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MAPEN-D

Honorable Brendan T. Byrne 
~ r j979

Governor of New Jersey ~ AU~
Trenton, New Jersey 08621

Dear Governor Byrne :

‘tncloeed is the Phase I Inspection Report for Midvale Dam in Passaic
County, N~~ Jersey which has been prepared under authorization of
the Da Inspection Act , Public Law 92—367. A brief assessment of
the dam ’s condition is given on the first two pages of the report.

Based on visual inspection , available records , calculations and past
operational performance , Midvale Dam is j udged to be in fair condition .
To insure adequacy of the structure , the following actions , as a minimum ,
are recommended :

a. Engineering investigation and studies to evaluate the piping
potentia l and static stability under Possible Maximum Flood (PMP )
and l~ PMF on the dam ’s pervious section should be completed within
nine months f rom the date of approval of this report. Remedial measures
found necessary as a result of these investigations and studies should
be initiated in calendar year 1979. In coajtinction with these investi-
gations and studies, piezoiseters should be installed in the dam ’s
embankment and weirs installed to monitor the seepage flows from the
dam ’s toe and left abutment .

b. Within three months from the date of approval of this report ,
trees should be removed from the dam ’s embankment and the area stabilized
with suitable ground cover . Riprap at the toe of the dam should be
stabilized and animal burrows In the embankment should be filled at
the same time the trees are removed .

c. Operating off ic ials  of the dam should develop a period ic
inspection program and maintenanc e manual for the dam within six months
from the date of approval of this report.

fls.r.d)
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NAPEN-D
Honorable Brendan T. Byrne

A copy of the repor t is being furnished to Mr. Dirk C. Hofman , New
Jersey Department of Enviroomental Protection , the designated State
Office contact for this program. Within five days of the date of this
letter , a copy will also be sent to Congressman Robert A. Roe of the

• Eighth District.  Under the provisions of the Freedom of Information
Act , the inspection report will be subject to release by this off ice,
upon request, thirty days after the date of this letter .

Additional copies of this report may be obtained from the Nat ional
Technical Informa tion Services (NTIS) , Springf ield , Virginia, 22161
at a reasonable cost. Please allow four to six weeks from the da te of
this letter for NTIS to have copies of the report available.

An important aspect of the Dam Safety Program will be the implementation
of the recommendations made as a result of the inspection. We accordingly
request that we be advised of proposed actions taken by the State to
implement our recommendations.

Sincerely yours,

1 m c i HARRY V. DIJ’I’CHYSHYN
As stated Colonel . Corps of Engineers

• District Engineer

Cy furrt :
Mr. Dirk C. Hofman , P .E.
Department of Environmental Protection
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L~~VEL~~~Phase 1 Report
Na t iona l Dam Safe ty  Program

Name of Dam : Midvale Darn
State : New Jersey
County : Passaic
USGS Quad Sheet:  Waaa~ ue , N. J.
C o or d in a t e s :  N 41 03’ IS” LA T. ,  E 74 0 l~~’ 34~i

Stream : None ( O f t  the ~anaque River)
Dates of lnspe~ct~or~: 10-12 May 1978

The Midvale Darn is in fair condition as defined in Appendix H. Low to
mcderate amounts of clear water seepage was observed at the t - ’~ and l~~t
abutment , and the seepage was reputed t~’ have been occurring for several
years. The Probable Max.imum Flood (PMF) and 1/2 PMF will, cause the reservoir
levels to be higher than the concrete core wall and impervious zone , and
thus would aggravate the seepage condition significantly .

At the present , there we re no observed indications that the d.~m is unstable.However , the fu tu re  stabi l i ty  of the darn may be questionable due to an
undesirable seepage condition. Additional investigation and studies on the
embankment mate r ia l  and phr eat i c  condit ion should be comp leted soon , in order to
analyze the static stability of the dam and the resultant recommendations
implemented as quickly thereafter as necessary .

Due to the age of the darn and the observat ions  made du r ing  the inspec t ion  i t  is
recommended that the operating officials develop an inspection program and
prepare a main tenance manual for the dam. Trees should be removed from the
embankment and animal burrows in the embankment should be filled .
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P Based on visual inspection , ava ilable records , calculations and past
ope ra t ional performance , Midval . is judged to be in fair condition .
To insure ad equacy of th. struc ture , the following actions ,
min imum , are recommend ed : ~~~~~~~~~~~~~~~~ 
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a. rngine.ring inv..t igation an t stud ie s to evaluate the piping
potential and static stabi lity under Ponsit .le Maximum Flood (PMF) an d
I~ PM? on th. dam ’s pervious section ahould be completed w i t h i n  n i n e
months from th. date of approval of thi s r ep o r t .  Reee~ita1 me~aureisfound necessary as a result of these invest i g at i o n s  and at(I(i t e’s shøuld
be in i t i a t ed  in calend a r year 1’~79. In cen~unctto n w i t h  tt wa e Invest !-
gat ions and atudi•s , piezomet.r. should he installed in the dam ’s
embankment and wit s Installed to monitor the seepage fliws from the
dam ’. toe and left abutment .

