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l. [FHistory. ~ The following are desoriptions of the timber and
mgonry dams. The first part of the desoription is an sbstract of Cle~
mons Herschel®s paper of 1886 ss remroduced from “Design and Construs~-
tion of Dams® by Wegmsxm, Page 290.

&, "The Holyoke Dam (See Plate ¥o. 1) wae built in 1849 soross

the Comweotisut River by the Hndley Falls Compeny {now the Holyoke Water-
Power Co.). Before this strutture was begun s tmporary dam was bul 1t

n little further up-stream to serve as a protestion during the oconstruce
tion of the permanent dam and to Purniah water-power in the meantime.

The temporary dam wes built somewhat like the permanmnt dmm, canstructed
stbsequently, but was given less strength. The gates of the tamporary dam
wore olosed on November 16, 16l5. When the water resched within 2 or 3
feot of the top, the whole dem, exoopt 75 feet on one end and 150 feet on
the other, was rolled over and floated down~stromm on ths crest af a wave
sbout 8 feet high. The loss to the company om ascount of this fatlure is
stated to hawve desn §1;0,000 o §50,000.

"fhe psrmanent des shown in Fig. 1, Plate No. 1, was begun the
following year and finished in the surmer. This dsm ie still standing,
but will soom be replaced by & masonry dsm below it. It ie 1017 feet long
and has & maximmm height of about 30 feet. The down-etream face of the
dam was originally made vertical, but in 1870 a sloping apron was built in
froat of the dsm, as shown in Plate No. 1.

"The dam was founded on a ledge of red slate and sandstone, whieh
dips down-stresm about 30° from & horisontal plane. The whole dem was
bullt of heavy timbers, nothing less than 12 by 12 inmches being used. The
bottom timbers (15 by 15 inches in sestion) were placed parallel with the

ourrsnt and were bolted to the bed-rook with iron bolts 1-1/} inches in
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dlameter, about 3000 of these bolta being uud in the dam. 7The bottom
timbers and thou d:lractly over WidH were phced 6 ruot npart and diﬁdvd .
the dam into 170 seotions. The upstrenm slope, whioh mekes an engle of
20° 5% with a horisontal Plane, was covered with three ocourses of 6=ineh
timbers This planking was strangly fastened together with splkes and
tremails. The rolling top or ccxmbing was oovered scross the whole length
of the dam with sheets of boiler-iron. Four million feet, board net gure,
of wood was placed in the dam.

“As the dam was duilt up the pookets between the tizbers were £illed
with stone to a height of 10 feet. Above this the dam was originally
loft hellows The foot of the dam was protected by eomerete. A bank of
grevel was filled in against the upstrean face of the dum, beginning 70
feet sbove the dam and sovering over 30 fest of the slope. Btrang sbute
nents of masonry wers bullt on both sf des of the timber dam. The total
eost of the dam smounted to $150,000,

“During the construstien of the dum the river-wmater was passed
through L6 gates, eash aving an opening of 16 by 18 feetl These gatea
were closed for the first time on Dotobor 22, 19,9, the wrter belng thus
forsed to prss over the dem. The work stood this test very suecessfully.
The leakage through the dam was very trifling, not mere than was thought
-Deosssary to ksep the timbers from dosay.

“In November, 1849, & feot of witer passed over the top of the dam.
It esuesd the windows in Springfield, 8 =iles sway, to rattle, as no pro-
. Vision bad been made to allow the air % pass freely from abutment to edute
mmt under the sheet of water. In April, 1862, 12-1/2 feet of wator pmssed
over the dmm, which {s the maximum haight the water has reachod.
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"The water, ioe, logs, etc., paasing over it rapidly wore sway the
rook in front of it. By 1868 the ledgs had been erodsd to a depth of
20 to 25 feet, and the dam had beoome undermined in some pleses. Besides
the woaring out of the roek, the froat tirbers had besome injured by logs
and ioce whish, after passing over the dam, were forocd aguinst the front
faoe by the eddies saused by the falling water. In some esses logs having
beoome wedged smong the front tixbers and being struok by the falling water
foroed the timbers apart, acting like large levers. In order to protect
the dam sgainst such injuriss and to reduse the fall of the water, a large
inolined spron of eribwork was built in front of the dam during the yearas
1868, 1869, and 1570 (Plate ¥o. 1.)., This orid, whiek exoesds the original
dam {r wolume, was built of round logs laid e as % form pookets & by 6
feot, which were filled with stone te the top before the covering, oconaiste~
ing of 6~imoh planks of hard wood, was put on. The cost of ths apron is
g ven variously as $263,000 to $350,000=-about double the cost of the ori-
Zioal dam,

