31.

HYDRAULIC ANALYSIS - LINCOLN SCHOOL DAM

Hydrologic criteria used in the preliminary sizing of the
spillway crest length and the spillway tainter gates was presented
in Design Memorandum No. 2, Section IV - Lincoln School Dam Spillway Design Flood, dated April 1976. Hydraulic analysis of the
spillway and the hydraulics of diversion will be presented in a
separate feature design memorandum for the Lincoln School spillway.
The plan for diversion during construction at Lincoln School Dam
is described in paragraph 52.

0.
32.

GEOLOGY AND SOILS

GENERAL GEOLOGY

The wilderness area which comprises much of the upper St. John
River basin in the United States was not mapped topographically
until 1953. Geologic mapping has been limited to reconnaissance
scope supplemented by photogeologic mapping and an airborne resistivity survey to assist in locating sources of construction materials.
The only published detailed geologic investigations in the immediate
area are in the igneous rock area at Deboullie Mountain. In the
Canadian part of the upper basin, detailed geologic mapping of
correlative value is available for much of the area adjacent to the
international border.
During the 1966 field season, reconnaissance of the upper
basin by the U.S. Geological Survey (USGS) was supported by the
New England Division, Corps of Engineers in investigation of the
general regional geology and evaluation of the possibility of
economic mineral deposits. This reconnaissance preliminarily
reported that no deposits of economical value were indicated in
the areas of flowage. Additional study by the use of an airborne
magnetometer conducted in conjunction with the airborne resistivity
survey in 1975 did not outline anomalies usually associated with
abnormally high magnetic mineralization in the flowage areas.
The upper St. John River basin is a maturely dissected upland
region which has been modified by glaciation. The headwaters area
is predominantly a region of low relief with wide, flat plains,
mostly swamps, and low, broadly domed hills with occasional, widely
scattered monadnocks. Downstream from the headwaters of the reservoir along the main river and throughout the Allagash and Little
Black River drainage areas, the relief is greater and the topography
is rougher with steep hills and narrow-crested, broken ridges
rising above generally narrow, trough-like valleys. Till consisting
of variable, gravelly, silty to clayey sand with cobbles and boulders,
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deposited by the last glacier blankets the bedrock throughout most
of the region. The till is generally thin on the upper slopes and
crests of the hills and in these areas bedrock is occasionally
exposed. The valley bottom and lower hillsides are generally deeply
filled with till and outwash left by the wasting glacier. The
outwash deposits - composed of variable, roughly stratified, silt,
silty sands and gravels with lenses and sheets of till - occur in
locally thick outwash plains in the valley bottoms and in terraces
which are persistent but very irregular in thickness along the
lower valley walls.
Because the St. John River drains northward, it was dammed at
successive locations against the retreating ice front. In the
sluggish pools thus formed, thick deposits of laminated fine sand,
silt and clay were laid down. As a consequence of the thick filling
in the valley bottoms, the rivers now flow high above the deep preglacial bedrock valleys, and rock is exposed only in spurs high on
the old valley walls and at isolated rapids in the river channels.
Bedrock in the basin consists of a series of lower Paleozoic
rocks mainly shaly slate with minor units of quartzite, argillite,
limestone and greenstone. These rocks have been folded along axes
trending generally northeasterly. Original bedding is largely
obscured but slaty cleavage is wel1-developed. The only major
occurrence of igneous rocks in the upper basin is the syenite and
granodiorite in the vicinity of Deboullie Mountain. A smaller area
of granite occurs in the remote Priestly Lake area.
33.

SURVEYS AND SUBSURFACE EXPLORATIONS
a.

Surveys

(1) Dickey Dam and Dikes. - Surveys prior to November 1966
consisted of baseline profiles (proposed center!ines) made in 1963
at Dickey Dam and the dikes sites on Falls Brook, Hafey Brook and
Campbell Brook. USGS quadrangle mapping enlarged to a scale of
500 ft. to the inch was used in conjunction with baseline survey at
Dickey Dam to initially lay out the subsurface explorations. Advance
preliminary sheets of photogrammetry on a scale of *00 ft. to the
inch became available in November 1966 and were utilized to better
topographically position alignment of the North Dam and to locate
explorations for that embankment. Detailed ground survey at a
scale of 50 ft. to the inch has now been completed for the area of
Diversion Works and Power Facilities.
(2) Lincoln School Dam. - Topography used as a basis for
the exploratory layout shown on Plate 4A-34 is based on photogrammetric
survey completed in January 1967.
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(3) Reservoirs. - Photogrammetric surveys on a scale of
400 ft. to the inch to elevation 950 ft. msl were completed in the
Dickey Reservoir and to elevation 650 ft. msl in the Lincoln School
Reservoir. The contour interval at main structures and for the
Lincoln School pool is 5 ft. Elsewhere the contour interval is
10 ft. The photogrammetry also included the Deboullie Mountain
area and a strip along possible access thereto. The photogrammetry
has been extended at selected areas above elevation 650 ft. msl along
the reach of river between Lincoln School and Dickey to provide detail, primarily for earthen borrow investigations.
b.

Subsurface Explorations

(1)
following:

Dickey Dam and Dikes. - Explorations consisted of the
(a)

August-November 1963:

Dickey Dam, Upper Site. -Eight borings now
utilized and redesignated in,the program of earthen borrow investigations.
Dickey Dam, Present Site. - Seven borings of
general distribution and minimum penetration into bedrock.
Falls Brook Dike. - Three borings distributed
as shown in profile on Plate 4A-30.
Hafey Brook Dike. - One boring was completed.
(b)

January-July 1966:

Contract explorations consisted of 100 borings
principally concentrated at the Dickey South Dam and at locations
of Diversion Works and Power Facilities. The contract was extended
for 8 borings and a test trench in the Campbell Brook saddle area to
investigate for a possible siting as a remote spillway.
(c)

November 1966-November 1967:

Contract explorations completed consisted of 56
standard borings and 4 undisturbed overburden sampling borings. This
work was concentrated in the foundation area of the North and South
Dams and constitutes essentially final explorations in those areas.
During this period, 177 contract explorations were made to determine
the quantity and quality of material from potential borrow areas.
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(d)

May-November 1976:

A contract refraction seismic survey was completed in the south abutment area of the North Dam to delineate
the foundation conditions at the proposed location of the new spillway and relocated forebay and diversion tunnel structures. Seven
borings were made on the relocated spillway and diversion structures.
Two undisturbed borings were made on the North Darn to obtain samples
for a pilot dynamic testing program. Six additional borings
scheduled on the realigned North Dam structure were deferred. A
single exploration was made in an area of a potential rock quarry
delineated by the airborne resistivity survey.
(2)

Lincoln School Dam
(a)

1959:

Three borings, LS-1, LS-2 and LS-3 were made in the
study of auxiliary power sites in investigation of the International
Passamaquoddy Tidal Power Project.
(b)

November 1966-April 1967:

Contract explorations of a preliminary nature consisting of 20 standard borings were made as shown on Plata 4A-34.
These borings provided general area coverage to determine type of
dam and layout of structures.
(3) Current and Future Explorations. - Preliminary earth
borrow explorations (10) and test trenches (10) are being made in
new borrow areas within the reservoir area to define the quality and
quantity of available materials. Prospect borings (5) are underway
in potential rock quarry areas as delineated by the airborne resistivity survey. Additional borings (9) are scheduled for detailing of
the selected quarry site.
All future borings including initial borings on the dike
structures, the north abutment of the North Dam, and feature design
borings of structures and seismic surveys for earthquake analysis
are being held in abeyance pending future decisions on the project.
34.

DICKEY DAM

a. General Description of Embankments. - Dickey Dam wculc
consist of two embankments termed the North Dam and the South Dam.
separated by a rock knoll in which the power facilities would be
located. The forebay structure is located between the spillway and
the south (right) abutment of the North Dam. A small dike, termed
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the South Dike, would close the saddle in the topography occurring
south of the South Dam. Both dam embankments would be of the rolled
earth and rockfill type and of basically similar designs. The crest
would be 30 ft. wide with a bituminous surfacing to serve as an access
road. The top elevation would be 925.0 ft. msl, providing a freeboard
of 6.2 ft. above maximum water surface. The South Dam would be approximately 4,380 ft. long with a maximum height at centerline of 280 ft.
The North Dam would be approximately 3,860 ft. long with a maximum
height above streambed of 335 ft.
b. Site Geology. - The St. John River flows in a deep, narrow
valley along the very steep northern side of the main St. John valley
which in this reach is very wide. A prominent relatively high hill
rises from the south (right) bank of the river at the damsite to
divide the main valley into the narrow northern reach occupied by
the river and a wide flat-bottomed saddle which extends to the
moderately steep slope of the southern valley wall. Upstream from
the hill, the wide saddle opens to the broad St. John valley and
downstream it joins the valley of the Allagash River.
Terraces which occur along the lower slopes of the very steep
northern wall of the valley are composed principally of glacial
lake or glacio-fluvial materials. The sands and gravels which
occur in these terraces appear to be interbedded with silt and clay
and in some areas are blanketed by till which has slid or crept down
from the very steep upper slopes. The river channel is paved largely
with cobbles and gravel. The hill on the south side of the river is
bedrock thinly blanketed by till except on the lower slopes along the
river where thick deposits of glacial lake sediments and till occur.
The wide swampy saddle on the south side of the south hill and the
broad St. John valley upstream are floored with sands and gravels
deposited in a shoaling lake over deeper water deposits of silt and
clay. The moderate slopes of the southern valley wall are blanketed
by a till cover which is generally about 15 ft. in thickness. Locally,
however, the till reaches a thickness of over 100 ft. The till is
overlain along the lower part of the slope by a poorly defined terrace
composed of sand and gravel.
Bedrock outcrops on the top of the hill at the proposed spillway
weir, on the spur on the eastern side and in scattered but persistent
exposures on the southern flank. A few exposures of bedrock occur
along the banks of the Allagash River adjacent to the eastern side
of the hill and downstream of the toe of the north embankment on
the north (left) side of the St. John River. Bedrock is also exposed
on the prominent knob forming the south abutment of the North Dam,
in a few small areas on the lower slope below the knob, and above the
height of the North Dam on the north side of the valley. Bedrock
consists mainly of shaly slate interbedded with thin beds of quartzite.
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The foliation trends generally N 40° to 50° E and dips range from
vertical to 70° W. The bedrock is part of the Seboomook formation
which is lower Devonian in age. Figure 4A-2 shows a typical outcrop
of the slate.
c. Foundation Conditions. - The geologic log sections and discussion of bedrock conditions are necessarily generalized since detailed geologic profiles have not been completed. The results of
laboratory tests performed on selected samples of foundation soils
are summarized in Appendix H.
(1) North Dam. - The St. John River at the damsite is
600 to 800 ft. wide and approximately 5 ft. deep. Both abutments
are heavily wooded. Natural slopes on the north abutment are about
1 on 4 and on the south abutment about 1 on 6. Plate 4A-30 shows
a generalized section along the proposed center!ine. More detailed
geologic sections particularly in the north abutment area will be
prepared as current studies are completed and will be presented in
subsequent design memoranda.
Bedrock is deeply buried in the valley by thick deposits
of till and glacial lake sediments. The bedrock surface slopes
steeply downward toward the reservoir from depths estimated to be
about 90 ft. at the downstream toe of dam to more than 230 ft. at
the upstream toe. In the upper part of the south abutment, rock
occurs at depths of from 10 to 20 ft. Rock at the embankment centerline is assumed to be deeply buried under most of the north abutment
but rises very steeply to within a few feet of the ground surface a
short distance above the top of dam.
In the riverbed, deposits of sandy gravel a few feet thick
overlie stratified, laminated lake deposits of sandy to clayey silts
and clay varying in depths of 80 to more than 200 ft. As shown on
Geologic Section, Plate 4A-30, the lake deposits occur beneath the
lower part of the south abutment and under almost the entire north
abutment. Included in these fine-grained lake sediments are occasional
thin lenses or beds of sands, gravels and till. At the surface on the
lower part of the south abutment and in some areas of the north abutment, the silt and clay deposits are covered by a blanket of creep
material ranging in thickness from a few feet to 40 ft. and consisting
mainly of till composed of gravelly, silty to clayey sand with thin
zones of silt, sand and gravel. At higher elevations on both abutments, the overburden is till. Underlying the thick deposits of
silt and clay under the middle of the valley and the lower part of
the south abutment, there is a zone ranging in thickness from a few
feet to 40 ft. composed mainly of stratified sands and silts. This
zone is underlain by till consisting of gravelly, silty sands and
sandy clayey silts which extends to bedrock in the valley bottom.
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Water under artesian pressure was encountered in some of
the sands and gravels which occur in the lake sediments and in the
heterogeneous till which underlies the sediments. Artesian water
was also encountered locally at the till surface and in bedrock.
At borings in the river, artesian head ranged from 5 ft. to 20 ft.
above river level. At borings along the riverbanks, the artesian
water rose 2 to 6 ft. above the ground surface. In some of the
borings, sand ran up in the casing as much as 20 ft. above the
bottom of the casing although artesian water did not reach the top
of the casing.
(2) South Dam. - The bottom of the broad flat valley is
largely a swamp with up to 10 ft. of soft organic deposits. Beaver
ponds occupy much of the valley bottom. Except in the beaver ponds
and parts of the swamp, both the valley bottom and the abutments
are heavily wooded. Natural slopes of the abutments are about 1
vertical on 6 horizontal on the south and 1 on 8 on the north.
Bedrock is about 100 ft. deep at the downstream toe of the
dam and slopes to over 200 ft. at the upstream toe. Bedrock is
exposed or occurs at depths less than 20 ft. throughout the entire
north abutment. Below elevation 800 ft. msl, the rock surface in the
south abutment is at depths of 50 ft. to 150 ft. The rock surfaces
rise steeply in the abutment above elevation 800 ft. msl and are
exposed at the surface at several locations above elevation 900 ft.
The swamp in the broad valley bottom is underlain by outwash ranging up to 40 ft. in thickness and consisting of stratified
silty sands, sandy silt and silt interbedded with laminated and
varved silts and clay. As shown on Geologic Section, Plate 4A-30,
underlying the outwash and extending along the rock surface up
both abutments, the overburden is till consisting of gravelly, silty
sands and sandy, clayey silts. At depths of 70 ft. to 100 ft. below
the surface, a zone of stratified sands, gravels and laminated silts
and clay approximately 15 ft. to 20 ft. thick occurs in the till.
Below this zone, the till extends to bedrock.
Water under artesian pressure was encountered in the zone
of stratified materials in the till and also in bedrock on the
lower south abutment and in the valley bottom. At the borings where
it was encountered, the artesian water rose 2 ft. to 20 ft. above
ground surface.
(3) Bedrock. - The bedrock is primarily dark gray to
black, shaly slate which is moderately hard, thinly foliated,
brittle, generally calcareous and graphitic with local zones of
disseminated pyrite. A harder, more massive phase of the slate
which is not conspicuously foliated occurs in scattered beds. The
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FIGURE

