
AD-Ai56 265 NATIONAL PROGRAM FOR INSPECTION OF NON-FEDERAL DAMS 1/i
GRAND LAKE DAM (ME 8.. (U) CORPS OF ENGINEERS WALTHAM
MA NEW ENGLAND DIV SEP 81

UNCLASSIFIED F/G 3/13 NL

wommomhhmhhhhl
I'll"'.



L.

HE 1.11'12.0

jjl .25 III f i

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU Of STANDARDS- 1963-A



~Ln

~6

Im

GRAND LAKE DAM
ME 00180

Li S2

PENOBSCOT RIVER BASIN
I GRAND LAKE MATAGAMON

*5Z

, - ' 

ELECTE
PHASE 1 INSPECTION REPORT JL T0C5 1K S

NATIONAL DAM INSPECTION PROGRAM J L 5 1

MS. ' -TAITMENT A

Appiovod for public zeleau4

~ FLE o~YDisftbution Unlimited

PENOSCO COORBAI

~5O 11009

I-.--. ... )
55.:::::



SECURnITY LSIICATOFTHIS PAGE (When fiD,. Itnested) BFR OPEIGFR

REPORT DOCUMENTATION PAGE READ INSTRUCT10,7

I. REPORT NUMBER 2Z. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

ME 010180 _______________

4 TITLE (and Subteloi) S. TYPE OF REPORT & PERIOD COVERED

INSPECTION REPORT
Grand Lake Dam

NATIONAL PROGRAM FOR INSPECTION OF NON-FEDERAL 6. PERFORMINGONG. REPORT NUMBER

DlAMS _ _ _ _ _ _ __ _ _ _ _ _ _ _
7AU I NO"e.) S. CONTRACT OR GRANT NUMUERtieJ

U.S. ARMY CORPS OF ENGINEERS
NEW ENGLAND DIVISION

9. PERFORMING ORGANIZATION NAME AND ADDRESS WO PROGRAM ELEMENT. PROJECT, TASK'
AREA & WORK UNIT NUMBERS

1 1. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

DEPT. OF THE ARMY, CORPS OF ENGINEERS September 1981
NEW ENGLAND DIVISION, NEDED i. MUMBER OFP AGES

424 TRAPELO ROAD, WALTHAM, MA. 02254 25
4 MONITORING AGENCY NAME 6 ADDRESS4'jI dit.,a, imp GmeOIMAj 01114) 1S. SECURITY CLASS. (of this report)

UNCLASSIFIED
Is&. DCCL ASSh PIC ATION/ DOWNGRADING

SCHEDULE

1S. DISTRIBUTION STATEMENT (of #his. Report)

APPROVAL FOR PUBLIC RELEASE: DISTRIBUTION UNLIMITED

* ., 17. DISTRIBUTION STATEMENT (of the obettaeI en~toed an Mjich 10. Of ditlt0r~ &rAM flee")

WS SUPPLEMENTARY NO0TES

* Cover program reads: Phase I Inspection Report, National Dam Inspection Program;
however, the official title of the program is: National Program for Inspection of
Non-Federal Dams; use cover date for date of report.

Ill. KEY WORDS (GmIanue on rov.,ee041 dnde I ea d oenttip by 61iech uwmb..)I

Penobscot River Basin
Grand Lake Maragamon

20. ABSTRACT (Conal,,... an Pewee @#do It necessary and 0~11aty by 1111611 Rembui?)

-This dam is a straight-axis, concrete gravity structure 218.5 ft, long and 35 ft.
high. It serves as a water storage structure for the Bangor Hydroelectric Co.
The spillway is 78 ft. long and contains 9 vertical lift gates 5' high x 7'

* wide. The dam has 4 l~x1O sluice gates plus a 10' wide by 7' high log sluice
gate. An unused boiler house in the center of the structure separates the
sluice area from the spillway. The watershed classification is 'flat and coastal
In event of failure of the dam no homes will be damaged.-

DD I 0*7 1473 &DITION1 OF NwOV 65 IS OBSOLETE



REPRODUCED AT'GOVEANMENAT EXPENSE

DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DTIC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT
REPRODUCE LEGIBLY.



.p.
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PRUOENTIAL CENTER. BOSTON. MASSACHUSETTS 02199 * TELEPHONE 617-262.3200

3September 28, 1981 1345-72-20

SUBJECT: Grand Lake Dam
ir.

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.

3 Following inspection and subsequent investigation, we concluded
that the dam should be reclassified as having a low hazard poten-
tial.

Enclosed is a letter report substantiating our finding.

