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~~ASSESSMENT OF
GENERAL CONDITIONS

MiddLe Branch Dam is an earth embankment with a masonry
corewall, about 615 feet long and 94 feet high at its maximum
section. An ungated spillway and outlet channel, excavated in
bedrock, are located west of the structure.

Significant seepage and saturated ground were noted at the
junction of the west abutment and the downstream slope of the
earth embankment. This condition should be monitored on a
regular basis to: determine if the flow increases or if discoloration
and fines migration develop. The trees and brush growing on the
downstream slope near the west abutment have a deleterious effect
on the compacted earth embankment. This vegetation should be
cut near the ground surface so that conditions of the abutment can
be assessed, and the root systems of the trees investigated to
determine if they should be removed.

Examination of the results of the hydrologic/hydraulic analysis
indicates that the dam would be overtopped by all floods exceeding
approximately 58 per cent of the Probable Maximum Flopd. .
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PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

NAME OF DAM MIDDLE BRANCH DAM ID!! 00034

SECTION I - PROJECT INFORMATION

1.1 GENERAL

a. Authority - This report is authorized by the Dam
Inspection Act, Public Law 92-367 , and has been prepared in
accordance with Contract 111467.021 between O’Brien and Gere
Engineers, Inc. and the New York State Department of Environ-
mental Conservation.

b. Purpose of Inspection - The purpose of this inspec-
tion is to evaluate the structural and hydraulic conditions of Middle
Branch Dam and appurtenant structures, and to determine if the
Dam constitutes a hazard to human life or property.

1.2 PROJECT DESCRIPTION (from information supplied by the
New York City Department of Environmental Protection)

a. Descri ption of Dam and Appurtenances - MiddLe
Branch Reservoir is located in southeastern Putnam County and is

• . •.. .. -•.. . ~~-. . • abp~it_ ~~ ~nil.es west of the Village of Brewster , New York. The
dam is constructed across th~ t~1iäthe~~ranch of the CrOton~River
which is also blocked by the Croton Falls Dam located about 2~miles downstream and to the southwest. The upper reaches of the
Croton Falls impoundment extends to the downstream toe of the
Middle Branch Dam and forms the stilling pond for outlet works.

Middle Branch Dam is a homogeneous, earth embankment
with a masonry corewall. The structure has a maximum height of
about 94 feet , is approximately 615 feet long and has a top width of
about 50 feet. The upstream face of the dam is about 4.5
horizontal to 1 vert ical; the downstream slope is about 3 horizontal
to 1 vertical.

The spillway, located west of the embankment, consists of
a 100 feet wide ungated flat crested, cut stone weir and an outlet
channel. -
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Discharge from the reservoir is accomplished through two
uncontrolled inlets located in a stone masonry intake tower
upstream of the embankment. The flow passes through a brick
lined, horseshoe shaped tunnel (8 feet by 8 feet) to a vault which
houses two 36 inch gate valves. Two conduits, housed in a similarly
constructed tunnel, continue downstream and, after passing throuqh
a stone masonry gatehouse adjacent to the downstream toe of
slope, the two pipes bifurcate to four 20 inch diameter pipes.
These pipes continue about 120 feet to the stilling basin where each
one terminates as a vertical fountain-type orifice. Refer to Figure
5 for a plan and section drawing of the outlet works.

Middle Branch Reservoir is part of the Croton Water Supply
System; the Dam and Appurtenance Structures are owned by the

- City of New York and operated by the Department of Environ-
mental Protection.

The Middle Branch Dam, originally called Tilly Foster , was
designed by The Aqueduct Commissioners, City of New York and
was completed in 1878. -

-
~~ b. Size Classification - Middle Branch Reservoir was

designed for a storage volume of 4.005 billion gallons (12,300 acre -
feet) at the maximum operating pool elevation of 371.55 feet mean
sea level (MSL). The dam has a maximum height of 94 feet. Both
of these criteria place the structure in the intermediate size

- category as defined by the Recommended Guidelines for Safety
Inspection of Dams.

c. Hazard Classification - Middle Branch Dam is
located about 2* miles upstream of the Croton Falls Dam. A
failure or overtopp ing of the Middle Branch structure would allow
flood waters to discharge into the downstream reservoir. This
might cause failure or overtopping of the Croton Falls Dam and
result in the possible loss of many lives and extensive property
damage. Therefore , the structure is in the high hazard category as
defined by the Recommended Guidelines for Safety Inspection of

• Dams.

