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INTRODUCT ION



INIRODUCTION

The Ausable River, rising on the eastern slope
of the Adirondack Mountains in New York State, flows
in two branches to Ausable Forks and thence to its
mouth in Lake Champlain s total distance of approx-
imately sixty miles. This river is characterized History
by its rapid rate of fzll and z2l1lso by its small
amount of naturasl storage. Due to tne variable
climatic conditions in this section of the country
the run off is very irregular, ranging from ¢5000
second feet in March, after the early spring thaws,
to a2 minimum of /50 second feet in the dry montns
of summer and early fall.

In the year 1915 the New York State Conservation
Commission madea thorough study of the river to
determine where it would be advisable to locate
storage resdvoirs. since the necessity of storage for
future power develop¢ment of any size is plainly
evident.

Detailed surveys and studies were made of three
sites on the river proper, at Ausable Lakes znd

Keene Valley on the East Branch, and Cherrypatch

Pond on the West Branch.



Ftwas found that both sites on the East Branch
were impracticable because of excessive costs. The
site at Cherrypatch Pond however was found to be
suitable for the construction of a controlling resévoir
of two and one half billion cubic feet capacity.

Atthe present time there is = wheel capacity of
6426 horse power instazlled on the river. This power is
consumed for the most part by factories and towns
near the sites. With the proposed regulation at
Cherrypatch Pond the annual available horse power

could be increased from 5540 HP to 24070 HP.
0000000000000

Black Brook, one to the largest and most important
of the tributaries, lies north of the West Eranch
and joins the river about four miles above Ausable
Perks. This brook, at Black Brook Village, drains an
area of 52.6 square miles. Of this area 17.9 square miles
are controlled by a dam about a mile and a quarter
below Taylor Pond. An additional 3.4 square miles
are controlled by a dam across the outlet from
Fern Lake. The remaining 31.3 square miles are un-
controlled.

Our problem was, first to determine the location,
size, and approximate cost of erecting a dam to most
economically control &s large a portion of this area

as seems advisable and, second, to determine the



power that may be developed at the site and the cost

of harnessing said power.

A study of the Black Brook drainage area was made
from contour maps of the U.S. Geological Survey which
for large scale work zre sufficientl; accurate. Stream

Scope

flow records of the U.S. Geological Survey nave been
made at Ausable Forks since August 1910 and at Newmans
on the West Branch since July 1919. The=c records &s
published in the Water Suprly Papers have been our

only resource of estimating the rate of run off for

this region.
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Part 1
HYDROLOGY

The determination of the advisable size to build
a storage resvoir is controlled rrimarily by long
time records of either rainfall or run off. A, the
waterched is in a very sparsely settled country the
United States Government has not deemed it advisable
to locate a rainfall stzaztion within the bounds of the
river. Hence our only resource was to approximate the
precipitation by the triangulation method as suggest-
ed by Prof. Barrows in his Hydrology Notes. By this
method we obtained an average value of 32 inches a
year. It should be noted however that as there is
an elevation difference of over 2000 feet on the
Auszble River the precipation would likewise vary,
being lerger in amount thke higher the elevation.
Also all records in this region are less than 40
yvears in extent which is the value given by Prof.
Henry of the Weather Bureau to give an accuracy with-
in 15%.

Although we found very meagre rainfall data, we
were able to obtain flow records of the Ausable
River at Ausable forks, a town four miles below the

junction of Black Brook and the West Branch of the

Ausable River, and at Newmans, a farmstead about 25



Miles up the river. The published records of run off
et Ausable Forks extend from August 1910 to September
1922 and at Newmans continuously from April 1920 to
September 1922. It is at once evident that the re-
cords are not of sgufficient duration to airford accur-
ate determination but are adequate for close estima-
tion. 7From the Ausable Forks records we find there
has been a maximum flow of 25000 second feet and =a
minimum of 50 second feet. As can be expected the
maximum flow comes in the spring and according to the
tzbulation given in Appendix A’50% of the run off in
the average year occurs in twc spring months, This
gxcessive run off being due vrimarily to the deple-
tion of the large snow storage in the mountzinous
up-country. Within five months of this hign water
period the river reacnes its lowest flow, being very
slight in the summer months.

