= 2t87.7 AF
1@g8 L -' PEAK ELEU= 288.5 FT
~ 1e8sa; 1 Qin= 14386 CFS
N 54ea - Qout= 3528.8 CFS
L 8degt LAG= 121.2 MIN
7888 - \
= 6008 -
O 5oe0 | \
L 4006
3900 - AN
2008 - PN
1808 /1 S~
@ _I.—"‘{ L 3 T‘T_ L 1 T T v T
— 0 — 0 ~ 0 — W8 — 0 — B8 — 0 — Qg —0-— Wy
— = N NM M T YN WO~~~ oO@OoOo
TIME Chours?
POND 6 INFLOW & OQUTFLOW
PArker Pond
1286
1188} I STOR-IND METHOD
| eea | PEAK STOR= 466.88 AF
PEAK ELEU= 358.3 FT
a8 +
~ 888} Qin= 1288.8 CFS
& Rout= 34.97 CF3
Ho 7881 LAG= 746.3 MIN
w6688
= 588 \
S aeml \
L ape | \
208 | \\
198 \
B . ,|—-".""%R."__".——___.""‘.""T_'I'____l""_*—l_—l— ——— ===
— 0 — @0 — 0 — g — O — ¥ — W0 — 0 — 9 — 0
—_ —_— N NMMT TN o ™~M~SNDO @O,

TIME Chours?)



Data for androscoggin lake

TYPE III 24-HOUR RAINFALL= 6.10 IN
Prepared by Northstar Hydro
HydroCAD 5.01 001047

(c) 1986-1998 Applied Microcomputer Systems

Page 5
13 Feb 02

FLOW Cefs?

7508 +
7688 -
65808 -
6868 |-
5588
5888 +
45809 r
4884 -
3588 -
Joea -
2568 -
2888+
1568+
18908 -
5aa -

POND 7 INFLOW & OUTFLOUW

Androscoggin Loke

PEAK

STOR-IND: METHOD
STOR= 4721.9 AF

PEAK ELEU= 278 FT

Gin= 7917.1 CFS
Qout= 578.7 CFS
LAG= t217 MIN

TIME Chours)
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Data for androscoggin lake Page 6
TYPE IIT 24-HOUR RAINFALL= 6.10 IN

Prepared by Northstar Hydro 13 Feb 02

HvydroCAD 5.01 001047 (c) 1986-1998 Applied Microcomputer Systems

WATERSHED ROUTING

Vv
*‘ﬁé@%@%&%@—%
2

<C::>///’?‘£f§k 4‘!'}

®®@@§9§>
A A

OSUBCGTCHMENT D REACH APGND [:j LINK

SUBCATCHMENT 1 = watershed to Flying Pond, Mt. Vernon -> POND 1
SUBCATCHMENT 2 = area to Hopkins Stream -> POND 2
SUBCATCHMENT 3 = area to Echo Lake -> POND 3
SUBCATCHMENT 4 = 3rea to Lovejoy -> POND 4
SUBCATCHMENT 5 = grea to Pocasset -> POND 5
SUBCATCHMENT 6 = area to Parker Pond -> POND 6
SUBCATCHMENT 7 = to Androscoggin Lake -> POND 7
SUBCATCHMENT 8 = direct ro to lakes -> POND 5
POND 1 = Flying Pond ' -> POND 2
POND 2 = Hopkins Stream -> POND 3
POND 3 = Echo Lake -> POND 4
POND 4 = Lovejoy Pond -> POND 5
POND 5 = Pocasset Lake -> POND 7
POND 6 = PArker Pond -> POND 3

POND 7 = Androscoggin Lake ->



Data for androscoggin Tlake Page 7
TYPE IIT 24-HOUR RAINFALL= 6.10 IN

Prepared by Northstar Hydro 13 Feb 02

HydroCAD 5.01 001047 (c) 1986-1998 Applied Microcomputer Systems

SUBCATCHMENT 1 watershed to Flying Pond, Mt. Vernon
PEAK=2155.4 CFS @ 15.71 HRS, VOLUME=1210.5 AF
ACRES CN SCS TR-20 METHOD
10240.00 53 composite TYPE III 24-HOUR