1.3 PER TINENT DATA (from information supplied by the City
of New York, Department of Environmental Protection)

a. Drainage Area - The drainage area of Middlb
Branch Reservoir is 21.31 square miles. Lake Carmel is included
within the drainage area and is located on the Middle Branch of the
Croton River about 5 miles upstream of the Middle Branch Dam.
The surface area of the reservoir at maximum operating pool
(Elevation 371.55) is about 428.2 acres.

4 5
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b. Discharges - Discharge from the reservoir is
accomplished by means of tw~ 36 inch manually operated gate
valves located in the outlet qatehouse. Invert elevation of the
outlet tunnel at the intake tower is 306.0 feet MSL. The maximum
pool elevation of 375.55 feet MSL was recorded on Octuber 16,
1955 and corresponds to a discharge of 2,640 cfs over the spillway.

c. Reservoir Data

Maximum Operating Pool (Reservoir at El. 371.55)

Length - 11,000 feet
Area - 428 acres -

Volume - 12,300 acre-feet
• Top of Dam (El. 380)

Lenqth - 11,050 feet
Area - 429 acres
Volume - 16,150 acre -feet

Maximum Pool (PMF E:l. 382.75)

Length - 11,100 feet -

Area - 430 acres
Volume - 17,100 acre -feet

- - - . .• .. - S e  . .. S. —

d. Dam Data

Type - earth embankment
lop Elevation - 380 feet
Height - 94 feet (maximum)
Streambed elevation at centerline of dam - 303

feet
• Length - 615 feet

Top Width - 50 feet
- - Side Slopes - upstream slope 4.5:1 (horizontal:

vertical), downstream slope (3:1)
Zoning - none
Impervious Core - 8 feet thick masonry cor-ewall

- Cutoff - none
Grout Curtain - none

e. Outlet Works - See Section 1.2.a.

.3..
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f. Engineering Data - The information available for
review of Middle Branch Reservoir inc luded the following:

:~ 1) Data Table - New York City Reservoirs ,

2) Profile of Flow Diagram for Croton Sys •~m,

3) Plan and Section Drawings of Dam, Spillway and Outlet
Works ,

4) Dam Report by the Conservation Commission, State of
New York, dated August 6, 1915,

5) “Report of a Structure Impounding Water ”, State of New
York, Department of State Engineer and Surveyor (undated).

1.4 OPERATING AND MAINTENANCE PROCEDURES

a. Operation - Two 36 inch diameter drain pipes, used
for drawdown are controlled by means of gate valves located in the
gatehouse at. the downstream toe. According to Mr. John Birrell ,
Section Engineer, New York City Department of Environmental
Conservation, the valves are exercised every six months. Reservoir
elevation readings are taken daily.

b. Maintenance of Darn and Operating Facilities
According to Mr. Birrell, maintenance is performed on a “most

a 8 5 .. • .j~~edad” bas~ . . -

c. Flood Warning System - According to Mr. Birrell,
inspection crews are placed on round the clock duty during periods
of high runoff. Reservoir levels or unusual observations are
reported to Mr. Birrell and the Deputy Chief Engineer. Mr. Birrell
would contact local police and the Civil Defense for evacuation of
downstream areas in the event of impending failure or overtopping.

-4-
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SECTION 2 - VISUAL INSPECTION

2.1 FINDINGS

a. General - The field inspection of the Middle Branch
Dam took place on July 17, 1978. The reservoir water surface

— elevation was about 370 feet MSL during the inspection. No
underwater areas were inspected.

b. Dam - The riprap protecting the upstream slope is
composed of subangular stone ranging from 6 inches to 2 feet in• diameter. A number of shallow depressions exist in the upstream
slope protection giving the surface a gently undulating character.
A copse of small trees and brush, on an other-wise clear slope, is
growing at the junction of the riprap and grass near the west
abutments.