4A-2

SEBOOMOOK SLATE

slate is occasionally interbedded with quartzite which occurs in
both rather massive, relatively thick beds and in thin beds with
shaly partings. Bedding is obscured in much of the slate but, where
apparent, is variable from vertical to 45°. The conspicuous, welldeveloped cleavage trends generally N 40° to 50° E. The dip of
cleavage ranges from vertical to 70°. Although variations occur,
the cleavage most frequently parallels the bedding. The rock has
several well-developed joint systems. A low angle set of joints
ranging in dip from horizontal to about 20° has an attitude normal
or slightly transverse to the cleavage. This set may actually be
two sets with opposite dip. Another joint set dipping at 30° to
45° is generally transverse to the cleavage. Two sets of joints
dipping steeply at 60° to 80° includes a strike set dipping opposite
the cleavage and a dip set transverse to the cleavage. The relationship of the cleavage and jointing is shown on the photograph of a
4-inch diameter core on Figure 4A-3. Figure A A-4 graphically shows
a detailed description of typical rock on the diversion tunnel alignment at the gate chamber structure.
Although the slate is moderately hard and generally fresh,
it is open and broken along numerous, closely spaced cleavage
planes and joints to depths generally up to 15 ft. below the
rock surface and weathering has commonly occurred along these
openings. Locally weathering has progressed along more widely
spaced open joints and cleavage planes to depths of 25 ft. or more.
Gouge and breccia were also encountered at boring D-134 on the tunnel
alignment at depths of 126 to 135 ft. Evidence of possible faulting
consisting of gouge and breccia, occasionally recemented, was found
in several borings in the foundations for embankments for the North
and South Dams and slickensides indicating at least some movement
occurs in many borings.
Hydraulic pressure tests conducted in both 5-1/2 inch and
NX borings generally showed only small water losses. At a few
locations, however, significant losses were encountered. At boring
D-68 in the vicinity of the outlet works tunnel portal and powerhouse excavation, water loss exceeded the capacity of the pump in
the upper 40 ft. of the rock. Below 40 ft. in rock, losses up to
5 gpm at 50 psi were encountered in some 5-foot zones with a consistent loss of 15 gpm at 50 psi in end tests from a depth of 50 ft.
to bottom of the hole at 197 ft. In the upper zones of the rock,
losses of 12 gpm at 0 psi were encountered at boring D-54 on the
south abutment of the South Dam.
The alignment of major structure excavations for the
spillway, powerhouse and tunnels is nearly normal to the strike
of the bedrock structure. Geologic Log Sections on Plates 4A-31
and 4A-32 show the relation of major cleavage to the tunnel and
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structure excavations along the present alignment of the tunnel,
spillway and power facilities. The relationship of structural
excavations to the strike of the rock structure will control the
shape and stability of side slopes in open rock excavations and
will tend to minimize overbreak in the tunnels normal to the strike
of the rock. The closely-spaced and well-developed joint systems,
however, will also be important in controlling final slopes in
excavation. Final design of slopes will require the use of borehole camera and test excavations to determine the orientation of
insitu cleavage which has considerable variations in dip both in
its relationship to bedding and depth. Below the upper open and
weathered zone, the structure of the rock makes it generally adaptable
to application of line-drilling and pre-splitting, particularly
normal to the cleavage. In required excavations, some of which are
up to 300 ft. in depth at the powerhouse structure, grouted and
tensioned rock bolts would be utilized to assist in stabilizing the
rock slopes. (See Plates 4A-29 and 4A-32).
Further adjustments in alignments and locations of structures
may become desirable as design studies progress. At the present
alignment as shown on Geologic Log Sections, Plate 4A-31, rock
cover above the tunnels appears to be adequate with a minimum of
two diameters. Although no unusual problems are anticipated in the
tunnel excavations, the wel1-developed cleavage and the relatively
closely spaced, intersecting pattern of joints will require careful
approach to roof support design particularly in the enlarged gate
chamber area. Roof bolts judiciously oriented would be required and
provisions would be made for use of heavier support locally, particularly in the vicinity of the gate chamber portals and crushed
zones.
Cutoff under the embankments would be carried to bedrock
only where the rock is accessible. Where cutoff under the embankments extends to bedrock, a grout curtain would be constructed in
the rock. Grouting would also be done at the penstock forebay,
concrete non-overflow wall and spillway structure. Because of the
lower head at the higher elevations where grouting would be done on
structures between the North and South Dam, relatively shallow
grouting would be required. On the entire north abutment of the South
Dam, where bedrock is exposed or close to the surface almost to the
valley bottom, deeper grouting would be done to assist in control of
seepage. A grout ring would be constructed to reduce seepage through
the rock along the tunnels.
Preliminary physical tests on six selected samples of the
slate indicate an unconfined average compression strength of
3,656 psi and average unit weight of 174.7 lbs/ft3 with an absorption of approximately 0.2 percent.
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D I C K E Y DAM - D I V E R S I O N
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F I G U R E 4A-4

Slaking tests performed on three samples of shaly slate
from the site showed no significant breakdown during 15 cycles of
wetting and drying. A test quarry, tentatively planned to be
located in the vicinity of the powerhouse excavation, would be
excavated to investigate blasting characteristics of the rock with
regard to fragmentation, to develop pre-splitting techniques and
to assist in determining optimum design slopes and bolting requirements preparatory to plans and specifications. Results of these
tests and additional information on the characteristics of the
bedrock which will be developed by continuing studies, will be
presented in the geology sections of the feature design memoranda.
d. Tentative Embankment Section. - Typical tentative sections
of the north and south embankments, designed for maximum utilizations
of available materials, are shown on Plates No. 4A-8 and 4A-9. The
section designs provide for a minimum core section composed of
impervious glacial till, flanked by large, relatively pervious
zones. The downstream pervious zone includes an inclined pervious
chimney drain on the downstream side of the core, connecting to a
pervious horizontal drainage blanket. The large relatively pervious
zones provide for full utilization of material from required excavation, including rock and the more economically available earth borrow,
and permit earth placement to be carried out over a longer construction season than is possible with moisture sensitive materials such
as glacial till. A crest camber would be provided for the North Dam
embankment to allow for post-construction settlement of the foundation.
Available spoil and waste from required excavations would be
placed at the upstream toe to improve foundation stability and to
lengthen the seepage path where complete cutoff is not provided.
The internal design is such that ample modification can be
made in final design to suit the characteristics of material
actually available and adopted construction sequences, without
requiring a change in outer slopes. Seepage through the embankment
is controlled by the arrangement of the impervious and pervious
fill zones, and foundation seepage is, in general, controlled by
carrying the impervious section of the dam to rock, glacial till,
or other impervious stratum. Relief wells are planned at the
downstream toe where the upper impervious stratum is underlain by
pervious strata and where it is not feasible to obtain complete
foundation cutoff. The relief wells also would relieve deep-seated
artesian pressures which were encountered in some of the subsurface
explorations.
Because of the slaty nature of rock from required excavations,
and the need for processing to remove the expected large quantity of
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fines, rock slope protection would be provided only on the upstream
slopes. Below minimum pool, the rock slope protection would consist
of a thick layer of selected unprocessed rock from required excavation and a minimum thickness of select rock would be used above.
Downstream slopes would be protected by processed gravel and cobbles
obtained from borrow and site excavations, except for the rockfill
drainage toes which would be composed of select rock.
e. Foundation Cutoff. - The impervious sections of the North
and South Dams would be carried to bedrock or other impervious
stratum in order to cut off foundation seepage. Complete cutoff to
rock or glacial till is feasible for all but the central portion
and the north abutment of the North Dam where bedrock is at excessive
depths and cutoff would terminate in a relatively impervious stratum
of fine grained glacial sediment (silt and clay).
For the North Dam, the bottom width of the cutoff would be
80 ft. across the valley, gradually diminishing with height of dam
to a minimum of 20 ft. at elevation 875 ft. msl, 50 ft. below top
of dam. It is estimated that suitable cutoff depth can be reached
at an average depth of about 25 ft. over most of the reach of dam,
with no reaches in excess of about 35 ft. The upper zone of fractured
and jointed bedrock would be grouted where cutoff is carried to rock.
The cutoff for the South Dam would also have a bottom width of
80 ft. across the valley reach, diminishing to a minimum of 20 ft.
at elevation 850 ft. msl on the south abutment. On the north
abutment and above elevation 850 ft. msl on the south abutment, the
impervious core section of the dam would be carried to rock. The
upper zone of fractured and jointed bedrock would be grouted.
Across the valley bottom and in the south abutment, the cutoff
would be carried to an impervious glacial till stratum, varying in
depth from about 35 ft. across the valley bottom to 10 to 20 ft.
on the south abutment.
f. Underseepage Control. - Control of underseepage at both
dams would be effected by means of a pervious horizontal drainage
blanket discharging into rockfill toes and by relief wells. The
relief wells are provided in the valley section of the South Dam
from approximately Station 40+00 to Station 55+00 and at the North
Dam from approximately Station 100+00 to approximately Station 125+00
where complete foundation cutoff is not provided. The depth of wells
would be sufficient to penetrate all pervious strata and would generally be carried to rock in order to provide for relief of artesian
pressures in the rock and immediately overlying pervious strata as
well as intermediate pervious strata which might be connected with
the reservoir in some degree. Twenty-four inch diameter gravel
packed wells, with 8-inch screen and riser sections, at 100 ft.
spacings have been tentatively adopted. Because of severe climatic
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conditions, it is proposed to have all wells discharge below ground
surface to prevent possible blockage and damage from freezing.
g. Instrumentation of Embankments. - All major embankments
would be instrumented with piezometers, settlement and slope
movement gates and accelerographs as may be required for observation of embankment pore pressures, settlements, slope movements,
strong motion and seepage during and after construction. Details
of all instrumentation systems will be presented in applicable
future design memoranda.
35.