"The eonstruction of the spron merely tranaferrsd the srosive sction
of the water further down-stresm. The slops of the spron being nearly pare-
1lel with the dlp of the roeck, the eiroumstarces for washing out the ledge
were vory favorable. By 1886 the roek in front of the apron had been eroded
in plases to = depth of 20 to 25 fest,

“Shile the apron wes being canstructed s considersbls amount of stone
was algo filled into the old dsm. This work was done carelessly, stones
weighing L to 5 tons and even whole scow-loads of stons being occasionally
dropped on the upsiresm slope of the dsm. The leakage through the dam,
which in after years emtailed much expenss, was probably partly due to the
injuries thus suvatained.

"¥rom 189 to 1879 only trifling repairs were rejuired on the dam with
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the exception of the sonstruotion of the apron. In the latter year a break
osewrred in the plank covering of the upestresm slope. Many similar breaks
taking place in the next few years, the whole up~stream slope was replanked
in 1885. At the ssme time sheet-piling was drivem longi tudinelly through
the dam, about thres bents back frem the fage, and gravel dumped and puddled
on both sides of the shest-piling, The cause of the breaks wes the rotting
of the planking (which, es already stated, had been injured by stones being
dropped on it) and also of some of the timbers. For a full secount of how
the denm was repaired we must refer the resder to Mr. Clemens Herschel's
Paper C(Trans. im. So0c. C. K., for 1886).

"As the repairs appeared to have no prﬁm’c offect in stopping the
leakage,it was finally deoided to build a magonry dam 112 feet at one end
sad 132 feet at the other downstream from ths eld timber structure. Sur-
voys for the new dm were made in 1891. The construction of the maganry

dam was begun in 1895, and the work was complated during the season of 1899,

"Figs 2 and 3, Plate No. 1, show the rofile adopted for the masonry
dam. The upper part of the down-stream fece is the parabola, whioh a sheet
of wmter i feet in depth over the crest would deseribe in falling freely.
The parabols continues to the point of reversing bslow whieh a gycloid (the
surve of “quickest deseent”) is adopted for the face. At the extrems toe
the fage is turned somewbat upwards to break the foroe of the water and to
Prevent it from cutting the ledze beyond. The back slope forms a series

‘of steps, 5 feet high, equivalent to a batter of 1 oot in 5 fest. The
length of the rollway of the new dam will be 1020 feet. The plans for the

BAsny dem were prepared by Mr., E. 8. Waters, Chief Engineer of the Holyoke
Wator Power Company.®
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be The following are sxcerpts of an Article by Sanford E.

Thompson in the Engineering News May 13, 1897.

"fhe Present Wooden Dam. As far as oan be learned by the writer
no careful examination has besn made of the timbers or of the oondition
of the gravel filling sinese the work in 1885. From the faet that an im-
nense smount of gravel has bean found in the river bed below the dem, and
es the leakage through the dsm has been rapidly insreasing from year to
yoar, it appears that the reprirs were not so permensnt as it was hoped
they would be. In 1891 it was desided ¥ build a stons dsm below the pre-
sont wooden dem, =nd as near to it as would be consistent with the condi~
tion of the river bed.

