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424 TRAPELO ROAD Justltleati
ATTETIONOr: WALTHAM. MASSACHUSETTS 02154

HEDED Aalblt oe
Din Special

Honorable Michael S. Dukakis
Governor of the Commonwealth of

Massachusetts
State House
Boston, Massachusetts 02133 NOV 2 9 1978

Dear~ Governor Dukakis:

I am forwarding to you a copy of the Windsor Dam, Quabbin Spiliwv
Goodnougb Dike Phase I Inspection Report, which was prepared under the
National Programa for Inspection of Non-Federal Dams. This report is

.p4resented for your use and is based upon a visual, inspection, a review
o~f -the past-pesrformance and a -brief hydrological study of the -dam. A

brief ~ ~ A uesmn4 Included -at the beginning of the reprt. I have
1$-1. 4qpprcved the report:.end -support the fludings and recommendations

Z . dscribed :in Section. 7 4and ask that you. keep -e infomed of the actions
- -kn to -Implement-4them. This follow-up action -.1 a vitally important

~ ~artof this pirogxam. ..

A-oyof this report has been forwarded to the Department of Environ-
mental Quality Engineering, the cooperating agency for the Commnwnealth
Of Massachusetts. In addition, a copy of the report has also been fur-
nished the Owner, the Metropolitan District Commission, Comnwealth of

-- Massachusetts, 80 Somrset Street, Boston, Massachusetts 02108, ATTN:
* Mro. maria Wa,- Chief Ungineer.e

-- Copies of 4-tsport wll to made available to the public, upon
_ .xquest, -byv~hi office judei-the Freedom of Information Act. In the

.case Of -0112 rePOrt the releases date will be thirty days from the date
of this letter. -

- Iwish to take 'this opportunity to thank you and the Department of
*~wiom-~al.Quality Engineering for your cooperation in carrying out

Sincerely 'Yours,

As stated jalCorps of 'Engineera
sinEngineer
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BRIEF ASSESSMENT

PHASE I INVESTIGATION REPORT
NATIONAL DAM INSPECTION PROGRAM

Identification No. MVA 00588 Winsor Dam
and Name: MA 00589 Quabbin Spillway

M.A 00590 Goodnough Dike
Town: Ware
County: Hampshire
State: Massachusetts
Date of Site Visit: 29 June 1978

Quabbin Reservoir was created by the Metropolitan District
Commission in the late 1930's by construction of WLnsor Dam,
Quabbin Spillway and Goodnough Dike. By virtue of both storage
and height, the structures are classified as "large" in size.

'Winsor Dam and Goodnough Dike are full hydraulic fill earth

embankments, having maximum heights of 170 and 135 ft. and.lengths
of 2640 and 2140 ft.. respectively. Quabbin Spillway is an ungated
masonry weir, having a maximum height of approximately 14 ft. and
an overall length of 405 ft.

The projects are in excellent to good condition. There were
no obvious signs of failure or conditions which would warrant urgent
remedial treatment.

Hydraulic analyses indicate that the Quabbin Spillway in com-
bination with the auxiliary spillway at Winsor Dam, are adequate in
size to safely pass the test flood, calculated from the
probable maximum flood, without overtopping Winsor Dam or Good-
nough Dike.,

Because of the importance of these structures for-water supply
to the Greater Boston area, because of the high hazard potential in the
event of a failure, and because the embankments are hydraulic fill with
relatively steep slopes, it is recommended that the MDC undertake a

As
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BRIEF ASSESSMENT (continued)

detailed investigation of embankment stability under static and earth-
quake loading.

HALEY & ALDRICH, INC.

by:'

Han. Aldrich \\:
President

-

... :--- _ - --------------------------



This Phase I Inspection Report on Windsor Dam, Quabbin Spillway Goodnough Diki
has been reviewed by the undersigned Review Board members. In our
opinion, the reported findings, conclusions, and recommendations are
consistent with. the Recommnended Guidelines for Safety Inspection

A of Dams, and with good engineering judgment and practice, and is'
I he-reby submitted for approval.

& CHARLES G. TIERSCH, chairman
Chief, Foundation and Materials Branch
Engineering Division

Ao

II

£i

FRED J. *VJS, Jr., Member
Chief, De~1gn Branch

£ Engineering Division

SAUL COOPER, Mem
Chief, Water Control Branch
Engineering Division

I
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L APPROVAL RECOMMENDED:

* I

"JOE B. FRYAR
Chief, Engineering Division
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I PREFACE

I
This report is prepared under guidance contained in the Rec-

omended Guidelines for Safety Inspection of Dams, for Phase r
Investigations. Copies of these guidelines may be obtained from the
Office of Chief of Engineers. Washington. D. C. 20314. The our-
pose of a Phase I :nvestigation is to identify expeditiously those
dams which may pose hazards to human life or property. The as-
ses__7.ent of the general condition of the dam is based upon avail-
able data and visual inspections. Detailed investigation, and analy-
ses involving topographic mapping, subsurface investigations, test-
ting, and detailed computational evaluations are beyond the scope
of a Phase I Investigation; however, the investigation is intended toIid-ntify any need for such studies.

I In reviewing this report, it should be realized that the re-
ported condition of the dam is based on observations of-field condi-
tions at the time of inspection along with data available to the inspec-
tion team. in cases where the reservoir was lowered or drained
prior to inspection, such action, while improving the stability and
safety of the dam, removes the normal load on the structure and .may
obscure certain conditions which might otherwise be detectable Lf in-
spected under the normal operating environment of the structure.

It is Lmportant to note that the condition of a dam depends on
numerous and constantly changing internal and external conditions,

3and is evolutionary in nature. It would be incorrect to assume that
the present condition of the dam will continue to represent the condi-
tion of the dam at some point In the future. Only through continued
care and inspection can there be an chance that unsafe conditionsbe detected.

I Phase I investigations are not intended to provide detailed hy-
drologic and hydraulic analyses. In accordance with the established
Guidelines, the test flood is based on the estimated "probable maximum
flood" for the.region (greatest .reasonably possible storm runoff), or a
fraction thereof. Because of the magnitude and rarity of such a storm
event, a finding that a spillway will not pass the test flood should not
be inte.preted as necessarily posing a highly inadecuate condition.
The test flood provides a meas-are of relati-ve spillway capacity and
serves as an aide in dete.r--n-Lg the need for m.ore detailed hydro-
logic and hydraul.c studies, consideri.ng the size of the dam, its gen-
eral condition and the downstream damage potential.
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PHASE I IVESTIGATION REPORT
NATIONAL DAM INSPECTION PROGRAM

WINSOR DAM MA 00588
QUABBIN SPILLWAY MA 00589

GOODNOUGH DIKE MA 00590

I. PROJECT ThFORMATION

1.1 GENERAL

V A. Authority. Public Law 92-367, August 8. 1972. author-
L ized the Secretary of the Army, through the Corps of Engineers, to

initiate a National Program of Dam Inspection throughout the United
States. The New England Division of the Corps of Engineers has been
assigned the responsibility of supervising the inspection of dams with-
in the New England Region.

Haley & Aldrich, Lnc. has been retained by the New England
Division to inspect and report on selected dams in the State of Massa-f chusetts.. Authorization and notice to proceed were issued to Haley &
Aldrich, Inc. under a letter dated 25 April 1978 from Colonel Ralph
T. Garver, Corps of Engineers. Contract No. DACW33-78-C-0301[has been assigned by the Corps of Engineers for this work. Camp,
Dresser & McKee. Inc. was retained as consultant to Haley & Aldrich,
Inc. on the structural, mechanical/electrical and hydraulic/hyrologic[aspects of the investigation

r B. Purpose. The primary purposes of the National Dam In-
spection Program are to:

1. Perform technical inspection and evaluation of non-
Federal dams to identify conditions which threaten the public safety
and thus permit correction in a timely manner by non-Federal inter-

L eta.

2. Encourage and pre.are the states to initiate quickly ef-
fective dam safety programs for non-Federal dams.

3. To update, verify and complete the National Inventoryrof Dams.
b

I
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'I.

L1.2 PROJECT DESCRIPTION

A. Location. Winsor Dam is located on the Swift River, at the
boundary between the towns of Belchertown and Ware, Massachusetts.
The Quabbin Spillway and Gooduough Dike are located nearby in the
town of Ware. The Location Map on page viii shows the location of
the three structures.

At the time of construction, a portion of Winsor Dam as well as
Quabbin Spillway and Goodnough Dike were located in the Town of En-
field, the corporate existence of which was eliminated when Quabbin3 Reservoir was constructed.

B. Dam, Spillway, Dike and Appurtenances. Winsor Dam con-
sists of a 2640 ft. long full hydraulic fill earth embankment, an intake
structure discharging through a tunnel to an outlet structure and pow-
erbouse, and an auxiliary spillway, as shown in Appendix B-54 and
Appendix C- i.

The maximum height of the embankment is about 170 ft. and the
crest is approximately 35 ft. wide. A paved roadway on the crest
spans the length of the embankment. The normal operating level of
the reservoir is El. 530, 20 ft. below the top of the dam. The up-
stream face is sloped at about 2 horizontal to 1 vertical above a berm
at El. 535 and paved with light riprap. Below the berm, heavy riprap
was placed at 1.5:1 and flattening to 3:1 below the wave break. The
downstream face is grassed and slopes at 2:1, 2. 5:1 and 2.75:1 with
berms for drainage at the changes in slope. A concrete core wall ex-
tends from an elevation about 25 to 30 ft. above the bottom of the dam
to the surface of rock, below which s a grout curtain 20 ft. into rock.
The embankment is shown in Photos No. 2, 3, 4, 5 and 8 in Appendix
C. A profile and a cross-section at the top of the dam are shown in
Appendix B-58 and B-59, respectively.

3 An intake structure, Photo No. 9, is located on the right side.
The 157-ft. long "intermediate intake" shown in Appendix B-60 up-
stream of the intake structure feeds a 68-in. diameter conduit and a
48-in. diameter conduit which go to a power house at the outlet struc-
ture downstream. The outlet channel from the power house discharges
into the Swift River. Regulating outlets are further described in Sec-
tion 1. 3J.

An aillary spillway located beyond the right abutment of Win-

* 2



t [sor Dam consists of a gently sloped grassed approach channel and
circular concrete cutoff wall with "quarry faced ashlar" at the crest.
This spillway Is only intended to provide emergency overflow at El.
536 in case of extreme high water. Photos No. 11 and 12 and Appen-
dix B-61 show details of the auxiliary spillway.

Quabbin Spillway Is located approximately 1000 ft. east of the
left abutment of Winsor Dam. It consists of an approach channel, a
405 ft. long masonry concrete weir, discharge pool and spilway chan-
nel, shown in Appendix B-62 and Appendix C-2.

The approach channel is approximately 80 ft. wide and 650 ft.I long, excavated nto rock and shown in Photo No. 21. The channel
bottom drops 8 ft. from Quabbn Reservoir to the spillway weir.

The spilway weir is 370 ft. long with a crest elevation of 530
and has a 34 ft. 8 in. long side discharge at El. 528. Currently 2 ft.
of flashboards are in place on the short section. Refer the Photos
No. 13, 14. 16, 19 and 20 for the correct configuration of the weir
as shown sketched in Appendix C-2.

he discharge pool was excavated into rock, as was the long
spillway discharge channel. The discharge channel has a width of ap-
proximately 30 ft. and length of 2300 ft. from the discharge pool to
the convergence point with the Swift River. Photos No. 22, 23, 24
and 25 show features of the spillway discharge channel. Cross-sections
of excavations for the spillway channel are shown in Appendix B-63.

Goodnough Dike consists of a 2140 ft. full hydraulic fill embank-
ment with no appurtenances. The dike is shown in Appendix B-64 and
Appendix C-3.

3 The maximum height of the embankment is about 135 ft. and the
crest is approximately 35 ft. wide. A paved roadway on the crest

Sspans the length of the embankment. The top of the dike is approxi-
mately 20 ft. high than the normal operating level of El. 530 at Quab-
bin Reservoir. The side slopes, zoning, impervious core and grout

5 curtain for the embankment are of the same design and construction
as Winsor Dam. Photos No. 27 through 32 show the Goodnough Dike
embsnkment. Cross-sections and a profile on the centerline of the
dike are shown in Appendices B-67 and B-88. respectively.

C.. Size Classification. Winsor Dam, Quabbin Spillway and

1 3 j-i



Goodnough Dike Impound a reservoir with a maximum storage esti-
mated to be 1, 810,000 acre-feet. Winsor Dam and Goodnough Dike
have a maximum height of 170 and 135ft., respectively. Storage of
more than 50, 000 acre-feet and/or height greater than 100 ft. classi-
fies these structures in the "large" category according to guidelines
established by the Corps of Engineers.

D. Hazard Classification. The structures are currently clas-
sifted as having a "high" hazard potential in the Corps of Engineers
National Inventory of Dams.. A failure of Winsor Dam or Goodnough
Dike would cause a loss of life estimated in previous inspection re-
ports between 2 and 300 persons. A review of the downstream con-
ditios indicate that between 25 and 100 residential, industrial and
commercial properties would be innundated in the developed areas
of Beaver Lake, Palmer, and Three Rivers. There is no question
that the economic losses associated with such an event mould be cata-
strophic. A failure of Quabbin Spillway, however, would result in a
much lesser flow which would not present any significant . -4-a
downstream. Therefore, it is recommended that t high" haz
potential classification be retained for the Winsor Da m--6ednough
Dike and that a "low" hazard classification be assigned to Quabbin
Spillway.

E. Ownership. The three structures are owned by the Metro-
polLtan District Commission. Water Division, of the Commonwealth
of Massachusetts. The owner's address is 20 Somerset St., Boston,
MA 02108

F. Operator. The following individual has day-to-day respon-
sibility for the operation of the project:

3 Mr. Harold E. Mellin, Jr.
Metropolitan District Commission
Winsor Dam

[Ware Road
Belchertown. MA 01007
(Phone: 413/323-6921)

Mr. Mellin represented the owner during this investigation.

G. Purpose of Dam. The primary purpose of Quabbin Reser-
voLr is to provide a potable water supply for-the Metropolitan Water
District, a group of more than 30 cities and towns in the Greater
Boston Area.

4
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I
In addition, the reservoir and reservation provide recreation in

3 the form of boating, fishing, hiking and picnicking, The Quabbin Rese-

volr Reservation is also an important wildlife habitat.