FALLS BROOK DIKE

a. General. - The rolled earth and rockfill embankment would
be approximately 3,450 ft. long with a maximum height of 141 ft.
above streambed at the centerline. The crest would be 25 ft. wide,
surfaced with bankrun gravel to serve as an access road. The top
elevation of the dike would be 925 ft. msl, providing a freeboard of
6.2 ft. above maximum water surface.
b. Foundation. - Preliminary explorations consist of three
widely spaced borings made in 1963 along a tentative centerline
as shown in section on Plate 4A-30. These explorations indicate
a predominately till overburden extending to bedrock at a maximum
explored depth of about 100 ft. (FB-1). Artesian flow with a maximum head of 4.2 ft. above ground was encountered in this boring at
a depth of about 60 ft. and continued through completion of drilling.
The till in the valley section is capped by 10-20 ft. of relatively
pervious outwash consisting of silty sands and gravels with minor
lenses of till. The bedrock exposed on the left abutment above
the height of dikes and cored in the borings is the regional
shaly slate. There are no required excavations in rock.
c. Embankment Section. - The tentative section for the dike
is shown on Plate No. 4A-21. Presently known sources of large
quantities of earth borrow in the vicinity of the dike site appear
to be deposits of relatively impervious glacial till. Therefore,
the dike section has been tentatively selected as an essentially
homogeneous impervious fill with impervious cutoff carried through
shallow pervious deposits to rock or impervious glacial till. Where
cutoff is made to rock, a grout curtain would be provided for controlling through and under seepage. Slope protection on the upstream slope above minimum pool would consist of selected quarried
rock on gravel bedding. Below this elevation, and on the downstream
slope, selected rock from the required excavations at Dickey Dam or
processed gravel and cobbles, would be used.
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36.

HAFEY BROOK DIKE

a. General. - The rolled earth and rockfill embankment would
be approximately 2,150 ft. long with a maximum height above streambed at centerline of 62 ft. The crest would be 25 ft. wide, surfaced with bankrun gravel to serve as an access road. The top
elevation of the dike would be 924.0 ft. msl, providing a freeboard
of 5.2 feet above maximum water surface.
b. Foundation. - One boring was completed in the 1963 investigations on the east abutment on a tentative centerline. The
regional shaly slate is exposed on the west abutment along a tote
road immediately south of the site. There are no required excavations in rock. Immediately north of the site there is an extensive
outwash plain floored with sands and gravel and, although till is the
overburden on the east abutment, there is a possibility of a deep,
pervious filled valley in the bedrock to occur at the present alignment under the valley section and west abutment.
c. Embankment Section. - The tentative section for the dike is
shown on Plate No. 4A-21. the materials indicated to be available
in the vicinity of the site for embankment construction are pervious
sands and gravels and impervious glacial till. The dike section,
which has been selected to utilize these materials, is of the zoned
type with central impervious glacial till zone flanked by outer
zones of pervious sand and gravels. Cutoff to bedrock or other
impervious stratum does not appear feasible in the valley bottom
and on the west abutment. For this reach of dam, a horizontal upstream impervious fill blanket connected to the core, a pervious
fill drainage trench downstream of the core, and a downstream rock
toe would be provided for control of underseepage. On the east
abutment where bedrock or impervious glacial till is accessible,
the upstream impervious blanKet would be eliminated and the impervious section of the dam carried to rock or till to provide a
positive cutoff in this reach. A grout curtain would be provided
where cutoff is made to rock. Upstream or reservoir side slope protection would consist of select quarry rock on gravel bedding above
minimum pool and processed gravel and cobbles below. The downstream
slope protection would probably consist of locally quarried rock
(quartzite) on gravel bedding.
37.

CUNLIFFE BROOK DIKE

a. General. - The rolled earthfill embankment would be approximately 1,050 ft. long with a maximum height of 26 ft. above the
streambed at the centerline. The 25-foot wide crest would be surfaced with bankrun gravel to serve as an access road. The top
elevation of the dike would be 924 ft. msl, providing a freeboard of
5.2 ft. above maximum water surface.
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b. Foundation. - No explorations have yet been made at Cunliffe Brook. For preliminary design purposes, foundation conditions
similar to those described in paragraph 39 for the South Dike have
been assumed.
c. Embankment Section. - The tentative section for the dike
is shown on Plate 4A-22. The embankment would be essentially a
homogeneous impervious fill. An impervious cutoff would be carried
through any surficial pervious deposits to impervious glacial till
or rock. Seepage through the embankment would be controlled by a
processed sand filter under the downstream portion of the embankment
between the impervious fill and the foundation materials. Slope
protection would consist of select rock on gravel bedding on the
upstream slope and processed gravel and cobbles on the downstream
slope.
38.

CAMPBELL BROOK DIKE

a. General. - The rolled earthfill embankment would be
approximately 700 ft. long with a maximum height of 9 ft. The
25-foot crest would be surfaced with bankrun gravel to serve as an
access road. The top elevation of the dike would be 924 ft. msl,
providing a freeboard of 5.2 feet above maximum water surface.
b. Foundation. - Preliminary explorations in the Campbell
Brook area consist of eight explorations. These explorations were
widely spaced borings made in 1966 for a proposed spillway alignment which has since been abandoned. A saddle dike is now proposed
for this area. Within 600 ft. of the centerline for this dike are
two borings. These indicate a predominately till overburden
within the upper 35 ft., the maximum depth explored. The fill in
the saddle area is capped by up to about 5 ft. of relatively
pervious outwash materials consisting of silts and silty sands.
There is no bedrock exposed within the alignment of the dike.
c. Embankment Section. - The tentative section for the dike
is shown on Plate 4A-22. The embankment would essentially be a
homogeneous impervious fill with an impervious cutoff carried
through shallow pervious deposits to impervious glacial till.
Slope protection on the upstream slope would consist of select
rock on gravel bedding. On the downstream slope, select gravel
and cobbles would be used. A processed sand filter would be
placed under the downstream portion of the embankment between the
impervious fill and the foundation materials, to control seepage
through the dike.
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39.

SOUTH DIKE

a. General. - The rolled earthfill embankment would be
approximately 1,170 ft. long with a maximum height of 15 ft. above
the centerline at the saddle. The crest would be 25 ft., surfaced
with bankrun gravel to serve as an access road. The top elevation
of the dike would be 924 ft. msl, providing a freeboard of 5.2 ft.
above maximum water surface.
b. Foundation. - Preliminary explorations in the South Dike
area consist of three borings. These were widely spaced borings
with one made in 1963 to the northwest and two made in 1967 to the
southeast of the present centerline. All are within 500 ft. of
the centerline. (See Plate 4A-29). These explorations indicate a
predominately till overburden extending to bedrock at a maximum
explored depth of about 45 ft. The till in this saddle area is
capped by 3 to 15 ft. of relatively pervious outwash consisting of
gravelly sandy silt, sandy gravelly silt, gravelly silty sand, and
silty sandy gravel. No bedrock is exposed within the alignment of
the dike.
c. Embankment Section. - The tentative section for the dike
is shown on Plate 4A-9. TEe embankment would essentially be a
homogeneous impervious fill section with an impervious cutoff
carried through the shallow pervious deposits to impervious glacial
till. Seepage through the dike would be controlled by a processed
sand filter under the downstream portion of the embankment between
the impervious fill and the foundation materials. Slope protection
on the upstream slope would consist of select rock on gravel bedding.
The downstream slope would be protected by select gravel and cobbles
from the Dickey Dam excavation.
40.

LINCOLN SCHOOL DAM

a. General. - Lincoln School Dam would consist of a rolled
earth and rockfill embankment constructed across the St. John
River. Crest width would be 40 ft. with a bituminous surface for
a road. The top elevation of the dam would be 630 ft. msl. The
embankment would be approximately 1,520 ft. long with a maximum
height above streambed of 90 ft. A gated spillway and power structure
would be located in the south (right) abutment.
b. Site Geology. - The site is located about 11 miles downstream of the Dickey damsite. The north (left) abutment is steep
and heavily wooded except near shore where a small gravelly terrace
persists through the site. On the right abutment, the ground is
open, cultivated and terrace-like with an elevation slightly above
the height of dam at the top of bank and continues to gradually
rise well beyond the limits of the dam. The bedrock, shaly slate,
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is the regional Seboomook formation found at the Dickey damsite.
The slate trends nearly parallel to the river with near vertical
dip of cleavage. Extensive outcrops occur along the river's edge
on the left and also on the right where exposure intermittently
reaches near the top of bank and height of dam. The slate again
outcrops on the far right abcut 1,000 ft. beyond the limits of the
dam. Boring LS-11, not shown on the plan (Plate 4A-34) located
between the aforementioned outcrops and right abutment explorations at the dam, indicates that the intervening rock surface
contains no buried channel and that an old course of the river may
be reflected in the outwash deposits along Petite Brook approximately a mile to the east.
c. Explorations. - The boring layout shown on Plate 4A-34 is
of general distribution with consideration to a earthen dam with a
spillway and powerhouse in the right abutment or possibly a concrete
overflow dam incorporating the powerhouse structures.
d. Foundation. - The geologic log section as shown on Plate
4A-34 is necessarily generalized since many of the rock core samples
have not yet been examined. The overburden is generally glacial
till extending to the rock surface. The only distinct outwash
deposition is the narrow terrace on the left abutment which would
be completely cut off to the underlying till or to the rock surface.
The till in the river section under the main portion of embankment
contains interbeds of gravel and compact sandy silt. Control of
seepage and artesian zones is discussed in the following paragraphs.
The slate bedrock is similar to that at Dickey Dam, thin bedded,
with fissile zones but mostly massive. The strike of cleavage is
about the same as at Dickey N 40° - 50° E, and the dip is vertical
to 85° westerly. The sides of main structure excavations would
roughly parallel the cleavage. Careful excavation methods and
rock bolting are planned in preservation of side slopes to the best
extent possible. Hydraulic pressure testing was performed in 5 of
the 23 borings made to date. Three tests in the river section
showed minor flows mostly in zones near the surface, however, tests
on the near right abutment in borings LS-5 and LS-23 in the proposed
area of structures showed losses for considerable depth attaining
maximum flow of 34 gpm at a maintained pressure of only 20 psi. A
grout curtain would be provided under the embankment in the abutment
sections where cutoff is made to rock. Foundation and area grouting
would be planned in and around the powerhouse and spillway excavations.
e. Tentative Embankment Section. - A typical tentative embankment section is shown on Plate No. 4A-25. The section consists
principally of a compacted impervious fill core and a contiguous
impervious cutoff flanked by zones of compacted random fill. Impervious and random fill materials for the most part would be
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obtained from borrow excavations. There would be a low upstream
rockfill cofferdam cf material from the required rock excavations.
The downstream drainage toe of rockfill would be constructed of
select rock. In general, the embankment slopes would be protected
by layers of processed gravel, cobbles and boulders obtained from
borrow and site excavations. The upstream slope above elevation
590 ft. msl would be protected by a layer of select rock material.
f. Seepage Control. - The control of seepage through the
embankment would be provided by the impervious fill core, the
inclined chimney drain and contiguous horizontal drainage blanket
of compacted sand fill and the downstream select rockfill toe.
The impervious foundation cutoff would extend through any near
surficial zones of pervious soils. Relief wells would be installed
at the downstream toe of the dam to control seepage through any
deeply buried zones of relatively pervious soils and would also
serve to relieve artesian pressures indicated to exist at scattered
locations.
41.

SEISMICITY
a.

