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PURPOSE. . |
Without stating the various purposes ful-
filled by dams in general the object of this dam

is to back up the waters of the Upper Mystic Lake,

thereby preserving the aesthetic appearance which
was contributed in 1863 by the construction of the
Mystic Reservoir as a source of water supply for

the then, town of Charlestown.

LOCATION AND WATERSHED.

The location of the dam, as shown on the fol-
lowing page, is at the junction of the Upper and
Lower Mystic Lakes; The Upper Mystic is fed by
fhe waters of the Abq&ona river, which river to-
gether with its tributaries drains the Mystic
Tatershed comprising 27.75 square miles, 3% of

: Whidh is water surface, but which is divided as
follows:~ woodland 9.30 square milee; cultivated
land 11.87 square miles; bulldings and Adjacent

grounds 6.78 square miles. The principal ponds

* Data obtained from the Metropolitan Vater Works.
Boston, Mass. '
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are - Horn, ‘Burbank, Wedge and Richardson, small

in size; incapable of sufficient storage to make

them an accountable factor towards retarding the

flpod flow.

CHARACTER OF THE SOIL AND TOPOGRAPHY.

The watershed included in the towns of Win-
chester, Woburn; part of Stoneham, Arlington and
Reading is of intermediate character, ﬁeither en-
tirely hilly nor entirely flat. The greater part

is gravel and sand underlaid with dicrite and trap

rock. This nature of watershed give rise to a

rapid absorptfon of rainfall, a minimum smount of
}surface evaporatipﬁ, whiie the water is gradually
~and equélly conveyed to the water courses which
 feed the Lake. A dietrict of this nature is fa-
vorablé to a rapid runoff. The Upper Mystic is
advantageously situated for drainage duvue to its
’locatiqn at the extreme southerly end of the Mystic
Valley. These Lakes empty into the Mystic-River
. at Medford, which river_flcwsAthru the loéké at
Craddocks Bridge andAthencé encounters the tidal

waters of the Atlantic Ocean.




RAINFALL.

. ~ The rainfall statistics for Eastern Massa-
chusetts, obtained from the U.S.Weather Bureau
for a pefiod-of 103 years, gives the annual ;ain—
fall in Bostoﬁ as 43,75 inches. The greater part‘
of the rainfall occurs during the’late winter and
early spring. Thus from December to May}the rain-
fall is recorded as being 22.11 inches; from June
te Novémber it is reéorded as 21.66 inches, over
the Mystic Watershed. Thus unlike other drainage
areas, the yeafly precipitaticn over the Mystic
Valley is approximately equally divided betweén
the winter-sprihg and summer-autumn periods. This
information is of but slight valﬁe in the deter-
Amination&of the amount of flood-f1oW to be expec-
ted, for it gives no indication as to whethei 10
inchea fell in one day, two days or a month; it
scrves simply tc show that the Mystic watershed
receives a good quantity of rainfall, eéually dis-
tributed throughout the year and that droughts
are not common; it fails to show whether the rain-

fall was lccal or spread over the entire area;
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then the area over which the rain falls, the
duration and depth are important considerations
in the determination of flocd flows.
During the year of 1913 great floods occur-
red at Dayton,Ohio, on the Miami river.

¥r. A.E.Morgan in designing protection works for

" the Miami valley made extensive time, ares, and

dépth studieg of rainfall and stormse OVer the
United States east of the 103d meridian. In his
reports of Storm Rainfall of the Eastern United
States” valuable information concerning rainfall
over Massachusetts is presented. The diagram on
the following page shows the meximrum storm inten-
cities of the New England states and are self
explanatory. Thése data are for sﬁmmer and win-
ter storms. The accompanying table upon which
the graph is based shows that the depth of rain-
fall during the winter months is about two inches

less than that during the summer. The melting of

- snow and ice later may be considered as adding 3"

¥ Miami Conservancy District Report #5 1917







NEW ENGLAKD

Cumulative

Maximum Probable Rainfalls

Twe day Storms

g

Summer In Winter

Durztion |Depth in Intensity Depth in Intensity
in hours inches Rate.: per Hour| inches Rate per Hour

4 5.0 1.350 2.9 0.7235

8 5.8 0.725 3.8 0.475

13 6.4 0.534 4.4 0.366

16 7.0 0.438 . 5.0 0.313

20 7.5 0.375 5.5 0.275

24 8.0 0.334 8.0 0.250

28 8.4 | C.300 | 6.4 0.2238

32 6.9 0.278 6.8 0.212

36 8.2 | C.256 7.2 C.200

40 9.5 0.237 7.4 04185

44 9.8 0.323 7.7 0.177

48 1.1 C.210 8.0 0.167

Obtained from Monthly Weather Review presented
in Turneaure and Russells Public Water Supplies.