b. Within three months from the date’ of approval of this report ,
trees should be removed from the dam ’s embankment and the area stshtlized
with sui t a Lle ground cover. Rip—rap at the toe of the dam should be
stabilized and anima l burrows in the emhankmpnt should be fill e d at the
same t ime the tr ees are removed .

e. Opera t ing offic ials of the dam should develop a period ic
inspection program and mai ntenance manual f or the dai~ within six months
from the date of approval of this report. q

APP~O V J ~
t •/

(tARRY V.  Dp4~CHYSHYN I,
Colon,’l,. fi rpa of F,ngineer~D i s t r i c t  P.ng tn c~ r
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- PROJECT I NE0RMA r I ON

1. 1 GENERAL

1.1 . 1 Authorit y : Public Law ~)2-3o~ , S August 1~Y’2. auth oti~ ed the Secretary
ot the Army , through the U.S. Corps of Engineers to init iate a nati ona l program
of satetv inspections of non-federal dams i t i  the United States. rhe
Philadelph ia Office of the Corps of Engineers has been assigned th e
respons ibility of the inspection of these dams in the State ot New Jersey
Gilbert Associates , Inc . has entered into a con t rac t  No.  DACW~ l - 7 8 - C - O l 1 ~~. w i t h
the Ph i l ade lph i a  O f f i c e  of the U . S .  Corps of Engineers  to inspect t h i s  dam .
Gi lbe r t  Work Order  Oo-7249-000 .

1. 1.2 Purpose of Inspection : The purpose is to conduct a Phase I inspect ion
according to the U.S. Corps of Engineers Recommended Gu idel ine for Safety
Inspecti on of Dams IReference I), as modified b~ contract requirements hetwe~n
Gilbert Associates , Inc. and the Corps of Engineers. The ob jective is to
expeditiously identify those dams which pose an immediate threat to human l it e
or property and to recommend future studies .ind , or any ohv~ous remed iaL actions
ind ica ted  by the inspec t ion .

1.2 PROJECT DESCRIPTION

1.2.1 Dam and Appurtenances:  M i d v a l e  Dam is a 42 foot high , ~20 foot long,
earthfill dam with , according to the drawings , a concrete core wall extending to
the rock surface . There is a gravel road along the crest of the dam . There are
no ou t le t  provis ions at this  dam . Recor d drawing information is included at the
end of t h i s  repor t .  The wa te r  level is c o n t r o l l e d  at  the Wan aqu e Overfl ow W e i r
(NJ 00214) which is a separate structure .

1.2 .2 Locat ion:  M idva l e  Dam is locat ed  two b locks  west of N .J. Route ~1l in
M i d v a l e , N . J . ,  and about one-half  m i l e  northeast of the Raymond Dam ,see
location map on page 12’). Location of the dam i s  shown on the G e o l o g i c  Map
(A ppendix F ’) .

1 . 2 .3  Size C l a s s i f i c a t i o n :  The dam is c l a s s i f i e d  as a large  structure
because of i ts  impoun dment ~~~,O00 .icre-teet’), in accordance with Section 2.1.1
of Reference 1.

1 .2 .4  Hazard C l a s s i f i c a t i o n :  The dam is located adjacent to Midvale , N.J .
and upst re am of a moderately populated floodplain. The dam is classttied as a
h igh hazard potential based on the requirements of Section 2 .1.2 of Re erence 1 .

~ 
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Ownership :  The dam is owned and t n a in t a i z i e d  by the North Jersey
D i s t r i c t  W a t e r  Supp ly Comm i s s i o n  (NJD W SC) , a New Jersey s t a t e  commiss ion. Thei’
have engineering and maintenance facilities located it Ra~~ ond Dam in Wa n aqu e ,
N.J. rhe Chief Engineer of the NJDWSC in Wanaque is M r .  Dean C. N o l l .  The
address is:

North Jersey District Water Supp ly Comm iss ion
Ringwood Avenue
Wanaque , N .  J.  074o5

1.2.6 Purpose of Dam: The Midvale Dam serves as a saddle dam which closes
o f f  low topography in the rim of the Wanaque Reservoir. The reservoir supplies
water to res idents  of Paterson , Passa ic , C l i f t o n , M o n t c l a i r , Glen Rid ge , Newark ,
Kearny and Passa ic , New Jersey .

1.2.7 Design and Construction History : This dam was constructed from June
2 , 1927 to Apr il 28, 1928 by Winston & Company , Inc . of Kingston , N. V ., as part
of the total Wanaque Project. The project began in 1920 and was comp leted with
the reservoir being filled by March , 1929 . The original design records could
not be located by the staff of the NJDWSC at Wanaque . However , publ ications
indicate the design was performed by employees of the NJDWSC with the assistance
of i nd iv idua l consu l tan t s .  The New Jersey Department of Environmental
Protection (DEP) has several monthly progress inspection reports and photograp hs
taken during construction . There is no indication of subsequent construction
other than mino r maintenance.