3 Very truly yours,

CHAS. T. MAIN, INC. @

tJ .Giles, Jr.
Accession For
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DES CRIPTION

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

and contains 9 vertical lift gates 5' high x 7' wide. In addition,

the dam has 4 lOxlO sluice gates plus a 10' wide by 7' high log sluice

gate. An unused boiler house in the center of the structure separates

the sluice area from the spillway.

L 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 77% reduction).

LL

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-

mating Maximum Probable Discharge", dated March 1978, the watershed

classification "flat & coastal" (although the terrain is rolling ter-

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

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

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

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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GRAND LAKE MATAGAMON
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GRAND LAKE DAM
PHOTO LOCATION MAP

* U.S.ARMY CORPS OF ENGINEERS
PHASE I INSPECTION PROGRAMj
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Fig. I Downstream
view of damn from
right bank. Note
fish ladder at left
embankment

P Fig. 2 Downstream
view of damn from

-~~ left bank.StairsI
in center of
picture lead to
abandonned boiler
house.
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Fig. 3 Cha in
supporting spillway
slide gate. Note
dogging device.

L Fig. 4 Upstream
view of dam from
left abutment.
Wheel operated

gates in fore-
ground are for

* L fishway.
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Fig. 5 Downstream
entrance to fish-
way.
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£ CALCULATIONS:

ESTIMATING
, I" ,1

EFFECT OF SURCHARGE STORAGE S T E P I

ON MAXIMUM PROBABLE DISCHARGES
- Reduction of the Qp1 due to -fl

starting elevation at
Principal Spillway crest elev.

These calculations are
Performed .ccording to the
Corps of Engineers Volume at 655 (ft.)
GUidelines

Volumel =Exp(ELV1-m)/n)
Volumel = 4930996.332 (ac-t) "

GPAND LAKE DAM
Volume at 656.3 (ft.)

0 A T A Volume2 =Exp((ELV2-m)/n)
Volume2 = 5265648.246 (ac-ft)

DRAINAGE AREA, Diff. of Volumes,
A= 485 .sq.mi.)

Diff.Volume = 334651.914 '.ac-ft)
PEAK INFLOW, or,

QpI= 66368 (cfs) Diff.Volume, D= 12.93 (in.)

PRINCIPAL SPILLWAY CREST ELEV.,
ELUI= 655 (ft.)

EMERGENCY SPILLWAY CREST ELEV.,
EL"2= 656.3 (f.) f.

Emergercy Spillway Rating Curve

is defined as

a -= .07O822819

b = .66666666667

The Capacity - Ely. curve
is defined as,

Ely = m + r, . Los(Volume) --1

m 349 892
* n 9.f7?8

TOTAL PMF RUNOFF,
R= 13 (in.)



Client- b) P~ R: .QV6 I A S i Job No./ 4'f-)72 siietj3. of____
Subject By I.I~ .LOkU f9)A Dae 71<-7

- - ~Cd.____ Rev.____

2~M F)4) LLA IZ S )N)9J~~

0SC -9O f1 4 -

Se 71 :10Ai'S -



ep r A1 e J~b N.IZl ? Sbeet (LfJll
SubctJAD By 0i 7- ,4 u

Ckd..

7- am SA'1

7-,7, //116 ,,-

VW/(ed,44 re.;~m,4 % so v

Pre;) 9.L vq Z.bA

5 7~0L2

$~ ,~ #e e4hnnf S/O)4

- - -- - 1 /3-

-71T -]

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



( ~ ~ ~ O jobm m.k~ 13PT %7A/J2 IS1f ? shut olf__
.3 subject CBJJ'ZI'3NP Daeol9-W

n h-t P ZU..Q OK 3/,/f- F t/L 1 ,-Ckd.__-____ Nlo. /___--

r - r

From above eq-Aatioro.,
QP1 = 8248 .- s)

GRAND LAKE
" DAM FAILURE ANALYSES

- -- The natural channel cross secte icO
ns are simplyfied as triar,gular
cross sections

These calculations are Perforraed The stage-discharse relationship
accordin to the RULE OF THUMB becomes as,

Procedures of the
Corps of Engineers h = r 1.068 * n * Tan(a) : 0 Cos(a)^2,"3 /S-.5 3-3/8.... .1) ::

The breach discharge: Where,
. OP1 = 8/27 • Wb 9 -^0.5 * Yo-3/2

O = Discharge (cfs)
Where, a = Side slope angle (deg)BS Channel1 slope .2

Yo is the height of the breach (
from river bed to the max. Pool --"

, level) The cross section Area:

Wb is 35% of the length of the d A g h-2 / Tan(a) .... (II)
am, or Wb =.35 * Wd

,'. 9 is the acceleration o4 the ra
vity ( 32;2 ft/sec^2 ) The Volume of the Reservoir,

V = 5265648 (ac-f t) .

or'

" Yo = 16.3 (it) V = 229371626880 (cub-ft-

Wd = 213 ,:It) .