>

to the winter rainfall thus raising it to the
summer average. It is peculiar thzt New England
ig in the direct path of most storﬁs originating
in the areas of low pressure in the United States.
The storms originating in the west and southwest
proceed easterly and northeasterly respectively
and tend to pass directly thrcugh the New England
States. Thoseof the écuth Atlantic follow along
the coast. Thus New @ngland is in a position to
receive rainfall from the majority of storms ori-
ginafing in the United States and hence storme of
frequency ocour in Massachusetts. The Héw’England
states are not a storm center; the barometrib pres->
sure at Boston is reasonably constant, varying
from 38.86" to 31.03" with a mean of 2Q.GQ". This
means that‘cyclonic and hurricanial conditions are
absent and hence greét cloudbursts_and heavy in- |
tensive rainfalls are not present. The floods 6f
, New England are caused; theﬁ, by the spring rains,
accompanied by the welting of snow.

Thus the rainfall over Massachusetts is equa14

ly‘distributed throughoﬁt the yeaz there are nect
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present storms of excessive inténsity when'comparéd
‘with those of the low preséure areas and the spring
freshets are the accountable factor in the deter-

mination of the flood flow.

COEFFICIENT OF RUNOFE.

The most difficult study in this flood flow
is the determinaticn of the proper coefficient of
runoff; As previously statad, the nature of the
soil, the topography, and the situation of the
ﬂpper Mystic Lake all tend £o déve1op a rapid dis-
charge. In dry years the amount of rainfall col-
lected was 40%. The accompanying table based on
~actual rainfall collected during the years of
'1878-1890 inclusive gives a mean year1y>coefficient
of 52%. Mr.Fteley determined by measurement (1871)
the value of 43%. The Boston Water Board deter-
mined a coefficient of 45%. Thus bstweén 40% to 50%
of the rainfall is runcff. But as the Mystic Valley
is subject to floods during the spring the oondi—_»
tions prevalent at that time must be consideréd.

During the winter the ground 1is covered
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Year Jan. Feb. Mar. Apr. May June July Aug.Sept.Oct. Nov. Dec.
1878 .47 .90 .83 .36 2.10 .34 .10 .14 .16 .10 .19 .54

1879 .44 .54 .85 .60 2.0 .15 .17 .10 .26 .37 .15 .16
1880 .46 .82 .80 .53 .59 .88 .09 .18 .19 .11 .19 .14
1881 .11 .44 .69 1.31 .38 .26 .39 .28 .12 .10 .13 .23
1882 .37 .64 1.25 .46 .30 .79 .08 .15 .27 .25 .33 .21
1e83 .19 .52 .80 .57 .23 .35 .11 .56 .12 .06 .20 .12
1854 .24 .68 .80 .80 .45 .21 .13 .12 .74 .85 .11 .26
1885 .33 .60 1.78 .61 .51 .23 .32 .07 .20 .12 .41 1.14
1886 .33 1.10 1.82 1.90 .41 .41 .23 .06 .12 .12 .24 .39
1887 .65 .98 .94 1.4 1.10 .64 .24 .44 .49 .23 .33 .33
1888 .83 1.4 1.3 1.8 .55 .31 .23 .08 .19 .76 1.0 1.3
1889 1.09 1.2 1.3 0.7 .5 .68 .33 .53 .33 .36 .50 1.7
1820 .79 .97 .81 1.3 .67 .87 .41 17 .12 .46 2.0 .67

Mean yearly coefficient 52%

Obtained frowm the Metropolitan Sewage Works Nov.1931

Mean .47 .81 .87 .93 .75 .45 .20 .38 .25 .30 .36 4.54»
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by snow, which, thawing during the early spriﬁg,

- seeps into the sandy soil and accumulates over
the diorite as ground water storage. At such
times the ground presents a relatively impervieus
character, promoting a rapid discharge, which re-
sults in a short pericd of concentration due to

the small size of the drainage area.

THE FLOOD FLOW.

After ccnsidering the drainage area, the rain-
fall and the runoff, the determination of the flood
flow on the area is necessary to adequately design
the spillway; éb»that the spillway will provide for
the passage of this flood flow to the extent that
neither the rigidity of theldam nor the normal con-
dition of all property will be endangered.