The grass covering the upper- portion of the upstream slope,
crest of embankment and downstream slope is mowed a few times a
year according to Mr. John Birrell, Section Engineer, New York
City, Department of Environmental Protection. No misalignments
were observed on the downstream slope. However, a large area of
saturated ground and several springs discharging rust-colored rioter
were noted along the west abutment. This wet condition extends
from about 20 feet below the crest of the dam to the toe of the
downstream slope and is characterized by a lush growth of trees
and brush. The seepage has c u t  a channel which conducts the flow
down the intersection between the downstream slope and natural
valley abutment. The total visible discharge at the toe of slope
was estimated to be about- 0.5 cubic feet per second (cfs) at time of
inspection. The eastern end of the downstream slope and abutment
area is also covered with trees and underbrush but there is no
evidence of seepage or wet ground conditions. The outlet
gatehouse is constructed within the downstream slope at the east
abutment. The riprap protecting the downstream toe consists of
large, flat stones (1 to 3 feet in diameter). Some grass and bushes
are growing between the stones.

c. Intake Tower and Appurtenances - The stone
masonry of the intake tower is in very good condition. According
to Mr. Birrell, there are stoplog slots for each of the two inlets in
the tower; the access hatch to the interior of the tower was bolted
down at time of inspection. Mr. Birrell stated that the valves in
the vault have riot been operable for twenty years and that an
attem pt to operate them a few years ago was unsuccessful. The

-5-
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downstream outlet gatehouse appeared to be in good condition;
however, one of the two valves housed in the structure was
discharging water in a fountain-like fashion from its stuffing box.
Mr. Birrell stated that attempts to repack the valve have been
unsuccessful and that it is scheduled for further repairs.

The cut stone blocks forming the apillway crest appear in
good condition, but have been slightly undermined. Although the
reservoir level was about six inches below the spillway crest at
time of inspection, the joints were allowing some discharge into the
outlet channel. The upper reach of the discharge channel has a
very mild slope and supports a heavy growth of brush. The bedrock ,
which forms the base of the outlet channel, provides a non-uniform
surface for energy dissipation at the exit of the spiltway channel.

d. Reservoir Area - The natural ground surrounding
the reservoir has a moderate to steep slope and is well covered
with trees and brush.

I

4 5
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SECTION 3 - HYDROLOGY/HYDRAULICS

According to the Recommended Guidelines for Safety
Inspection of Dams, the Spiliway Desi gn Flood is the Probable
Maximum Flood (PMF). The PMF was calculated from the 6 hour
Probable Maximum Precipitation (PMP), using a loss rate of 0.1
inches per hour. The flood hydroqraph was constructed from the
Snyder unit hydrograph usinq average coefficients. Flood routing

H through the reservoir was performed assuminq the gated outlets to
be closed and the initial water surface elevation equal to the crest
of the spillway. The peak inflow and outflow rates were calculated
as 18,900 cfs and 18,200- cfs respectively. The peak outflow
corresponds to a stage of 11.2 feet above the spillway crest (2.2
feet above the top of dam). Inflow and outflow peak rates for one-
half of the PMF were calculated as 9,490 cfs and 7,300 cfs
respectively. The sp iliway capacity was determined to be 8,910
cfs. Although the spiliway capacity is insufficient to pass the PMF,
it will safely discharge at least ~ PMF.

A drawdown analysis was performed assuming discharge
from the two 36 inch diameter pipes and the start ing water surface
at the spillway crest , and 2 cfs per square mile inflow (42.6 cfs).
According to the calculations, comp lete drawdown of the reservoir
would take 55 days.

c
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SECTION 4 - STRUCTURAL STABILITY

4.1 VISUAL OBSERVATIONS AND DATA REVIEW

•1 Visual inspection of the Middle Branch embankment did not
reveal evidence of misalignments or settlement in the crest and
slopes of the dam. However, the discolored seepage and saturated
ground observed at the west abutment indicate the existence of
uncontrolled seepage and possible fines migrat ion which could lead
to an unstable condition.