Wb = 74 (it)

&

I-

. .•*.. . ,
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h= 15 (it)
R E A C H ( 1 ) CALCULATIONS

---------------------------- From Formula (11),

A * 6360 (ft)
Test ilood discharge:
Qt = 15800 (cfs) Residual Area,

a = 2.17 (dev.) A2 = A - At
S .00193

7= .0A A2 = 1781 (it)
L = 4000 (ft)

V2 = A2 * L

From Formula (1), V2 = 7126096 (cub-ft) .j

Prefailure height, V
' Vary,= V1 + V2 )/2,

. hl = 13.1 (it)
Vavv = 7126201 (cub-fl)

From Formula (II)

Al 4578 (sA.4t.) QO2 = QPt * ( 1 - Vavq / U )

OP2 = 8248 (cls)
- = GF.1 + Qt

From Formula (I)., From Formula (I),
Total Height,
Ih 15.5 (:t) 0 = QP2 + Qt

From Formula (II), h2 = 15.5 (it)
Total Area,
A = 63, (sq-fl)

RESULTS
Residual Area, "-----
-2 = -R1
R2 = 1781 (sA-41)

1.) Prelailure Height = 17 1"( f t) .- '

Residual Volume,
2.) Postfailure Height = 15.5

VI = L . A2 (ft)

V1 = 7126306 (cub-ft) 3 ) Breach Discharge = ,.24e -

(cfs)

4.) Reach Leng.th = 400s) (00-
L ::....:

QP2 1 ( I - Vi / V)

S P2 = e248 (cis)

From Formula ",',

O=QP2+Qt

.. .. . ...... . , •. .,-, .. , ,- --.....
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* R E A C H (2 )CALCULATIONS

49
* Test flood disharge: h = 12 (Ut) -

Qt =15000 (cfs)

* a= 135(de.)From Formula (11),
S = .00193 A =7160 Uit)

n= 1508 (t) .Residual Area,

A2 = A - Al

From Formula (1), R2 = 2805 (it)

ad Prefailure 'heigqht,

* hl= 11 (it) V2 R 2 *L

* From Formula (II) V2 =31484915 (cub-ft)

R1l 5154 (sA.ft.) Vavv VI + V2 )'2

Q =Q~ +o ~Vavq 31486968 (cub-it)

From Formula (I).Q2=Q1*C1-Vv
Total Heiant,
h =12.9 (it) p 827( )

From Formula (ID),%
Total Area,
A =7160 (s'i-ft) From Formula (74),

Residual Area, P+Qt2
A2 = A - At
A2 = 2005 (sn-ft) h 29(i

Residual Volume, .RELT

I1=L 82

Vl. = 31489822 (cub-ft) 1.) Prefailure Height.= 11 (4t)-

2.) Posifai lure Height =12.9
(4t)

3.) Breach Discharge =8247

*DP2 =Qp1* 1 -1 v/V) (cfs)

QP2 =8247 (cfs) 4.) Peach Length =15700 (ti)

From Formula (I). 7
0=23247 (cfs>

Li~.. %._ '
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R E A C H ( 3 ) CALCULATIONS

*
Test flood discharve: h = 12 ft)
t = 15000 (cis)

From Formula (II),a 1.76 (dev.) .. "

s -. 0033 R = 5480 (4t)
n= .07
L 12008 (ft) Residual Area,

." A2 = A - RI

From Formula 0I), R2 = 1534 (ft)

Prefailure height,
V2 = R2 * L

* hl 11(ft)
V2 18417286 (cub-ft)

" From Formula ':I.)

R1 = 3945 (<q.ft.) Vavs = ( UI-+ V2 ) 2

ave = 18417989 (cub-ft> . ,
0 = OI'l + Ot

From Formula (I), QP2 = Q1 *(I- Vavq
Total Height,
h = 12.9 U't) QP2 = 8246 (cfs)

From Formula (II), From Formula (1,
Total Area. F Fa,
A = 5480 (s--ft)

0 = Qp2 + t"
Residual Area.
A2 = R - Al h2 = 12.9 (ft)
R2 = 1534 (si-ft)

RESULTS

Residual Volume, --------

" VIl = L * A2...
1.) Prefailure Height = 11 (ft)

VI = 18418692 (cub-fit)
2.) Postsailure Height = 12." ~(st)--""

3.) Breach Discharge = 8246
(cis)

m 2 = - 1 V 4.) Reach Length = 12000 (t)

op: = 8246 (cfs')

From Formula (I).

0=Qp2+Ot

0 23246 (cfs)
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