"8ince 1855 two bremks have ocowrred in the surface, but these wers

probably due to the decay of the tirbers rather than to the rotting of
the plank, since the latter had only besn in a few years. The first of

these two bresks scourred in 1693. The hole was about i feet by & feet
and its depth msasured wertieally below the top of the dam wae ebout 11
foat,

"The stopping of these two lemks oonstitute all of the repairs be-
stowed upom the main dam during the last 12 ysars. Ocoasionally planks have
had to be replaced on the apron and last year after the spring freshet a
hole about 20 fest long by & feet high was found in the fseoe of the orib-
work of the spren, extemding beok wunder the aprom, the lemgth of one erid
or about & feet. TYhs logs were cleanly broken off and a suffiocient mumber
were left direstly under the planking to prevent any sagging and it was net
even thought mus;ry to replace thems The leskage had been graduslly
inereasing wmtll in 1895 there was a loss of 118 euble feet per second
whioch wnder & hesd of 60 feet is equivalent to a losz of 800 theoretieal

borse-power.
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*"The Now Stone Dem, = Surveys for a new dsm weore begun in 1891, The
botal. longth of the rollway betwsen abutments ia 1,020 feet. The bed of
the river on a part of the distance agross is of blus sl:rte, and, for the
remsinder of the way, red sandatons, ‘%0 that no dlfficulty was moountered
in obtaining a suitabdle foundation.

"An outlins seotion of the main dam is shown on Plate No. 2. The up-
por part of the curve on the dowmstream face of the dam is that of a para-
bola, The parabola selected belng the eurwe of freely falling water flow-
ing L feet in depth over the crost of a dam. The perabola extends down
tﬁo slope as far as the point of reversing, and below this the surve is a
oyclold. Selected as the "ourve of quiskest descent,” the up~ourve at the
sxtreme too is designed to bresk the foree of the water and prevent its out-
ting into the ledge bsyond. The slops of the back or upstream face is equiv-
alent to a batter of )=-foot in S5=foot. 1t ia stepped off overy 5 faet in
height in order to afford a footing for the coffers as will bo deseribed
further on.

“The stones of each of the first B courses are doggzed togother heri-
gontally with zalvanired iron dogs countersunk ianto the swrfsse. To tie
together the stones of the soping galvanized iron dowels are used inatead
of dogs, exospt in two omses, where the tie has 4o be put in after the siones
are in place.

"Materials. ~ The stone for the conorete is broken stonme snd is brought
from the arusher et Westfield, Nassschusetts. The stonss for the rubble
filling is taken from the bed of the river below the dam. 4ll of the gran-
1te for the dsm 1s being furmished under subooniract by the Kational Granite
Company of New York whose quarry is situated on Leadbetterts Islend, near
Vinal Haven, Maine. The omment is furnished by the Alphs Cement Compary,

The Bourse, Philedelphia. The ssleetion of the Alpha brand of cement was
Ly



the result of empetitive tests. Seventeen bidders presented samples. Of
thess, five were American, four English, five German, two Belgian and 1
Turkish. The tests were conducted in sscordance with the standards of the
Ameriean Soclety of Civil Engineers.

"The send used in the mortar is obtained from a bank in Holyoke about
amile and a half from the dam. It is screened cnae to removs the stones.
A sample of this sand if put in a glass of water snd shmken up hardly
clouds 1t. The high tests obtained with the mortar are probadbly due to the
absence in this sand of elay and loan.

"Contrasot Work. ~ Every stone is lald to line, grade snd batter, and
sxtreme oare is exsrcised to see that the wark is mocurately dome. The
stornes are lesvelsd and lined by instrumsnts. The batter is obtained from
templets fumished by the oompamy. The joints of the fase stone ere aaly
1/h ineh and they wre e nesrly vertioal st and near the tos that it is
necessary to grout them there. The mortar is poured in snd a mord is run
through the joint to make sure that the mortar reaches every crevice. The
rutble for the bed whiok is direstly under the stone is laid up to within
two or three inches of the granite several hours in advance of the latter
in order to sot suffieiently to bear the weight. The rudble 1s laid with
full joints end under olose inspectiom. dJoints whioh are diffioult to
fill by spreading the mortar are left open and grouted. The mortar is all
2 parts sand to 1 of cement.

"Each cubic yard of rubble masoury requires 7/5 barrels of sement.
The walght of the granite is 163 lbs. per eubis foot; of the slate from
the river bed 170 lbs. per subie foot; and of the sand from the river bed
180 per eubic fopt.

"The mgineers of the Holyoke Water Power Company who have this work

in earge snd through whose sourtesy the faots for this article wers obtained
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are Messrs, Edward S. Waters, Treaswer and Hydraulic Engineer; James M.
Sickmsn, Engineer in oharge of Constructica; Robert Ramlet and W. E. Sswin,
Assistant Engineers. Mr. Sawin drew the plans for the work."

