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CHAS.T. MAIN, INC.
" I PRUDENTIAL CENTER, BOSTON, MASSACHUSETTS 02199 « TELEPHONE 617-262.3200
< ‘
! September 28, 1981 1345-72-20
o SUBJECT: Grand Lake Dam
e
The Department of the Army
New England Division
Corps of Engineers
424 Trapelo Road
Waltham, Massachusetts 02154
Attention: E. P. Gould
- Project Management Division
= Gentlemen:
On November 15, 1979, Grand Lake Dam on the East Branch of the
Penobscot River was inspected by Stanley S, Marshall, P,E. and
Jan N. Jonas of this office.
' Following inspection and subsequent investigatign, we concluded
that the dam should be reclassified as having a low hazard poten~
. tial.
’ Enclosed is a letter report substantiating our finding.
. Very truly yours,
’ CHAS. T. MAIN, INC.
5 \ ,
- ¢
.- J. E. Giles, Jr.
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i DESCRIPTION
n Grand Lake Dam
- The Grand Lake Dam built in 1890 is a straight-axis, concrete gravity
- structure 218.5' long and 35' high. It serves as a water storage
:" structure for the Bangor Hydroelectric Co. The spillway is 78' long
A and contains 9 vertical lift gates 5' high x 7' wide. In additionm,
the dam has 4 10x10 sluice gates plus a 10' wide by 7' high log sluice
gate. An unused boiler house in the center of the structure separates
i the sluice area from the spillway.
(: A 20' bay on the left abutment contains a fishway designed by the
‘ Maine Fish and Game Commission.
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EVALUATION OF HYDROLOGIC AND HYDRAULIC FEATURES

5.1 General - The watershed is 485 square miles of undeveloped rolling
terrain and it contains two large lakes, Allapash and Chamberlain. The
dam is located on East Branch Penobscot River, on the outlet of Grand
Lake Matagamon. The concrete gravity dam develops sufficient storage
to reduce the Probable Maximum Flood (PMF) peak from 66370 cfs to

15000 cfs (about 777% reduction).

5.2 Design Data - The dam was designed by the East Branch Improvement
Co., Bangor, Maine. The top of the dam elevation is at Elev. 665 with
a maximum height of 25 feet (capacity 8200000 ac-ft). This dam is
classified as intermediate size. The principal spillway consists of
five roller gates. The emergency spillway is equipped with nine
sliding gates with total width of 60.3 feet which has a crest elevation
of 650 feet.

5.3 Experience Data - There are no records of past floods or any

overtopping of the dam.

5.4 Test Flood Analysis ~ Based upon "Preliminary Guidance for Esti-

e

mating Maximum Probable Discharge', dated March 1978, ‘the watershed
classification "flat & coastal" (although the terrain is rolling ter-

) ORI

rain, due to flood retarding effects of the big lakes in the drainage

basin, it is assumed to be flat), and our hydraulic computations, the

[ i

;““‘

test flood for this low hazard, intermediate size dam is estimated to

“y "¢

be equivalent to the PMF of 66370 cfs. The flood routing starting

) RO

elevation was selected to be maximum normal pool elevation 655.
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For this particular portion of Maine, the PMF runoff is assumed to be
13", The routed test flood outflow was determined in accordance with
Corps of Engineers "Guidance for Estimating Effect of Surcharge Stor-
age on Maximum Probable Discharges', and the hydraulic characteristics
of the dam spillway discharge was computed as sharp crested weir. The
routed test flood outflow was determined to be approximately 15000 cfs
and corresponding water surface elevation 656.3 feet. The top of the

dam elevation is 655 feet and thus the dam would not be overtopped.

5.5 Dam Failure Analyses - The volume in the reservoir corresponding

to the water surface elevation 656.3 (maximum test flood elevation) is
5,265,650 acre-feet which is considered at the time of dam failure.
The impact of failure was assessed using the "Rule of Thumb, Guidance
for Estimating Downstream Dam Failure Hydrographs" prepared by the
Corps of Engin.ers. The breach discharge was estimated with the maxi-
mum water surface elevation during PMF event. The breach width was
selected to be 35 per-cent of the length of the dam at mid-height.

The downstream discharge from the principal and emergency spillways.
The total peak discharge was estimated to be 23240 cfs. The result of
the calculations included in Appendix D.

In view of these results, it can be concluded that during prefailure
and postfailure conditions no homes will be damaged; on the downstream
channel no development exists. Thus this dam represents a low hazard

structure.
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ESTIMRTING ,
EFFECT OF SURCHARGE STORAGE O STEP 1
ON MAXIMUN PROBAELE DISCHARGES T
------------------------------ kReduction of the BFl due to
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Princirpal Spilluay crest elev.
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Corrs of Enineers Volume at €55 (ft.)

Guidelines _ : ‘ ;~:4
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Volumel = 4936996, 332 (ac-{t2 . ey
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These calculations are rerformed
) accordine to the RULE OF THUMB
_ procedures of the
C Coreps of Enaineers

The bres
s

h discharae:
Grl = 2/,27 %

Wb % 9+8.5 X Yo~3/2

[
b
<

l Where,

Yo i the heisht of the breach
from river bed to the max. rool
level) :

Mk is 325% of the length of the d
am, or Wb =+ .35 % Wd
9 is the accelerstion of the ara
wity ¢ 32.2 ttszec~2 )

Yo = 16.3 ({1t
Wd = 212 <f1)
Wk = P4 (§1)

From above =2quation.

Brl = £248 - 187
The natural channel cross secrtio
ns are simrlrfied as triansular

Cross sections

The stase-discharse relationshir
becomes as.

h =L 1.668 ¥ n % Tanfa> ¥ o ~» C
os(ad)~2,3 7 S$~.09 J»r378... .