RAINFALL= 6.10 IN
SPAN= 1-100 HRS, dt=.5 HRS

Method Comment Tc _(min)
DIRECT ENTRY to Lake 258.0
SUBCATCHMENT 2 area to Hopkins Stream
PEAK=1637.4 CFS @ 13.77 HRS, VOLUME=673.26 AF
ACRES CN SCS TR-20 METHOD
9600.00 45 composite TYPE TI1 24-HOUR

RAINFALL= 6.10 IN
SPAN= 1-100 HRS, dt=.5 HRS

Method Comment Tc (min)
DIRECT ENTRY to Hopkins Stream 120.0
SUBCATCHMENT 3 area to Echo Lake
PEAK= 982.4 CFS @ 13.77 HRS, VOLUME=403.96 AF
ACRES CN SCS TR-20 METHOD
5760.00 45 TYPE TIT 24-HOUR

RAINFALL= 6.10 IN
SPAN= 1-100 HRS, dt=.5 HRS

Method Comment Tc (min)
DIRECT ENTRY to Echo Lake 120.0
SUBCATCHMENT 4 area to Lovejoy
PEAK= 982.4 CFS @ 13.77 HRS, VOLUME=403.96 AF
ACRES CN SCS TR-20 METHOD
5760.00 45 composite TYPE TIT 24-HOUR

RAINFALL= 6.10 IN
SPAN= 1-100 HRS, dt=.5 HRS

Method Comment Tc (min)
DIRECT ENTRY to Lovejoy 120.0




Data for androscoggin lake Page 8
TYPE III 24-HOUR RAINFALL= 6.10 IN

Prepared by Northstar Hydro 13 Feb 02

HydroCAD 5.01 001047 (c) 1986-1998 Applied Microcomputer Systems

SUBCATCHMENT 5 area to Pocasset
PEAK= 982.4 CFS @ 13.77 HRS, VOLUME=403.96 AF
ACRES CN SCS TR-20 METHOD
5760.00 45 composite TYPE IIT 24-HOUR
RAINFALL= 6.10 IN
SPAN= 1-100 HRS, dt=.5 HRS
Method Comment Tc (min)
DIRECT ENTRY to Pocasset 120.0
SUBCATCHMENT 6 area to Parker Pond
PEAK=1200.8 CFS @ 13.77 HRS, VOLUME=493.73 AF
ACRES CN SCS TR-20 METHOD
7040.00 45 composite TYPE II1 24-HOUR
RAINFALL= 6.10 IN
SPAN= 1-100 HRS, dt=.5 HRS
Method Comment Tc (min)
DIRECT ENTRY to Parker Pond 120.0
SUBCATCHMENT 7 to Androscoggin Lake
PEAK=44729.4 CFS @ 15.20 HRS, VOLUME=2187.8 AF
ACRES CN SCS TR-20 METHCD
12160.00 62 TYPE III 24-HOUR
RAINFALL= 6.10 IN
SPAN= 1-100 HRS, dt=.5 HRS
Method Comment Tc (min)
DIRECT ENTRY to Androscoggin 240.0
SUBCATCHMENT 8 direct ro to lakes
PEAK= 13950 CFS @ 12.68 HRS, VOLUME=3338.6 AF
ACRES CN SCS TR-20 METHOCD
6835.00 98 TYPE III 24-HOUR
RAINFALL= 6.10 IN
SPAN= 1-100 HRS, dt=.5 HRS
Method Comment Tc (min)

DIRECT ENTRY to lakes 72.0



Data for androscoggin Tlake Page 9
TYPE III 24-HOUR RAINFALL= 6.10 IN
Prepared by Northstar Hydro 13 Feb 02
HydroCAD 5.01 001047 (c) 1986-1998 Applied Microcomputer Systems
POND 1 Flying Pond
Qin =2155.4 CFS @ 15.71 HRS, VOLUME=1210.5 AF
Qout= 880.6 CFS @ 20.20 HRS, VOLUME=1192.1 AF, ATTEN= 59%, LAG= 269.8 MIN
ELEVATION AREA INC.STOR CUM.STOR STOR-IND METHOD
(FT (AC) (AF) (AF) PEAK STORAGE = 605.11 AF
345.0 320.00 0.00 0.00 PEAK ELEVATION= 346.8 FT
350.0 336.00 1640.00 1640.00 FLOOD ELEVATION= 350.0 FT
START ELEVATION= 345.0 FT
SPAN= 1-100 HRS, dt=.5 HRS
Tdet= 624.4 MIN (1192.1 AF)
# ROUTE INVERT QUTLET DEVICES
1 P 345.0" 130" BROAD-CRESTED RECTANGULAR WEIR
Q=C L H°1.5 C=2.7, 2.7, 2.7, 2.7, 2.8, 2.8, 3, 3
POND 2 Hopkins Stream