8. Dmmage to the Masonry Dam in 19536 - The 193 floods rcsu1t+d
in the displacoment of the capstones at the crest of the dam to & depth
of § fast.; The exast time of the mscident is not known but 1s delieved | |
to have ocourred during a minor ecreet, acoompanied by iee pasesage, whioh oc-b
curred about one week im advance of the record-bresking Merch 21, 1936 ‘-
flood. It has been reported that the mmount of matorial which it was nee- '
sssexy %0 replace is eas shown on Plate ¥o. 3. Conorete was used to replece
the lost capstones. The seotlon shown is typiosl for the full length of
the dam with the sxception of 28 feet st the laft abutment snd 5 fest at
the right abutment, where no damage cecwrad, snd also with the exve ption
of 213 feet where the stome indioated in dotted lines on Plate ¥o. 3 withe
stood the water pressure. Those ospstones whick ¢id not SaTry SWAy Wore
pormitted to remein in place. The structural members indisated on Plate
No. 3 werv for the purpose of supporting the oonorete forms and the soffer
dem, and wore left in place in the conorete.

2¢ Grest Elevations. — The slevation of the crest of the old dam

is given in a tostimony by a Holyoke Dam engineer, Clemens Hersehel, at El.
97;975. Numerous articles give the same crsest elewation for the new dem.
The datum plane 1s Hartford sero {approximate low water at Hartford ag do-
termined by Ellis 1872-78}. To refer elevations to the Holyoke Power Com~
pany base, 2.025 feet is added ziving the orest slewation of the dams at
100. The Bolyoke Power Company base is reofarrad to a pereanent stons bensh
at elewtion 107.975 Hartford zero, or 110 Helyoke Bagse. Hartford szero is
0«55 feet below zsro mesn ses level. Holyoke Power Company base is 2.53

fest bolow mearn see lovel.
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Elevations of March L, 1937, by Mr. Whitoomb of this office, give 97.1,2
MeBele for the new dam and 97.35 for the old dam. These ware taken at the
wost end of the dsm. Although no referenns is made in indi vidusl nrtiélu
to both dam orests being construocted at the same slevation, soaling of sket-
ches ineluded in the writings, substantiate ithis faot.

Flashboard operation is recorded on beth dams. Flashboards ars held
in place on the masonry dem by iron rods inserted into castings set in the
consrete below ersst surface; these rods are mde. of soft iron which bends,
releasing the flashboards when pressure is too groat. The sums method was
used on old dem. Height of flashbosrds presently used is 2.1 feet. The
height of flaghboards was limited t0 & maximum of 2 feet.

As previously mentioned, resords show that L~foot flashboards were

used on the arid dsm in 1862.

3. Discharge Charscteristios of Crest. - Although disebarge charms=—
teristios for the two types of orests may wary for low heads, study shows
that like quantities of discharge may be expsoted under high neads. There
is but three feet wariation in the length, the length of the oldaest being
1017 fest and that of the new 1020 feet. Both orosts under high heads are
oapable of having free dissharge, that is, the overfalling jet will spring
free from the domnstresm surface of the spillway. The downstream surfaoe
of the masonry spillwey was designed to follow tiw lower nappe of the jet
profile discharging under e four-foot head. Wogmsrm and Creager both rec-
ord a flow of six fest over the old dam where vibrations osused by the rapid
breaking of the overfalling sheet so as to let air into the vmoumm space
between the sheet and dam oaused the windows to rattle in Springfield eight
wiles away. Theoretionl snalysis of flow over the masonry structure suge
gests the possibility of the presence of wvaowum for surcharges of ten feet

o Over.
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Discharge under free overfall is that of critical flow where the
depth of water at the crest is two-thirds of the besd, snd the discharge
per foot of spillway crest is 5.67!)3/2.