3 H. Design and Construction History The design and construc-

tion history of Winsor Dam. Quabbin Spillway and Goodnough Dike
which form the Quabbin Reservoir is well documented due to the size
and importance of the project. Several technical papers addressing
this interesting work were published in professional journals. The
following narrative is based largely upon the papers by Dare1 (1935)
and Winsor 2 (1938).

Tht. Ldea of formgQuabbinReservoirto supplywater to the City
of Bostonwas conceived by the MDC prior to 1920. A number of test
borings were made in 1920 and 1921 as part of a preliminary investi-
gation concerning the general location of the dams. By 1929, a large
number of borings, described in detail by Hammond3 (1929) confirmed
that the general sites chosen for the project were overlain by deep
(greater than 100 ft.) glacial deposits of pervious sands, gravels,
cobbles and boulders.

3 The valleys chosen for Winsor Dam and Goodnough Dike are long
and wide, requiring construction of earth embankments rather than
concrete gravity dams. Investigation of possible borrow areas re-
vealed abundant materials suitable for earth-type dam construction.
The water tables at the two sites were between 120 and 130 ft above
bedrock, presenting an additional construction consideration relating
to excavation through pervious glacial deposits. It was decided to
sink two exploratory caissons, one at each-site, to further investigate

the overburden characteristics, the feasibility and cost of open and

IP

3 "Design and Progress on the Construction of Dams for Quibbin

Resevo -" by Stanley 14 Dore, Journal of the Boston Society of

Civil Engineers, July 1935.

"Quabbn Reservoir - Recent Developments in the Construction of

the Ware-Swift Water Supply for the Metropolitan District" by
Frank E. Winsor, Jour nal of the Boston Society of Civil Engineers.

3 "Diamond Dr i Borings for the Swift River Dams" by N. Leroy

Hammond, Joun2l of the Boston Society of Civil Engineers. Jan-
uar-y 1929.

I
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pneumatic caisson construction and the possibilities of lowering the
groundwater by pumping. The contract for this work was awarded in
September 1931, and was completed about a year later.

The exploratory caissons measured 32 ft. long by 12 ft. wide.
Open dredging methods proved unfeasible below depths of about 50 ft.
In the dense granular soils. A compressed air method was then suc-
cessfully adopted for sinking the caissons. Air locks were installed
over the working wells and maximum air pressures of about 33 psi
were used to advance and seal the caisson to ledge "in the dry" about
70 ft. below river level at the Winsor Dam site. Information ob-
taned from the sinking of these caissons and the pumping carried
on from them indicated the construction method was feasible for use
as a cutoff wall at both sites and the most economical.

While the sinking of the exploratory holes was underway, work
to divert the Swift River during construction was begun at the Winsor
Dam site. The stream control works consisted mainly of the 30-ft.

" effective diameter rock tunnel under the right abutment. The conduit
was concrete lined and about 1200 ft. long. The Swift River was di-
verted through the tunnel in June 1933.

Two exploratory caissons, in addition to the one already built.
were excavated pneumatically and sealed to rock at the Winsor Dam
site. Pumping from these three caissons from November 1934 to
January 1935 lowered the water table to approximately 90 ft. below
the river level and maintained it at that position until the start of

* core wall construction in May 1935.

The entire cutoff wall at Winsor Dam was formed by a total of
* forty reinforced concrete caissons, all except the first one being 45

ft. long by 9 ft. wide. Groundwater was effectively controlled by
pumping from wells in completed caissons and wellpoints and sumps
upstream of the construction. Due to the effects of pumping, less
than 20% of the caisson work was done under compressed air condi-
tions. Since the overburden soils became more pervious with depth,
It was decided that the caissons would be sealed to rock and grout
curtains installed 20 ft. into rock. The overburden and geological
conditions at the site are shown in Appendices B-55, B-56 and B-57.

Prior to sinking the caissons, an open trench was excavated
across the valley to a depth of about 30 ft. The trench was subse-
quently filled with impervious "topsoil" and compacted around the
concrete core wall in six-inch thick lifts with sheepsfoot rollers.
The concrete core wall extended a minimum of 25 ft. into this refill.
This foundation work was completed in the early summer of 1936.

6i



[Full hydraulic fill construction of the embankments was con-
sidered to be the most economical and desirable for stability and uni-
formity of the slopes. Sluicing of the embankments at Wnsor Dam
began in 1936. Materials were brought to the hog box on belt convey-
ors and mixed with water jets to flow into a steeply sloped trough to-
wards the sluicing line. The quality of the core material being pooled
was continuously monitored and checked by sounding with a rod and
sampled for inspection and laboratory analysis. Placement of the
4, 000, 000 cubic yards of fill required for Winsor Dam was completed
in 1939. The top 30 ft. of dam embankment was placed by rolled-fill
methods. The foundation and embankment are shown in profile in
Appendix B-58. A cross-section through the top of the dam is shownin Appendix B- 59.

3 Quabbin Spillway is located in a natural high valley to the east
of the left abutment of Winsor Dam. This site was structurally de-
sirable because the spillway channel would be formed entirely in rock.3 from the spillway weir to the Swift River. A spillway weir length of
about 400 ft. was chosen to allow passage of floods up to 10, 000 cfs
without flooding out the rock discharge channel. It was believed that
floods up to 15, 000 cfs could be carried with no important scour of
the earth banks above the rock channel. A plan of the spillway is
shown in Appendix B-62 and cross-sections are included in Appendix
B-63.

Goodnough Dike was constructed in the period from approximately
September 1931 to July 1938. The dike is nearly identical in design
and construction to WLnsor Dam. The core wall was built as previously
described by excavating an open-cut trench, by sinking from the bottom
reinforced concrete caissons sealed to each other and to rock. grouting
below the concrete core wall, and by filling the wells of the caissons
and the open-cut trench with impervious soils. The geological condi-
tions at the dike site are shown in Appendices B-65 and B-66.

3 Beaver Brook was initially carried past the construction site in
a wooden flume about 350 ft. long. It was then dried up upstream for
over 1.000 ft. by subsequent pumping, and eventually the brook flow3 was through an 18-in. pipeline until its subsequent diversion across
the divide to the Swift River. The groundwater surface was lowered
approximately 90 ft. during foundation construction.

Placement of the embankment by full hydraulic methods began
in December 1934 and was completed prior to July 1938. The method

7

... . . . ..* = = , - = • Il I I I



of placement was substantially the same as that for Winsor Dam. A
profile on the centerline of the dike and typical cross-sections are
shown in Appendices B-67 and B-68, respectively.

1. 3 PERTNENT DATA

Elevations shown on all record drawings and as used in this re-
port are referenced to Boston City Base datum. To convert to the Na-
tional Geodetic Vertical Datum (NGVD). subtract 6. 049 ft. from ele-

1. vations which are on Boston City Base.

A. Drainage Area . The Quabbin Reservoir was formed in the
1930's by impounding the watersheds of the East, Middle and West
Branches of t1e Swift River. The 186 square mile drainage basin
which is tributary to the Quabbin Reservoir Spillway consists of heav-
ly forested rolling terrain. In addition to this, limited diversion

from the Ware River watershed of 98 square miles is discharged to
the Quabbin Reservoir between October 15 and June 15 when flows on

t the Ware River exceed 85 mgd.

The water surface area of the reservoir at normal pool eleva-
tion is 39.4 square miles or 21 percent of the 186 square mile water-shed.

I B. Discharge at Damsite. Following completion of the in-
poundment works in 1940, It took 7 years before the reservoir was
filled to its capacity of 412 billion gallons. Quabbin's level fell to 45
percent of capacity in 1967, following a six-year drought. No spill-
way discharge occurred from 1961 to 1976. The maximum recorded
spllway discharge elevation was 53L 03 on April 18, 1953. Based
on the available rating curve, this stage corresponds to a discharge
of about 1600 cfs. The longest continuous spillway discharge oc-
curred between April 16 and May 7. 1978 wIth a maximum reservoir
elevation of 530. 34 (270 cfs) on April 24 and 25, 1978.

IE In addition to Quabbln Spillway at crest El. 530. 0. there is an
auxiliary spillway at crest El. 536. 0. At this elevation, the maxi-
mum discharge over Quabbin Spillway is reported to be 15, 000 cfs
Discharges in excess of this amount will produce water surface eleva-
tions in the reservoir above El. 536. 0 at which point the auxilary
spillway will begin discharging.

An addItional 70 to 75 megd discharge capacity is available through
I the generating facilities at the intake structure.

* 8



[ C. Elevation (ft. above Boston City Base)

1. Top Winsor Dam and Goodnough
De..... ...... ..... ........ 550.0

2. Maximum pool-design surcharge.... 536.1
3. Design surcharge - original design.. 536+
4. Full flood control pool. .......... 536.1
5. Recreation pool ............ 530.0
6. Spillway crest..... .......... 530.0[7. Upstream portal invert diversion

tunnel ... ................ Unknown
8. Streambed at centerline

Winsor Dam................. 380.0
Goodnough Dike .................... 415.01 9. Maximum tailater ................ 526.0

D. Reservoir

1 1. Length of maximum pool ........... 18.0 miles at El.
536.0

2. Length of recreation pool .......... 17.9 miles
3. Length of flood control pool ........ 18.0 miles

g E. Storage (acre-feet)

1. Top of dam ........... .. ...... . 1. 810. 000 (Est.)
2. Test flood pool............0.... 1.417,600 (Est.)
3. Flood-control pool................. 1.417,600 (Est.)
4. Recreation pool ................... 1.265,200 (Est.)
5. Spillway crest .................... 1. 265, 200 (Est.)

F. Reservoir Surface (acres/sq. miles)

1. Top of dam...................... 29, 100/45. 5 (Est.)
2. Test flood pool.........0......... 26, 120/40.8 (Est.)
3. Flood control pool ................. 26,120140.8 (Est.)
4. Recreation pool .................. 25,216/39.4 (Est.)
5. Spillway crest ....... ..,..... 25,216/39.4 (Est.

G. Winsor Dam and Goodnough Dike

1. Type ............................. HydraulLc Fill
2. Length

Winsor Dam .................. 2640 ft.

DI

. .... .... . . Good ng ike........... 214 ft. III I I



3. Height
Wnsor Dam. ................. 170 ft.
Goodnough Dike .......... ..... 135 ft.

4. Top Width ........ ............... 35 ft.
5. Side Slopes

Upstream .................... 2:1, 1. 5:1 and 3:1
Downstream .................. 2:1. 2.5:1 and 2.75:1

6. Zoning ........................... Gradual, typical of
hydrauli c fill

7. Impervious core .................. Silt and clay puddle
8. Foundation cutoff .......... Concrete caisson

core wall to rock
9. Grout curtain.............. ... 20 ft. into rock

from bottom of[caisson
H. Diversion and Regulating Facilities. Not applicable

L Quabbin Spillway

1. Type ............................. Masonry, round
crest, with side
channel discharge

2. Length of weir .................... 34 ft. 8 in. at El.
528
370 ft. at El. 530

3. Crest Elevation .................. 530.0
4. Gates .......... .... 2 ft. of flashboards

on short section
5. U/S Chnnel ............. 0.. 6 ft. rise in 500 ft.

L 6. D/S Channel ..................... 20 ft. drop in 700

ft. then 60 ft. drop
in 100 ft.

Auxiliary SpMway

1. Type ............................ 3 ft. wide quarry
stone, 0. 5 ft. high.
both U/S and D/S

2. Length of Weir ................... 240 ft.
3. CrestElevation. ................. 536.0
4. Gates. .......... . ... None5. U/S Channel ..................... 1. 5 ft. rise in 685 ft.6. D/S Channe l ..... .......... 1.5 ft. drop in 200 ft.

10
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J. Regulating Outlets at Wnsor Dam. Winsor Dam was origi-
nally constructed with three intakes. A "Lower Intake" was construct-
ed during an early contract to provide a tunnel for stream diversion
during construction of the dam. This intake tunnel now has a concrete
plug below the intake structure and is therefore inactive. An "Inter-
mediate Intake" with invert at El. 465 and an "Upper Intake" at El.
499 and located immediately upstream of the intake structure wereI also provided.

Fish screens with a sill at El. 471.75 and top of screened open-
i. @ing at El. 501. 75 were installed in 1974. The balance of the intake

channel was shut off during the installation of the screens. This
effectively allows the use of the 157-foot long intermediate intake only.L This intake is a reinforced concrete section 7 ft. wide by 8 ft. high.
The intakefeedsa 68-in. diameter conduit and a 48-ia. diameter con-
duit which go to the power house. The 68-in. diameter conduit is in-
stalled inside the former stream diversion tunnel. Control at the in-
let structure is by a 48-in. diameter 300 lb. test C. I. gate valve with
Ludlow geared operator on a floor stand and a 48-in. by 72-in. sluice
gate with Ludlow geared operator.

The two conduits are interconnected at the power house with a
36-in. pipe. The water may be fed by a 48-in. line to the Chicopee
Aqueduct, may be discharged through the turbine generator or may
be discharged through a 33-in. pipe bypassing the turbine. Control
at the power house is by a 68-in. gate valve with geared operator,
two 48-in. gate valves with geared operators, three 36-in. gate
valves with geared operators, one 48-in. control valve with electric
motorized operator and one 33-in. control valve with electric motor-
ized operator. Orifice plates have been reported to be installed in(the lines due to cavitation problems with the control valves.

1. Normal Operating Procedures. Quabbin Reservoir controls[are used primarily to transmit water to the metropoltan area of
Boston and the local communities of Chicopee through the Quabbin
and Chicopee Aqueducts, respectively. They are operated based on
demand. Also, a minimum of 20 MGD is released to the Swift River
as required by law for low flow augmentation.

I The water is released from Quabbin Reservoir via a 68-in. con-
duit and a 48-in. conduit interconnected with a 36-in, pipe at the pow-
er house. There the water may be discharged from the conduits
through the turbine generator or through bypass pipes.

[ 11
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The gates for these m nduits are at the power house. Additional

tgates are at the Intake structure. The gates at the Intake structure

are normally left open and test operated twice a year.

1
I
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I
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I. ENGINEERING DATA

[2.1 DESIGN RECORDS

Pertinent contract drawings for Winsor Dam, Quabbn Spillway
and Goodnough Dike are listed and included in Appendix B. No origi-
nal design criteria and calculations for the structures were available
from the MDC. However, some items regarding the design for each
structure are mentioned in the numerous articles published in techni-
cal journals about the subject projects.

2.2 CONSTRUCTION RECORDS

The original construction contract documents for the structures
are listed in Appendix B-5. Pertinent drawings from these contracts
are also listed and included in Appendix B. Many details of the actual
construction are described in published technical papers and reports
such as those in the Journal of the Boston Society of Civil Engineers
and the Annual Report of the Metropolitan District Water Supply Com-
miss ion.