Qin =1661.5 CFS @ 13.83 HRS, VOLUME=1865.4 AF

Qout= 656.3 CFS @ 26.50 HRS, VOLUME=1720.4 AF, ATTEN= 60%, LAG= 760.3 MIN
ELEVATION AREA INC.STOR CUM.STOR STOR-IND METHOD
(FT) (AC) (AF) (AF) PEAK STORAGE = 935.44 AF
324.0 320.00 0.00 0.00 PEAK ELEVATION= 326.8 FT
329.0 340.00 1650.00 1650.00 FLOOD ELEVATION= 329.0 FT
START ELEVATION= 324.0 FT
SPAN= 1-100 HRS, dt=.5 HRS
Tdet= 1123.3 MIN (1711.71 A
# ROUTE INVERT OUTLET DEVICES
1 P 324.0" 50" BROAD-CRESTED RECTANGULAR WEIR
Q=C L H"1.5 C(C=2.65, 2.65, 2.7, 2.7, 2.75, 2.75, 2.8, 2.8
POND 3 Echo Lake

Qin =1022.2 CFS @ 13.86 HRS, VOLUME=2308.4 AF

Qout= 353.2 CFS @ 44.31 HRS. VOLUME=1705.7 AF, ATTEN- 65%, LAG= 1826.9 MIN
ELEVATION ~ AREA  INC.STOR CUM.STOR STOR-IND METHOD
(FT) (AC) (AF) (AF) PEAK STORAGE = 1087.66 AF
319.0  1155.00 0.00 0.00 PEAK ELEVATION= 319.9 FT
324.0 1200.00 5887.50 5887.50 FLOOD ELEVATION= 324.0 FT
START ELEVATION= 319.0 FT
SPAN= 1-100 HRS, dt=.5 HRS
Tdet= 1764.9 MIN (1697.12 A
# ROUTE _INVERT QUTLET DEVICES
1 P 319.0" 150" BROAD-CRESTED RECTANGULAR WEIR

Q=C L H"1.5 C(C=2.65, 2.65, 2.65, 2.7, 2.7, 2.75, 2.75, 2.8



Data for androscoggin lake Page 10
TYPE III 24-HOUR RAINFALL= 6.10 IN

Prepared by Northstar Hydro 13 Feb 07

HvdroCAD 5.01 001047 (c) 1986-1998 Applied Microcomputer Systems

POND 4 Lovejoy Pond

Qin = 990.7 CFS @ 13.78 HRS, VOLUME=2109.6 AF
Qout= 336.1 CFS @ 52.53 HRS, VOLUME=1892.5 AF, ATTEN= 66%, LAG= 2324.7 MIN

ELEVATION AREA INC.STOR CUM.STOR STOR-IND METHOD
(FT) (AC) (AF) (AF) PEAK STORAGE =  334.38 AF
302.0 348.00 0.00 0.00 PEAK ELEVATION= 302.9 FT
307.0 400.00 1870.00 1870.00 FLOOD ELEVATION= 307.0 FT

START ELEVATION= 302.0 FT
SPAN= 1-100 HRS, dt=.5 HRS
Tdet= 721 MIN (1882.95 AF)

# ROUTE INVERT QUTLET DEVICES
1 P 302.0" 150" BROAD-CRESTED RECTANGULAR WEIR
Q=C L H"1.5 C(=2.65, 2.65, 2.65, 2.7, 2, 2.7, 2.75, 2.73

POND 5 Pocasset Lake

Qin = 14306 CFS @ 12.71 HRS, VOLUME=5635.0 AF
Qout=3520.8 CFS @ 14.73 HRS, VOLUME=5292.0 AF, ATTEN= 75%, LAG= 121.2 MIN

ELEVATION AREA INC.STOR  CUM.STOR STOR-IND METHOD
(FT) (AC) (AF) (AF) PEAK STORAGE = 2107.65 AF
284.0 445 .00 0.00 0.00 PEAK ELEVATION= 288.5 FT
289.0 500.00 2362.50 2362.50 FLOOD ELEVATION= 289.0 FT