Such flow eocceleratvs with deoreasing depth over the dowmstresm
faco of the dam to that section whero impast of the stream egainst back-
water or teilwater ¢auses the hydraulie jump to take pleace. Should the
taiinter at the toe of the dem be greater than that necessary for good
jwmp action, undulation sstion will teke place with much boiling effect
and eddy ouwrrents. This boiling motion is mmplified should the tailwater
be high ?nough to almost submerge the contraction of the overfeliinz sheet
on the oreet of the dam. Thie is the condition between the two dame as |
found by Mr. Davis and is suggested by serial photozraphs taken in Marsh
1936. : , . Study shows that for any possible flood in the
Commeaticut River Watershed, baockwater from the new dam will for all heads
oreate more tailwater than necessary for jump sotion below the old dem.
Also, due to the faet that the erests of both dams arc at the same elova=
tien, the control of flow past Holyoke for hich heads is at the masonry dumn
by the smmount of baskwater ocreatod between the two dams, that is to s2y,
the stage at the orest of the old dem st present apmoximates that at Ghe
orest of the old dam prier to 19501.

L« Foundation of the Masonry Dam - A dsseripiion of the bed rook

which forms the foundation of the masonry daa taken from contemporary souxroaes
at time of construstion of the dan states:-

e, Typs - red snd gray shale. Very sound red shals ococurs at
laft abutment.

b. Hardness - the rock is hard and sound.

¢. Bedding - The beddinz plenes of the rock dip in the downatresm

direction gemerally between 10® and 20° from the horizontal. local dips



ooour ranging from gero to 30° from the horizontal., The strike of the bed-
dingz plans is approximately parallel to the dam.

2. Porosity -~ The bed rock is demse. ¥o soft or porous layers
were obssrved.

¢+ Soundness - No shattersd zones wers observed. Joints were
found to be tight and occwr at right angles to the bedding. The steps in
the naturel weatherad surfaces conform to the bedding snd joint plaens,

At the present time, shallow pool varying from 50 to 100 feet in
width oocurs imnedlately downstream of the spillwmy apron and extends the
full width of the river beds Progressive scowring is prevented from ap~
proaching the toe of the dam by the presemce of a sonerete apron having a
mininum widt_h of about 50 feet.

e Stebility of the Masomry Dam. ~ The face of the spillwsy has

been left rouzh. The hody of the dax is constructed of heavy ribble ma=
sonry laid in rich Portlend cememt morter, with beds inclined somewhat
from the horizantal, the downstrosm side being the higheste. The tremeh
for the tce of the dam was exoavated to m averags depth of & feet, amd
from 15 to 18 feot in width, the bottom being levsled off by a bed of conw
srete for the rooeption of masonry. Back of this, the rock was rowghly
stepped to afford a good bearing for the rubble masonry.

The section investigated was a simplified equivalent section
trapezoidal in shape heving a top width of 10 fest, a ase width of 35
foet and s height of 30 feet., This section is & little lighter than the
eotual sffective section of the dame The following farces wers considereds=

2+ The weight of the masonry structure assumed at 150 lbs. per
cubio foot.

b. Full hydrostatic water pressure a.;_;ains;b the upstream face.

o« Impaot of the approaching water against the upstrean race
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soting at 1/2 the height of the dam sbove the base. This force is gen~
srally considered for low dams having lerge discharges. The stons dem
is now protooted from this force somewhat by the old arid dam upstream
which may disintegrate in time. This forse does not exoeed 2700 lbs. per
lingar.fbot of dam as computed for maximum flood conditionm.

d. Effeetive force of tail water equal to 1/2 the actual hydro-
static pressure of the tail water against the downsiream feca. Under flood
gonditions the tailwater ia charsoterized by comsiderable turbulencs and
white water indiesting air entraimment, and full hydrostetic pressurs is
not considerad effoctive as a stabilizing feeiter for ths dan.

8. Weight of water on the inclinsd upstreem face of the equive
alent section,

£+ Uplift assumed equal to 504 of the hydrostatic prossares at
heel and toe of the section.

L+ The water pressure on the orest and downstraam facc of the
doam due to the sapilling water is neglected as the jet approaches VOry near-
1y s»outing velocity.

The fcllowing tsbulation gives the aualytical rssulis basod on the

foroees sonsidered:

T Floed sDisobarge :Depth of water—fte: 3
Condition t ca.fes, sabove above $ BaFe 3 FoSeQu¥e
2 sorest toe H t
Desizn flood 1 350,000 1 22 18 T 0.0 1 LD
March 19536 s 244,000 2 17 10 t 0.75 ¢+ 1.67
Degign flood 3 213,000 1 16 7 t 0u72 5 o7
modified by 3 ) 1
regervoirs H 3 H :

3.F. = slidiung faoter,
FaS+0.T. = factor of safety aguinst overturning.