Details shown on the contract drawings are in good agreement
with field observations, with the exception of Appendix B-62 which
shows an incorrect configuration for the spillway weir. The proper
shape of the weir is shown on the Site Sketch Plan, Appendix C-2
and in Photo No. 13.

No construction modifications to the original structures follow-

lng their completion in the 1930's are known to have taken place.

2.3 OPERATION RECORDS

I Operational records kept by MDC Quabbn personnel are based
primarily on daily reservoir discharges at the Winsor Dam outlet
structure and test runs of the equipment.

2.4 EVA LUA TION

I A. Availability. Design and construction records are available
at the MDC, 20 Somerset St., Boston, MA 02108. Operation records
are available at the MDC Quabbin, Ware Road, Belcherown, MA
01007.

1
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IB. Validity. With the exception of the change in configuration
of the spillway weir described in Section 2.2, the contract documents
appear to represent the the features of the presently existing struc-
tures, based on visual field observations.

C. Adequacy. Theavailable data, in combination with the visu-
al examinations described in the following section, are adequate for
the purposes of the Phase I Investigation.

i
I

I

I
I

I

I
i

<I

1 '

:H 1



I

I IM. VISUAL EXAMINATION

5 3.1 FINDINGS

A. General. The Phase I visual examination of Winsor Dam,
Quabbin Spillway and Goodnough Dike was conducted on 29 June 1978.

In general, the projects were observed to be in excellent to "
good condition. The earth embankments, spillways and intake struc-
tures are well maintained. A few minor deficiencies requiring correc-
tion have been noted.

I Visual inspection checklists for the three structures are includ-
ed in Appendix A and selected photographs of the projects are given
in Appendix C.

B. Winsor Dam. Wnsor Dam includes a large earth embank-
ment, an intake structure and an auxiliary spillway. Photographs
of this structure are numbered 1 through 12 in Appendix C.

3 The hydraulic fill embankment is in excellent conditila There
was no visual evidence of settlement, lateral movement, seepage or
other serious defects. The downstream slope, Photos No. 2 and 3,
is covered by grass which is mowed frequently. Both the light and
heavy riprap on the upstream slope appear to be stable and in good

I condition, with little weathering, Photos No. 4 and 5.

The roadway and stone walls across the crest of the embank-
ment are in excellent condition. The near perfect horizontal align-
ment of the wall is shown in Photo No. 3. The roadway crest and
walls are somewhat higher in grade toward the "center" of the em-

3 bankment than they are at the abutments. At the time of construc-
tion, the embankment at Us highest point above original ground, was
built approximately 3 ft. higher than El. 550, the proposed final em-3 bankment grade. The cambered crest was established to allow for
future settlement from consolidation of the hydraulic fill.

3 Settlement of the crest has been monitored at eight observa-
tion points located at the top of the riprap slope, I=nmediately up-
stream of the stone wall. An MDC drawing which summarizes em-
bankment settlements from 1939 to the last reading on 26 June 1973,
s included n Appendix B-69.

1
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I The embankment, at its highest point between Sta. 18 and 21,
settled 1. 1 ft. between 1939 and 1952 (13 years). In the following
21 years to 1973, an additional 0.45 ft. of settlement occurred.
Typically, settlements at the ends of the embankment are less.

Settlement of the embankment is evident where it Interfaces
with the intake structure, Photo No. 6. Photo No. 7 shows from 6
to 8 in. of settlement relative to masonry walls at roof level. In
addition, settlement and lateral movement on the upstream slope
are indicated by a crack in the stone masonry wall located immedi-
ately left of the intake structure, Photo No. 8. The wall at this lo-
cation had been repaired in the past by pointing the crack.

The intake structure (control house), Photo No. 9, is in good
to excellent condition and well maintained. There Is some incidental
rusting on the interior columns and some staining on the interior wall
block. The exterior masonry does evidence loss of mortar from the
lower joints. There is some efflorescence along the lower portion of
the structure.

The power house lower floor is in excellent to good condition.
Efflorescence is present on the walls near the slab. Water from an
unknown source was present on the floor. The upper floor Is also in
good condition. No efflorescence was noted on the walls at this floor.
The bond beam at the top of the wall does exhibit a number of shrink-
age cracks. The underside of the roof appears to be stained.i

The former diversion tunnel could not be in inspected in detail
due to the lack of internal illumination. However, a number of cracks
in the lining were observed. Moderate leakage was observed through
the roof at what appeared to be an old patch along a crack located ap-
proximately 450 ft. from the power house. The condition of the lining
of this tunnel is estimated to be from good to fair..

fThe outlet channel downstream of the power house is in satisfac-
tory condition.

jTho auxiliary spillway, located right of the MDC administration
building, is in excellent condition. The approach channel to the curved
spillway Is grass, recently mowed. There are three trees in the chan-Inel as shown in Photo No. 11. In addition, a gravel roadway which
crosses the approach channel Immediately upstream of the spillway
weir. creates a minor obstruction to flow. especially at the left side
where some fill has been placed.
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I The crest of the weir itself is in good condition, Photo No. 12.

C. Quabbin Spillway. The Quabbin Spillway includes a masonry
weir, a short approach channel and a long discharge channel to the
Swift River. Photographs of this structure are numbered 13 through
25 in Appendix C.

The spillway masonry s in excellent to good condition. Vegeta-
tion is present in several spots along the top masonry joint. The ot-
to= or bed joint of the masonry has been eroded somewhat. In addi-
tion. some of the lower joints in the weir have lost mortar.

Three vertical cracks were noted in the highest portion of the
weir. one at each end and one near the center. The crack near the
center is shown in Photos No. 17 and 18. Spot efflorescence is pres-
ent on the downstream face of the highest portion of the weir. Mo is-
ture was noted in local areas along the downstream face of the weir,
at cracks and at the near vertical junction of the weir with bedrock.
At one location near the south end of the weir where its height is only
a few feet. a fine amount of water is shooting out approximately 3 in.

The upstream face of the weir was not observable due to the
high reservoir level.

The access bridge to the flashboards and the flashboards are
well maintained and in good to excellent condition. Photos No. 19 and
20. The flashboard guides are in excellent condition.

The approach channel to the spillway weir is in satisfactory
condition, Photo No. 21.

The discharge pool and discharge channel from the spillway are
generally in good condition. Seepage was noted from joints in the
rock and from 2.5-n. diameter drill holes at locations Lmmedtately
below the weir. Photo No. 15 shows water flowing from one such
drill hole.

r At the entrance to the discharge channel, large blocks of rock
have fallen from the left face of the rock cut. Photo No. 23. The

right side, Photo No. 24. Is in a more stable condition. The stabili-
Lty of the right side is enhanced by the generally infrequent spacing

and favorable attitudes of joints in the gneiss making up the channel
face, Photo 22. Some large blocks of guelss, visible by the man in
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j Photo No. 24. appear to have dislodged from a fault plane at the en-
trance to the channel. Another rockfall occurs along the right side of
the channel, about 280 ft. downstream from the channel entrance.
The volume of rock is not large and does not constitute an appreciable

I obstacle to flow in the channel. At a point about 360 ft. south of the
channel entrance, along the right side, relatively minor amounts of
fault and joLnt-bounded rock blocks appear capable of falling as a re-3 suit of future frost action. The maximum volume, at a. given location
that could be produced by such frost effects is estimated at 75 cubic
yards. Such a volume, occurring at one instance, would probably re-
suit in a cross-channel debris mound less than 15 ft. in height.

Rock falls along the left channel face have occurred to a great-I er volume than on the right side primarily due to adverse dips on
many of the joints in the ornfels, gneiss, and schist exposed on the

* face. Such joint surfaces dip into the channel at angles of from 40 to
70 degrees from the horizontal. Rock fall debris from these joints
occur at the entrance to the channel and at distances of about 85 to1 110 ft., 235 ft., and 285 ft. south of the channel entrance.

IThe general condition of the discharge channel downstream of
9 the arch bridge is shown in Photo No. 25.

B. Goodnough Dike. Goodnough Dike is a large earth embank-' 1ment without appurtenant structures. Photographs of the dike are
* Inumbered 26 through 33 in Appendix C.

The hydraulic fill embankment is in excellent condition. There
was no visual evidence of settlement, lateral movement or other seri-
ous defects. The downstream slope tr covered with grass, with a
few small bare spots, which is mowed frequently. Both the light and
heavy riprap on the upstream slope appear to be stable and in good
condition, with little weathering. Photo No. 32.

Two wet areas occur at the downstream toe of the dike, where
the- embankment is highest. The extent of the wet areas are defined
by grass which has not been mowed, as shown n Photos No. 29 and
30. No flow was observed into or from the wet areas, and free wa-
ter in small puddles was clear. It is understood that these areas
are wet seasonally, and are apparently not related to reservoir wa-
ter levels. Water was observed to be seeping through the asphalt
concrete lining for a drainage ditch which runs parallel to the dike
toe downstream of the wet area. This condition Is shown in Photo
No. 31. Water flows into a drop inlet shown near the center of
Photo No. 30.
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The roadway and stone walls across the crest of the embank-ii ment, Photo No. 27, are in excellent condition. Similar to Winsor

i - Dam, Goodnough Dike was constructed with a camber, raising the
.1 crest above the nominal design grade at El. 550, to allow for settle-

ment.

I Settlement of the crest has been monitored at seven observa-
tion points, the protective casing for one of which is shown n Photo
No. 33. The MDC drawing which summarizes embankment settle-
ments from 1939 to the last reading on 26 June 1973, Is included in
Appendix B-70.

The embankment at his highest point between Sta. 17 and 20,
settled about 1. 2 ft. between 1939 and 1952 (13 years). In the follow-
ing 21 years to 1973, an additional 0.4 and 0.3 ft. of settlement oc-
curred at Sta. 17 and Sta. 20, respectively. Settlement at Sta. 17
was about 0. 1 ft. greater than would have been expected from data

ii available through 1952.
E. Quabbin Reservoir Area. The reservoir was not examined1 except for areas near Winsor Dam and Goodnough Dike. However,

1 the Quabbin reservation and watershed are generally wooded. In this
terrain, it is highly unlikely that landslides into the reservoir and/or

3 surface erosion would be significant and would in any way endanger
1 the safety of the structures.

IF. Downstream Channels. The river channel Immediately
downstream of discharge channels from the Winsor Dam power

I 1 house and Quabbin Spillway is the natural bed of the Swift River.

For several hundred yards downstream of Goodnough Dike,
the former Beaver Brook channel Is flat, wide and swampy with
ponded water. Few trees have grown in this environment.

3.2 EVALUATION

Based on a visual examination of Winsor Dam, Quabbin Spill-
way and Goodnough Dike, the projects are well-maintained and In
excellent tn good condition. Minor deficiencies which lave been
observed should not have a serious effect on the performance or

Isafety of the structures.
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IV. OPERATIONAL PROCEDURES

4.1 PROCEDURES

The primary purpose of the three projects is to impound and
store runoff in Quabbin Reservoir for the water supply of the Metro-
politan Boston area. A degree of control of the reservoir water sur-
face elevation can be exercised by discharging water through a tur-
bine generator at the power house and/or a 33-inch bypass line into
the Swift River. The law requires that the MDC release a minimum
of 20 MGD to the Swift River. The reservoir level is also effected
by the flow delivered to the Quabbin and Chicopee Aqueducts. Other
than these controls, the maximum reservoir level is controlled by
Quabbin Spillway weir crest at El. 530. 0. (Flashboards can be re-
moved from a 34 ft. -8 in. length of the weir which would lower the
water level to El. 528. 0. )

[ 4.2 MAINTENANCE OF DAM

The Winsor Dam and Goodnough Dike embankments are regu-Ilarly maintained by MDC field forces based at Winsor Dam in Belcher-~town, MA.

4.3 MAINTENANCE OF OPERA TING FACILITIES

The equipment is well maintained and operated routinely, as[ required, to deliver water to the aqueducts, generate power and meet
discharge requirements to the Swift River. Other equipment is test-
operated at set intervals. No equipment was specifically operated[ Lduring the visual examination on 29 June. The equipment was reported
to be in good operational condition. It was also reported that a prob-
lem had existed with control valve cavitation at the power house and
that orifice plates have been installed.

[ 4.4 WARNING SYSTEMS IN EFFECT

There is no formal warning system in effect in the event of a
failure or partial failure of the structures. The operations staff indi-

I cated that they do have radio communication capabilities and in case
of difficulties, would warn the nearby civil defense center and the
Metropolitan District Commission Headquarters.
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j 4.5 EVALUA TION

The operational procedures and dam and dike maintenance~are satisfactory.

For a project of this ze and importance, where a failureIwould cause major loss of life and property damage, a formal emer-
gency preparedness plan and warning system should be adopted.

2
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SV. HYDRAULIC /HYDROLOGIC

5.1 EVALUATION OF FEATURES

A. Design Data. The Quabbin Reservoir was created in the
1930's by the MDC with the construction of Winsor Dam, Quabbin
Spillway and Goodnough Dike. Proposed construction drawings for
the facilities were found but only limited hydraulic/hydrologic design3 parameters have been located.

Hydraulic/hydrologic information contained in the July 1935
BSCE Journal. Vol. XXI, No. 3, indicates that a runoff of 12 inches
in 24 hours would result in a spillway discharge of 9, 000 cfs. The
same article states that the spillway approach channel was designed
to convey 15, 000 cfs, at which point the reservoir water surface
would be El. 536.0 and the auxiliary spillway would begin discharg-
ing.

The size classification of the project is "large" as the height
is greater than 150 ft. and the storage Is 412 billion gallons (1,264,000
acre-feet. Since the estimated loss of life in the event of failure had
been previously estimated to be between 2 and 300 persons, the

i hazard potential classification is "high". Consequently, the recom-

mended test flood is the probable niaximum flood (PMF).

I B. Experience Data. The peak inflow _0MF was estimated
by using the peak flow rate for rolling terrain, as developed by the
Corps of Engineers, New England Division, and developing a unit
hydrograph based on the September 1938 flood on the East Branch
Swift River near Hardwick, Massachusetts, for the land portion of
the drainage area which is approximately 146 square miles. To this
inflow (peak rate of 134,000 cfs), the PMF resulting from 23 inches
of rainfall in 6 hours was distributed over the area of the reservoir
and added. The resulting peak inflow was determined to be 226,800
cfs. This peak inflow was routed through the reservoir and the PMF
outflow was determined to be 15, 200 cfs using both the main and aux-
ImIlliary spillways. To date, the maximum spiliway discharge has beeh
approximately 1600 cfs.