START ELEVATION= 284.0 FT
SPAN= 1-100 HRS, dt=.5 HRS
Tdet= 661.9 MIN (5291.99 AF

# ROUTE INVERT QUTLET DEVICES
1 P 284.0" 133" BROAD-CRESTED RECTANGULAR WEIR
Q=C L H"1.5 C=2.65, 2.65, 2.65, 2.7, 2.7, 2.7, 2.8, 2.8

POND 6 PArker Pond

Qin =1200.8 CFS @ 13.77 HRS, VOLUME=493.73 AR
Qout= 34.97 CFS @ 26.21 HRS, VOLUME=184.11 AF, ATTEN= 97%, LAG= 746.3 MIN

ELEVATION AREA INC.STOR CUM.STOR STOR-IND METHOD
(FT) (AC) (AF) (AF) PEAK STORAGE =  466.00 AR
358.0 1770.00 0.00 0.00 PEAK ELEVATION= 358.3 FT
363.0 1860.00 9075.00 9075.00 FLOOD ELEVATION= 363.0 FT

START ELEVATION= 358.0 FT
SPAN= 1-100 HRS, dt=.5 HRS
Tdet= 2412.5 MIN (183.19 AF

# ROUTE INVERT QUTLET DEVICES
1 P 358.0° 100" BROAD-CRESTED RECTANGULAR WEIR
Q=C L H"1.5 C(=2.65, 2:65, 2.65, 2.7, 2.7, 2.75, 2.75, 2.8




Data for androscoggin lake
TYPE ITI 24-HOUR RAINFAL!= 6.10 IN
Prepared by Northstar Hydro
(c) 1986-1998 Applied Microcomputer Systems

HydroCAD 5.01 001047

Page 11
13 Feb 02

POND 7

Androscoggin Lake

Qin =7917.1 CFS @ 15.13 HRS,
Qout= 578.7 CFS @ 35.42 HRS,

ELEVATION AREA

VOLUME=/7479.8 AF
VOLUME=3875.8 AF,

INC.STOR  CUM.STOR

ATTEN= 93%, LAG= 1217.0 MIN

STOR-IND METHOD

(FT) (AC) (AF) (AF) PEAK STORAGE = 4721.90 AF
269.0  4240.00 0.00 0.00 PEAK  ELEVATION= 270.0 FT
274.0  4876.00 22790.00 22790.00 FLOOD ELEVATION= 274.0 FT
279.0  5607.00 26207.50 48997.50 START ELEVATION= 269.0 FT
284.0  6448.00 30137.50 79135.00 SPAN= 1-100 HRS, dt=.5 HRS
Tdet= 2410.5 MIN (3856.37 A
# ROUTE INVERT QUTLET DEVICES
1 P 260.0" two gates ELEV(FT) DISCH(CFS)
260.0 0.00
266.0 5.00
266.5 100.00
267.4 200.00
269.8 500.00
271.3 1000.00
273.5 2000.00
277.2 3000.00
279.9 5000.00
282.4 7500.00



Dead River Dam
Study to Minimize Flood Flows from the Androscoggin River into the Androscoggin Lake

Appendix G
Calculations to Derive the Elevations for each Flood
Event for Configurations of Various Flashboards

q:\clients\state of maine\proposal-contract\9620 dead river dam assessment\final report\_complete report.doc
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Time for Lake to Drain, assuming numkers on preceding chart for lake levels.
Time based on time to drain first level to next level in chart, at 5000 acre feet per foot, at given flowrate {from HECRAS)
no boards 2' boards 2/3' board:3' boards 4' boards

1-year flood in lake

eley 2735

outflow 1000

time, days 25

elev 2725 2722

outflow 800 750

time 32 2.4

elev 271.5 2715 2715 271.5 271
outflow 750 750 750 750 600
time, days 3.4 3.4 3.4 3.4 2.1
elev 2705 2705 270.5 2705 2705
outfiow 550 550 550 550 550
time 23 23 23 23 23
elev 270 270 270 270 270
TOTAL TIME to 270 11.3 8.0 5.7 5.7 4.4