‘It is impossible to derive a general formula
for flood flows in terms of the drainage area, rain-
fall and runoff and arrive at better than an approx-
imate result. Gonditioné eﬁcduntered on one drain-
age area are seldom, if ever, duplicated. Authorities

state that exact duplication is impossibls since the
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factors involved are so numerocus as to preclude

the possibility. An individual study of the drain-
age'area is necessary to gain satisfactory results
‘as to the flood flow on that area.

On December 3, 1921, directly following a
severe ice storm and rainfall from Nov.87,1931 to
Dec.2, 1981, an investigation of the surface velo-
cities of the Aberjona river and its tributaries
together witn several streams emptying into the
Upper Mystic showed the velocity to range from 2
to 3 feet per second. The data is presented on
the following page. This time was propitious be-

- cause of the imperviousness of the ground contri-
buted to the runoff. The ground was well stored
with éeepage‘and the streams in a condition of
fair flood flow. _

The source df the Aberjona river in Stoneham
ig six miles ffom the point of entrance to the Upper
Mystic Lake. The time of concentration then is
four hours, which, allowing for simosities of the

smaller channels, may be increased to five hours.




(1)
(2)

(3)

(4)
(5)
(8)
(7)
(8)

(8)

-1

2 -

- DETERMINATION OF SURFACE VELOCITIES

Stream

Smith Brook
Tributary Mill
Brock

Mill Brook at
Lexington and
Russell Streets

Mill Brook at
Lexington Street

Greenlief Brook
at Bedfcrd Street

Averjona River at .
Salem Street

Sweetwater Brook
at Montvale Street

Averjona River
Washington Street

WillQW*BTOOk

2.5 I

2.5

1.0
2.0

2.5

Surface Vel!

[

/Bec.

Topography

Fields,wooded area,
gentle smooth slopes.

Hilly,wooded farm
land,stecp slopes

Gentle slope,wide
stream farm land,
wooded area.

Farm land.

Farm land,woocded
area.

Mareh land,farm land
wooded arsas. '

Farm land,cemetery,
hilly gentle slopes.
Residential area,

Residentail section
built-up areas.
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The ponds wherein storage might ordinarily exist
and thus equalize the flood flow and heﬁqe re-
tard'the time of concentration are assumed as full.
This condition is consistent with a maximum rate

of discharge and altogether desirable as an as-
sumption. Then from the_rainfall intenéity dia-
gram on page 6 a storm lasting five hours con-
tributes a rainfall of 0.85 inches per hour. The
relation between these two factors is such that

a Stérm lasting to the time of concentration yields
a certain intensity which contributes the maximum
floodrat the point where the spillway is to be
constructed. Censidering the nature of the soil,
reviewed in the previous paragraph on the "Character
of the Soil and Topography" rapid absorption is
expected and‘considerable ground storagé is‘gained.
The topography, being neither entirely hilly nor
entirely flat, but with gentle slopes and culti-
vated areas and woodlands forming the greater part
of the surface, likens itself to gradual and equal

conveyance of waters to the streams. A coefficient
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of 40% - 50% may be assumed applicable to this
area as was determined in the discussion on
"Coefficient of Runoff". Evaporation is negleo-
-ted as the surface waters are emall and the time
of concentration sb small as to make this assump-
tion rational. Applying this data, the following
results ame gained, consistent with the previcus.
‘discussion. The source of the river ingéga?ft._ o
~from the spillway. Time of concentratiorn then

is .EEQQQ“:?__ = 3.5 hours say 5 hours.

2.5 x 3800
The diagram determines the average intensity as 0.85
inches per hour. The coeffiéient of runoff varies -
between 40% - 50% consistent with the investigations
.made by Mr.fteley, Dr.Cunningham add the data ob-
tained by calculating the coefficient‘overla pe:iod

of 13 years. Then the maximum flood expected is

_27.75 x 5380 x 5380 x 0.85 x .40 = go75 sec.ft.
60 x 60 x 13

Coefficient of 45% 6840 sec.ft.

" " 50% - 7800 sec.ft.
Mr. W.E.Fuller made a study of flood flows which
may be expected in varicus areas throughout the

United States, the presentation of which is made in
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the Trans.of the A.5.C.E. Vol. 77, 1914. TWithout
going into the_detaiis‘of his report, which is
too lengthy to adequately and justly review here,
a summary of the resulting flood flow is set forth

below. Mr.Murphy also derived a formula during his

connection with the U.S.Geological Survey; the appli-

cation of which gives a value of 4000‘sec.ft.
Mr.Fanning;s forrmula is somewhat less than any of
the values obtained pfeviously. Whereas the values
gained range from 3000 sec.ft. to 7000 sec.ft. the
most probable value is 5000 sec.ft. for the Mystic

drainage area.