As the Ausable Forks records were much more
complete we neglected considerations using the re-
cords at Newmasns. With this knowledge of the aver-
age flow of the river and by consultation with Prof.
Barrows it was decided that it was necessary to
store a minimum of 20 million cubic feet per square
mile to a maximum of 35 million to attempt to control
the flow in this watershed, the large permissable

range being due to thellarge range of annual run off



( 2.03 sec. ft./sq. mile to 1.03 sec. ft./sq. mile)
and the run off for which the economics of the pro-
ject seemed most favorable.

The geology and topography of the drainage area
favor rapvid run off as the region is very rough and
rocky. However, most of the hills are wooded,ai.fact
which materially cuts down the rate of run off.

This run off varies from 14.7 inches to 29.9 inches
with an average of 22.0 inches according to the
Report of the New York State Conservation

Commigsion.

DRAINAGE AREA

After outlining the drainage area of Black
Brook we were zble to subdévide it into the compon-
ent creek drainage areas and find the relative
importance of each tributary.Thss is shown in the

following table.

Taylor Pond Resévoir ---------- 8.82sq.mi.
Little Black Brook diversion --- 9.10 " "
Blake BrooKk —e---———mesimmoneoinam 14.80 " "
FRPr ) LAKE © fas s s o i el s i 3.64 " "
Black Brook Proper e--ec--e-ee--- 19.52 # o
Total 55.88 sq.mi.

Practically all of the land in this ares is



+

SR R IS

~
V) -
ol 77
b ; e Y %
! () ] ' S (5 i -
2) )y ‘{C SRy ST AL
\ e ol |

41 L i - Forned
g { a2l \
BRI Ll
B A 3 =
b} N =
;\B‘_ . e = ":
1 iy s
> et :
3 =
gl

|
i
o Signal "r‘! AT

-~ - - =t o, - s syl e - .
- 7 eare . I5F ¢ o RS - T e | i 5
/ 9 ! d"““ A oy Whistie .\‘"— ,/'/ =
] )

S

'~

=

R :
Telman Mtn;
w3

&

o ———

e
= A

ST W

T
f 7
% {

A W

‘ﬂ / N
. W
M Wesl Rilde
o

'_,M

4 ‘.\;*-f’cr-n Lakesv./ 7=

78 o



wooded as it ié much too rocky for cultivaticn. Also
there is very little habitaticn being outside the belt
of small manufacturing towns which thrive on the cheap
power of the region. The village of Black Brook on
the lower part of Black Brook is the only place where
there is a community. All of the rcads in the Black
Brook area are either county or township roads whose

removal would not incur large expenditures.

STORAGE

Originally there was 1.8 square miles of water
surface in the Black Brook drainage areza and approx-
imately 1.2 square miles of swamp land. But since the
developément of Taylor Pond and Fern Lake intc control-
ing resg¥oirs the water area has increased to over 2
square miles. These developments at Taylor Pond and
Fern Lake are Owned by the J. J. Rogers Company and
control four tenths (4/10) of the total drainage area
of the stream. This relatively high percentage o the
drainage area zalready controlled}being in the upper
reaches of the river,makes future develcopments on the
lower brook especially favorable,as the flow into such
a resévoir would be very steady. The storage on this
brook would also increase the available power on the
Ausable River which is in needof higher flow in the

dry season.



A study of the topographical maps of the Black
Brook watershed and of the profile of the river show
very few places where storage resévoirs are possible
because of the rapid drop in the river. Below the
village of Black Brook the river drops steadily down
to the Auszbt River. Above the village there is an
irmediate rise and then a long stretch with =z low
gradient. It is herc that there is a five mile stretch
with a drop of only sixty feet. 1In the lower part of
this section the river passes through a fairly narrow
gorge that seemed suitable for a dam location. The
‘upper reach is a flat valley with a swamp area of 0.60
sq. miles. As the brook rises steadily to the west
above this point.we realized that any controlling
storage project would nave to include this largeswamp.
However the development of the swamp area is limited
by the nearness of the Saranac watershed, develcpment
above the 1090 level being impossible without the

construction of a diverting dam.