Site Seismicity

(1) General. - The Dickey-Lincoln School damsites are
less than 50 miles from an area along the St. Lawrence River having
a history of major earthquakes. The historic record for this area
dates back to 1638 and includes over 100 earthquakes, a number of
which are considered to be major events. In the project area, no
major historic earthquakes have been recorded with origins within
a radius of 20 miles of the damsites. Within a radius of 20-40
miles, there were four events, all of intensity MM (Modified Mercali)
II to IV. The "Seismic Risk Map of the United States" prepared by
the National Oceanographic and Atmospheric Administration places
this northern area of Maine in Zones 2 and 3 or areas of moderate
to major damage with comparable intensity scales of MM VII and VIII.
In recognition of the need for evaluation of the seismic
risk at the Dickey-Lincoln School Lakes project, a contract was
initiated in 1975 with the Waterways Experiment Station (WES) of
the Corps to have their earthquake specialists provide a review of
the tectonism, faulting, present activity of any faults, effects of
glacial loading and unloading and the significance of the seismic
history in the region. This study utilized the latest practices to
determine design earthquakes and their appropriate ground motions
for bedrock at the site. The report was reviewed and concurred in
by noted authorities outside of the government who felt the
recommended design values were conservative and realistic. The report
has been published by the WES as Miscellaneous Paper S-77-2. It has
also been included in Appendix A to the project's draft Environmental
Impact Statement.
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(2) Geologic Structure. - Historic earthquakes can be
related to geologic structures in only a general way. No earthquakes in the upper St. John valley have been related to specific
structures as the epicentral locations are inexact and no fault
movements that accompanied historic earthquakes have been recognized at the surface. Closer to the dams there is no evidence
that faults are active. Geologic field work and aerial reconnaissance did not reveal any of the surface characteristics that
would be expected if there were present-day activity along these
faults.
(3) Instrumentation. - To obtain additional seismic
data for the area, a series of four continuously reading seismometers
have been installed in the project area since 1975 and are continuously monitored and reported through the Northeastern U.S. Seismic
Network. The purpose of these seismometers is to monitor any
present activity and to provide background data for any possible
reservoir induced seismicity. Information provided by these and
three additional stations currently being installed will be utilized
to update the design criteria and would serve as monitors during the
reservoir operations of the project.
b. Seismic Design Values. - The earthquake investigations
concluded that the severest earthquake shaking at the dam would
result from a maximum credible earthquake,or the largest that can
be expected to occur, in the St. Lawrence valley with intensity of
XI attenuated to the damsites. The attenuated intensity at the
site would be MM IX. This value is five intensity units greater
than any event previously experienced in the damsite area and was
used as basis for seismic design values. The motion at the damsites
after attenuation is interpreted to have a peak acceleration of
0.35 g, a peak velocity of 65 cm/sec and a peak displacement of
22 cm with a duration of 18 sec. Past records indicate properly
designed dams will sustain this shaking without damage. The design
of all structures will be predicated on these assigned values.
c.

Earthquake Response

(1) Analyses. - The embankments will be analyzed for
their response to the motions of the maximum credible earthquake
at the site. The analyses will consider the stability of an embankment against dynamic shear failure and excessive deformation or
settlement as a result of earthquake excitation. A preliminary
earthquake response analysis was made of the North Dam by specialists
at WES. The results of this analysis based on assumed soil parameters
showed that embankments for this project can be engineered to withstand earthquakes of the severity considered credible at the site.
During the detail embankment design stage, complete earthquake
response studies and analyses will be made.
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(2) Program. - The total dynamic analyses program for the
Dickey-Lincoln School Lakes project is planned to include the following:
Field Investigations:

Undisturbed soil sampling and
seismic downhole and crosshole
tests for shear wave velocity.

Laboratory Testing:

Soil property tests, static
shear tests (strain-controlled
triaxial R and S and stresscontrolled R tests) and dynamic
tests (Resonant Column, straincontrolled cyclic triaxial and
stress-controlled cyclic triaxial)

Analyses:

Static and dynamic stress analyses,
stability assessment and permanent
displacement analyses.

(3) Pilot Program. - A pilot program of a limited number
of dynamic soil tests was completed in March 1977. The program was
developed in coordination with representatives of the Office of the
Chief of Engineers (OCE) and WES and was carried out by Geotechnical
Engineers, Inc. of Winchester, Massachusetts and by the New England
Division. The purpose of the program was to ascertain the degree
of susceptibility of the foundation silts of the North damsite to
liquefaction and cyclic mobility during earthquake excitation. The
results of this program will be used in determining the scope of the
total dynamic analyses program for the Dickey-Lincoln School Lakes
project. Results of the program indicate that the silts are not
susceptible to liquefaction but could undergo some permanent deformation without loss of shear strength (cyclic mobility) under the
predicted earthquake stresses. No difficulty is anticipated in
designing the dam embankments to keep these permanent deformations
within safe limits.
P.
42.

OTHER PLANS INVESTIGATED

GENERAL

Alternative project sites have been evaluated through a
sequence of prior studies of the upper St. John River basin. A
discussion of these past investigations is included in Section G "Alternatives".
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In addition to these alternate site investigations, alternative
schemes for certain structural features of the authorized project
were analyzed during the current preconstruction planning effort to
assure the most economical, safe and functional design compatible
with specific on-site conditions. The following paragraphs describe
evaluations of alternative plans investigated for various features
of the Dickey and Lincoln School structures.
43.

ALTERNATIVE SPILLWAY LOCATIONS

a. Dickey Spillway. - The location of the spillway as presented in the 1967 General Design Memorandum (GDM) was not conclusive as stated on page 32, paragraph 28b (3), "Explorations are
in progress to determine the feasibility of a new spillway location
and will be continued for Dickey Dam and other areas". Review of
the project during current preconstruction planning indicated that
there are seven potential locations for the spillway at the Dickey
site. These include the (1) South Dike, (2) South Dam, (3) between
North and South Dams, (4) North Dam, (5) Campbell Brook, (6) Falls
Brook, and (7) Hafey Brook. A discussion of these sites follows.
(1) South Dike. - The spillway considered was a chute
type located in the saddle designated as "South Dike" on Plate 4A-29.
Two borings, D-121 and D-123, were made in the vicinity of the
proposed spillway crest. The borings were driven for approximately
45 ft. without reaching rock. The site was not considered favorable
for a spillway primarily due to the absence of rock within a reasonable depth.
(2) South Dam. - The spillway would consist of a sidechannel type cut into the hillside located where the south (right)
abutment of the South Dam ties into existing ground. This arrangement was presented in the 1967 GDM. Subsequent to the submittal
of the GDM, two additional explorations, D-122 and D-124, were made
and the explorations revealed that bedrock dropped off steeply. It
was determined that it was not possible to accommodate the proposed
spillway as portrayed in the GDM. In order to get the side-channel
spillway crest length of 1,000 ft. sited on rock, the spillway had
to be moved further into the hillside and its orientation was
changed. These changes increased the estimated cost of the spillway at this location by $10 million. The cost and uncertainty of
the rock do not make this site favorable. A chute spillway at
this location was included in the authorizing document plan. Rock
conditions noted above would not support a chute spillway which
requires a greater area than the side-channel structure.
(3) Between North and South Dams. - The spillway would
be located between the North and South Dams as shown on the General
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PI an (Plate 4A-4).
ihe spillway would be a concrete chute type having
a net crest length of 600 ft. and would narrow down to a 100-foot wide
discharge channel. The discharge channel from the spillway crest to
Station 12+50 would be lined with concrete. Eight borings have been
taken in the location of the spillway and channel and the borings
indicate that the rock is sound and reasonably close to the surface.
This spillway is estimated to cost $8 million less than (2) above.
One disadvantage of the spillway at this site is that it tends to
concentrate major project features in one relatively small area,
ihe layout of the other project features, i.e. powerhouse, intake
structure, tunnels, etc. would be improved if the spillway was built
at a remote site. However, the economics and the favorable rock
conditions make this one of the better sites and it has been adopted
as the recommended plan.
(4) North Dam. - The spillway would be situated in the
hillside where the north (left) abutment of the North Dam terminates. A very limited amount of sub-surface information is available
in this area. Based upon the new alignment of the North Dam and
from photogeology and field observations, a side-channel spillway
in rock is the most feasible for the left abutment. A spillway
located at this site would tend to alleviate the congestion at the
powerhouse complex. The depth of the earth overburden, estimated to
be 30 to 40 ft., is considered to be a serious drawback. The
spillway channel would be cut into the face of a very steep hillside.
Flattening the slope of the overburden cut to a stable slope would
require regrading a substantial portion of the hillside which would
create a very noticeable aesthetic impact. While the cost of the
spillway was determined to be slightly higher than the selected
spillway, the primary reason for rejecting this site is due to its
adverse impact upon the landscape.
(5) Campbell Brook. - The proposed spillway would be
located on Campbell Brook, approximately in the area indicated
on Plate 4A-2 as the "Campbell Brook Dike". Eight borings were
made in the area which indicate that the rock is sound and has
little overburden. A layout of the chute spillway was prepared
which indicated that the spillway crest would be situated on rock_
with an average depth of monolith being 20 ft. and the maximum being
40 ft. The layout includes a spillway crest length of 800 ft. although the site can accommodate economically a crest length up to
900 ft. The spillway discharge channel would neck down from the
crest width of 800 ft. to a channel width of 600 ft. The channel
would run a distance of approximately 4,000 ft. and would terminate in a large swampy area. The swampy area is drained by West^
Twin Brook which in turn drains into the Allagash River at a point
where the Allagash Wilderness Waterway commences. No improvements
would be made in the swampy area or along the Twin Brook segment
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The location between the North and South Dams (3) is considered to
be the second best site based upon foundation conditions and
economics and has been incorporated in the recommended plan. The
spillway located between the two dams tends to congest the area and
adds to construction problems and cost. A side-channel spillway
cut into the hillside north of the North Dam (4) has potential and
is considered as an alternate to the selected site if serious
foundation problems are encountered in the advance design stage.
b. Lincoln School Spillway. - The number of alternative
locations for the Lincoln School spillway are considerably less
than the Dickey site and consequently minimize the problem of
selection. In addition to the selected site on the south (right)
abutment, alternative sites considered included the north (left)
abutment as well as the effects of the previously noted Dickey spillway alternatives at the Falls Brook and Hafey Brook dike sites. The
possibility also exists for combining the powerhouse and the spillway at the Lincoln School damsite. This alternative is discussed
further in paragraph 45b.
(1) Falls and Hafey Brook. - As previously discussed
under Dickey Dam alternative spillways, the Falls Brook and Hafey
Brook sites would discharge into the St. Francis River and enter
the St. John River downstream of the Lincoln School site; thereby
reducing but not eliminating the spillway requirements for Lincoln
School. Both sites were rejected based on analyses discussed in
paragraphs 43a (6) and (7) above.
(2) North Abutment. - Siting the spillway in the north
(left) abutment of the Lincoln School Dam was part of the 1965
authorized project plan. This layout was altered in that the
location of the spillway was moved to the south (right) abutment
between the powerhouse and the embankment. Comparative costs showed
a reduction in cost, principally because a stilling basin was
included in the authorized plan and would be required because of
the proximity of the discharge to the embankment. The current layout (south abutment) has the advantage of lower cost as well as
grouping the operating units in close proximity.
44.

MULTI-PURPOSE OUTLET WORKS

Prior to the completion of investigations and studies for the
prediction of water quality conditions in Dickey Lake, it was
thought that low concentrations of dissolved oxygen (DO) would
exist in the deeper portions of the hypolimnion zone of the proposed lake, particularly during the period of stabilization (6 to 9
years) immediately following filling. It was also thought that the
proposed powerhouse headworks selective withdrawal gate system would
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not draw flow from deep within the lake, but instead would withdraw mostly from the epilimnion and metalimnion zones. In order
to reach deep within the hypolimnion for purposes of continuously
withdrawing the anticipated low DO content water and creating
internal circulation at these depths, a plan was conceived which
called for a 30-foot diameter outlet conduit with its invert set
100 ft. below the invert of the powerhouse headworks structure.
The conduit would have served the multiple purposes of power
generation, flood control and emergency lake evacuation. A control tower at its entrance would have been fitted with a selective
withdrawal gate system and wet well identical in type with that
of the main powerhouse headworks. In addition to the selector
gates, two tractor gates, each 14 ft. wide by 30 ft. high, would
have been located in the conduit entrance at the base of the control
tower for the purpose of emergency closure. Approximately 700 ft.
downstream from the tower, the 30-foot diameter conduit would have
branched into a 27-foot diameter penstock connecting to one turbine
and two 15-foot diameter flood control outlet conduits. A 24-foot
diameter spherical valve would have been located at the turbine
intake to allow continued operation of the 30-foot diameter conduit
in the event the turbine might be closed for service.
The plan also called for bifurcation of the twin 15-foot
diameter flood control outlets into four 10-foot diameter conduits
each controlled by a 120-inch jet-flow gate. These controls would
have been situated in a gate house, adjacent to the powerhouse,
which also would have housed four 120-inch ring-follow gates to
serve as guard gates.
Final water quality investigations provided the prediction
that the lower levels of the proposed Dickey Lake would not be
low in DO content and obviated the need for this multiple purpose
conduit plan. The water quality investigations are reported in
Design Memorandum No. 5 - Water Quality, dated June 1977.
45.