Fuller's Method

- -.3
Q@ = ¢ % (1+0.810g 1) (1428 °)
Q = maximum 24 hour rate of flow in sec.feet
C = a coefficient dependent upon the drainage area,
topography, soil.
A = area of drainage area in square miles
T = period of years in which the Q is expected
Years C - Q c Q o o
15 50 2520 cu.ft sec. 75 3780 cu.ft./secc.
-85 50 2745 " 75 3618 " '
50 50 3080 " ’ 75 4590 n

100 50 3375 " 75 6063 H
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El

Fahning's Method
@ =200 A S/8
@ = maximum flood in sec.ft.

drainage area in:-sq.miles

[l

| 5/6 —
. = 2300 x (87.75) = 31858 sec.ft.

Murphy's Method

f 48790
& = -+l%1 A

|a + 320

Maximum flood in sec.ft.

¢

A

I

drainage area in sg.miles

g =|-=287%0.  + 15] A = 4135 sec.ft.
27 .75% 320

T — T
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HOV_THE SPILLWAY CONTROLS THE FLOOD.

The accompanying graph on the following
page is bésed on the assumption that the Tun
off follows fhe curve of a parabola‘with‘the
flood peak of 5000sec.ft. at the vertex. By
integration the totélbquantity'of water in
cubic feet emptying into'theAUpper Mystic is shown,
the ordinate of the curve giving the quantity iﬁ
éubic feet at any time. Due to therlarge stor-
age 580,000,000 gallons at high water mark, the
spillway need not be designed to care for the
total inflow; but for sufficient capacity to pro-
hibit excessive rise in the lake; which would en-

" croach on adjacent property. Zi:EEGular spillway
of 150' length will care for the flocd as shown
on the graph; the gquantity in cubic feet passed
by the spillway at any time is given by the or;
dinate to the curve. The storage 1in the lake ie
the,diffsfence between the quantity which enters
the lake and that which passes over the spillway.

The table on the following page, from which the
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graph was constructed, shows that the maximum rise
in the 1lake is 4.'25 above elevation 15 the present
height of the existing overflew above mean sea level.
Thekarea of the lake at elevation 15 is 8,187,000
sq,ft. or 187.36 acres.  This rise in the lake is

- permissible as it does not encroach upon property

or endanger the existing dam.

THE EXISTING STRUCTURE.

- - The Overfall is composed of two abutments and

five piers. Let into grooves in the abutments and

* Reports and records of Mystic Reservoir
Metropolitan Water Works Bosten Mass.
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piers are two rows of wooden bulkheads or stop-
planks, rising to a height of 18.14 above mean
sea level. To care for floods at present it is
necessary to visit the overflow and ®ke out the'
planks in the bays until sufficient overflow is
gained to care for the flood. During the past
two years the elevation of the water surface in
the lake has varied so that average elevation of
the overflow crest has been 15.65. The abutments
are of granite block stone and are composed of a
face and two wings; all of which rest upon the
foundation. The upper or shorter wall has a
splay backwards of 30° from the prolongation of
the line of the face, and the lower orvlonger
wing, has a splay of 20° also, measured on the

bottom of the foundation.




Sore l)'r)e Elev -

K O.

[

woodenrn
Boat
House

7oe of S/o




=
>
™

UPPEQ - L/

ARLINGTON
MEDFORD

e Flew /58
Eiprap lined Bapk

KOADWA

e e T S

el L R Up

-~

- —— ~a -~

7oe oF Slope” T




| PRESENT PLAN OF )
MYSTIC DAM AwnND VICINITY

M.E."DF'O‘?AD AnD ARLINGTON

SCALE '=40' ‘March 1922




- 20 -

The piers aré five in number, spaced 9' inside
edge of one to inside edge of the other. They
measure 5' x 13! at the base. The four faces
have a batter of 3" to the foot. This makes the
pieces immediately under the coping 11'-0:" x
4-0L". The coping is 9" thick and project 3"

on the undersidﬁubeyond each face. The top of

the coping is level with the top of the abutments.

The bulkheads are of -white oak 6" thick and 9"

wide. They extend from the foundation to the







| —_— -7 Shore  Line Flev. /5.8
' - Ciprsp L

70 Wirrchesrer 7 5 OULE WED »

Retalng wWall—

COMMONWEALTH
oF -
MASSACHUSETTS




NN < Jpj/[_ld/?ﬁ/ 4

» ~ . Aproned Area
Shore _Line flev. /5.8 o
Eiprap Lined Bank

RS S
325 Blorap Lining
% be/ow .ﬂpran : o *

. Petainine

S | ST,

UL EVARD S

- ; - ﬁ;”.._;.;‘::: — Side

Cetaling wWall—




Driveway

— Pelainng Wall—z

70 Meaford

—Sidewalk

etamning Wll =

i REVISION OF |
/V VJ 7/C DAM awve ///C’//V/7' 4

MEDFORD vo RRLINGTON

| e K N

SCALE I'=40'




level of the Upper Lake. The distance between

piers and piers and abutments are all 9'.