RIVER PROFILE

Before actually choosing the site for a dam one
has to make test borings and get some actual inform-
ation of the conditions under the surface. As we could
not do this our choice of dam site is merely a guess
and might have to be changed to suit existing condi-

tions.
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As the water stored is to be used principally at
the village of Black Brook it was deemed advisable to
build the dam here if eocﬁomical. At this location we
could developé¢ the head created by the dam and the
falls at this place into a centrzl power station.
Howevery when we studied the topographical maps and
the river profile it became evident that it was
necessary to make the level of the resévoir such as to
include the large swamp area at the Junction of Blake
Brook and Black Brook if we were to obtain controlling
storage. This condition required the construction of
a2 dam at least eighty feet (80) nigh . A dam of such
a heizht would have to be about one mile long due to
the widening of the river valley at this point. With
this infcrmation this dem site was at once ruled out.

The rejection of this site left the selection
to the narrowest part of the aforementioned gorge.

The location finally selected was three miles abowe
Black Brook Village. By building the resé%oir nere
we lose about 5 square miles of drainage area which
would have been contrclled by a dam at the village,
but as 3.4 square miles of this arez is zlread; con-
trolled at Fern Lake the difference in size of dam
necessary greatly offsets the difference in areas
controlled.

From the computations and curves shown in

Appendix B it is evident that a sixty foot (60) danm



SIZE AND CAPACITY.

( to elevaticn 1C90 ) would have a storage capzcity of
890 millicn cubic feet. This capacity is the ecuivalent
of a control of 33 millicn cubic feet per square mile.
If the dam were 1C feet lower it would have a capacity
of 528 million cubic feet which amounts to a control of
19 million cubic feet per square mile. This shows
that with a 20% increase in elevation the stcrage
increases 68% and raises the control of the average
annual run off from 37% to 65%4. 'With similarly de-
signed dams the 50 foot one would cost 337 less than
the 60 foot. Also the cost per million cubic feet
stored is $430 for the low dam and $380 for the high.
(see Appendix @. If the elevation is raised from 1090
to 1100 stecrage is greatly increased but the percent-
age of the available flow stored becomes so high that
it would only be under exceptional conditions that such
a large reSQVOir would be needed. Also, as previously
mentioned, water levels above 1090 would cause an
overflow into the Saranac River system if z diverting
dam were not constructed =zt Military Pond.
With the foregoing information in mind we select-
ed 1090 as the limiting elevation of our storage.
The selection of =2 type of dam suitable for this
location would require a more complete study than our
time allows. However any dam would have to be either

concrete, earth fill, or a combination of both.
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Wooden construction is pronibitiéde because of the
heightpand a hollow concrete dam is not suitable for
this part of the country as the temperature range is

so great as to make frost action very destructive.

In our computations we considered only a solid concrete
dam(which usually costs the most) thus obtaining max-
imum values of cost.

As it is reasonable to expect to find solid rock
in the floor of the valley and on the sides we would
have no difficulty in placing a concrete dam on a good
footing, a condition which is very important. In
making the actual computations for a concrete dam in
this part of the country 2 good allowance must be made
for ice pressure. By comparison with otner dams it is
estimated that a spillway section of more than 100 feet
is unnecessary and this value could be cut dovn to a
considerably lower figure.

The shape of the valley has few of the characteris-

tics that particularly favor a concrete spillway sec-

tion with earth wing walls. A study of actual construc-

tion costs should be made before this combination can
be compared with the solid concrete dam. With both

tnis type of construction and with the solid concrete,
flash-boards could be provided zlong the spillway sec-
tion and the capacity of the reservoir temporarily in-

creased.