ALTERNATIVE POWERHOUSE

a. Dickey Dam. - Due to the absence of suitable sites, only
one alternative powerhouse was studied in detail for the Dickey
damsite. The alternate consisted of an underground powerhouse in
the vicinity of the recommended plan except approximately 400 ft.
closer to the forebay structure. In the alternative plan, power
generating units would be fed by two 47-foot diameter penstocks
with each servicing three units, i.e. one penstock for the conventional turbines and the second for the reversible units. Each penstock would sub-divide into three 27-foot diameter penstocks immediately upstream of the powerhouse.
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The configuration of the forebay, except for the transition to
the penstocks would basically be the same as the recommended plan.
The need for selective withdrawal for control of water quality during
release prohibits the simplification of the forebay layout. The
forebay would still include service and emergency gates for usage
during normal operations as well as to isolate the tunnel for any
emergency condition that may arise.
The powerhouse proper would consist of two main underground
caverns; one cavern for the generators and the second for the
transformers. The generator gallery would be approximately 80 ft.
wide and 575 ft. long with a concrete lined arched roof having a
high point of 80 ft. The transformers gallery would be situated
about 50 ft. downstream of the generators and would be housed in a
chamber 50 ft. wide, 250 ft. long and 62 ft. high. The transformer
gallery would house the six 200 mva transformers.
Water discharge from the three conventional turbines would
pass through a transition chamber then into a 47-foot diameter
tunnel. The three reversible turbines would similarly discharge
through a second 47-foot diameter tunnel. The two tunnels would
exit approximately 900 ft. downstream of the powerhouse.
Access to the powerhouse would be by way of a 30-foot wide
horseshoe shaped tunnel, 450 ft. long and would terminate in an
assembly area 80 ft. wide, 150 ft. long and 80 ft. high.
The cost of the underground powerhouse was determined to be
approximately $20 million more expensive than the aboveground
powerhouse layout included in the recommended plan. In addition
to cost, an underground powerhouse has other known drawbacks such
as groundwater seepage, dampness, ventilation and added shielding
of transmission lines. Although an aboveground powerhouse is
included in the proposed layout, further consideration of an underground structure will be made during preparation of the Preliminary
Design Report for the powerhouse.
b. Lincoln School Dam. - One potential variation in the layout of the Lincoln School complex consists of combining the spillway
and the powerhouse and locating the structure in the waterway
against the south (right) bank of the river. The resulting structure
would be a concrete gravity section with the spillway situated over
the powerhouse. The remainder of the river barrier would also
consist of concrete gravity sections. This concept would place
all of the structures in the existing riverway and would thus eliminate the environmental disruption associated with the spillway,
powerhouse, approach and discharge channels shown in the layout
on Plate 4A-23. Preliminary investigations indicate that the
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alternative has considerable merit from a geological, engineering
and economics point of view and will be further evaluated during
preparation of the Preliminary Design Report for the powerhouse.
Q.
46.

DESCRIPTION OF PROPOSED STRUCTURES
AND IMPROVEMENTS

GENERAL

The following paragraphs provide a detailed description of
the project's major construction features. Following each description is a discussion of revisions made from the General Design
Memorandum (GDM) dated May 1967.
47.

DAMS AND APPURTENANCES
a.

Dickey Dam

(1) General. - Dickey Dam would consist of two embankments
termed the North Dam and the South Dam, separated by a rock knoll in
which the power facilities, spillway, diversion, and the outlet
works would be located. A small dike, termed the South Dike, would
close a shallow saddle in the topography occurring south of the
South Dam. The diversion and control works would be located in the
south (right) abutment of the North Dam. The penstocks and powerhouse complex would also be located in the south abutment. The
spillway would be located on the north (left) abutment of the
South Dam. (See Plate 4A-4).
(2)

Embankments

(a) General. - Both dam embankments would be of the
rolled earth and rockfill type and of basically similar design. The
crests would be 30 ft. wide with 18-foot wide bituminous surfacing
to serve as an access road. Their top elevations would be 925 ft.
msl, providing a freeboard of 6.2 ft. above water surface at maximum
flood surcharge elevation of 918.8 ft. msl. Access to the top of the
dams would be by a road which ramps up along the downstream face of
the South Dam. The North Dam would be approximately 3,860 ft. long
with a maximum height above streambed of 335 ft. (See Plate 4A-5).
The South Dam would be about 4,380 ft. long with a maximum height
at centerline of 280 ft. (See Plate 4A-6).
The embankments would consist of central impervious
core sections flanked by relatively pervious zones. The impervious
sections of the embankments would be carried to bedrock or impervious strata. Downstream rock toes and relief wells would provide
for control of underseepage. Rock slope protection would be placed
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on the upstream face and processed gravel and cobbles on the downstream face. See paragraph 34d for detailed description of embankments. (See Plates 4A-7 through 4A-9).
(b) Revisions. - The north abutment of the North Dam
has been pivoted about 1,000 ft. downstream to provide more favorable foundation conditions. In addition, the maximum tailwater
elevation, including the surcharge for Lincoln School Dam, has been
raised from elevation 615 to elevation 625 ft. msl. This necessitated
raising the downstream rockfill berm of the North Dam from elevation
620 to 630 ft. msl.
(3) Concrete Non-overflow Wall. - A gravity type concrete
non-overflow wall, approximately 830 ft. long would be constructed
between the spillway and the penstock headworks. (See Plate 4A-5).
It would have a top elevation of 925 ft. msl and a top width of
30 ft. which would provide for a 22-foot wide roadway for access
to the penstocks headworks structure and North Dam. A 6-foot wide x
8-foot high grout gallery would be provided.
(4)

Diversion Works

(a) General. - The diversion works would be located
in the hill on the south (right) bank of the St. John River valley.
The diversion would consist of an inlet channel, intake structure,
a diversion tunnel which includes a gate chamber, and an outlet
structure and channel. An access gallery would be provided for
access to the gate chamber.
(b) Inlet Channel and Structure. - The inlet channel
would be 50 ft. wide, excavated in earth and rock with a bottom
elevation at 589 ft. msl. Its length would be approximately 1,920
ft. A concrete bulkhead inlet structure would be constructed at
the entrance of the diversion tunnel. The bulkhead inlet structure
would have a top elevation of 720 ft. msl and would include a 26-foot
by 26-foot bulkhead gate. (See Plates 4A-11 and 4A-12). A 12-inch
bypass pipe and gate would be incorporated to equalize water
pressures prior to removal of the bulkhead gate.
(c) Diversion Tunnel. - A 26-foot diameter concrete
lined tunnel would be provided. TFe length of the tunnel from the
bulkhead inlet structure to the outlet structure would be 2,170 ft.
long. The tunnel would slope from elevation 589 to 583 ft. msl at
the outlet structure. A concrete gate chamber would be constructed
after diversion is completed to provide controlled flow in the tunnel.
The gate chamber would have three service and three emergency gates
which would be hydraulically-operated slide gates, each 5 ft. wide
by 10 ft. high. (See Plate 4A-12). A 14-foot diameter concrete
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lined access tunnel, 750 ft. in length would be provided for access
to the gate chamber. (See Plate 4A-5).
(d) Outlet Channel and Structure. - The outlet
channel, excavated in earth and rock, would extend from the tunnel
portal about 840 ft. into the Lincoln School pool. A concrete
outlet structure, 100 ft. long, would be provided at the tunnel
portal. (See Plate 4A-13). The remainder of the outlet channel
would be in rock and earth. The channel would have a stilling
basin with a minimum elevation of 865 ft. msl. The width of the
channel would increase from 26 ft. at the tunnel portal to 100 ft.
in a distance of about 170 ft. The 100-foot width would extend for
about 288 ft. and then widen to 200 ft. over a distance of 200 ft.
(e) Revisions. - The diversion works previously had
an upstream control tower and discharged into the powerhouse tailrace. With the addition of the upper level outlet works (described
in the following paragraphs) and in order to facilitate construction
of the powerhouse, the diversion outlet has been revised to discharge flows independently into the Lincoln School pool.
(5)

Upper Level Outlet Works

(a) General. - The outlet works would be located in
the hill on the south (right) bank of the St. John River valley.
The outlet works would consist of an approach channel, an intake
tower with transition, a 26-foot diameter tunnel and an outlet
channel which would discharge into the powerhouse tail race.
(b) Approach Channel. - An approach channel to the
intake tower would be excavated in rock and earth with a bottom
elevation of 700 ft. msl.
(c) Intake Tower and Gates. - The intake tower would
be located at the head of the tunnel. It" would be of the dry-well
type, 225 ft. high to the operating floor level. The section above
the base area would be circular with a 22-foot inside diameter.
The operating floor would be above the maximum power pool elevation
and at the top of dam elevation 925 ft. msl.
Three service gates would be installed for flood flow
releases during the reservoir filling period and for emergency
draining of the reservoir. The three service gates and the three
similar emergency gates would >,be hydraulically operated slide gates.
The gates would be 7.5 ft. by 15 ft. An emergency bulkhead gate,
operated by a monorail hoist at the operating floor deck, would be
provided upstream of the service gates. Trash beams would be installed at the head of the gate passages and a service elevator
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would be provided in the tower. Reliable electric power would be
supplied from the station service unit at Lincoln School and no
standby unit would be required. Forced air ventilation of the
shaft would be included and electric space heaters would be provided for the operating floor. (See Plate 4A-14).
(d) Service Bridge. - A service bridge would be
constructed from the embankment to the intake tower. The bridge
would consist of truss bridge spans on a concrete pier. (See
Plate 4A-14).
concrete
from the
channel,
tail^ace

(e) Tunnel. - The tunnel would be 26-foot diameter,
lined and would be approximately 1,030 ft. long. Flow
tunnel would discharge into a 1,300-foot long outlet
excavated in rock and then discharge into the powerhouse
channel. (See Plates 4A-5 and 4A-14).

(f) Revisions. - The May 1967 GDM has been revised
in several ways. The single 26-foot diameter tunnel in the south
abutment has been replaced by two 26-foot diameter tunnels. The
lower level tunnel would be used for diversion during construction
and later for controlling flow whenever the reservoir is to be
lowered. The upper level tunnel would be used to regulate flow
mainly for flood control purposes. It would also serve as a
diversion and emergency evacuation structure.
(6)

Spillway

(a) Spillway. - The spillway would be chute type,
excavated in rock adjacent to the north abutment of the South Dam.
The weir would be a concrete ogee section founded on bedrock. The
approach to the spillway would be at elevation 900 ft. msl. The
effective crest length of the spillway would be 600 ft. with a
total width, including piers, of 620 ft. A concrete bridge would
span the spillway at the spillway crest line to provide access to
the penstock headworks and North Dam. The width of the bridge
would be 30 ft. and would accommodate a 22-foot roadway. The
spans would be supported by the end walls and 5 intermediate piers.
The spillway crest elevation would be 910 ft. msl. The surcharge at
maximum design flood would be 8.8 ft. with a design discharge over
the spillway of 60,000 cfs. (See Plate 4A-10).
(b) Discharge Channel. - The discharge channel would
converge from 620 ft. wide to 100 ft. wide in a distance of about
500 ft. and continue at the 100-foot width to the Lincoln School pool.
It would be lined with concrete for a distance of about 750 ft. from
the weir. The lining would be anchored and relief drains provided.
The remainder of the channel would be unlined in rock. A stilling
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basin would be provided to reduce velocity of flow before discharge Into the Lincoln School pool. A bridge spanning the
discharge channel at its lower end would provide access across
the channel to the powerhouse. (See Plates 4A-5 and 4A-10).
(c) Revisions. - The spillway has been relocated
from the south abutment to the north abutment of the South Dam. It
also has been revised from a side channel spillway to a chute spillway.
(7)