No design data was made available for Middle Branch Dam.

4.2 GEOLOGY AND SEISMIC STABILITY

Middle Branch Reservoir is located in the New England
Uplands physiographic province. The rocks in this province are
either metamorphic or igneous, and the land forms show a close
relationship to the relative durability of these rocks. The
embankment was constructed across the Middle Branch of the
Croton River and is founded upon Precambrial metamorphic hiotit~and granitic gneiss. The spillway aad discharge channel were
constructed in the bedrock forming the north valley slope and are
separated from the west dam abutment by an outcrop of the same
formation. -

No fault zones or lineameruts are known to exist in the
vicinity of the reservoir. The structure is located in Seismic Risk
Zone 1 of the Seismic Zone Map of Contiguous States and it
appears that static stability conditions are adequat~ for
earthquakes. -

-8-
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SECTION 5- ASSESSMENT, RECOMMENDATIONS/REMEDIAL MEASURES

5.1 ASSESSMENT

Visual inspection and analysis of the available information
reveals that the embankm ent has a potential piping problem.

The uncontrolled seepage and saturated ground along the
downstream slope near the west abutment is indicative of possible• fines migration through the embankment or along the contact
between the structure and natural valley abutment. It is also
possible that the rust colored seepage is from discharge channels
which may have formed through joints in the bedrock abutment.
The discoloration may be attributable to iron oxides resulting from
chemical weathering of ferromagnesian minerals contained within
the local bedrock formation.

The root systems of the trees and brush growing on the
downstream face near the west abutment have a deleterious effect
upon the compacted materials in the embankment and provide
seepage paths which may lead to future piping and failure of the
structure.

5.2 RECOMMENDATIONS/REMEDIAL MEASURES

The uncontrolled seepage on the downstream slope of the
west abutment should be monitored on a regular basis to see if flow
increases or if fines migration can be detected. If eithe r of these
conditions develop, a subsurface investigation program should he
initiated at several sections of the embankment with emphasis in
the west abutment areas. The investigation should include, but not
be limited to, the determination of the composition and in situ
properties of the embankment , corewall and foundation materials ,
and to detect possible fines migrat ion. Results of this proqram
should be used to establish if the mat~riaIs are satisfactory as

- 

- 
• designed and constructed; and to perform seepage and stability

analyses of the embankment.
• 

The trees and brush growing on the western portion of the
downstream slope should be cut near the ground surface so that
conditions at this location can be further assessed and monitored on
a regular basis. A further investigation should be made to
determine the extent of the root systems before remedial measures
can be recommended.

The inoperable valves in the vault and the leaking gate
valve in the qatehouse should be repaired.

-9-
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Report of a Structure Iiiipoundhig Water

To assist in carrying out the pro ’.’isiôns of S~’ct ion 22  of the Conservation Law, being Chapter LX~ of till

Consolidated Laws of New York State, relating to safeguarding life anti property and the ercetioll , reconstruction

(~ L’ maintenance of structures for nu 1;ouuding water, owners of such structures are requested to 1111 out as compicte1~

i.s possible this report form for each such dam 01. re lerVoir own ed withni the State of New York for which no p!an:

cr reports r’~1ativc thereto are on fi!e ot this Department , and to return this report form, to~c~lIer with prints o

j-hotographs explanatory thereof to i: ~~~~~~~~~ ~~b~~ pc aje r~~j~

i. The structure is on . .tfl ~ ..id dJ..e ~~ r ~irx~ h flowing into ~~~~~~~~~~~~ R iver Il tlis

Town of 55 ~~~~~._S5S,..S5 S 5 5 ~~. S S S ~~~5 S 5 S S S 5 5 S . S . ( (4ttfl t ) Of ±~~~~~~
-
~~ ~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ nar1.e~ . SDj -VSj
~3-1Of l55’4) 1S”t

(Give ixIu~t distaIL’-e I I - ! - S . ’ iII I f,on, :, ‘.s~ 1 --Lr .cwn br~dge . ta n. vitle gc n~a
’Iu cr--s _.-.- - ..-~~ or flvI ,tI~ h d a slLe s:L) 