13



Using a solid earth dam there are two plans avail-
able for controlling the flood waters. The first is to
build a large tunnel through the east bank and divert
the water through it down to the adjacent natural val-
ley. The second method is to dig out and construct a
concrete spillway at the boundary of the Ausable and
Saranac Watersheds just east of Military Pond. This
would divert the flood water into the Saranac Valley
and thus diminish the flood conditions in the Ausable
system. Much careful study of flood conditions would
have to be made before attempting either of the last
two projects,even though the expense of construction

was less.

14
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PART II

With the construction of the dam on Black Brook
there is a head created which, if put to use, would
develop¢ some power. This power would be obtained by
directing the water drawn in the dry period through
turbine wheels. As the purpose of the res§¥oir is to
provide power output when the natural flow is below
normal, %ny incidental added means of obtaining this
power would be very helpful in supplying the demand.

With the proposed height of dam there is a max-
imum head of 60 feet. This head is only available
during the spring months when the flow is very large
and the water in t@e resévoir is at the spillway
level. However, as 70% of the capacity of the
reseévoir is controlled by the upper 20 feet of the
dam, it is evident that we could consider a project
using a minimum head of 40 feet. As the water is
drawn from storage in such a way as to gradually lower.
the level, the turbine wheels selected would have to'
have a flat efficiency curve. As power is needed
rrineipally in the dry season, it would be advisable
to have the maximum gfficiency at a little less than
one half the total drop of water level. ¥or this
.+ reason we used a 45 foot head rather than a 50 foot head
in our calculations.

From the accompanying flow duration curve it is
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seen that we considered it advisable to develop the
head for a flow available 1/4 of the time or a dis-
charge of 59.5 second feet. This is a slightly
nigher vzlue than is usually taken , but when one con-
giders the flow from Taylor Pond, it is not excessive.
In the.average year the average flow from the Taylor
Pond resdévoir would be 27.5 second feet and the flow
from the Black Brook resévoir 41.5 second feect.
Therefore our value of 59.5 sec.ft. is a very con-
servative one. If we should develop¢ for the average
annual flow of the whole drainage area of the upper
brook, the power plant at Black Brook resgvoir would
be completely dependent upon the flow from Taylor Pond
in the dry season. Therefore, as this plant is to be
used principailly in the dry season when natural flow
is low, a dependence on any outside source would make
this plant less reliable.

With the head of 45 feet and a discharge of 59.5
gec.ft. there is available 268 HP with an efficiency
of 88%. As the head is comparatively low it is evident
that with a discharge as large as this an impulse wheel
is impractical. At the came time the head is too high
and the discharge tub great for a propeller type
runner, hence an impulse wheel must be used. after a
conference with Mr. Daggett, an engineer with the S.
Morgan Smith Turbine Company, it was thought advisable
to use one of their type NX 18 inch wheels, On test

this size wheel developed 288 HP at 88% efficiency

17
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and the company was willing to guarantee a 270 HP output
at 514 R.P.M.

ds is customary, we would advise three phase current,
and, with an R.P.M. of 514 it would have to be 60 cycle.
When we inquired at the General Electric Company's office
regarding a generator to fulfill the specifications,
we were told that they did not stock such a vertical
generator. However tﬁey did stock a horizontal
generator with an output of 240 KW at 8/10 power factor
and 214 R.P.M. The extra cost for redesigning this
generator would be about 20%.

From the topographical maps it would seem advisable
to build the power plant immediately below the dam and
on the east bank of the river. The penstock built on this
side of the river would have a better grade line than on
the opposite side. With a maximum pressure head of 60
feet, a wooden penstock could be used, With a velocity
of 7 feet per second this wooden penstock would be 5.4
feet in diameter.

The only estimates of cost we could make were on the
turbine,which was $6000 in place,and the generator which
was $3770 ( $3140 for horizontal + 20%= $3770 ) . Before
estimates of building costs could be made a design of the
power plant would have to be drawn.