3 C. Visual observations. No modifications have been made
to the Quabbin Spillway since it was constructed in the 1930's. Two
feet of flashboards were in place on the 34 ft. -8 in. section of spill-
way at the time of the Inspection and the water surface elevation was2
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529.73. The spillway and its associated approach channel appear to
be in excellent condition. The left wall of the discharge channel shows
signs of weathering with fallen rock on the floor of the channel. How-

[ever, the slope of the discharge channel at this location is sufficiently
steep that the rock debris should not cause any hydraulic problems.

L D. Overtopping Potential. The stage-discharge relationship
for the spillway utilizes the spillway rating curve developed by the
MDC for spillages up to 3 feet, to El. 533. 0. Between El. 533. 0 and
El. 536.0, a straight line interpolation was made recognizing the
stated design discharge of 15, 000 cfs at a maximum pool of El. 536. 0.*
Above this level, the auxiliary spillway will pass flows from an ex-
treme flooding event.

Neglecting the capacity of the auxiliary spillway channel, it
was determined that the IMF would generate a peak outflow rate of
16, 300 cfs which would cause the water level in the reservoir to rise
to El. 536. 54. Considering the additional capacity afforded by the
auxiliary spillway, treating same as a broad-crested weir, the maxi-
mum water level in the reservoir is lowered to El. 536. 07 (peak out-
flow equals 15, 200 cfs). Therefore, the main spillway in combination
with minimal usage of the auxiliary spillway is adequate for the PMF.
Since the crest of the dam is approximately 14 ft. abo-ve maximum wa-

Iter level, there is no possibility of overtopping.

E. Evaluation. Passage of the PMFby the main spillway with
a minor portion of the flow over the auxiliary spillway should offer no
flooding problems in the immediate area of the dam. The main spill-
way discharge channel, which is excavated in rock, has a base width
in excess of 30 ft. with bottom slopes no less than 1.0 percent up-
stream of the arch bridge. Just downstream of the bridge, the chan-
nel bottom drops more than 50 ft. in less than 100 ft. to form a cas-
cade while downstream, the discharge channel continues in rock with
a base width in excess of 30 ft. with the bottom slope averaging 6.0
percent before flattening and merging with the original streambed of
the Swift River. Downstream of this point, the Swift River Channel
has ample capacity for the PMF flows from the main andauxiliary spill-
ways as well as any contribution from the power station discharge chan-
nel. In conclusion, the spillway and downstream channels are more
than adequate to pass the routed PMF as developed in the Guidelines.

1 *"!Design and Progress on Construction of Dams for Quabbin Reser-
voir" by Stanley M. Dore, Journal of the Boston Society of Civil En-

I gneers, July 1935, Pg. 173.
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The estimated peak failure outflow should Quabbin Spaliway fail

is 13, 000 cfs. Since this outflow is less than the test flood, the down-
stream channels and the Swift River are more than adequate to handle3 a failure of this structure.

Because of Quabbin Reservoir's vast storage capacity, as well
as the height of both the Winsor Dam and Goodnough Dike, a failure of
either the dam or dike would result in significant downstream damage
as well as loss of life.

3 If Winsor Dam or Goodnough Dike were to fail, the peak out-
flows have been estimated (using "Rule of Thumb" guidelines developed
by the C.. ofE..) to be 1, 533, 000 cfs for Winsor Dam and 958, 000 cfs
for Goodnough Dike. Since the effects of these flood waves would be
experienced for many miles downstream, flood routing is beyond the
scope of this investigation. Nevertheless, the following qualitative
analysis iapresentedto indicate the magnitude of the downstream haz-
ard potential.

I Failure of Goodnough Dike would result in rapid inundation of
Peppers Mill Pond one mile downstream, after which the flood wave
would likely scour out a section of Route 9 to convey the flows which

would be greatly in excess of the capacity of the existing 12 ft. wide
by 9 ft. high multi-plate arch which carries Beaver Brook beneath
Route 9. About 2 miles downstream of Goodnough Dike, the flood
wave would enter Beaver Lake where it would be dissipated some-
what, but not before damage to houses and cottages around Beaver3 Lake and possible loss of life. Downstream of Beaver Lake, the
flood wave would flow through a swampy area before the confluence
with the Ware River about one mie downstream of Beaver Lake.

Failure of the Winsor Dam would produce a flood wave which
would first scour out a section of Route 9, since the existing Swift

River bridge opening would not be adequate to convey the flood flows.
The State Fish Hatchery about one-half mle downstream of Route 9
would next be affected including a few houses along the river valley
in the immediate area. About 4 miles downstream of Route 9, the
flood wave would reach the village of Bondsville in the town of Palm-
er. The flood flow would pass both the upper and lower dams in

Bondsvllle and for the most part not affect too many homes here as
most of them are 20-40 ft. above the river bed. More damage would
likely occur just downstream of where the Swift River meets the Ware

River In the village of Three Rivers, where some of the housing is
relatively low with respect to the river bed.
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[VI. STRUCTURAL STABILITY

6.1 EVALUATION OF EMBANKMENT STRUCTURAL STABILITY

A. Visual Observations. There was no visual evidence of
embankment instability at either Winsor Dam or Goodnough Dike dur-
ing the site of examination on 29 June 1978. Seepage at Goodnough
Dike, as evident by wet areas at the toe of the dike, is not considered
a potential hazard to the stability of the downstream slope.

B. Design and Construction Data. MDC drawings are available
which show the design cross-sections for the dam and dike, both of
which are full hydraulic fill structures. However, no design criteria
for embank-ent stability or calculations are available. Furthermore,
there are no construction records available which define soil proper-
ties.

A theoretical analysis of the structural stability of the dam and
dike embankments was not possible due to lack of pertinent design and
construction data. Nevertheless, the downstream slopes of 2 horizon-
tal to 1 vertical above El. 499 and 2. 5 to 1 below that grade, are con-
sidered reasonable for a hydraulic fill embankment of this height.

3 C. Operating Records. Records of crest settlement are avail-
able from surveys on settlement pins located at the top of light riprap
on the upstream slope. The results of settlement observations have3 been discussed in Section IMI and are shown on fieures in Appendix
B-69 and B-70.

3 Generally, crest settlements are reasonable, in particular the
time-settlement relationship of one point to another, and do not sug-
gest any embankment instability. However, the settlement at Sta. 17
at Goodnough Dike, from 1952 to 1973, was about 0. 1 ft. greater than
would be expected. This result may be due to a survey error or to a
local movement of the monument. While it does not suggest embank-

ment instability in this area. it should be checked.

D. Post-Construction Changes. It is understood that there
have been no significant post-construction changes to the dam and
dike embankments. To accommodate differential settlement, some
reconstruction. including repaving and pointing, has been undertaken
where the Winsor Dam embankment interfaces with the intake struc-
ture.
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3 E. Seismic Stability. The Quabbin Reservoir projects are lo-

cated in Seismic Zone 2. According to C. of E. guidelines, projects
in this zone are "assumed to present no hazard from earthquake pro-3 vided static stability conditions are satisfied and conventional safety
margins exist." At the present time, it is not known whether conven-
tional safety factors exist for static stability analyses.

Because of the importance of these structures for water supply
to the Greater Boston area, because of the high hazard potential in the
event of a failure, and because the embankments are hydraulic fill with
relatively steep slopes, a detailed investigation of embankment stabili-
ty under static and earthquake loading is recommended.

6.2 EVALUATION OF STRUCTURAL STABILITY,3 QUABBIN SPILLWAY

A. Visual Observations. No visual evidence was noted that
would indicate a structural stability problem with the masonry spill-
way. One small pressure leak was observed during the inspection
which should be attended to to minimize the uplift force on the weir.

i B. Design and Construction Data. Design data in the form of
record drawings for the spillway and construction data in the form of
construction photographs are available. Utilizing these data, a sta-
bility check was performed on the spillway weir, and the structural
design was found to be adequate for the PMF.

C. Operation Records. Operation records in the form of wa-
ter surface elevation since the time of construction are available.

D. Post-Construction Changes. A comparison of the visual
appearance of the spallway weir and the record drawings indicate that
no major modifications have been made to the spillway.

E. Seismic Stability. The spillway weir is deemed adequate
for seismic stabilLty in that it Is located in a Zone 2 region and is
adequate for normal loadings up to and including a probable maximum

3 flood.

( I
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I VTI. ASSESSMENT, RECOMMENDATIONS
AND REMEDIAL MEASURES

3 7.1 ASSESSMENT

A. Condition. The visual examination of Winsor Dam, Quabbin
Spillway and Goodnough Dike, and review of available documents, did
not reveal any evidence of failure or conditions which would warrant
urgent remedial treatment. The projects are well maintained and are3 in excellent to good condition.

The Quabbin Spillway and auxiliary spillway at Winsor Dam are3 adequate to safely pass the the test flood, estimated to be
16, 300 cfs, without overtopping the dam. The estimated maximum dis-
charge since the project was completed 40 years ago, was 1600 cfs in3 April 1953.

B. Adequacy of Information. Generally, available drawings
and other information were adequate for this Phase I Investigation.
However, there is insufficient information to evaluate embankment sta-
bility under static loads and forces due to earthquakes.

C. Urgency. The recommendations for additional investigations
and remedial measures outlined in Sections 7. 2 and 7. 3. respectively,
should be undertaken by the MDC within 24 months after receipt of this
Phase I Inspection Report.

I D. Need for Additional Investigation. Additional investigations

should be performed by the Owner as outlined in Section 7. 2.

7.2 RECOMMENDATIONS

1. An Investigation to assess the stability of the downstream
slopes for both Winsor Dam and Goodnough Dike, under stat-
ic and earthquake loading. The assessment should include
the potential for a failure and/or excessive movement dur-
Ing a seismic event. To perform the required analyses. test
borings and detailed laboratory testing will be required to3 provide 'data.

2. A new level survey on seven settlement observation points
at Goodnough Dike, in particular to check the 1973 data at

* 27

,nn lnmnnnm u u ~ l I • l I gI



U
3 Sta. 17. If the survey indicates a continued rate of settle-

ment greater than at adjacent pins, consideration should
be given to expanding the study to investigate the cause of
greater subsidence and the area affects.

3 7.3 REMEDIAL MEASURES

A. Alternatives. Not applicable.

I B. Operating and Maintenance Procedures. The following re-
medial work should be undertaken by the MDC to correct deficiencies3 noted during the visual examination:

1. Repair the lining of the former diversion tunnel at Winsor
Dam. While the cracks and leakage in this tunnel pose no
threat to the dam itself, a collapse of the tunnel roof could
cause the rupture of an outlet conduit and reduce the control3 capabilities of the reservoir level.

2. Repoint the Quabbin Spillway weir masonry to maintain the
structure in good condition.

3. Periodically remove brush, saplings and rockfalls from the
I spiliway discharge pooL and discharge channel.

4. Due to the size of the project and the "high" hazard poten-
tial classification, the MDC should develop a formal emer-
gency preparedness plan and warning system, in coopera-
tion with local officials in communities downstream of the3 project.

5. Make periodic visual observations of wet areas downstream
of Goodnough Dike, noting carefully the extent of the wet
area, evidence of active seepage into the area and related3 information for correlation with rainfall, snowmelt. reser-
vowr level, etc. The objective of this activity will be to de-
termine whether the wet areas are related to reservoir
stage or are merely surface manifestations of seasonal ef-
fects of rainfall. etc.

I
I 28

!i

I= Lm a la lllllBIllI I lII m a



j6. Repoint the lower courses of the Intake Structure stone
masonry exterior walls.

17. FMI animal burrow holes on upper berm of Winsor Dam
near right abutement.

*1
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APPENDIX A
ti r INSPECTION TEAM ORGANIZATION AND CHECK LIST

__ Page No.

r VISUAL INSPECTION PARTY ORGANIZATION I

[ VISUAL INSPECTION CHECK LIST

Winsor Dam Embankment 2
Outlet Works - Control Building 3[ Outlet Works - Conduit 3
Outlet Works - Outlet Structure (Power 4

House) and Outlet Channel
Auxiliary Spillway at Winsor Dam 4

Quabbin SpiUway - Spillway Weir, Approach 6
and Discharge Channels

( Gondnough Dike Embankment 8

L
[

L
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I
L
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* VISUAL INSPECT10N PARTY ORGANIZATION

I NATIONAL DAM INSPECTION PROGRAM

I Dam: Quabbin Reservoir: Winsor Dam, Quabbin Spillway

and Goodnough Dike

IDate: 29 June 1978

Time: 8: 30 a.m. to 5:00 p. m.

I Weather: Clear to partly cloudy, hot

U Water Surface Elevation Upstream: El. 529. 73 (B. C. B. Datum)

If * Stream Flow: Not applicable

Inspection Party:
:: 3Harl P. Aldrich, Jr. - SoLls

- Haley & Aldrich, Inc.
Allen W. Hatheway - GeologySHaley & Aldrich, Inc.

-Roger H. Wood - Structural
i Camp. Dresser & McKee, Inc.3Charles E. Fuller - Hydraulic /Hydrologic

Camp, Dresser & McKee, Inc.
A -Charles Loveridge - Mechanical /Electrical

Dm Camp. Dresser & McKee, Inc.