Penstocks

(a) Headworks. - The penstock headworks would be a
gravity concrete structure forming part of the dam and would be
located between the North Dam and the concrete non-overflow section.
The access roadway to the North Dam would continue across this
structure. The approach to the headworks would be excavated to
elevation 800 ft. msl. The invert elevation of the headworks
would be at elevation 801 ft. msl and the invert of the penstocks
would be at elevation 810 ft. msl. These elevations would be
adequate for initial velocity1head and entrance losses and for protection against Icing with the pool at minimum operating level.
Sixteen selector gates, 20 ft. wide x 86 ft. high, would be
provided. Four tractor gates and four bulkhead gates would also
be required, each being 21.25 ft. wide x 27 ft. high. Trash racks
and a raking device would be provided over the width of the headworks which totals some 560 ft. This total width includes provisions for two future penstocks which would be plugged. (See
Plate 4A-15).
(b) Penstocks. - Four 27-foot diameter steel penstocks would be provided for the power units. No surge tanks are
anticipated because of the short length of the penstocks. Protection against freezing would be necessary as the power plant
operation is intermittent to meet peaking requirements. This
would be provided by constructing the penstocks in a cut section,
encasing them in concrete and backfilling with suitable material
to a cover of 3 ft. The exposed sections adjacent to the powerhouse
would be insulated. (See Plates 4A-16 and 4A-17).
(c) Revisions. - The headworks have been revised in
order to provide for four 27-foot diameter penstocks and provisions
for two future 27-foot diameter penstocks. This replaces the original
plan which provided for eight 18-foot diameter penstocks.
(8)

Power Plant

(a) Powerhouse. - The powerhouse would be concrete
arranged to house the ultimate installation of six generating units,
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four during the initial construction of the project and two in the
future as required. Because of weather conditions, an indoor type
Installation has been selected. The spacing of the units would
vary between 72-foot centers for the conventional turbines and 90-foot
centers for the reversible units. Initially there would be three
vertical shaft, Franc1s-type, hydraulic turbines driving a 190,000
kilowatts (kw), 3 pha se, 60 cycle generator and one vertical shaft,
Francis-type, reversible unit, diract-connected to 190,000 kw,
3 phase, 60 cycle generator/motor. The two future units would be
vertical shaft Francis-type, reversible, direct-connected to 190,000
kw, 3 phase, 60 cycle generator/motors.
Auxiliary power generators would not be required at Dickey
Dam. Continuous station service would be provided from the powerhouse at Lincoln School Dam, 1n the event that the transmission
system should be out of service. This would provide power for the
station service in the powerhouse but not for any local employee
housing or similar structures. Main power transformers would be
rated 13.8 - 345 kv, 3 phase, 60 cycle and would be located on the
tail race deck, with overhead getaway spans to the substation
structure. The transformers serving the three 190 megawatts (mw)
hydraulic turbines would be rated 230 mva whereas the transformer
serving the 190 mw pump turbine would be rated 260 mva. The
transformers would be forced oil coo'led with water cooled heat
exchangers. They would be protected against surges by lightning
arresters located close to the transformer H.V. terminals. The
transformers would have two windings, one delta connected at 13.8 kv
and one connected wye-grounded at 345 kv.
Each generator would have a main breaker, surge protective
equipment, current and potential transformers with isolated phase
bus interconnections and feed to the associated main transformer.
Much of this auxiliary electrical equipment would be located in a
gallery below the tailrace deck.
The neutral of each main generator would have grounding
equipment of a type and capacity to be developed in a later study.
Each main generator would have a housing with water coolers for
cooling the air circulated through the windings to remove heat.
Suitable governing equipment would be included in each
turbine. Criteria for response of this system as well as the
response of the generator voltage regulating system would be the
subject of further investigation.
Each unit would have an adjacent control board located on
the generator floor, for local control of generator and auxiliaries.
Remote control as well as remote control of breakers and switches
in the Dickey substation would be handled in the main system
control room located in the service area.
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Two traveling cranes would span the width of the main
generating room, capable with suitable beam, of lifting a complete
rotor or turbine wheel, and moving it to or from the assembly area
at the end of the powerhouse.
Oil storage, oil and water storage tanks and oil
purification and water treatment equipment would be located below
the erection area in the powerhouse. The pump room in this area
would contain pumps for oil transfer, sewage, dewatering, sumps and
other equipment such as air compressors and station battery chargers.
Unit auxiliaries would be located in the area near
each hydroelectric unit. These auxiliaries consist of pumps for
bearing and governor oil, the governor air compressors, hydraulic
jacks, and amplidyne sets for excitation, governor, generator
excitation and regulation control boards.
The main system control room, located below the
ground floor of the erection area would control all output from the
Dickey and Lincoln School powerhouses and from the two 345 kv
transmission lines in the Dickey substation. The components include,
but are not limited to, the following:
i. Governor, excitation and voltage control for four
generators at Dickey and three generators at Lincoln School for
synchronizing and loading.
ii. Operation of four generator breakers at Dickey
and three generator breakers at Lincoln School.
iii. Operation of high voltage breakers at Dickey and
at Lincoln School substations, including motorized disconnects.
Operation of high voltage, motorized disconnects for auxiliary bus
connections and for bus sectionalizing at the Dickey substation.
iv. Necessary instruments, meters and relays associated
with the generation of power at Dickey and Lincoln School and the
transmission of this power from the Dickey substation.
v. Necessary hydrologic and electric recording instruments for continuous monitoring of hydrologic conditions and electric
generation, and transmission system conditions.
systems.

vi.
vii.

Annunciator for monitoring powerhouse and equipment
Communication facilities, including telemetering.
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viii. Computer for logging plant operations and
hydrologic data, for control and scheduling of interchange power
with connected power systems for optimizing area generation and
transmission loss.
The service area at the end of the powerhouse would
contain offices and facilities for plant executive and operating
personnel, first aid, lunch room, meter room, kitchen, toilets and
a meter repair room. There would be a maintenance shop, with tool
room and a large wash room to accommodate maintenance crews. An
elevator operating between all floors would permit disposition of
heavy equipment. A cable vault located below the control room
would permit racking and orderly handling of all control, relay,
meter and communication cables between the main control room, the
Dickey generating units, the Dickey substation and facilities for
similar functions associated with the Lincoln School generating
units.
(b) Substation. - The substation would be constructed
and maintained by the Department of Interior in conjunction with
its transmission facilities. It would be located about a mile from
'the Dickey powerhouse in the vicinity of the relocated Route 161
oridge which crosses the Allagash River. (See Plate 4A-4). Steel
structures would support four incoming 345 kv aerial spans from
the main power transformers, located on the Dickey tailrace deck,
one 138 kv incoming aerial line from the Lincoln School substation
and Fort Kent, and two aerial lines for interconnection to the south.
The general layout for the Dickey substation would include a main
345 kv bus to which each incoming and outgoing line would be connected through a 345 kv breaker and a 345 kv - 138 kv transformer.
A large 900 mw braking resistor would be located in the Dickey
substation which would be used to stabilize the electric power
system during a fault or disturbance condition.
(c) Revisions. - The substation has been relocated
from its original site next to the Dickey powerhouse to its new
location. The new location is more suitable since it is situated
in an abandoned gravel pit near an access road and can be fenced
to provide a more aesthetic site.
(9) Tailrace. - The tailrace would slope up from the end
of the turbine draft tubes to elevation 583 ft. msl and would be
486 ft. wide over a 4,400-foot length. The discharge channel for
the upper level outlet works runs parallel to the tailrace and
discharges into it. (See Plate 4A-5).
(10) Passage for Logs and Pulpwood. - The Ashburton-Webster
Treaty, ratified in 1842, provides that:
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"all the produce of the forest in logs, lumber,
timber, boards, staves, and shingles, or of
agriculture...shall have free access into and
through the said river...either by boats, rafts,
or other conveyance".
Timbering operations in the project area are conducted by trucking
over an extensive system of logging roads. The State of Maine
enacted legislation which, effective 1 October 1976, prohibits the
floating of logs and pulpwood on the inland waters of Maine.
Although the Ashburton-Webster Treaty would legally override the
State Law, the practice of floating timber down the St. John River
has been discontinued. Therefore, there is no necessity for providing an upstream elevator and water-lubricated chute or any other
feasible schemes at the Dickey and Lincoln School Dams as previously
contemplated.
(11) Log Booms. - Log Booms would be provided upstream of
the spillway and the penstocks forebay structure to retain floating
debris and to protect boat qperators on the reservoir.
(12) Fishway. - There is no run of migratory fish on the
St. John River because of a dam and natural falls at Grand Falls,
therefore, no fishway is required.
(13) Service and Housing Facilities. - An administrative
facilities complex would be constructed along the left side of the
access road to the powerhouse in the vicinity of the bridge crossing
the spillway discharge channel. (See Plate 4A-5). The complex
would include administrative offices and a service garage. A dock
for floating equipment would be provided in a sheltered arm of the
reservoir. Housing for; key personnel would be provided by the
government, and would be located along the relocated segment of
Route 161 on the south side of the Allagash River.
(14) Roadways. - Access roads would be provided to the
powerhouse, the substation, to the South Dam and along its downstream face to the top of the dams and the forebay structure, and
to the South Dike and extending into the reservoir area. They
would all branch off from the bridge over the Allagash River at
the end of the relocated Route 161. (See Plate 4A-4).
(15) Visitor Center. - A visitor center would be located
between the Dickey South Dam and the South Dike. The location of
the center is noted on Plates 4A-4 and 4A-6. Description of other
public use facilities is included in Appendix A - "Recreation
Resources".
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(16) Future Facilities. - Present design incorporates
provisions for adding two reversible units at a future date. The
capacity of the initial four units (760 mw) at Dickey Dam is considered adequate to meet the Federal Power Commission's projected
New England peaking power requirements for the 1985-90 timeframe.
The additional capacity of the two future units (380 mw) would not
be needed until the 1990-95 period. Basic provisions would be
included in the initial construction phase to preserve the future
option of accommodating the added capacity.
By constructing, in the initial contract, the minimum but
essential elements for the two additional reversible units, a
substantial amount of savings would be realized. The most important
savings would result by not having to interrupt power generation
during construction and installation. Approximately four years of
power generation and revenue could be lost from the site if
minimum provisions were not incorporated in the initial contract.
The approximate four year loss of power would include the time
necessary to draw down the power pools such that construction
could be initiated, time for constructing the pertinent facilities
and the time required to refill the pool for power generation.
A second consideration supporting initial provisions involves
the need for afterbay storage at Lincoln School Lake. The Lincoln
School pool would have to be raised 8 ft. (from elevation 612 to
620 ft. msl) to accommodate the two additional units. In attempting
to raise Lincoln School Dam in the future, not only would the embankment have to be reinforced and heightened from the base up, but the
control towers, bridges, spillway and tainter gates would also have
to be completely rebuilt. On the other hand, when provided initially
the higher pool would allow the potential for sufficiently more
weekend pump-back as well as increased regulating flexibility.
A third major factor is the danger of excavating adjacent
to the first stage powerhouse at Dickey. Excavating down 240 ft.
adjacent to the initially built powerhouse could damage the
structure, equipment, penstocks, etc. Rock removal in the close
proximity of the built segment of the powerhouse would be three
to four times as costly as for normal excavation due to the extreme
care that must be taken in blasting.
From the standpoint of resource utilization, there is
considerable advantage to be gained in excavating the penstock
headworks approach, tailrace channel and powerhouse during the main
contract construction of the dams. All the rock and overburden
could be utilized as material for the dams, thereby decreasing the
amount of rock and earth to be acquired from borrow sources. If
the initial minimum work for the future units is not accomplished,
all the future excavated material would have to be wasted with no
savings realized.
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The minimum essential elements required to be built in the
first stage of construction would include the excavation for the
adjoining penstock headworks and tailrace channels, construction
of the adjoining headworks, and construction of the powerhouse
foundation to elevation 630 ft. msl. (See Plate 4A-20). In
addition, the Lincoln School project would be built initially to
the 8-foot higher elevation thereby avoiding costly future modifications. The estimated cost for the initial provisions totals
$30 mill ion.
The second stage of construction, which would be delayed
until the reversible units are ready to be installed, would include
the excavation and fill for the penstocks, fabrication and installation of the penstocks, installation of the headworks gates, completion of the powerhouse and the installation of the pump-turbines
and generator-motors.
b.