The resultant of 21l forces ineluding uplift fulls inside the midale third
of the base by 0.8 foot and 0.5 foot, respectively for the two smaller floods

considereds 1t falls outside the middle third of the bass by 1.l feet for the
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largest flood somsidered. The above anslyticn?l rosults appear satisfactory
for all but the maximums flood.

In order to make the anzlytical results appesr as satisfastory
for the maximum flood condition as for the Marsh 1935 rlood condition, it
was necassAry to revise two items of the schedule of forees shown above as
followss

8+ The weight of the masonry structure assumed at 165 lbs. per
cubis foot.

bs Uplift assumsd equal to LORX of the hydrostatic pressure et
heel end toe of the section.

Applying the revised schedule of forees to the maximum flood
condition of 356,000 c.f.s. tha sliding faotor becomes 0.73, the factor ef
safety against overturning bacomes 1.72, and the resultant of all Tforoces
wag computed to fall inside the middle third of the base by 0.6 ifoot.

311t deposits have not Yesn considered sas & factor in analy zing
the stability of the deme It is establighod that watorborne detritus
reaching the lowsr part of the rsservoir conaists only of finer sands and
silts. S5ilt doas sacumulate in the spacs betwesn the two dams and againgt
the upstrean fuce of the masonry dam. Owing %o turbulenco in this zons,
causad by the prosgence of the old timber dam, it is believed that the
velocity of the water during major floods is such that this silt will be
swopt awsy. The coneluelon is that silt pressurss will not ocowr simule
taneously with the maximum application of water pressures azainst the dam,

6. Summary. -

8« The first dam built across the Comnsctloeut River at Holyoke

was & timber structure sand was construsted in 18l9. The length was 1017

feot and the maximum height about 30 feet. In 1870 a sloping apron was
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butlt in froat of the dam, as shown in Plete No. 1.

bs Apparently when the timber dam hud rumched the amd of its
ugeful ife and was no longer safe, i1t was dscided to sormtruct a new
wa sonry dem talow it. The new dam, cwmstruoted betwosn 139 snd 1537, is
loetted ar roximately 125 feet downstresa o2 the tliber straeture and hes
£ length of 1020 feete The maszonry dam is sn o=gee gravity, free owrflow
weir for its full longth. Tha constructiom is ruoble mesoary set in Porte
laxd cament wortar, sur moed with out ireanits blecis,

8+ The obsorved srest elewidan of the new dam is Ehntién 97 42
mean sex lowl, snd for the ald timber dam Slewtion 97.35¢ Flashboards
hving & height of 3.1 fest ars usad on the mssonry dame The height of
flashboards for the timber dmz was a maximm of 2 feet. Resords show that
L~foot flashboards were ussd on tho orid danm in 1842,

ds Although discharge charaotoristiocs of the teo types of crests
wa used on the twe dams may wary for low Lasds, study shows that like quan~
tities of dlechargs mmy be expssised under high heads.

8+ The badrook forming the foundation of the masonry dan is
sound and w:ll-pragervads A conorois sprom protects the rock at the toe
of the dsm fron scouring.

L+ By the applioation of fuver pl: sssunrtions under the maximum
floed condition of 356,000 oefese, the ull ding Tactor bacamss D473, the
faotor of safely agrinet overturning Lecomes 1.7, and the rssultsnt of
a1l foroes was camputed to fzll insido the mlddile third of the base by 0.6
foot.

Le Although it is juestionable whether the exieting mascnry dem
ig ssfe under an extrese surcharge bead sich as oould be emusad by a naxi~
mas flood in the Comneatlout River, the eonstruotion of the fMood contral

reserwirs in the approved projsct for the Comnmectiewt River would redme
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flood flows (and eonsequently the naximun surchargs head an the dam)

thereby irvoreasing the safety of the dam fpiinst failurse eozslderably.

®. Je Truss
Coloumsl, Corps of Bngineers
Listriot lngineer

Us B, Engineer 0ffice
Providience, R, T,
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