Present During Inspection:
Harold E. Melln, Jr., M.D. C.
David A hendon, M.D. C.
Harold Willey. M.UD. C.
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VISUAL INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

IDAM Quabbin Reservoir: Winsor Dam DATE 29 June 78

AREA EVALUATED CONDITION

.I WINSOR DAM EMBANKMENT

Crest Elevation Originally, approximately El. 551 to El.
553 to allow for settlement

Current Pool Elevation EL 529.73 (B. C. B. Datum)
Maximum Impoundment El.. 531.03 on April 18, 1953

to Date
Surface Cracks None observed
Pavement Condition Very good; minor random transverse

cracks in asphalt concrete
Movement or Settlement of None observed (see text for crest settle-

Crest ment data)
Lateral Movement None observed
Vertical Alignment Excellent
Horizontal Alignment Excellent
Condition at Abutment and Approximately 6 to 8 in. of embankment

at Concrete Structures settlement adjacent to intake structure
-is visible

7 Indications of Movement of No structural items on slopes. However.
S .Structural Items on stone wall adjacent to intake structure

Slopes has moved laterally and has settled
(see photographs)

Si Trespassing on Slopes Frequent, no restrictions on downstream
grass slope

Animal Burrows in Embank- Several noted on upper berm near right
* ment abutment

Vegetation on Embankment Grass in good condition, mowed recently
Sloughing or-Erosion of None observed of any significance

L Slopes or Abutments
Rock Slope Protection - Light dumped riprap on upstream slope

Riprap Failures above berm, heavy riprap below berm;
irregular but in good condition; no fail-
ures observed

Unusual Movement or None observed
Cracking at or near Toes

Unusual Embankment or None observed
r Downstream Seepage
L Piping or Boils None observed

Foundation Drainage None
Features

WANFM eMAO0ARaM APPENDEK A-2
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VISUAL INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

* DAM ' (;UQuabbin Reservoir: Winsor Dam DATE, 29 June 78

AREA EVALUATED CONDITION

Toe Drains None
Instrumentation Systems Eight "pins" for measuring settlement of

crest of dam (see text)
Two abandoned (lost) observation wells

OUTLET WORKS - CONTROL

I BUILDING

a. Concrete and Structural

General Condition Good to excellent
Condition of Joints Some mortar missing in exterior joints at

riprap level
SpaUing None noted
Visible Reinforcing None noted

. Rusting or Staining Incidental rust on interior steel columns
Any Seepage or Efflores- Efflorescence at bottom-courses of block

cenee
Joint Alignment Good[ Unusual Seepage or Leaks Not observable

in Gate Chamber
Cracks No major cracks noted

b. Mechanical and Electrical Equipment reported to be in operable con-
dition. no apparent deficiencies ob-
served

LOUTLET WORKS - CONDUIT

General Condition Mainly not observable, underground; top
of 68-in. conduit exposed in former
stream diversion tunnel; tunnel not
illuminated

Former stream diversion tunnel lining
contains numerous cracks; moderate
leak In roof of tunnel 450 ft. from
power house at apparently old patch and
cracks.

APPENDIX A-3
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VISUAL INSPECTION CHECK LIST

NATIONAL DAM INSPECTION PROGRAM

[ DAM' Quabbin Reservoir: Winsor Dam DATE29 ,une?8

I
AREA EVALUATED CONDITION

[ OUTLET WORKS - OUTLET
STRUCTURE (POWER HOUSE)
AND OUTLET CHANNEL

L a. General Condition of Con-
crete and Masonry Good condition

Rust or Staining Underside of roof stained
Spalling Shrinkage cracks in bond beam below roof
Visible Reinforcing None observed
Any Seepage or Efflores- Efflorescence present lower portion of

cence walls lower floor. Water on floor from
unknown source

Condition at Joints Good

b. Electrical-Mechanical Equipment reported to be in operable con-
dition - no apparent deficiencies ob.
served. Reported cavitation, problem
with control valves corrected by orifice
plates

Lc. Channel

Loose Rock or Trees A few trees overhanging channel[Overhanging Channel
Condition of Discharge Good - riprap
Channel

AUXILIARY SPILLWAY ATI WINSOR DAM

a. Channel Upstream of Weir

General Condition Excellent
Floor of Channel Flat, covered with grass mowed recently;

three trees; some brush at entrance to
channel; gravel road crossing channel
floor just upstream of weir creates5 minor obstruction to flow

9I
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i VISUAL INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

DAM, Quabbin Reservoir: Winsor Dam DATE 29June78

I AREA EVALUATE CONDITION
b. Weir

I Crest El. 536
General Condition Only crest of circular weir visible; crest

topped by large rectangular granite
stones, typically 4 to 5 ft. long and 3 ft.
wide; good condition

I Channel Downstream of Weir Grass lined then wooded; cross-country
flow

S I
I
I
I
I
I
I

I
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-- VISUAL INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

DAM: Quabbin Reservoir: Quabbin Spillway DATE 29 June 78

AREA EVALUATED CONDITION

QUABBIN SPILLWAY - SPILL-
WAY WEIR, APPROACH AND
DISCHARGE CHANNELS

a. Approach Channel

General Condition Good
Loose Rock Overhanging None of any significance observed

Channel
Trees Overhanging A few small trees overhanging channel,

4 Channel but not significant
Floor of Approach Channel Not observable

[ b. Weir and Training Walls

General Condition of Good; several spots of vegetation in upper
Masonry Joints joint; some mortar missing especially

in lower portion; bottom joint eroded
rRust or Staining None observed

Cracks Vertical cracks at each end and center ofhighest portion of weir

Any Visible Reinforcing None observed
Any Seepage or Efflores- Seepage observed at highest joint; trace of

eence moisture along bottom of high portion;
seepage at end of high weir portion where
it abuts rock; efflorescence present in
high portion of weir - at junction with

rrock, mid-height and lower portions of
weir

Drain Holes None observed

[ c. Service Bridge

General Condition Good
Walkway Good condition
Guides Excellent condition
Flashboards Good condition

[ .
9
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VISUAL INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

DAM. Quabbin Reservo 1r: Quabbin Spillway DATE: 29 June 78

IAREA EVALUATED CONDITION

E d. Discharge Channel

General Condition Good
Loose Rock Overhanging Evidence of prior rock falls from left face

Channel (see text)
Trees Overhanging Channel Young trees at top of rock walls; few In1 channel but not significant
Floor of Channel Irregular bedrock surface; some blocks of

rock from rock cuts. especially at en-Strance to channel
Other Obstructions Some brush growth

I
I

I
I
I
I
I
I
I
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VISUAL INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

A Quabbin Reservoir: Goodnough Dike DATE 29 June 78

DAMD AM __ _

AREA EVALUATED CONDITION

GOODNOUGH DiKE
EMBANKMENT

Crest Elevation Originally, approximately El. 551 to El.F553 to allow for settlement
Current Pool Elevation El. 529. 73 (B. C.B. Datum)
Maximum Impoundment El. 531.03 on April 18, 1953

to Date
Surface Cracks None observed
Pavement Condition Excellent; a few minor random transverse[cracks in asphalt concrete
Movement or Settlement None observed (See text for crest settle-

of Crest ment data)
Lateral Movement None observed
Vertical Alignment Excellent
Horizontal Alignment Excellent
Condition at Abutment and Good (no concrete structures); dike abuts

at Concrete Structures rock at both ends
i Indications of Movement of No structural items on slopes

Structural Items on Slopes
Trespassing on Slopes Frequent, no restrictions on downstream

.grass slope
Animal Burrows in Embank- None observed

ment
Vegetation on Embankment Grass in good condition, a few small bare

areas; grass mowed recently
Sloughing or Erosion of None observed of any significance

Slopes or Abutments
Rock Slope Protection - Light dumped riprap on upstream slope

Riprap Failures above berm, heavy riprap below berm;3 irregular but in good condition; no fail-
ures observed

Unusual Movement or Crack- None observed
*ing at or near Toes

Unusual Embankment or Two unmowed areas at downstream toe of
Downstream Seepage embankment; water clear; no flow ob-3 served (See photos)

Piping or Boils None observed
Foundation Drainage None

Features
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j VISUAL INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

DAM: Quabbin Reservoir: Goodnough Dike DATEt 29 June 78

I
1 AREA EVALUATED CONDITION

I. TToe Drains None
Instrumentation Systems Seven "pins" for measuring settlement of

crest of dike (See text)
j One abandoned (lost) observation well

I
I
I

I

I

I

HMf & ALDRICH. INC. ____ ____________________
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APPENDIX B
LIST OF AVAILABLE DOCUMENTS AND

PRIOR INSPECTION REPORTS

I Page No.

LIST OF AVAILABLE DOCUMENTS

I Winsor Dam 1
Quabbin Spillway 3

I Goodnough Dike 4
Quabbin Reservoir Contracts 5

3 PRIOR INSPECTION REPORTS

Winsor Dam

I Date 2Y
Undated Unknown 6
26 February 1974 Mass. Department of 7

Public Works
23 March 1976 Mass. Department of 21

Environmental Quality

Engineering

3 Quabbin Spillway

Date NZ3 Undated Unknown 25
26 February 1974 Mass. Department of 26

Public Works
23 March 1976 Mass. Department of 37

Environmental Quality

I Engineering

Goodnough Dike

I DatNe

Undated Unknown 43
26 February 1974 Mass. Department of

Public Works 44

I
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DRAWINGS Page No.

Sheet Acc.

2 24102 Main Dam Embankment 54General Plan11 4311 Main Dam Core Wall Overburden - 55

Geological Data - Sheet 1
12 4311 Main Dam Core Wall Overburden - 56

Geological Data - Sheet 2
13 4311 Main Dam Core Wall Overburden 57

Geological Data - Sheet 3
* 4 24104 Main Dam Embankment Profile 58

on Centerline of Main Dam
10 24110 Main Dam Embankment Cross 59* Section of Top of Main Dam17 24117 Main Dam Embankment Intake 60

Works - Intakes* 16 24116 Main Dam Embankment Auxiliary 61
Spillway

11 24111 Main Dam Embankment Spillway 62
Channel - Sheet 1

12 24112 Main Dam Embankment Spillway 63
Channel - Sheet 22 23402 Dike Embankment General Plan 64

8 3908 Dike Core Wall Overburden - 65
Geological Data - Sheet 1

3909 Dike Core Wall Overburden - 66Geological Data - Sheet 24 23404 Dike Embankment Profile on 67
ICenter Line of Dike

3 23403 Dike Embankment Typical Cross 68
Sections

17792 Winsor Dam Embankment Settle- 69
ment of the Embankment

17641 Dike Embankment Settlement of 70
the Embankment
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ILIST OF AVAILABLE DOCUMENTS
QUABBIN RESERVOIR CONTRACTS

IThe following list is intended as a guide to obtaining additional
documents on Winsor Dam, Quabbin Spillway and Goodnough Dike[available at the MDC, 20 Somerset St., Boston. MA

Contract No.

2 Borings Swift Dam Site
3 A " Photos, Swift Valley

23 Borings - Belchertown, Enfield, Ware
30 Stream Control Works at Main Dam
32 Constructing Exploratory Caissons
36 Constructing Core Wall at Dike
38 Construction Core Wall at Winsor Dam
45 Explor. by Shovel Cuts - Main Dam and Dike5 50 Embankment at Dike
52 Main Dam Embankment

118 Misc. Construction at Winsor Dam and Dike
5 119 Winsor Dam

148 Sale of Power - Wnsor Dam
149A Hyaraulic Turbine - Winsor Dam

I 149B Generator - Winsor Dam
149C Switchgear, Bus Reactor, Metering Outfit.

Control Panel - Winsor Dam
149D Transformer - Winsor Dam
149E Substation!- Winsor Dam
149F Storage Battery and Charging Equipment -

WLnsor Dam
150 Installation of Power Plant

I
I
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0. Owabbin Die. Winsor Dam~ and Sojilwav

The grass cover on the emnbankmeont foring the dike was noted to
be a. k. The too a%-*& of the dry side was in good condition and dry.1 The read on top of the mban).onment was in good condition and there
was no evidence of settlement. sunken areas or cracks. The rack
9M1 slope oath.e riservoir side of the dike is in good condition.
Water in stirago was observed to be quit* low but appeared to beI higher in elevation than at the Ume of the Previous inspection.

The mandam. Winsor Dam wa noted to be in good condition.
The tart cover an the downstream slope was good. Some &.-*as
appiarently are being re-learned. treated and seeded. The too area
of this -ain darn wa" dry.

The rock filled portion Of the mandam, Ont the reservoir side was
in: good'COndition. The road across the damn was 0. k,

Tb. spillway structure wa again observed to be completeliy dry.
The SPifway has not been wet for many years. However. the

fobeay &A thus is the highest noted in many years. The stone3eOr O h spllway and th zs eeobserved to be a. k.
Inae the no f th e ar i : th enzLtae to a Spillway

arein he amegod cndiionasPreviously reported, and are safe.
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coapg:____________

Atwic _ -. 3bNS=M. OP-zst-vu Yea- -- NO -

me. )3 leooa and 1'yp:________________________

ContrcU_, Wp: __ _ _ _ _ _

Au~mitlil . 0eraftr yea , No-.

nuudaws "seant Ye--, go_. Operative Ys--, No____

07. MN UMUM F Slape , DW- Vatsr 9% flg_______3 ib~~~pterla: Twf _,. koah se Tree . Rok f111 . ?ImeflL.......WOO..-.

Cmation: 1. Good_. m.aj~r 3p~ara.

2. M~nr UPeAVL% ..........._ . roent Uee.1ar

Cntsa__ __ _
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G DOMM S3MU=A: Avmllablms Yeseede NOWI Bight Above Nomal Wstew 6 ft. -nilTsila

Earth Om
Width 200! ft' Xe~~. t 2ta -MAt9GCLy Imrx

Codtin 1. ood - . 5.Vaor Repsiza _

2. lMnor Ieers ~ t Repairs _

Icasota: See us.et 6 of skethes NoWts: See lso Quabbin s"±lway,

Da No. 2-8- 3 og 4 3,

Oth_ _ __ _ _ _

* I Werml Preebeerd 2 t

SU4A1M OP 3MIC =I ~~ovthU (Tree. An Brush) O nn t Ant'e

Name. Noe precise levels I 9OsoDemg. to Slopes, or Thp of Dam wbarient ham Bet-led 1,O________________

Cracked or Dewmahsd bASonzp. Ben seem1 blrdee of Seepage Mi~nor seepage - bandied by druan.ge system

Evidamee of -j~ja Name seen

Ir~ae" None Daed

Trash mud/ar Debris nomm Flow Non

Moaed or l11oced SP±Loasy NO- - Note ezztom~t.o sreng nI-pent be
imAJ-16d at r-ae or Inspectm.

Oher_ __ _ __ _ _
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Diar NO -- 0-A

2. NUhnor repair edd__________________________

3. Coc .ionsally safe maojor repairsne e______________

5.xservair ±imndot no longer cc~to (QzILe-u)

Uocinmd removal from inspectio lirt_________________

RDMaZ1 AND RECG9MML=0M: (Fully ftPlai)

* [.This dan acroe. the Swift River form the QUabim Reservoir. It is an earth amhank-
ment 2600 feet long and over 155 feet h±h. There is a concrete CaiSGOV Core Well
with its top somewhere near -th original ground line which extends to bedrock located
on the centerl-n of the embanmnt. Mhe earth embasent is a ful~l hdraulc fil
structure with a riprap shell on the upstream face end with a lcam and turf surface

on e-isno the embanment the inae suct-ars. and the outlet structur or

owerhouse found no visible dfcs Thexmntoicledvwngheinterior
of the outlet tunl and vtewina the ineirof one of th naesrcuewells
In an umuatered Condition. At the time of the inspection automatic screening devices
were being installed In the intake wells and as a pert of this work the bearing
brackets for the gate operating shafts were being rehabilitated.