2-year floed in lake

2743
1800
0.4
elev 274 273.4 27268 272.3
outflow 1500 900 750 700
time 34 39 2.0 1.1
elev 272 272 272 272 271.2
outftow 700 700 700 700 600
time 7.2 7.2 72 72 5.0
elev 270 270 270 270 270
TOTAL TIME to 270 11.0 11.1 9.2 8.3 5.0
S-year flood in lake
eley 275.6 2753 275 274.8 274.7
outflow 2000 1400 1300 1250 1250
fime 20 23 1.8 1.8 1.4
elev 274 274 274 274 274
outflow 1200 1000 1000 1000 1000
time 42 5.0 5.0 5.0 50
elev 272 272 272 272 272
outflow 700 700 700 700 700
time 72 72 7.2 72 7.2
elev 270 270 270 270 270
TOTAL TIME tc 270 13.4 146 14.2 13.9 13.7
10-year flood in lake
elev 2785
outflow 4500
time 03
elev 278 278 2775 2772 277
outflow 4000 2500 2400 2300 1500
time 1.3 20 1.6 13 1.7
elev 278 276 276 276 278
outflow 3000 1500 1400 1300 1300
time 1.7 34 386 39 38
elev 274 274 274 274 274
oufflow 1200 1000 1000 1000 1000
time 42 5.0 5.0 50 5.0
elev 272 272 272 272 272
outflow 700 700 700 700 700
time 7.2 7.2 72 72 72
elev 270 270 270 270 270

TOTAL TIME to 270 146 178 17.4 17.4 17.8



25-year flood in lake

glev
outflow
fime
elev
outflow
time
elev
outflow
time
elev
outflow
time
elev
outflow
time
elev
outflow
time
elev
outflow
time
elev

TOTAL TIME to 270
100-year flood in lake

elev
outflow
time
elev
outflow
time
elev
outflow
time
elev
outflow
fime
glev
outflow
time
elev
autflow
time
elev
outflow
time
eley
outflow
time
elev

TOTAL TIME to 270

2813
7000
05

08
278
1.3
276

1.7
274
1200
42
272
700
72
270

18.7

285
12000
04
284
11000
05
282

281

0.5

13
278

20
276
1500
3.4
274

50
272
700

72
270

19.4

2845
11500
04
284
10500
05
282

038
280

1.3
278
20
276
18500
3.4
274
1000
5.0
272
700
7.2
270

206

281
4700
0.5

1.4
278

21
276
1400
3.6
274
1000
50
272

72
270

19.9

2845
11000

278

281

06

1.7
278

22
276
1300
274
1000
272
700
72
270

20.6

2845
10500
05
284

05
282
5200
1.0
280

1.7
278

22
278

39
274
50
272
700
270

20

279
2400
16
2775
1500

276
1300
39
274
1000
50
272
700
7.2
270

2842

05
284
9700
05
2808



Dead River Dam

Study to Minimize Flood Flows from the Androscoggin River into the Androscoggin Lake

Appendix H
Figures 2 - 17

Figures included in this Appendix.:

Figure 2. Streamflow Frequency vs. Drainage Area — Androscoggin River Basin

Figure 2A.

Androscoggin and Swift Rivers, Flood Frequency Curves

Figure 3. Androscoggin River - Water Surface Profiles
Figure 4. Androscoggin River - Low Flows

Figure 5A.

to 280.
Figure 5B.

to 275.
Figure 5C.

to 275.
Figure 5D.

to 280.
Figure 5E.
Figure 6A.
Figure 6B.
Figure 6C.
Figure 7A.
Figure 7B.
Figure 7C.
Figure 8A.
Figure 8B.
Figure 8C.
Figure 9A.
Figure 9B.
Figure 9C.

Figure 10A.
Figure 10B.
Figure 10C.
Figure 11A.
Figure 11B.
Figure 12A.
Figure 12B.
Figure 13A.
Figure 13B.
Figure 14A.
Figure 14B.
Figure 15A.
Figure 15B.

Water Surface Profile, Flow from River to Lake, No Boards, Starting Elevation 271
Water Surface Profile, Flow from River to Lake, No Boards, Starting Elevation 269
Rating Curve of Flow vs. Elevation at Section L, No Boards, Starting Elevation 269
Rating Curve of Flow vs. Elevation at Section L, No Boards, Starting Elevation 271