By having the ressvoir on Black Brook the flow at the

125 foot development at Black Brook Village can be



increased sc that there will be a continuous output of
850 HP . Also the continuous output on the lowe:r Ausable
River can be appreciably increased.

If a penstock were run from the village of Black
Brook down to the Ausable River, to a point just above
the town of Auszble Forks there would be 2 head of 450
feet available. The line ol such a penstock would ke
three miles long and could be made so that wood stave
construction could be used tq withing a mile or the
power house. If there were no unforseen difficulties
we think this nigh head development would be more econ-
omical than the 125 foot development now at Black‘

Brook Village.

19



APPENDIX A

STREAM FLOW RECORDS
At

Ausable Forks

(second feet per square mile)

Arranged on Calandar Year Basis

20
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Year Max. 2 3 4 5 6
1910-1911 S DD 205 1056 . 965 « 899 . 869
1911-1912 Dol 3.47 1.85 1.33 100 «B97
1912-1913 5+95 4.03 1.92 1485 1.60 189
1913-1914 5.88 3.00 1.83 1.36 l.OQ . 959
1914-1915 2.97 1.53 _1.33 ALy 1.09 . 856
1915-1916 4.26 4.12 2.28 2.04 1,91 1.5

| 1916-1917 4.68 3. 6% 3.04 1:.53 1.49 1.0%9
1917-1918 4,98 .56 2.04 1.80 1.80 1.56
19186-1919 4_}2 o 78 3.69 >.06 2,55 2,16
1919-1920 3.96 2o q 2.55 1.55 1.5 1.3%

kk%?gQ:}fﬁi% __jii%}, 5.74 2443 1.29 1-%}7 1.08

| 1921-1922 5.56 2.91 2.50 2.50 1.41 . 876

Totals 58.41 ?2:29 26.51 | 20.58 | 17.36 |14.587
Averages 4.87 Yo 2+21 1.72 1.45 1.22
ng%? %EZ% 131,17 88.5 59.75 | 46.5 39.2 33.0




Year 7 8 9 10 i Min. ©

1910-1911 . 786 S 2 . 526 374 . 337 -

1911-1912 . 864 +842 823 « 561 . 460 « 561

1812=1913 .914 . 563 .516 410 -- -

1913-1914 <159 . 748 507 444 .410 . D17

1914-1915 .829 .66%< . 606 577 094 . 363

1915-19}6 1.24 . 745 - 134 673 . 626 . 482

1916-1917 _.905 752 :EE¥£“7 §§§ __;EE?“ 491

1917-1918 1.50 1:§8m RALQZ%7A71§O§ 453 « 298

1918=-1919 1.25 g 18 L§§; iéﬁgg, 507 441

1919-1920 1.13 . 937 . 732 455 . 444 . 430 U
1920-1921 1.02 :80277 :Q?g . 417 . 288 . 217 ] ey
1921-1922 . 858 '79§____§Ol . 545 ;Eéf___.éfq_____ o _
Totals 11,925 9.962| 8.004 | 6.586 45902 3;3%? e
Averzges . 994 _.830 667 « 549 « 409 .%}%_“_ MR

Totzl area
Sec. feet |R6.9 22.45 |18.05 14.85 11.0% 8.41

22



APPENDIX B

HIGHT AND CAPACITY OF RESERVOIR
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The following table gives the cubical contents

of the resévoir for the different elevations to

which the water would rise .

Elevation Cubic Feet
1040 29,280,000
1045 51, 580,000
1050 76,680,000
1055 107, 330,000
1060 146,330,000
1065 200, 730,000
1070 277,330,000
1075 386,130,000
1080 528,330,000
1085 698, 430,000
1090 890,930,000
1095 1,104, 330,000
1100 1,334,330,000

( Lowest point of dam at elevation 1030 )

The area under the accompanying "height-elevation"

curve gives the capacity for any height. The areas

were obtained by planimetering the areas on the

topographical map included within

contour lines.

the different

25



APPENDIX C

CHOICE AND COST OF DAM

26



The question of choice of dam size is largely
one of economics, the desiréable size being the one
that will afford the dowest cost per million cubic
feet of storage. The following tab.e shows the amount
of storage required to control our area for the

different values of run off ( mil. cu. ft. per sq. mi.)