• • c . •

2. Is ar.v part of the 5(~~~~~(S{y 5~~ L’uilt upon or (locs its ponil floo l any State lands’ 

3. The r,a~nc ala l address of the owner i~ ‘
~~~~ . S.-C -Lt~~~- -- SO f- - .

~
’
t’ ew--•~~ r-k 

,~~. The stnte iuce is ttSCd (II . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ o~ . ’~ .t5er ~u.pp1y S

~~. The 1 t ~~~i~~ of the df ~ It isi .1k , l i t  the i h I C ( ~ t iOfl with t h e  current , Ic ‘.t th

r~~iIkvitY crest (.lt~V 1Iti ’)tt this 1I5~I CI~ :II I1Z~SS5 a toJ) S!opC of inches vertical to a foot llori7.OiltId Ott th

cent er  line of the ructure , a \ L r ~~~I ~~ t i ( i ~ 11C5S i ’. tillS elevat ian of fect , and the top surfaCe (‘,~tCfld~

f r  a cortical is~’i~i it - of It aIY)V’SI I ~I I  spillv. ay (:t~ St .

6. The uvitenial 01 tile 1( 11 1 . ~~ is ; has a trIp slope of inchc~
ti) a ft )C .t horizos~t~it , a hiukill -si . 1 i . ‘el and :t he!~411t of feet.

y.  ‘l’lse natu :’al iitatcri ~i1 of I ~
; -  - . 1  on ~- 1 ~ - -I- I l~C ~

4.ructune rc-sis is (c1a~-, sand , graVd , i~~i 1I 1’:N, gra n ite ,

I - , laitc’;totic , et c.) 

~~. ~~~~~~~~~ ftC c-I - I . i~~I’r of tI ~ - I - . - .11’ l 1  .i:~~ iU  I t  ~)I I~~t (.
s~ - IC::’ !:I~~:~

.. j~~~~f l ~~ l) I; i 1~~~~ ‘.. . I ’ i  hI:ari:l.!, , s L i

(5 5 .. : S l ; - L.Sur
~~ 

t . I I4 P II) v a t i -r , II - ~~~I

.5 - S  S

~~~~~~~~
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9. If the I ed IS III i lI ~~U IS , lI t ’l’ I I IC ~‘& I . 4 III t i i i  ti ~I I 1’t~ i l l ’  l I t  Id I f hid i ~~‘. I u-I t:i t k
dirt ct i(~Il of the Iioiizon t al t ‘ut d tu j  ip i  rig rda t ive t Li t i l e a xi- ; t .f t IC Il • ii :111 t~’t U rd ~i i t i l  I Ls ’ I I i C t i I  t~~ (jol t a I l l!  I ii’..vt il

of the layers in a plane l) 1rp ’ll (lictIlrt r to the hori zontal t1Utd1 5
( I 1)j ) Is : S

10. W hat is t h e  thickness of the layers ?

ix .  Arc there any porous scams or fissures?

12. The watershed at the aI~ovc structure and draining into t h e  pond fc imcd thcrel y is.~ .~~ _~l..square mik

13. ‘[‘he pond area at the spihiway crest elevation is 4~~O acres and the pond inlpoui~ds,~~.~~ .f15. I
cubic foet of water.

14. The nk axilnux n known Cow (If the stream at the structure was cubic feet pea’ secoid (

(Dale) S

x~ . Has tile spillway capacity ever been exceeded by a high flow’ 