Core drl.12ines of the concrete in the interior of the intake well obtsined fro the
drillng of anchor bolt holes for the installation of the screening device ehomed
the cincrete to be in aiselent condition.

The two obeervation wel~ls originall installed In this dam are nw longer unable and
no information on recent observation was available. Precise levels were taken an
the top of Use dam at frequent intervals until 1957 and again in 1973. These showed
a settlement of about 1* feet In 1973 with about a third of the total settlanet
occurring between 1957 and 1973, a period when the reservoir 'ma at a relatively low
level. This dam was originally designed with a 2 foot camber to allow, for settlement.

[ IMr. Mlliu. the Aesistant Superintendent, accompanied us an our inspection.
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i $ .b. t. by Dw No. 2--V

SJmme of Von Qwabbi OWinor' DMI

S o No. 2-8-09-I- Quabb.u Spllay a No. 2-8-09-IC GooumvAb Dike

1. tboe. Ret.
Location: To mSbt so. 1... Coordima"sAl X* -M 2 " '66

Provide 8 z 1 I" ca lear cop of topo n vca ith location ofDm clearly indicated. . zz :z
Acess from Was. It'..*. 9" "out 2i -4 easterly r o3-,einnL'. 'm

About ft. (I d.,,) northrl f Itts. 9 a Winor Dm Rd. - !!o gc foesd=

4 1 2. ____

2. Year i)13 - 8 s./ of subsequet apgirs 1970

3- Pupos of D: Wate Supply x Recreational

flood Ccatrol ______ rrlio! Other___ ______

186 q. .pne i~td dmb ranware River wtershed of 98 sq. d..
D•lUneag A a: _ sq. MI. acres.

T ype: City, h, . a ZId. _ Dense fs. hwba_ nms.,Uz._

Wood & Scrub Load $0 Slope- Sleep...L IV ed. 7S% MAt 10

...6 sq. mi.

3ozi. Pedng area: 24,704 Aoes; Ave. Deft_

Zupoi~~~~en~z w axter doj1 t

Sited In: yen NO Appox. Amuct Storage Aea __qVIMM

6.
No.. ,d tpe of dwllIngs lonated adj ent to Pood or reservoir

* tI.e. s~mor hmes et. 0.1y residencee of dpersn.in ZrsgMl

Diomiinm of Dam Length 2600 ft. Nox. Neiot lm ft._

32aos Upewom Pace !L&Its 1* -o 2. o 1 rima
Doumglrem Pas Varies 21 to 2 3A:I tuf

Width acros top 34 3/4 - paved readwa
See sikeohes Attached.
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Dm. r No. -39I
Claasif otion of Dam by Haterial:

5 ~~.Cnn. aaony Stoe Ifsaay
T~mber _ Boekig.1 Of e e~ ea'Os 4smore a l

am T"pe: Staight _ Curved, Arhead O -er QI, Ve
Overflow - No-overflow S

I 9 .L Description of present land usage dowsmtrem of damn:

go' irral; .. 10. % k developed villaes of Boedsyv~e mxro.
B. Is there a storage area or flood plain downsteam of dm Ich Rvr

could accomda-e th i unda in the event of a comlete
dmfal.lze ? Y'es _ No X

nC. Chaacer Downstram VaXle7- Narrow _. Wide _ Developed n

R Urban

I to life and . opety It event of comlete fa lure. *See note below.

No. of people Say 2 - O before Chicopee lver

No. of home Z before lfare Of Des of BodwrlJl & Mree RAver sa 2 - 3O
bone, before Chicopee River

No. of businesses m 'era in villages
N o. of inustries Se-vera -tUauring plants

Water suppy - pole lines for teloqhan &

No. Of utilities 0 T-Qpe .e'e -. 1. . .. .4 -1 -.- -
I uasisio Ianes

Ralroads .._h ±ZY jnae & Vazane Central I. 1.

Other dam dsv%3le 'Upper Dam 1I. 3-7--27- & BIadxvI L Dm No. 37- -1.
Other State sh E acher? - ninre tam bighmay md bige a&M Roe 9 State

3 Ltta~gtoh~o Ile"t this form sbnwlng 6ecion ead p.aa On 8"z 11, sheet.

RCS/Vk * Note, Plak to life end propertr o1y along Swift Rver onesidered. Damag is
A"tacknosrts likely on Chicopee .HAver, also.

L'eum PlanI Sketches

I APPENDOC B-13
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ENCr ca wsAmRs"

am of 00% 0uabain 4 jar0.

TOP* Shoet ft 4 Coertat N 469,000 z * ,-

Xn~sote by- Harold T. Shuiay On Daoi~lV6.Lt aeea2217

Rae slGQapOmaSalawN.2-391 and Goodmuh0hzN.2.&39C

PatAsswa _ e.o ~Dad , Pr. Zrn., Por. Cmtact

1. *Mtravolitan Oiatlat CwwLss n. Unsar Ono. Wa.Rod elahortMou aa
Name St. £ a:lytu State Tel. F3.

*~~a a en t Ma. C~y~m state Teau L'.-.

* ::~Am@ Nt c o. ci~h ~~ e.?

- CA~A~z(it amy) a.9. rApeftntandant, plant moager, appointed by
aseante. inset, sapoited by ailU wars.

suat. of alastaJn ReeeL
4. 0. C. Winear 0ma. fare Read, faluhatton.Ueu. 413-323-6921

Nam St. ac ro. '4CY/OMm Stat. e. o

No. of fteaes Twaakm . Sketabee So.e dgsma i La f D
flue,~are n U..~. a?'--file.at W ns 0..osdauartars.

- G m: inMUM (If dan WaiolA fail auSe,)*

2. xmdaate* Dcowbtim x

-- *dr~U my hagm as lad %ino *ine (Nmz daft,l I
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Suth wsaei mA of damm.4ntaka esttu fmArimae
No* .I oastia ad ?vpes and 6a" dimseter corwults Ini otitiet tiMwui.IIGogria Y-es !DM Gate valve mwd slide Volvo.

AUtaOOMMG.- * I'al Operative Tm -X. No-._[Cmmmns Al in acted nodLtion pot B.C.C. pwrsoumsig

No. 2 Imacm~ an nt Us OuebblJn Spilway Doe Ns. 2-4-309-LI

( Co.el~*oa__ %Walis ri.uh boards.

Elmu es"egou Ls mmp U. am Dom Me. 2-6-309-33 reort-

NO.3 msimadT"Gs:AMuLlgiy epilay 1200 ft. emouth esetarly of, ed of don.

[ ~ ~~~Ca_N-, T.'____________

AvlomUtc )bma;_. OpatIve Ys _ ,lS_
Crest of aUUsLsr spillway 6 M ft.e boveserve ix fl"e illM at

Cints: aboutz 17 ft, below o abfnsflt.

C ~ ~ mOfm vsmt Y--)(..... No- Opeatve Ye..A,
Cuets: Sao No. 1 &powfe-isrintak@.

a te ia TPwZ M Af D epM Woatr at D en 252' 1

3.tez1.aJ ~ ansm k b ush- B ye ook finLU Ie.V
- lot thisk

cmaim 1. Goo~ 3. MaJor Repais______

Cinen 2. Mmor iZ'Rpd"rs * . Unmat Rovsiro -

Commutes Allsloe ered stabl.e~atiment aft waede 110088!od ood.

I ~ ~ W OM)nax WO tNCt Slope ,.' 4.2 gjk. *

3 ibtarials !ort. bIrm A; Tyse . Peaok FLU Dbem,. WIood-

3CoimU. 1. Gsoo I 3. mb.Jos Rp~rs.........

comaa Amgsen read to 0ue ue ultu~.s.ash4w4 .

euodsint ctases sams. lavsopeed stable.
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WEM gZM ATY =h6 OP Bt=C-4ft. we __blo

O* ~

mon ?sum. taxbo.r so lee nJ.so

boat I~wO O tbs hnmn , tprs"4

Cuakad or Bloced !hain ne ------- ------.-
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D4 M. 2-4--10g.9A

p , -:.
L - ~~n u.'. .. , Cmm.1O20.:

2, Sufa x[ & * ~~~~~.uor n~r eeded____________ ___________

'.Comiti=Zuil Sfam - Zaor W PIV--s e e_______________

[ ~ ~~ ~~ z~~rcvaL fr= i~Spcct:Lg l.±t____________

Thies s the man dam faming the Qumabbin Re vaolt. It is an earthen @sonent
mith concrete caiamon cars a.Ll. The eabankmne iL 21500 fet long an IS' : high.

The :riprp atone shall a the setroee side appeared stable as did the t&wftd
slope of the dostr ms side. S0m alight seepage se noted buat did not appear to be
o fny hazard to dam. It wea not possible an this Inspect on to view the interior
of autlet te n l or Intake Ull but all eutar.ar urfaces were cheked and appeared
good.

[
r

[

- _ _ _ - .. o
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G. Qabbin Dike. Winsor Darn and Soiliway

The gras cover on the embanument forming the dike was noted to
be oi.r The toe area of the dry side was in good condition and dry.
The road on top of the embankment was in good condition and there
was no evidence of settlement, sunken areas or cracks. The rock
fil slope on the reservoir side of the dike is in good condition.
Water in storage was observed to be quite low but appeared to be
higher in elevation than at the time of the previous inspection.

The main dam. Winsor Dar, was noted to be in good condition.The turf cover on the downstream slope was good. Some areas
apparently are being re-loaed, treated and seeded. The toe area
of this main dam was dry.

I " The r ock filled portion of the main dam an the reser-voir side was
in good condition. The road across the dam was o. k.

The spillway structure was again observed to be completely dry.

The spillway has not been wet for many years. However, thelevel of water observed this year is at the entrance to the spilway
forebay and thus is the highest noted in many years. The stone3 masonry of the spillway end the crest were observed to be -o. k.

In the opinion of the undersigned, the darn, the dike and spil way
are in the same good condition as previously reported, and are safe.

B
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4. Insection

Se AS Qumbb WiaD N. 2-393 CoW Goodagg D o N. 2-39lC

040:As of I Qusbr 1972lw

3 T IN St.eit NO. . CoorTateState Tel. No.

3.t
Rmea V .C St .. at so . CityTaw Ja t & aw T l.jr.....

S2CL.. a w)e. g sup~ Wnorinudmino.2--O9 slAd geaodnnug smied by -- ~9

Ir hWV. W.np. las.orssu

_Rosorvoir. D.itC~ e. Wino vwjweq A ae D LoetIan a

Noe t No. CyOm State Tel. No.

NO. of Pie binge Take I *skstcha. See descirtion ofate
PI.MP,~h At MLD.C. office at Quabbin3 COPY of 1Oto atteflod.

(if d=m GIMMU fai ltl)

L ____ . 3.5 .Seee K

2. Ihiezate _ 4 . sem_______3 Cmintea Aegm aplae fal-Ige

*- t* is'7ft:LM MW china. as lead use caoges (fstwo development).
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C~n= C=MQWMS AN DRADM ee Znepeaftes Report for qub
9ilaaor Dine So. 241-309.Iu

1 bA~w~IC.o *IMM-l__ OperUTe Yet_ , N_

I tcft____ AM__________________

No. 3 Loatio Taend __________________________3 ~~~Crtolo , Typ:__ _______

Autol_. lka1 . Opezae Yea_ 1N4_

Drumiuw preaet Yes X I NRo Opeatve YsN__
Camt: See Item~xb I - sor Owi Ias~etioc Reort

MM WVMLMP=: lope*Raseewoir flow 1Lte at
DAN PS~4 PA: Sope1 to .I.2T_, Depth Water at DamSat of daM - E. 5N

Cut gwaote3 Ibtzll: Ttsrf . Dhugh . freeo- Bacok fill *

Ciiin: L. God I3. IbJor eerI ~~2. M~aw ueer .~rgep

Ci=NUa: *- At Um off inswet~on !Watr about 20 S to 12' qm bela svat t q

M Mffi JPAC~scut 'gots
Ibtrlas T!tf . froab a frees * Rock FLl_ Mboad__.I

L. M~aw Aepairs______ M.rsent Repat.-

CinatS ThiS spillyaa "ot flmotioned for Ivans
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Width 2O! ft.vela. _te * Iat bna

L Mio umicr- 4.M~ - tIpar -
cmunt Seoe stNom . er 6 sec wt ee~itmo Wno a

TOP- ft. Prnia SoNaw way

OtheWrn 1.t eo ~s ofo thi ni .a g reUe a

Grodh Trssan Brush Uean r *.b matt Nano ~

OtDr 12fd blo cee of *id Nm e see o tinwaypoh celeel

t Nak Nn se -r a o waterIprac hne

Maaed or Dmd1an7 Noefd3 bidan~~~~~OfaeNoeao o ee . r~oc bne

kidinoe ~ ~ ~ ~ ~ APENI ofB-' Nn en o'ti nan8ahee



S1. sate_ __.

2. )ee _ ___ re_ _ _ _ _ _ _

4 3. ~Cg.ova.L2.71 safe - uaor repears needed________________

'1 . Ieezmir Impmomat W longer Gx~Jts (Cla~n)

- l~~~~~~~~eomend rael I fro m aetlon Us-t________________

"hIS Is the overflow sovillw for the Quabbn Reserveir =4 is located northut .rv7
fr- the "sterlj end of the Wi.sor Do about 1500 fat. Zt COUairts of a sdle

* o~hannel spillway O~Ucture with pealte mmoe "&amvi crest 370 feet long iIth
1 Its cr at at elGlAtISo 5W Or At the reservoz flow Ila* elevation. Mme is a

shaort 39 3/4 foot long weir seotln ith the Vmmtg atone ma" v .mm uret at
mtlon 52.0 tb t ut provlions for atop lo00 to eloftlon 539.0. A vctme u '

of this portton of the spilla? woul is attached. WS~ weir wall Tories in bei±ht
* :with a 28210m of a d 13 fact. The eppach chanel, the i i- . hehe o

end the downeas lope are all in roek ozeavatiam.