GENERAL CONDITIONS OF NEW STRUCTURE.

nsis

Consistent with the existing structure‘jﬁst
described the following general revisions have
been made. Following the adcompanying plan, the
circular spillway is to join the face of the re-
taining wall of the Upper Lake side. It is to
be constructed of concrete and dependent upon
its weight to resist the external forces when

 the maximum flood is passing over the spillway.'

_ Thekfoundation is treacherous, as sand and gra-
vel are materials which do not lend themselves
to support a masonry structure of considerable
weight; however as this spillway is not to be
of excessive height and weight, due attention
being gi#en to upward pressure and percclation

of the water together with the pile foundation,
the masonry spillway provides a durable structure

of pleasing appearance. The type of spiilway is
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known as the Ogee; with a concrete apron extend-
ing 36' beyond the toe of any radial section.

At the extremity of the apron, riprap of two feet
thickness extends for a distance of approximately

25-40 fest.

CONSIDERATIONS IN DESIGN.

-This spillway has been designed as a gravity
strﬁcture although circular in plan. A circular
or arch dam of considerabl; height does not re-
gsist the hqdraulic forces by virtue of its weight
alone; the arch z2ctlon producss a thruét at the
abutments which alsc resists ovarturring. This
ﬁhrust action in the case of low spillways is
so inseffective as to be negligivle. M.S.H.Woodward
in discussing the Lake Chesseman dam, Colorado,
which dam is 225 feet high, curved in plin, but
designéd as a gravity dam, found by calculations
submitted in Trans.of A.S.C.E. Vol.53,1904 that
at a section 135 feet from the crest the arch

action was 2/10 per cent.
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*

The Ogee type was'decided upon because the
impact of the overflowing water is lessened by
the gradual turning of the water frem a direction
nezrly at right 2ngles to the ground to one pa-
rallel to the groﬁnd and in the direction of flow.
This gives an increased veloclty at the base; but
the length of the apfon and the resistance of the
rip rap lining coupled with the interference of-
fered by the coverflow meeting within the aproned
area offsets the eroding influence of the swiftly

moving water.

PERCOLATION

The length of the path of percoiation was
determined as eight-five feet, thirty-six of
which is cared for by cut off walls at the heel
of the spillway and extremity of the apron, the

remaining forty-nine being cared for by the apron.

UPWARD PRESSURE
No tension was permitied in the concrete.
At the base, upward water pressure was considered

as acting at the upstream face with an intensity
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of two-thirds the hydrostatic head and diminish-
ing uniformly to zero at the assumed downstream

end.

The apron was figured as a beam gubjected to the
upward pressure of the water from the upstream
face of the spillway under a hydrostatic head
equal to the height of the spillway and varyéng
uniformly to zero at the end of the apron. The
computations of the gstability of the spillway are

presented in the appendix in the back of the book.

CROSS SECTION OF DAM. |

| Referring to the Revised Plan of the Mystic
Dam and Vieinity a section thrbugh the dam at a
point twenty feet from the bridge abutment is
shewn on the accompanying section AB. The boule-
vard is tq%ty five feet in width, balanced by
sidewalks five feet in‘width making the overall
width thirty five feet. The Massachusetts Met-

ropolitan Park Commission have adopted a standard
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parkﬁay of thirty—six foot roadway and nine foot
pathway; but to maintain this standard it would
‘be necessary to increase the width of the dam
throughout its length by twenty feet thereby giv-
ing rise to the necessity of filling in some
300,00 cu.feet of earth. From an economical view
point this practice seems inadvisable.

?he boulevard is of bituminous macadam, on
a Telford foundation. The longitudinal clay pipes
connect the catch basins of the bridge with the
intercepting drains which carry off the water as
shown. These drains, laid with open joints pro-
vide for the drainage of seepage water from the
boulevard. The tile drains of the retalning wall
are not connected every ten feet along the boule-
vard with intercepting drains, but only on each
side of the bridge; these tile drains areAfor the
purpose of preventing water to accﬁmulate against
the retaining wall and exerting a pressure against
‘the inside face which pressure would make the wall

unstable and cause it to fail.
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»

The computations of the stability of the

retaining wall are shown in the appendix.
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