Can any possible flood flow from the pond otherwise than through tl;e wastes fl0tcti uis Cer 17 and iS of th I

i-eportL .5 . If so, give tile location , the length and the e!evat:oa i-ekt ive to tl1L~ spiH;vay crest and ti

character and slopes of tile ground of such pos~ib1e wastes

zó. State if any damage to life or to any buildings, roads or other ~51-c5~pc; I y could b-.~ c.~us-~l by a -~v i;~ .i1
failure of t h e  above strtacture . Describe the location , the character arid the ~t.;c of bui!di::-~s i~ icw th~ s(ruc~Lt:
which might be cThmagcd by any failure of the structure ; of roads aoia ceti t to or cr’~s~iug t ilC s~~is-ain i-is- low U
~trueture, giving tile lowest elcvation of tile roadway above the stream bed a~;l giving the slIlIpe , tia ~ li- i - I  :lu.l U
width of stream openings; and of any einbnnkme nt s or steep slopes (h ilt a l ly  f~I G(1 ( ‘OIl I(l p s-I s evil- . I 1 - - 1 i.~ll: ea

the character and use made of the ground below tile structure 

~Lki e f t ~i 1ure c c.~i.u~e no L:r e,c.t ~~~~~~~~~~ oi’ . l l i e  or c~:.: - 5.:~. c ~ 
it- -i~ - - on-1-y ‘o u- t - - lOO- - fee t - - u~ - - - ~ -t- 1~~~-~- - 1rol’ . ai e - C ~-o-t oi~ llo~~~e-:~~r ’-~s

-j I

-~ 100
17. \VAS’rEs . ‘fi le s~ ,j lI - .vav of the above idructure is • 5 S~~~5 5 . S S 5 S S SS t l’)IL~ ~u i - - - -

~~ ~r; t1~-: ~- - :- Lrs a.

hc~id at- the right end by a IT :u t - l [l  of vl ~ -~: f t above

Cr est , and has a top width of f(.~.I : ata .l ~i, J - ~ I ,

top - ( If  which Is fC ;IL ~l,0 VII t l I C  ~~i i I .av ( I ~~~~! :~i - l l’: :-: a  t I - .

2 30
i~~ I Ii h_~ I I ) ~ 1 Ii ~ I III L i i  LI 4 ~~ 

I

f-: - _i[ -si h t.v l la _~ • ~~il~ - :y  ci - , I , ;  and ii (Ski t” ’ , ~~~‘ tt i  () t i ! ’i ) .~ 
- I - ., ; -

~ 
- :- . ‘j t ’ I ? , 

115 1  t il~~ht , Is itci  the liuttelli - -:-~~~ f. t ; - s. -; ‘~ :: ~~~~~ ~~ 
I 
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a t)’ .~ i ’1’&iN. 1i:1’,u’ t ht ~ E’ I l I , ’. l . ’ t h i n . i. ; au apron ~-::.~~; .
ilt~~i - :~~i, -

~ ~~~~ 
-.

~~~ ;~~ v e ~,:~: ~J 1 I c ’ Jt ~~ ;O~~i~~~’J ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~ 3 x : x x x 7xx~~~~;-Jt>&.

20. 1 la.S the structure any ~vt’aki:esses Whicil arc liable to cause its failure in high flows’ .

21. SNI ;TCUES . On tir e back of this report m ake a sketch to scale for each dthercnt cross-section of the above

structure at t i l e  grcrttc -st depth; giving the hei ght and the depth from the surface of tire foundation , the bottom width ,

the top width (foi a coucicte or maxonry spillwcty at two feet below the crest), tht~ elevation of the top in reference

to the sp ilhvay crest , the kr gt hu cii the scetion , and tile nlatcnal of which the sr-ction is constructed ; on the spillway

~cction show a cross section of t h e  apron , giving its width , thicl;nezs arid material , and show (he abutment or wash

wall at t h e  end of tile spiliway, giving its heights and thicknc~s. Mark each section with a capital letter. Also

si:etch a p’~ n;  show the above sections by their top lines, giving the mark and tir e length of each ; the openings by

- thcir horizontal climeiuiicn s; t h e  abutments by thur top width a.nd top lengths from the upstream face of the spill— 
-

way scctio:l; and outline tiie apron. Also sketch an elevation of each end of the structure with a cross section of

the banks, giving the depth and widtli exca\-atccl illto the banks.

22. W ATlnt Sel’PLY. The waters impoiind -d by tile above structure hSV(I (n 4) bccui u sed for a public water

supply since by ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ ~~ S9~~~~~~ 
S
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