Lincoln School Dam

(1) General. - The Lincoln School Dam would include an
earthfill structure across the St. John River, a gated spillway in
the south (right) abutment and a hydroelectric power plant adjacent
to the spillway. (See Plate 4A-23).
(2)

Embankment

(a) General. - The embankment would consist of a
rolled earth and rockfill embankment constructed across the St. John
River. The crest width would be 40 ft. and include a 22-foot wide
bituminous paved road. This road would provide access to the north
(left) side of the dam and would facilitate future extension of a
road along the left bank of the St. John River. The top elevation
of the dam would be 630 ft. msl, 10 ft. above the maximum power pool,
providing 5 ft. of spillway surcharge and 5 ft. of freeboard. The
embankment would be approximately 1,520 ft. long, with a maximum
height above streambed of 90 ft. The embankment would consist of
a central impervious core section flanked by relatively pervious zones.
The impervious section would be carried to bedrock or impervious strata.
A downstream rock toe and relief wells would provide for control of
underseepage. Rock slope protection would be placed on the upper
portion of the dam's upstream face. The lower portion would be protected by processed gravel and cobbles extending to a rockfill
cofferdam. Processed gravel and cobbles would also be placed on the
downstream face ending at a rockfill berm with top elevation of
560 ft. msl. See paragraph 40e for a detailed description of the
embankment. (See Plates 4A-24 and 4A-25).
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20-foot by 20-foot Drum gate has been deleted because of the
elimination of the logway. The crest elevation of the weir has
been changed from 560 to 570 ft. msl because the dam has been raised
10 ft. to provide adequate afterbay storage for the initial and future
pumped storage operation.
(5)

Power Plant

(a) Powerhouse. - The installation at Lincoln School
would include two 30 mw and one 10 mw Kaplan units. The small unit
would be capable of providing reasonably high efficiency generation
during periods of low off-peak discharge while minimizing the introduction of nitrogen in the water. The two larger units would provide high capacity plus operating flexibility, reliability and
maintenance practicality.
The powerhouse would be of concrete measuring approximately 276 ft. long by 156 ft. wide. The two larger units would
be spaced on 75.5 ft. centers. The powerhouse would not be a
problem for seismic occurrences since the upstream wall can be
tied to the intake section, thereby preventing amplified accelerations in the superstructure. The powerhouse would be equipped
with a bridge crane, intake gantry crane, and a tailrace gantry
crane. The intake gates would be hydraulically operated. The
generated power would be transmitted by underground cable to a
substation located on the south (right) bank of the river.
Two station service transformers rated at 13,800 480 v, 3 phase, 60 cycle, would be self-cooled with non-inflammable
liquid and located indoors. The station service transformers may
be used interchangeably. The station service transformers would be
connected on the line side of a 30 mw and the 10 mw generator breaker
so that energizing either of the one 30 mw or the 10 mw generator can
make this service available.
Each 30 mw generator would have a main breaker, surge
protective equipment, current and potential transformers with
isolated phase bus interconnections and feed to the main transformer. Much of this auxiliary electrical equipment would be
located in a gallery below the tailrace deck. The neutral of each
generator would have grounding equipment of a type and capacity to
be developed in a later study.
Each turbine would have suitable governing equipment
actuating the Kaplan runner. Criteria for response of this system
as well as the response of the generator voltage regulating system
will be the subject of further investigation.
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Each unit would have an adjacent control board
located on the generator floor for local control of generator
and auxiliaries. Remote control as well as remote control of
breakers and switches in the substation would be handled in the
main system control room located at the Dickey Dam.
One bridge crane would span the width of the main
generating room, capable of lifting a complete rotor or turbine
wheel, and moving it to or from the assembly area at the end of
the powerhouse.
Below the erection floor in the powerhouse would
be located oil storage, oil and water storage tanks, oil purification and water treating equipment. The pump room in this
area would contain pumps for oil transfer, sewage, dewatering,
sumps and other equipment such as compressors and station battery
chargers.
Unit auxiliaries would be located in the area near
each hydroelectric unit and would consist of the pumps for
bearing and governor oil, the governor air compressors, hydraulic
jacks, and amplidyne sets for excitation, governor, generator
excitation and regulation control boards.
The main system control room, located at the Dickey
Dam, would control all output from the Lincoln School powerhouse
including the transmission to the Dickey substation.
The erection bay at the end of the powerhouse would
contain offices and facilities for plant operating personnel,
battery room, showers, lunch room, toilets and a tool room. There
would be a maintenance shop with tool room and a large wash room
to accommodate maintenance crews. An elevator operating between
all floors would permit disposition of heavy equipment.
(b) Substation. - The substation would be constructed by the Department of Interior in conjunction with its
transmission facilities and would be located on the right bank
below the powerhouse. The substation would include the two
transformers rated 40 mva, 138 kv - 13.8 kv. The transformers
would be fed by underground cables from the generators in the
powerhouse. In addition, the substation would include the
necessary steel structures and switching for the 138 kv line to
the Dickey substation and the interconnection to Fort Kent.
(6) Log Boom. - A log boom would be provided to keep
trash clear of the powerhouse intake area and to keep floating
logs away from the tainter gates section of the spillway. The
log boom about 1,700 ft. long would cross the forebay and spillway approach channel and tie into the embankment concrete retaining
wall which would be adapted to provide a log boom anchorage.
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(7) Roadways. - A road would be provided on the top of
the dam for access to the timber area north of the reservoir and
an overlook area at the north abutment of the dam. Access to
the top of the dam road and to the substation would be from
relocated Route 161. There would be an access road from existing Route 161 to the parking area and the erection bay of the
powerhouse.
c.

Dikes

(1) General. - Five earthfill dikes, namely Falls Brook,
Hafey Brook, Cunliffe Brook, Campbell Brook and South Dike, would
close low saddle areas along the perimeter of the Dickey reservoir.
(See Plates 4A-6, 4A-21 and 4A-22).
(2) Falls Brook Dike. - The rolled earthfill dike
embankment with rock slope protection would be approximately 3,450
ft. long with a maximum height of 141 ft. above streambed at the
centerline. The crest would be 25 ft., surfaced with bankrun
gravel to serve as an access road. The top elevation of the dike
would be 925 ft. msl providing a freeboard of 6.2 feet above maximum water surface. The impervious cofferdam used for construction
would be a part of the dike. The 810-foot long 60-inch diameter
conduit used with the cofferdam to pass local drainage would be
plugged upon completion of the embankment. Access to the dike for
maintenance would be by water or over ice. For a further description of the embankment section, see paragraph 35c.
(3) Hafey Brook Dike. -The rolled earthfill dike embankment with rock slope protection would be approximately 2,150 ft.
long with a maximum height above the saddle bed at centerline of
62 ft. The crest would be 25 ft. wide, surfaced with bankrun
gravel to serve as an access road. The top elevation of the dike
would be 924 ft. msl, providing a freeboard of 5.2 ft. above
maximum water surface. Access to the dike for maintenance would
be by water or over ice. For a further description of the embankment section, see paragraph 36c.
(4) Cunliffe Brook Dike. - The Cunliffe Brook dike would
be 1,050 ft. long with a maximum height above streambed at centerline of about 26 ft. The crest would be 25 ft. wide, surfaced
with bankrun gravel to serve as an access road. The top elevation
of the dike would be 924 ft. msl, providing a freeboard of 5.2 ft.
above maximum water surface. An essentially rolled homogeneous
impervious fill with rock slope protection section has been
selected. For a further description of the embankment section,
see paragraph 37c. Access to the dike for maintenance would be by
water or over ice.
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(5) Campbell Brook Dike. - The Campbell Brook dike would
be about 700 ft. long with a maximum height above the saddle at
centerline of 9 ft. The crest would be 25 ft. wide, surfaced with
bankrun gravel to serve as an access road. The top elevation of
the dike would be 924 ft. msl, providing a freeboard of 5.2 ft.
above maximum water surface. An essentially rolled homogeneous
impervious fill with rock slope protection section has been
selected. For a further description of the embankment section,
see paragraph 38c. Access to the dike for maintenance would be
by land, but it may be reached by water or over ice.
(6) South Dike. - The rolled impervious fill with
rock slope protection dike embankment would be approximately
1,170 ft. long with a maximum height above the saddle bed at
centerline of 15 ft. The crest would be 25 ft. wide, surfaced
with bankrun gravel to serve as an access road. The top elevation of the dike would be 924 ft. msl, providing a freeboard of
5.2 ft. above maximum water surface. Access to the dike for
maintenance would be by an access road. For a further description of the embankment section, see paragraph 39c.
48.

TRANSMISSION FACILITIES

a. General. - The Department of Interior (DOI) has statutory
responsibility fcr the transmission of power from Federal projects.
The Bonneville Power Administration of DOI has been assigned the
tasks to define transmission requirements to tie into the New
England Power Pool (NEP00L) grid system and to prepare an Environmental Impact Statement for these facilities. As a result of
system planning, environmental, and location studies* accomplished
by DOI for the transmission facilities associated with the proposed project, a recommended plan has been identified. The
studies recommend two 345 kv transmission circuits from a substation
near the project along a route through western Maine into northern
New Hampshire and Vermont. (See Figure 4A-5). The plan would
integrate the project power into the NEP00L system. Five alternate
integration plans were identified and studied. Of the five plans,
the recommended plan, which calls for a single row of double
circuit steel towers, has the least environmental impact and is
the least costly.

•Transmission Planning Summary - Dickey-Lincoln School Lakes Project Transmission Studies, November 1976
Transmission System Planning Study - Dickey-Lincoln School Lakes
Project, February 1977
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b. Plans Studied. - Five transmission plans were studied consisting of two generally following an eastern route through Maine
and three following a western route through Maine. The two
eastern route plans were variations of single circuit 345 kv
alternating current transmission lines. The three western route
plans were fcr a 400+ kv direct current system, a two-single
circuit wood pole 345 kv system and a double circuit steel tower
345 kv system. The latter, identified as Plan E, is the recommended plan.
c.

Recommended Plan (Plan E)

(1) Transmission Line. - In addition to a transmission
system plan for the initial project development, the necessary
supplementing facilities were also identified for the ultimate
project development. Table No. 1 and the plan illustrated in
Figure 4A-5 describe the recommended transmission facilities for
both the initial and ultimate project development.
(2) Substation Facilities. - Substations are inteqral
parts of a modern electric utility system. They serve: (1) as
points of interconnection for transmission lines of equal voltage in which case they are called switching stations; (2) as points for
transforming voltages from one level to another; or (3) as transformer stations and customer delivery points. In each of the two
latter cases, the facilities are referred to as substations.
Seven substations and switching stations would be required for the initial level of development. These include new
stations at Dickey; Lincoln School; Fort Kent; Jackman, Maine at
about the mid-point between Dickey and Comerford, New Hampshire
and at Granite, Vermont with additions to existing stations at
Comerford, New Hampshire and Essex, Vermont. The ultimate planned
development would require substations at Beebee, New Hampshire and
Webster, New Hampshire. A substation at the Moore plant in New
Hampshire, in lieu of the Comerford plant, is currently being
favorably considered.
Among other elements, substation equipment includes:
- Power circuit breakers (large switches) which energize
and de-energize transmission lines, transformers, etc.
- Capacitors and reactors which provide a method of controlling the voltage.
- Transformers that convert the voltage from one level
to another.
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TABLE MO. 1
PROPOSED TRANSMISSION FACILITIES

Approx. Miles
of Corridor**

Initial
Facilities

Ultimate Facilities
for Future Project
Development

Dickey-Lincoln School

12

138 kv Wood
H-Frame
Single Circuit

Same

Lincoln-School Fort Kent

18

138 kv Wood
H-Frame
Single Circuit

Same

260

345 kv Steel
Double Circuit
Towers

Same

Comerford, N.H. Granite, Vt.

32

345 kv Wood
H-Frame
Single Circuit

Same

Granite, Vt. Essex, Vt.*

45

345 kv Wood
H-Frame
Single Circuit

Same

Comerford, N.H. Beebee, N.H.

49

345 kv Wood H-Frame
Single Circuit

Beebee, N.H. Webster, N.H.*

30

345 kv Wood H-Frame
Single Circuit

Dickey-Comerford, N.H.