Where.,
e

a
S

Discharae (cfs’
CSide slore angale (deal
Channel slore

crose section fArea:

Lo (1T

Th

]

R = h~2 7 Tanfa?

The Yolume nf the FReservoir,
V = 5258648 (3c-f1) .
or,

V = 2293716268864 (cub-f1t>
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| HYDRaoGY = HYDRAULIICS o, Rev, -
h = 15 <fO
RERACH (1 > CALCULATIONS :
Tt bty From Formula (113, S
- A = 6360 (ft)
Test flood discharse:
Qt = 15060 <cfsd Residual Area.
8 = 2.17 (de9s.d A2 = R - Al
& = .A8l1s83
- n= @7 A2 = 1781 (i)
L = 4886 (ft)
. V2 = R2 % L
o From Formula ¢I), V2 = 7126096 (cub-f1)
Prefailure heisht,
) Vave = ( V1 + V2 ) 7 2 .o
) hi = 13.1 (ft) ' X
Vave = 7126201 (cub-ft? T
- From Formula ¢11)> ., s
!! Al = 4578 (sa.4t.) @rz = Op1 % ( 1 - Vave + U ) =
> P2 = 8248 (cis) S
- @ = Grl + @t )
From Formula <I). From Formula ¢I). R
. Total Heiaht, "\]
- h = 15.5 <§t2 G = Qr2 + Qt -
From Formula ¢I1), h2 = 15.5 (f0) s
. Total Area, i
- A = £3€6 (sq-f1) e
- RESULTS "
Residual fArea, 000 eeeeee-o If@j
“ AZ = R -~ Al o
: R2 = 17681 (sa~f1) ' o
1.) Prefailure Heisht = 13 1 e
. Cft) : RN
T Residuszl WYolume, "}b
o 2.) Postfailure Heisht = (5.5 ch
Vi =L ¥ A2 Cftd : S
Vi = 712630¢ (cub-f1) 3. ) Breach Dxccharee = 2Z24¢ —
(cfsd . NN
- 4.) Reach Lensth = 48@3 {1} 2l
l. ‘ . .1
p Gr2 = GFr1 X {1 - V1 £ W
8. ge2 = £z48 (cisd

-
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From Formuly 1%,

=0Fr2+01
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Total Area,

. < A= 7160 (s3-f1t)
e Residus! fres,
A2 = A - Al
- RZ = 2@0%5 (sa-f1t>
Residual VYolume,
- Vi = L % A2
Ui = 31429022 (cub-ft)
é' P2 = @F1 X ¢ 1 - VUL~ WD
i Pe2 = €247 (cis)
lg From Formula (I).
G=0pZ+01 '

L o-

23247 (cfe)d

..........
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Ckd. Rev.

RERCH (2 > CALCULATIONS
" Test flocd dizch
. o= o0 1SCharae

@t = 15880 (cis) h = 12 ({03

a = 1.325 (des. > From Formula (11D,

s = 9 ‘

S I 28193 A= 7160 <ft)

= S
= L = 15768 (40 Residual Area.
A2 = A - A1
“.'

From Formula (I3 AZ = 20@5 ¢(§1)
= Prefailure heioht,

hi = 11 ¢t Vz = R2 ¥ L

From Formula ¢(I1> . V2 = 31484915 (cub-ft)
: = 54 (sa.ft.
" A1l 51594 (sq.€%.2 Vave = ¢ Ul + U2 5> , 2

0 = Ol + Ot Vave = 314%€968 (cub-f1t)
- F 1), : :

From Formals <> Op2 = GF1 % ¢ 1 - Vave ~ V )

= 12.9 (f

a h 2.9 1) @F2 = 8247 (cis)
NG From Formula ¢<I1>,

From Formula (I>,

Q@ = @rP2 + 01t
hg = 12.9 C({1)
RESULTS

1.2 Prefailure Height = 11 (¢t

2.> Postfailure Height = (2.9
Cét)

3.) Breach Discharae = 8247
(cfed

4.) Feach Leneath = 15726 (¢
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REACHIYC3 > CALCULATIONS

Test flood discharee:
= 15608 (cts)

1.76 {desa. >
.BR33

.ev

12868 ({t>

rFrswe ©
Lad
LU ]

From Formulé <13,

Preftasilure heiaht.
"hl = 11 C(ft)

From Formula <I1> .

A1 = 3945 (ca. f1.)

D = Brl + Qt

From Formula <13,
Total Heiaht.,
h = 12.9 7¢t)

From Formula (11>,
Total Area.
Al = 5420 (s=3-f1t)

Residual Area.
2 = A - Al
R2 1534 (za-f1t>

Residual Uolume.

Vi = L ¥ R2

Vi = 124186892 (cub-{t)
Q2 = GFr1 ¥ (1 - VI 7
Ppr2 = 8246 (cés)

From Formula ¢I).
0=0r2+01
O = 2324¢ (cts?

. 4.) Reach Lenath =

..........
...................................

Cid. Rev.

h = 12 (ft>
From Formulaf(ll),
R = 5488 ({1t

Residual Area.

Rz = A - A1
R2 = 1534 (i)

V2 = R2 % L
18417285 (cub-ft)

<
n
U]

Vave = C U1 + V2 > ~ 2

19417989 (cub-f1)

Vave

Grz = QFr1 X C § - VYave ~ UV

Gr2 8246 (cisg)>

From Formula 1>,
Q@ = Opz + Q1
h2 = 12.9 (§1D

RESULTS

1.5 Prefailure Heiaht = 11 <41

2.) Postiailure Heisght
Ctt)

3.) Breach Discharae = §24¢€
(cts)

1z.%

12090 C(t+1d
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