At the oatio n ed

ho% ofteapoc hml r aln sitn ueitnet h copne

as an Othat iere
* 'vaneaficieat moter in the reservoir so that a boat could enter the approach charnel,

and that no wanter had flowed over up1~.lvaT weir well1 cla 1961.

f The Quabbin 8p~llway aVPeared to be In exehlent ocad±tlb w1th a3l the aiom, of
4 & ~the Great an ep1illmy wall withouat su ewitenee of datewiorstnm, not even a iza
* ~~eonT requU~rlg Volat.
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Suwttdw by R. C. Salle, PE Dm go. 2-3D~9-13

Date Peftnazy 2, 2974 __________________

of e Dm Qmabbn *Silway

f isoaUg Top t No. 14 Cooadiate N ".O200 2 M3, 00

I Pravid W z U I CIfolaoro of t a* M u1loo&U=of
Dm oaljVI indicate.

iiAccss. frm Ware Rd. 'Ste. 9,o &boat 2I4 ed.2m easterly frm Auosm wu1h

Rts. 2. - about 5M0 ft. (I mi.) north fRomte. 9 =m Wimor Dmn Rd.

Just &fter crosslisg Winier Var.

'F ~2. ____

Yew buit 196 TOWS/ ot AOquit remaus Unknomn

1 ImPowse of Dow. Nte supply X Nsore.UmJ ____

IM6 Sq. dLeOS - pluo lited divuaIa f.-n UeLs River - W&%erahed SS Sq- .LOS
Drainag Area: Sq________'. Id. ___________3Z.

it ?ypo~I": city, am. aI e. - DIM". Ron. - Suburbon u1P2.1
* Wood & Scrub Land _5% 5l~pei Step 15% Ned. 75% MAO 10%

38.6 SQ- ad-

Soz~lPandDS Aea: 4,704 Aam;Mg. oMeb. us-er copra' 150 ft.
Zmwmms 1 bi2l.imf gels.; &______are ft.

iltad U3: yes - Ap. hinu Storage Area_____

go. md Wp of dmlligs "% loate djest io pmd or meervuf___________

i.e. r bin otg. Resideaoes of operative 7orsol

7. *443
Dummam ao m Lengh So* Note Na. uIm 1h 0 ft. ____

Preeboard 231 iaea reservoir at flay l0O1a
Ruopee VVUVM u em e 103.27 Mater - ran2M4t2e uaa

DwIto Fac Is2 better - V=,%o msinz=

VInIh agres top Ceect03701 m eam ret at 5w0 Plu 34 ,'AO @
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Ow Xo. 2-39-13

Clasiflaion of Znby Mlateria..

zorth - Coc. Ma5nm - su~m tumamy

=~W - Iok=Othw__

gel.
Denm Tape: QkawItY X 8t~i~tt - 0UV, Arched - *%her

O,.wg"w X oo~ mm

[ . A. VesstPtion of preen Iid uae dins i of dam

90J -_j l ""1 *01= deveload -villages of ooedvill.

D.Is tUwe a storage am, or flood plain Eourtromm of d2d. i -rc~
culd acaodate the Inpon t in ths quin of a eamlets

dan fai1mol _e XNo[C. Cbasoter Domovssi val1ar. Narrow r wide - Developed

Smal 900 Orben

M.ak to life and VpeTy In even of comlete failure. * See nte below.

No. of people Url 2 - 300 before Cheepe River

S* o. of bins s b!efoare Villages of boadvville an Thee Itivere
xvhoused before Chiopee RIver

No. of businesses Nimro In Villages

No. f Inustres WATer SUPP17 - 96l0 11=9 for telepVa~s
no. of ulties ~ Np sad 116etric plus electric tresm~nssi=.

asilsosda Doato & maim sa the Cantral vezmt 1. 1.
J162 .pe D -7-M13. and Uonduvill. Lower D .

O tae t.t Pith latahery - oerous toome higWday ad brides - also
Route 9 stats Remhiy

U1.[ iteab~tth o~ dto hisfern showing section. sd plan Wj z U* abes.

=/V notes Rhuh to life sad pas t7 shisic al=S Swirft vur Gmu. DIMMs is
Attat als lilkely Mn Rioe iver.

Leaus plas
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EX=im OMT F!Z0 MMVm-4AL AFIATh3 PAIM( OF -EM ?M-A QUALI= ZNGJL
OZVMIDI OF WAWWAX3

metropolitan DlsUrice camsSsm1
Windsor DmA
wlave Road9, w mIJ@ Re: pect4 on Darn 02-8-309-12

1 Door Sir:

on Aureh 23, 3.976 ,r aniginser from the Kafeechusetts DePartment
of blic jorks made & visaa. inepmetion of the abcve da. Crrrecord -a 1i-

cat* the ouner to be metropolitan Dstrict Commission U this ±nfornvt-on

is ±crrect u±4ll you please notIZ7 tbe-s Off..ce.
The irspect.n was made in accordacce wth the provi-siots Of ChaPter 253 of

the X(assachii-.tts General Laws as amr-endd (Dam Safat7 Act). -charter 706 of the
Acts of 1975 trarnsferred the .ur isdiction oS the so-ca-l:.A "Dms Smaty ftagram"Ito the Co e-sionrrof the Departucat, 9 Mav-rmeatal Q'iality 3Migimoar-ing.th

Theresltsof heinspeto; r~at htti dm i a f hwvrte

folowirg conditions were roted that requi.re attention-

5~S~ Pfl RUPlS AND PzCMWNDATOwS ON PIVWZ S.ZDZ.

We call these conditions to ymar attention before they baeo. serious and
-uors expersiv, to correct. Wuith any correspondences please include the moar of
tke ram as ind~tcated above.

P27j. Ilanrso, PZ.

Aft- Chief EngineerI nm: Franc~is J7. Nroey
RUSe611 SeLUs
SuPt. Ouabmn Reeezvolz

5.A.C. Windsor ams

Wre Read
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iis Is an overflow spiIvay for guabhan Reservoir but of gmm cc stone IAIonra
and is 3701 long with .Its ervac *la' .on at 530.0. This spillay# runs in a northerly-
southerly diretuon And at the northerly and there Is a short spillway 34.5 long runningr

alSvtion 530.0. one stop log was In place at pi finspecto ith water overtopping
ea~s-vstp logs 10-~a W 2-orse 6" belo .lrveso ai s.llway. Thiuaos isorh fistopg tz

I LENr. Donald SlOngvhite of the 11.0.00 'iansor Dan Eraadquartes" aonoupani~d the inspection
tou~r. Be stated that the seepage from the spillway dropwrall uould be closely chocked and1 the masonry joints wuuld be Investugatad as soon as feasibl.L.

AI

i

* I

!

APEDXB3

S'b s.i ,n m /c si ./ V oz Re b, f: t ganf~e



Ag-AIl SIS NATIONAL PROGRAM FOR INSPECTION Of NON-FEDERAL DAMS 1/S
WINSOR DAM IA 00588.. IUI CORPS OF ENGINEERS WALTHAN
MA NEW ENGLAND DIV SEP 78

ULICLASSFIEO F / 13/11

1.1 MII Ii
I/hhhhhhhBhml
EEDElllll/,E,
Ei-mEE~h1
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sm of Dm *mft CofLU ty _ _ _

Ihaa. A04%.
um !shmet Va. it D Couaatea N W7C.208 t

Date3 Imapeoaqted by- Naz~d T. Sbmmu Let Zeti -

N. ==A: A It lazek 23. 17

part heeealeg. of Dedm,,lW. ZIP. _Z, Per. CaMUt__Z__

1. Metzam~lta Ditulat'Cmlsia. Vior Oam. Wae Md., beloartu. mI Dm St. a NO. CI/!oam state Tl o

2.
DamI St. ;i No. Ci"Tyfmm State Tel. No.

.3;

-CAMMCM: (it may) e.g. mriprtendent, plmot smaer, anointed by

Ssuperintsodent,3INES St. a No. iyol ste Tl.M

No. of Pteon ae Taka Dome . Sketchu" See deserlytion of Dem.3 - lam, ilbere At NaD-r -Ofe at Qabbla teemamaatm - Winsor Dsm.

3 OF ~ DE(IPZZ ID f dam .b.4 fallcmZU0

2. mie.______ 3. _____

2. ibmdezte .kseam_______

3 ----- G.ra- ,u =7 ososams Ind se d wow g (fteei development).
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IsU'tbery ad of min GUw.1~ -w~ mUt fas.. a'ggt
No. I Tao a n d rpsm .w'fw ' Wx2.tal ia 4 '

com mm 8 one bo, &"6 aaust t~mof IAnmml
700' to iCC' noWtbetS1 ofor~ m ~w. teraf

lb. a Lgafta a fuse td o"l a mi 70 .a2'

Iomf I r* of usa mpfluw~ at .e'atlo 50 maul tlaw 11a of wmofor.

a"- . TAN gg N
hAftmtc * 1 ~ t~ve -,m No_.

c~uta:____

Druedsmft weset Yes K o 3. . puai' Y" NoU
C~maua: 300 tm* V.V;a.rV-a. 1 om Report rY. T-3

*~~~~~ WK) W3'WM AM 3Up__LILV_. Dwft Vat.. at _______

Cia:1. -3. Natwiprs

ViTbta. t . b A T"@. Back I=-- Nb* T-L W*Oma?

2. gM Rar . . i~ ea

bet amo u-ot W~ - wtn lefel wituL
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0 MMinOM SC~UM: AvmLlabua

Right As'. vatap i"0- t.

2.mu L ag .gau..... . nw Reair.-

lpCEtNUI TMs ditft matJ =~W. t, b. -U m=At±Dd W~ ttal.

Top N_______ P.L. 1ta"Itm Si.Uusy I_

f OMWe water leygi at lae. W29.5

anpwt (2he" and h'wh) m ft-wP* Nm. to ______

Aftmal bZTUI md Vahcuts_____jMf*=d

Du3mp to Re!..c e Tov at Dam Milm fowd

Caakm4 or b3mgad N m d

-~~ f blrime of See"g Waor sepage owted an in a eplimy dwopmUl

h~es..at "t 4-noa meted

besirn 3m Iftooed Bol____a

-~ - APPENDIX B-41



**"rpar esa
Ia-anu "t IJr oa

Imvj -saftc no lom. 2J-W9-3laft

I ~bor sZ w4 3sma. aImc rm&"z amet-mt Thisad___________________________

me Ia n oace a t31w7 ofo Inpafte u warove.r tof thfis stUK10

19"~I Y7 s ae lowe ort Isei m reoaim as a5mrs.0. nail
Mr mai S agmyut o s .D. dizmw Om aft mm asvthaz37 e tMI

I timtw. go atem that tho ooeeoc from the apillmyr ieP.1 was"
bo elolaboaoed sod the mosgery JoIfts woud bo Investia &Mo 00O A
foaaibla.

Mu s.o vo eliwram appears b"aLGaUy soun and se at teao of oeaon

IMv

UPEDKB4
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I GOODNOUGH DU~E
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I

3 0. 6aabbin Vis. Winsor Damn and Soillway

7he gras cover an the emannkment forming the dike was noted to
be o. k. no we area of the dry side was in good condition and dzy.
The ro" oan top of the embankment was in good condition and there
,w 3as ovdence of settlement. su ken areas or cracks. The rack
IM slope on the rsesrvir side of the dike is in good condition.
Water in stirage was observed to be quLte low but appeared to be
• bigher In elevatto than at the time of the previous Inspection.

The main dam. Winser Dun. was noted to be in good condition.
"te bad cover an the downstream slope was good. Some are"a
apparenly are being re-loamd. treated and seeded. The too area
of this man dam was dry.

U

3IThe rock filed portion of the Main dam on the reservoi: side was
in goodconditWon. The read across the dam was o.k.

The spiUwLy stuctLre was again observed to be completely dry.
The spiU*ay has not been wet for many years. However. the

"level of water observed this year is at the entrance to the spi w y

forebay and thus is the highest noted in many years. The stoeI masonrY Of the spilWary and the crest were observed to be o. k.
In the Opioen of the andarsigned the dam, the dike ad pilway3- are In the same good condition as previously reported, and are safe.

I
U
I
I
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Of ~ OEa - a" UYU

Date
IDspsete by: R. C. 3olls. ?,Z, On &Ib. 26j . L ast Usmanea"

I0 AlSO Qmbi w~w DU NO- z--3 9-1&A am Onau i '3911INS No. 2J-3D-
moo -U5 Aso N ovember 1972

1. MerpltnDistict Cmmiasin. 'Winsor Damn. We~ Rd., S elohertoun. Mass.

Nam ~ ~ ~ 3% o iyrus t% Tel.. No.

Cj- (if say) eg. supez'latadnt, planst smmager, awintad by
abutee WAr, ap~tdby =Ilt& WAN".

Mr. lobu W. Copitbwmle Supt.
Q Usb~ eer'ir - N... fwinor Da - Ware ~ f 4 ~L2Li

Ba.. St. a No. Ct/e tme Tel. No.

No. of ftoe.e Tabis Nao , Sketchee See dcarltion of Do.
lam, VhAee At 14 . .Offlee at Qnabb=f

3. H.W - _

3 mmous Asamng complete failure

-* -em. ta~ag eg as 3mo a" aaNGeS4 (f~zuj deV*l.0~).
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No -&3-

go I I.m dTP

Me 2Loatom ,? L ____ ____

Autia * Ima1____ opezzA.Ye Usa , 30-

I MIUR_. Manul. OPW&,d?. NR-U.

comnta_______________ _

Vaie C-:______

.71 ixZ MISTAS4 'gel D.:t~ear at Dact1~INstrllsTuig Brusah dc Tressu_ Rcki ffll I_. Nemry *ViAoq

oftr 2be anslo - reek fiai thickend 101 ftick at reservoir flow line elovaVio

Cenditien: 1. OeML- Maj 36 or Repairs - .___

2. I'5nr kean . urgmnt Repairs -

Ciens: Per dst&ils se kee ee-

UKN OM57AM PACE: Sos21 2z

Wtibtala ?owf I ruh it T?*as . Back Pili .* Naoan Wod__

Cenditin: 1. ood I . Major Repairs_____

2. HISSW 14ers. . Orgmt Regain _.

CtsNote: Ote fresh woodabuk bole femd an lowe? eouthudterly Partion Of

&rA o beaver IMPOGISIM5 jut south of east access road - shout
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L U~~~iml Ab-.ImJ. Vaet -11 ........ L.. . t...~ nmiu=r ,.J, -.