367 miles

Approx. Miles of Corridor

446 miles

•Transmission segments added subsequent to DOI reports previously
cited due to anticipated delays or failure of private sector
to construct planned generating facilities and associated transmission lines.
**A corridor consists of an area of 1 to 10 miles in width.
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345KV

BASE

SWITCHING
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SYSTEM
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TRANSMISSION
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345 KV AUTHORIZED
345 KV ULTIMATE
136 KV

LEVEL

LEVEL

TRANSMISSION

SYSTEM PLAN E
Western A C Plan - Double Circuit

DICKEY/LINCOLN SCHOOL LAKES PROJECT
U.S. Department of the Interior
November,1976
FIGURE

4A-5

A dynamic brake would be installed at the Dickey substation. The brake is a large 900 mw resistor which is switched
onto the system for a short period of time should certain critical
transmission lines sustain a fault. The resistor would provide a
short-time temporary load on the generator bus, which decreases the
acceleration of the generators during the transient condition.
(3) System Control Facilities. - A reliable multichannel communication system would be provided to assure effective
operation of a modern electrical power generation and transmission
system. The control facilities would consist of microwave facilities and voice communication equipment.
(4) Rights-of-Way. - The DOI would be responsible for
determining and obtaining all rights-of-way and real estate for the
transmission lines, substations, and control facilities.
d. Continuing Studies. - The DOI is studying numerous alternative routes (1/4 to 1/2 miles in width) within the recommended
corridor alignment and evaluating the related social, economic,
and environmental impacts to determine the selected route. A
draft Environmental Impact Statement for the transmission
facilities is scheduled for completion in early 1978.
R.
49.

CONSTRUCTION PROCEDURE AND DIVERSION PLAN

GENERAL

The construction sequences for the major project features
are interrelated and are reflected on Plates 4A-35, 36 and 37.
The two most critical sequences of the Dickey Development consist of the diversion of the St. John River during the first year
construction of the North Dam and the tight construction schedule
for the powerhouse complex. Similarly at Lincoln School, the
sequence of diverting the river and constructing the embankment
in one year is considered to be the most critical phase. Of the
five dikes, only Falls Brook requires a diversion conduit. A
5-foot diameter conduit would be required to divert waters and
upon completion of the embankment, the diversion pipe would be
plugged.
50.

HYDROLOGIC CONSIDERATIONS

The hydrologic considerations relative to the construction
procedure and diversion plan were previously discussed in paragraph 24.
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A complete description of the diversion plan will be contained in a revised Design Memorandum No. 2, Section IIA - Stream
Diversion at Dickey Project (Revised).
More detailed information and analysis of diversion and
cofferdam requirements at Lincoln School will be presented in
future feature design memorandums.
51.

DICKEY DAM

The most critical year of construction for the Dickey Development would be the fourth year. During that year, the St. John
River must be diverted through the diversion tunnel and the North
Dam embankment constructed to elevation 735 ft. msl. In anticipation of the critical fourth year, construction efforts for the
prior years would concentrate on project features which would
reduce the diversion risks. The low level diversion works would
receive top priority to insure its readiness for diversion; the
least amount of delay on this feature would extend project completion by one year. The upper level tunnel and control works
(invert elevation 700 ft. msl) is important in the diversion planning since it would serve as a "safety" valve should a severe flood
occur during the spring following the first phase of the North Dam
construction. The upper level tunnel would not have to be ready
until the end of the fourth year. An early construction start
on the South Dam would also minimize the diversion risks. It
would be prudent to have the South Dam embankment up to elevation
760 ft. msl by the end of the third year of construction. Should
the weather during the year of diversion work be poor and hamper
construction activities, the contractor could "slack off" on the
South Dam and concentrate on the North Dam embankment only. This
is preferable to trying to raise both dams to minimum elevations
during the diversion year.
The diversion operation and construction of the embankment
is critical primarily because of the short construction season
and the restrictive construction weather. The diversion would
be accomplished by constructing an upstream cofferdam across the
river to minimum elevation 646 ft. msl. Construction of the
cofferdam would be initiated after the heavy riverflows have
subsided (early June) and would require approximately two weeks
to construct. A downstream cofferdam would be constructed
(lagging slightly behind) to protect against backwater. Once
the embankment site is isolated, dewatered and the river bottom
cleaned, placement of embankment materials would be initiated upstream and downstream of the cutoff trench. Concurrently with
the placement of fill, the cutoff trench along the river bottom
would be excavated and backfilled. Upon completion of the cutoff
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backfill, fill placement would concentrate on the center zone until
leveled off with the upstream and downstream fills. Placement of
fill and rock slope protection would continue as rapidly as
possible such that by the end of the construction season, the minimum required level of protection would be obtained. The end-ofconstruction season embankment section would be stepped such that
the upstream slope and partial section is at minimum elevation
735 ft. msl while the remainder of the embankment section is at
elevation 680 ft. msl. Construction of the remainder of the north
embankment as well as the South Dam should not present any major
problems.
Construction of the headworks, penstocks and powerhouse, although massive in size, is not expected to present any unusual
problems. Groundwater is anticipated in certain areas but normal
dewatering techniques would be ample to cope with it. The time
required for the design and construction of the powerhouse is
critical. As indicated on Plate 4A-36, approximately eight
years are required to design, build and test model, construct
ar.d install the powerhouse equipment.
52.

LINCOLN SCHOOL DAM

The Lincoln School development is much smaller in scope and
consequently would not have,the degree of difficulty that would
be associated with the Dickey Development. As with Dickey, the
river diversion and the powerhouse construction would be the two
most critical phases of the project. The most practical way to
divert the river, while constructing the embankment, would be to
pass the riverflows into a diversion channel running through one
of the spillway bays. The design and construction of the Lincoln
School powerhouse would require an extensive amount of time to
design, build and test model the generating facilities and to
fabricate the various components. The embedded parts would not
be available for installation until the early part of the fifth
year of construction. (See Plate 4A-37). Consequently, the river
diversion and construction of the embankment is scheduled to occur
during the sixth year of construction after high riverflows have
subsided (June).
During the construction of the embankment, the Dickey Development would be impounding water thereby reducing the flood
threat from the St. John River. The Allagash River, however, would
still pose a flood threat. The diversion of the river itself would
be accomplished by means pf a cofferdam upstream and downstream of
the embankment site. Due to the small quantities involved, the
embankment should be completed by early November of the same
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construction year. During November and December, the river would
be diverted through a 10-foot x 10-foot sluice gate (previously
constructed beneath a spillway pier) and through a skeleton power
generation bay. The two month period would be utilized to place
a concrete plug in the spillway segment of the diversion channel
and to set the diversion channel tainter gate sill. Should high
riverflows occur during this period, provisions would be made to
permit the flows to pass through the spillway construction area.
At the same time, all the spillway bays would be cleared and
available for flood releases. By the end of December, the spillway
work would be completed and the bulkheads for the two completed
generating units would be removed. The skeleton bay unit would
then be bulkheaded off and installation of the unit would commence.
Upon bulkheading off the third unit, the project would be ready
for filling and for power generation. More detailed information
and analysis of diversion and cofferdam requirements at Lincoln
School will be presented in future feature design memorandums.
S.
53.

ENVIRONMENTAL ANALYSIS

ENVIRONMENTAL ANALYSIS

The upper St. John River is one of the last lengthy segments
of free-flowing near-wilderness rivers remaining in the densely
populated northeast United States. Existing recreational uses of
the area include hunting, fishing, camping and canoeing in a semiwilderness environment. Access to the area is limited by a few
privately maintained logging roads. The restrictiveness of the
access tends to maintain the wilderness characteristic of the
area. Included within the project area are some of the most
unique natural resources of the upper St. John. The uniqueness
is related with the plant and animal life of the area and the
free-flowing river with its white water reaches. The most
challenging rapids of the St. John are in the project area.
Approximately 86 percent of Aroostook County is in commercial
forestland representing over 22 percent of Maine's commercial
forestland, but over 29 percent of its more marketable timberland.
The project area comprises approximately 2 percent of Aroostook
County's forest resources.
The project would essentially transform 76,000 acres of prime
commercial forestland and its unique natural resources into a
water impoundment for the generation of hydroelectric power.
This standing water ecosystem would provide a lake type fishery
and other associated water-based activities. It would change
the natural resource characteristics of the area and have an
impact upon commercial forest activity. A full analysis and
evaluation of environmental impacts and effects is presented in
the draft Environmental Impact Statement for the project issued
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on 31 August 1977. A summary of the major impacts is contained
in Appendix C - "Effects Assessment".
54.

PUBLIC USE AND ENVIRONMENTAL ASPECTS

The environmental quality of the recreation experience afforded visitors to the project area would be emphasized and
maintained in all aspects of planning, development and operation
of project lands and facilities. All recreational development
features would be sited and landscaped to follow natural contours
and blend with existing terrain. Roads, walkways and trails would
be constructed as near to natural grade as possible in order to
avoid excessive cuts, fills, excavation and disturbance to native
vegetation. Utilities would be placed below ground in intensive
areas including the campground, visitor center and day use recreation areas.
Forestry resources would be retained whenever possible for
the benefit of project visitors and wildlife. Enhancement measures
would include thinning and pruning in intensive use areas, provision of buffer strips between public use areas, roads and parking
areas, landscaping with native species and protection of open space.
Measures would also be taken to prevent soil erosion due to
pedestrian and vehicular traffic around recreation areas. Trails,
walkways and paths would be provided in and between public use areas,
with vegetation or fencing being placed where needed to control
visitor circulation.
T.
55.

CORROSION MITIGATION

CORROSION MITIGATION

a. Immersed Steel. - There would be several steel items that
would be subj ected to fresh-water immersion either partially or
fully. These items include:
Dickey
(1)

Bulkhead Structure
(a)

Gate

(2)

(b) Gate Assembly Structure
Gate Chamber - 3 service gates

(3)

Flood Control Tower - 3 service gates
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(4)

Penstock Headworks
(a)
(b)

16 selector gates
16 trash gates

(c)

4 tractor gates

(5)

Powerhouse - 6 draft tube liners

(6)

Four penstocks

Lincoln School
(1)

(2)

Spillway
(a)

4 tainter gates

(b)

diversion gate

Powerhouse

a)
b) 3
8 draft
trash tube
racks liners
b. Tests. - The following test results were obtained for the
river water at tne two sites.
Dickey Site

Maximum

Minimum

Mean

79

33

45

7.8

6.3

6.9

55

43

50

7.3

6.2

6.8

U MHO/CM 2
PH
Lincoln School Site
U MHO/CM 2
pH

c. Conclusions. - The water has a high resistance of approximately 20,000 ohms per cubic cm. The pH readings are considered
neutral. Accordingly, the environment is considered non-corrosive.
d. Corrosion Mitigation Measures. - The immersed metals
would be painted as described in guide specification CE-1409
and cathodic protection would not be required except for the
tractor gates. The tractor gates would be provided with a galvanic
anode system due to the different types of steel utilized.

92

of the river. In order to expedite the delivery of materials
during the critical construction years for the North Dam, the
contractor is expected to construct two major haul roads. The
existing Route 161 (above the damsite) would be widened and improved and utilized to haul the pervious material. The second
major haul road would be constructed on the opposite bank of the
river and would be used for haulage of impervious material.
The construction access roads at the Dickey site do not
lend themselves for permanent use upon completion of construction.
However, detailed recreation master planning that would be conducted during the construction stages of the project may reveal
it desirable to retain parts of some construction roads for post
project recreational use, particularly those providing access to
project waters. All haul roads upstream of the dams would be inundated by the impoundment. Route 161, below the Allagash School,
would not be used as a construction road because of its narrow
width, the number of residences along the road and the magnitude
of construction vehicle traffic.
b. Lincoln School. - The amount of material required from
borrow at the Lincoln School site is only a fraction of the
requirement for the North and South Dams at the Dickey site
(0.5 million c.y. vs. 50 million c.y.). In addition, the construction schedule at Lincoln School is not as critical. Consequently, the need for major haul roads does not exist. It is
contemplated that the impervious material would be obtained from
a source on the north side, 1n close proximity of the dam, where
a short, medium duty road would be adequate. The pervious material is expected to be obtained in the area of the south abutment.
As part of the relocation of Route 161, the new road would be
relocated higher up the hillside and away from the river. Since
this would be accomplished before construction of the embankment
commences, the old segment of Route 161 could be used for a haul
road. There does not appear to be any segment of the construction
access roads which can be converted to permanent use upon completion of the project.

V.
57.

CONSTRUCTION MATERIALS

EARTH BORROW - DICKEY DAMS AND SADDLE DIKES

a. General. - Estimated quantities of borrow materials required for the construction of the dams at Dickey and the saddle
dikes are as follows: (Borrow available from excavation of project features is not included).
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