Mil.cu.ft. Required Capacity
per sqg.mi. Mil.cu.ft.
T o e s s e 541
AR SRS R SR S Bl 568
e 595
£5 Tt BR i pieaeia L 659
I e LR LR L et 649
L OIS B 676
T T 703
S e e e 730
il e e e e 757
R e E L L PR e e Rt 785
PR e 811
e e 838
O e S R 865
33 ecemmcecceeee e 692
O e 920

From a comparison of this table with the one in

Appendix B it is clear that for control figured on the

27
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minimum value of 20(mil.cu.ft.per sg.mi) we would need
a dam 50 feet high (capacity 528,330,000 cu.ft.). The
maximum run off coefficient of 34 corresponds to a
required capacity of 920,000,000 cu.ft. which shows
that the 70 fuot dam with a capacity of 1,334,330 is
rather excessive. Let us consider, however, the

costs of the 50,60, and 70 foot dams which,as wechave

seen, include the limits of required storage.

Cost of 50 foot dam

To egtimate the cost of these different sized
resdvoirs we calculated the number of cubic yards of
concrete necessary for each size znd used the flat rate
of $15 per cubic yard oi concrete in place as the unit
cost. The volumes were obtained by dividing the dam
into 100 foot sections( aqbbtained from profile of valley
at dam site) and finding the mean cross sectional zrea
in each 100 feet. We used the spillway section as the
typical shape. This section was considered zs having a
vertical back and a parabolic front. In obtaining the
hydrostatic pressure we assumed a 10 fool head of water
over the spillway (maximum conditions). No allowance was
made for upward water pressure. These results are only
rough estimates but are however consistent with the

accuracy of our profile section.
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Hydrostatic Pressure (section one foot wide)

50'x 30'x 62.5# = 93, 750#

] 3 . i
Point of Action = £ ~25L52%5= %éga——érﬁﬁ- = 41 fect
3 h2 = hl -

g . " from bottom = (50'- 10') - 41' = 19

Tet X = Base width (Wgt. of Concrete = 150 #/cu.ft.)

75 x 90'x 150 fry .= 19
93,750 # 1E X
x2 = l3§i§¢35°xz4 Y
xll

X'= 27.9 or 28!

Using this value and the curves on preceding page

we obtain a volume of 15,140 cu. yds.

15 x 15,140 = $227,000 (estimated cost
of dam)

$227,000 - $430 per million cubic feet
528 of storage)




Force

Point

Volume

Cogt

Force

Point

Volume

Cost

on

of

on

of

]

i

32

Cogt of 60 foot dam

Dem = 60 x 62.5 x 35 = 131,250%

S kB Ty sy SRyt EEER B
Action Vs meaga— ] 5

%% _ 22.5

24 x 131,250 =
x 6000 4825

X

11
X = 32.8 or 33!

22,540 cu.yés.

“ x $15 = $ 338,000

3§8LOOO = $379 per million cu.ft.
890.93 of storage

Cost 0of7"70 foot dam

Dam = 70 x 62.5 x 40 = 175,00#

Action = % xsgll = Ba!

5
«2 - 26 x 24 x 175,000 -
T x 7000 1420

X = 37.7 or 38!

33, 590cu.yds.

33,590 x $15 = 504,000

Smzll Dam at North end of Res. Cost = $31,700

Total cost =

504'020+3l’700 =$401 per million cu.
1,334 ft. of storage.



From the foregoing figures we conclude that
the 60 foot dam is the most economical size to
build. In addition to the determination by this
method it wzs shown before that the 70 foot dam was
rezlly higher than necessary and while the 30 foot
dam would take care of a fairly large flow the cost
of the 60 foot dam (per mil.cu.ft. of storage) was

sufficiently lower to warrant its adoption.
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