CmaUm L~ od____ 3. Major lap~s

2. PLOna Bapuv _* b.. urgmt gapauvg

-3-&UOjm*bblm- S%3lwya Ito. 2-3gl

-A" M ®V~3KAT =4 OF ZWI= . ft. Abov. _ * 1.3w

Buoual hreeoa23 t

DMOto Sloe or Top of D"_None._Slopemowedandturfcaredfo

Eviydence of ftv-4  Noesn
Imake Son#a

2b au/or Ds mmIng Fnow -o
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1. Safe[ ~ ~~~~~2. Minor imrs edd__________________________

3. Coed tionLly safe =ja.Ir repairs needed________________

5. Rservoir i~mmmt mo longe@ smist (Camn)[ 3~~~~~~Remmo rinva tran ns"eOUGMls____________________

Klw An R4Dl9eM0Z5: (Puy kcplein)of

ibis dike aloses a low arawsterly about 2* ~so h imr a n lssa
the head of the Beaver Brook valley. It is a =hyrui MUmaket15't.1 higand 2600 feet long with a concrete caisson core wll from the approxiciate lm!e
of the original groun to sound bedrock along the centorlice, of the Amn. The embnk-
ment upstrism slope, has a ripeap shell1 $n good condition. The downstream slope is
covered with a naId turf in good condition with surface water ad seepiage controlled

lower southwsterly por-Aan of the slope but M4r. NelZ4.c, Assistant Superintendent,
sya that ti .wosld le wo ofdcurik spe frin riintnne f~o h

There me originally an obeervation wlml near the center of the dsm wicha 'msI abanoned around 1941 an filled with lam som no recent observations a,* available.

Precise levels wre taken along the top of the damn at frupent Intervals =2=i 1957
and a sat wes take-n 1 1971. These shoed a total settlement of about 14 feet InI 1971 wit about 1/3 of this settlement occurring during the period from 1957 to 1971.

This dam wa orn ally designed with a 2 foot camber to Llow for settlement.

3APPENDIX B4



I

I itted br R .C. Sells, P.E. Dam No. 2-8-309-IC

Data Pb. 26, 1974 gg"X-010 we

Nois of ass Qabd '0eednugh Dike"

1. flame. taet.3 Lcation: '1'oo Sheet; No. Ih Coodiates !; AL o E VLm

Provide 8W 11' In clear am of to map with location of
Dem 'early idcated.3 Lo~~~~~Acess from Itt*. 9. abo.t 2k mi ri eCn. a unben Pa
Cintgr northerlY via -field 11d. about 8/10 z., thm Z . an D'nk. -Rd. for

Year built 194 Year-/g Of subsequemnt repairs 107

31 PUpoee of DIeN: Watter Supply x Rcreaviocal

4. 186 seq. mi. plus L1ed=ted diversion frm are River vaterud of 98 eq. =.

Drasaage Area: eq. s.. _ acres.

Tpe: CIty, Bms. aZa. Dense Re. Subu ban _ zur.Lwu

.ood a Scrub Lend 8% Slope: Steep .%_ M e. 75 S bt 10%

3 . eq. - .

Woimi Paig Area: 247,704 Acres; Avv. Depth Azdet1
ZInPoimtn: 412 billion gala.;________3 ,1lted In: Yea _ No - zproz. Amomt Storage Area -,., ,

6.
N0. a te of dwell.igs located adjacent to d or reservoir

I.e. m r hws e*t. Resdenc s of ouerti-u em-

Preeboard rp wy

iwmsionm oace B-48 2 t *ex V
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II

2-

DIMI No- 2-8-VO-IC
8.

M.aaeiiAati.on of Dm by Material:

S x Cono. Masazon _y toe So 1,aon __y
NjUrmgJo fiU embankent

D= Type- arMT~t7 X 3tr&1ight X..L... Mund, AZchWd Other

oveflow Non-overflow x

A. Description of pr ent land Usage dmmstream, of dam:

100 %rural; M . * developed
- 1B. Ia th.re a storge ares or flood plain downstrea of don uhich

o,ld acmodae the imounent in the event of Complete
de failure? yes - o M

* C. Character Duanstrem Valley: Narrow x Wide Develoed
Rural Urban

10.
Mie to we and opertr ±, evIn t of comlete fallu.s. * See note below.

go. of peoplei

No. of homea 5 fIUl ta home - 17 cottages

No. of buinesees None
No. of _ __4__aes None

of ~ e Nne lyp~ City. of Boston water supply
NO. of UtWlitlo 3 Tye Eeticade 1' 14-,,

T yp e Cu a.ol transmson lineRailroads Nane

Other dame Pepper MLIl Potd Dam No. 2-8-309-2; Beaver Lake Dam No. 2-&.309-3[Other Route 9 - ply* 2 tm roada

11.

Attach Sketch of dm to this form showing section and plan an.j z 12 sheet.
Uak to W'fe eW Pr T o1l an. Beaver Brok, pomeedIdl7ty of exensive

/ damage along Ware River In Palmr.
,ttam2tA

Locus Plan

t
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CON' ACT !P4 ~'L 7 2
36 SHEETS IN SET

A *~Z'Lim~ts of &proof lend 9
* .ooded ores

----- Path$

~~~ a;~ 9 ... Sugqesfed borro* a,#@*
£ ~ ..- IcT P. 151 Test P't hacaoft eq '.- r!

soo,. Shovel cuts 0. D one E %4-c,
as, ~ ful halt been CO'"FleC -Pre

o N..- 0 pr~u contract
*~~~- .~_ .J.Ir.L.v kkP nd k -"..n
8 * .doffed Ole t,&,nq Ly. ht

* C C - ~ Commo..n. som I.,- ,to.e
The$* .oeeallsoos W-1' be co'P4'*O I
cod records GVol$ble bv .. in I7 193i

alp ef sm'' roi a,, it u, i
0' 45?~ 0*1 OwrNI, V V

~11L

~~~~~~~~~~~~~a Cw'v',s'hy rI~ j'w/ w~ i,.

D
8  

Me A~ai~jW rnw A,,*b p-e W~be,,c. rv,w,

- e~0 /Ar 0eb15i, PA PA#, AebaWP we/,., lil,1.,,. llje,
am om'rr &P. It roe momi I~v war'if w/u p5'Ar es,

, w~ ase #V. mormhem jogs m s 1he,,v Ito AW ,EVaf

- .J. ~COMIW4WALrN OF MAO S^C"U3Z7rT3
, . MEMR DISTR. WATE1 SUPPLY CMMISSION

QUABBIN 2E3ERVOIR
* / AIN DAM EMBANKMENT

GENERAL PA

.7 JUNE I.IU6

Film Clever StL Ate. 24.102
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570 CONT RACT 52 SHEET 11
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Roch I. proect Ime a~, ndpm~ shm n t rim. dress, ann' priss the sk-pes 0'
Snot mere than, _____ -________

4S0 -h- -- 0.. -450

430 ___ _____ fbd J %-rpnl-440
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anoer cenlract. 410-- > -410_______

n 00L -'00
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APPENDIX C
SELECTED PHOTOGRAPHS OF PROJECT

l Page

LOCATION PLANS No.

Winsor Dam and Quabbin Spillway 1
Quabbin Spillway 2
Goodnough Dike 3

PHOTOGRAPHS
Page

No. Title Roll Frame No.

1. Winsor Dam Monument. Located at Right 12 4 4
Abutment

2. Downstream Slope, From Left Abutment 12 10 vt, 4
3. Roadway Crest and Downstream Slope, 12 9 5

From Right Abutment
4. Upstream Slope Near Left Abutment 12 11 5
5. Upstream Slope From Roof of Intake 12 15 6

Structure
6. Entrance to Intake Structure, at Crest 12 8 6

of Dam
7. Stone Masonry Walls at Roof Level, Intake 12 6 7

Structure
8. Stone Masonry Wall Left of Intake Structure 12 7 7
9. Intake Structure 12 16 8

10. Gate and Screens Inside Intake Structure 12 17 8
11. Auxiliary Spillway and Approach Channel,

Looking Toward Quabbin Reservoir 12 21 9
12. Crest of Auxiliary Spillway 12 20 9

I 13. Quabbin Spillway, Overall View 11 OA vi, 10
14. Quabbin Spillway Weir 12 3 10
15. Spillway Weir and Bedrock, Water Flowing 13 13 11

From Drill Holes
16. Spillway Weir at its Highest Point 13 6 11
17. Spillway Weir Showing Vertical Crack in 13 9 12

Granite Masonry
18. Closeup of Vertical Crack 13 8 12
19. Side Spillway with Stoplogs 13 23 13
20. Side Spillway and Walkway 12 2 13
21. Approach Channel to Spillway 13 25 14
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l PHOTOGRAPHS (Continued)
Page

No. Title Rol Frame No.

22. Discharge Channel From Spillway 13 4 14
23. Rock Cut at Entrance to Spillway 13 20 15

Discharge Channel. Left Side
24. Rock Cut at Entrance to Spillway 13 14 15

Discharge Channel, Right Side
25. Spillway Discharge Channel Below 12 25 16

Highway Bridge
26. Goodnough Dike Monument 11 1A 16
27. Roadway Across Embankment 11 2A 17
28. Downstream Slope From Right Abutment 11 3A 17
29. Downstream Slope From Near Toe of Dike 11 7A vii 18
30. Unmowed Wet Areas Near Downstream 11 10A 18

Toe
31. Seepage Through Paved Ditch. Downstream 11 8A 19

of Wet Areas
32. Upstream Slope 11 15A 19
33. Settlement Observation Pipe on Upstream 11 11A 20

Slope Near Crest of Dike

[
I
[
I
I. j

Ji
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I TO QUABBIN RESERVOIR

I -N-

* I20 ACCESS ROAD

14I EAST ACCESS ROAD

I WEIR

I NOTE:

I PLAN DEVELOPED FROM M.D.C. SICAY
CONSTRUCTION DRAWING NO. 11, MNE
ACC. 24111 SHOWN IN APPENDIX *I B AND HALEY & ALDRICH FIELD

*OBSERVATIONS ON 29 JUNE 1978.

I LEGEND-
Co OUASINt SPILLWAY

g 7 PHOTOGRAPH NUMBER USIRERVR
I ~. '~' AND DIRECTION OF VIEW.QUUNRERVR

SITE SKETCH PLAN
I '3.SCALE: 1" 100' SEPTEMBER 1973
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- 1. Winsor Dam Monu-
ment, Located at

Right Abutment

2. Downstream Slope, From Left Abutment
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3. Roadway Crest and Downstream Slope, From Right
Abutment

4. Upstream Slope Near Left Abutment
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5. Upstream Slope From Roof of Intake Structure

I
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6. Entrance to Intake Structure, at Crest of Dam

APPENDYX C-6

- a - - - _____
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. Stone Masonry Walls aet Rof Ll Intake Structure
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9. Intake Structure

10. Gate and Screens
Inside Intake
Structure
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13. Quabbi Spillway, overall View

14. Quabbin Spillway Weir

APPENDIX C-10



15. Sptllway Weir and Bedrock, Water Flowing From
Drill Holes

16. Spillway Weir at its Highest Point
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19. Side Spillway with Stoplogs

20. Side Spillway and Walkway
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21. Approach Channel to Spillway

22. Dis charge Channel From Spillway
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23. Rock Cut at Entrance to Spillway Discharge Channel,
Left Side

24. Rock Cut at Entrance to Spillway Discharge Channel.
Right Side
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27. Roadway Across Embankment

28. Downstream Slope From Right Abutmient
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29. Downstream Slope From Near Toe of Dike

30. Unmowed Wet Areas Near Downstream Toe
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31. Seepage, Through
Paved Ditch, Down-
Stream of Wet Areas
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33. Settlement Observation Pipe on
Upstream Slope Near Crest of Dike
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APPENDIX D
OUTLINE OF DRAINAGE AREA AND

HYDRAULIC COMPUTATIONS

OUTLINE OF DRAINAGE AREA Page No.

Drainage Area Map 1

COMPUTATIONSI

I [Size Classification, Hazard Potential Classifica-tion, Test Flood, Drainage Area,
Maximum Probable Flood, Historical Data 2rDevelopment of Unit Hydrograph for East Branch
Swift River 3

Development of Unit Inflow Hydrograph for Quabbin
Reservoir - Land Portion 5

Routing of Inflow PMF 7
Dam Failure Analysis 26
Field Notes 27
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CAMP DRESSER & McKEE Inc. N OA AEAE
Consulting Engineers
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DISPOSITION FORM -
Pm wie of "o $mOb. se ARfJto. 3p61. oi 0U0 0a4 688Is T &O•m.

8i119119KI Do affect uiCl

Dam Inspection Final Report
NEDEO-E

I: TO room CUT I
Chief, Design Branch Chairman, DAT4
Chief, F & H Branch Dam Safety Review %oard
Chief, Water Control Branch

1. Attached Is a s itgle copy of the final report for
U,4 .. fa.,, JAM, Identity No. A aO.mS. -ait mm.f

2. Pleas ascertain that the report Is acceptable in accordance with your
Branch coments or instructions given to the Architect-Engineer at the
Review Board Meeting.

3. If acceptable, retain the cop for your files and be prepared to sign
the (master) apprval sheet on __

4. If the report requires further work or correction, notify the undersigned
as soon as the determination is made.

5. The cost code for this review is ABAO20700000000.
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Dam Inspection Final Report

FO ROM DT MTOChief. Design Branch Chairman. AS4C.-,Cl
Chief, F & Mi Branch Dam Safety Review Board
Chief. Water Control Branch

1. Attached is a 5pg e copy of the final report for
U4 04 WW~i. is'0(a - f I W" _oo Identity oMA mX iES .

2. Please ascertain that the report is acceptable in accordance with your
*Branch coimments or instructions given to the Architect-Engineer at the

Review Board Meeting.

3. If acceptable, retain the cop for your files and be prepared to sign
* ~the (master) approval sheet on____________

4. If the report requires further work or correction, notify the undersigned
as soon as the determination is made.

5. The cost code for this review is ABAO2O700000000.
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I

This Phase I Inspection Report on Windsor Dam, Quabbin Spillway I Goodnough Dike
has been reviewed by the undersigned Review Board members. In our

• .opinion, the reported findings, conclusions, and recommendations are

consistent with the Recommended Guidelines for Safety Inspection
of Dams, and with good engineering judgment and practice, and is
hereby submitted for approval.

I GiARLES G. TIERSCH, Chairman
a Chief, Foundation and Materials Branch

Engtneering Division
I
I

FRED J. VPS, Jr., Member
Chief, DeT gn Branch
Engineering Division

Chief, Water Control Branch
Engineering Division

I

I

a
APPROVAL RECOMMENDED:

!

* JE B. FYAR
Chief, Engineering Division
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