Rating Curves of Flow vs. Elevation at the Dam, No Boards
Water Surface Profile, Flow from River to Lake, no dam
Rating Curve of Flow vs. Elevation at Section L, River to Lake, no dam
Rating Curve of Flow vs. Elevation at Dam, River to Lake, no dam
Water Surface Profile, Flow from River to Lake, 2’ Boards
Rating Curve of Flow vs. Elevation at Section L, River to Lake, 2’ Boards
Rating Curve of Flow vs. Elevation at Dam, River to Lake, 2’ Boards
Water Surface Profile, Flow from River to Lake, 3°/2° Boards
Rating Curve of Flow vs. Elevation at Section L, River to Lake, 3°/2° Boards
Rating Curve of Flow vs. Elevation at Dam, River to Lake, 3°/2” Boards
Water Surface Profile, Flow from River to Lake, 3° Boards
Rating Curve of Flow vs. Elevation at Section L, River to Lake, 3° Boards
Rating Curve of Flow vs. Elevation at Dam, River to Lake, 3° Boards.
Water Surface Profile, Flow from River to Lake, 4’ Boards. .
Rating Curve of Flow vs. Elevation at Section L, 4’ Boards. :
Rating Curve of Flow vs. Elevation at Dam, River to Lake, 4’ Boards
Water Surface Profile, Flow from Lake to River, no boards
Rating Curve of Flow vs. Elevation at Dam, Lake to River, no boards
Water Surface Profile, Flow from Lake to River, 2° boards
Rating Curve of Flow vs. Elevation at Dam, Lake to River, 2’ boards
Water Surface Profile, Flow from Lake to River, 3’ /2° boards
Rating Curve of Flow vs. Elevation at Dam, Lake to River, 3’ /2° boards
Water Surface Profile, Flow from Lake to River, 3 boards
Rating Curve of Flow vs. Elevation at Dam, Lake to River, 3’ boards
Water Surface Profile, Flow from Lake to River, 4’ Boards
Rating Curve of Flow vs. Elevation at Dam, Lake to River, 4° Boards
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Dead River Dam
Study to Minimize Flood Flows from the Androscoggin River into the Androscoggin Lake

Figure 16. 1987 Flood Hydrograph of Androscoggin River Flow
Figure 17. Occurrence of Peak Rainfall
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Table 7.--Maximum rainfall depths for selected durations and times «
Portland and Milo, Maine, and Pinkham Notch, N.H., during th
March 30 through April 9, 1987
[Hourly data from National Oceanic and Atmospheric Administration]
Portland Milo Pinkham Notch
puration Depth Time of Depthl Time of Dep\:h1 Time of
(hours) (inches) occurrence (inches) occurrence (inches) accurrence
3 0.64 0600 to 0900 hours 0.7 0100 to 0400 hours 1.2 1300 to 1600 hours
March 31 April 1 Mareh 31
6 1.07 0500 to 1100 hours 1.3 2100 hours March 31 to 2.4 1300 to 1900 hours
March 31 0300 hours April 1 March 31
12 1.70 0300 to 1500 hours 2.3 1500 hours March 31 to 4.1 1000 to 2200 hours
March 31 0300 hours April 1 March 31
24 2.90 0300 hours March 31 to 3.4 0800 hours March 31 to 6.3 Mareh 31
0300 hours April 1 0800 hours April 1
48 3.41 March 31 and April 1 4.1 March 31 and April 1 8.3 March 31 and April 1
! Hourly precipitation totals at Milo and Pinkham Notch published to nearest tenth of ,an inch.

At Portland, maximum precipita- during the storms of March 30 to April
tion intensities occurred in the 9 were not unusual. In fact, one could
morning and early afternoon of March expect the maximum precipitation for
31. In the upland areas represented by periods of 3 to 6 hours duration which
Pinkham Notch and Milo, maximum precip- occured during the 1987 flood to be
itation intensities occurred in the equalled or exceeded, on average, as
evening of March 31 and early morning frequently as once a year. Maximum
of April 1. precipitation at Portland for periods

as much as 48 hours in duration never

Rainfall-frequency relations for reached recurrence intervals as high as
storms of selected durations at Port- 2 years. At Milo, recurrence intervals
land and Milo, Maine and Pinkham Notch, of maximum precipitation totals for 24
N.H., are summarized 1in table 8. and 48 Thours were approximately 5
Comparison of data in tables 7 and 8 years; however, the precipitation dis-
indicates that the maximum short- tribution at Milo, shown in figure 12,
duration precipitation intensities indicates that most of the

precipitation during the first storm
12
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w 10.2 inches
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Figure 12.--Cumulative rainfall, March 30 through April 9, 1987, Portland and Mile,
Maine, and Pinkham Notch, N.H.
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