• 1.2.8 Normal Operational Procedures: There is no operational p roc edure fo r
• this  dam . I t  re l ies  on adequate freeboard  to contain  storm surges in the

reservoir , wi th  overf low handled by the Overf low Weir  (see Location M a p ) .

1.3 PERTINENT DATA

1.3.1 Drainage Area: 90.-e square miles

1.3.2 Discharge at Dam Site: Not App licable

1.3 .3 Elevation: (Feet above MSL)

iop o t~ Dam - 310.0
Maximum Poo l-Spi l lway Design Flood (SDF) Surcharge - 308.8 (see Sect ion 5.0 ’)

L 

Full Flood control pool - Not Appl icable
Recrea tion pool - Not App l icab le
Spillway cres t (gated) - Not App l icable
Upstream por ta l  invert divers ion tunnel - Not Applicable 

_ _ _ _ _ _ _ _ _ _ _ _
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Downstream port a l invert div ers ion tunnel — Not App i ~cableStreambed at centerline ot dam - 2b8 .’J
Maximum tatlwa ter - Not Applicable

1.3 . 4 Reservoir: Length of Maximum Pool - b .O miles

1.3.5 Storage (acre-feet ’):

Recreation Pool - Not .App licahle
Flood Control Pool - Not Applicable
SDF Surcharge - 75,500
Top of Darn - ‘S ,OOO

Reservoir Surface ,acres):

Top of Darn - 2,o20
SDF Surcharge - 2

, 5
~~)Ø

Flood control pool - Not Applicable
Recreation pool - Not Applicable
Spi llway Crest - with flashboards -
(at Overflow wei r one mile to the south)

1.3.~ Dam : Type - earthftll with concrete core wall and impervious core .

Length - 920 feet
Height - 42 feet
Top Width - 15 feet
Side slope - U/s 2:1 ~top

) to 3:1 (lower part ’)
D/S 2 :1 to 3:1 (toe’)

::oning - an impervious zone with side slope of 1 :1 on the upstream side of
the core wall; top elevation 303.0 feet

Impervious Core - concrete core wall with top elevation 305.0 feet and
extending to sound rock. Also , see “Zoning ” above .

Cutoff - A shallow cutoff in foundation rock formed by base ot concrete core
wall
Grout curtain - none ( sha l l ow f o u n d a t i on  grc ’ut ing for  concrete  c o r e w a l l ’ )

1.3.8 Diversion and Regulating Tunnel: Not App licable

1.3.9 Spillway : Not .Apphtcable

1.3.10 Regulatory Outlet: Not A p p l i c a b l e

I
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2 .0  ENGINEERING DA I’A

2 . 1  DESI G N

A p lan , p r o f i l e , grou t i ng  record , and maximum sec t ion  throug h the dam are shown
on o r i g i n a l  record t r ac ings  whi ch are on f i l e  a t  the NJDWSC engineer ing  o f f i c e
( con tac t  M r .  Dean C.  N o l l )  at Wanaque , N. J. (see F igu re  2). No original design
data  were a v a i l a b l e  othe r than r e su l t s  mentioned in the Nor th  East  Wate r  Works
A s s o c ia t i o n  p u b l i c a t i o n  (Reference  3) and a 1925 report  by the Commissione r of
the NJDWSC (Refe rence  2 ) •

2 . 2  CONSTRUCTION

Contrac t draw ings , specif ica tions , and reco rd dr awings , are avai lable  at the
NJDWSC engineering office. Periodic inspection reports , news clipp ings , and
photographs  are a v a i l a b l e  in dam application file number 32 at the New Jersey
Department of Environmental Protection. They indicate that satisfactory quality
con struc tion work was p e r f o r med on the pro j ect in genera l .  Some work was
performed dur ing  1927. The majo r i t y  of the cons t ruc t ion  was completed dur ing
the sp r ing  of 1928.

2 . 3  OPERATION - N . A .

2.4 EVALUATION

2 . 4 . 1  Ava i lab i l i ty :  Foundation explora t ion and specific embankment data
were incomplete . Design analys is  data may not exist  due to the ear ly  stage of
technology at the time of construct ion.  No record of seepage quant i t i es  has
been made .

2 . 4 . 2  Adequacy : The design and construction data received or reviewed were
adequate for  use in this Phase I dam report . However , foundat ion  explora t ion
and embankment material  data are insuf f ic ien t  for  adequate sa fe ty  analyses.

2 . 4 .3 Va l id i ty :  The spec i f ica t ions  and record drawings appear to be
cons is tant  with  observed s t ructure .

- 
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3.0 VISUAL INSPECTION

3.1 FINDINGS

3 .1 .1  General: The Phase I dam inspection was performed during the
pe riod May 10—12 , 1978. The inspection was part  of a National Dam Safety
Program administered by the U.S. Army Corps of Engineers. A previous
inspection of this dam was performed on 5 April 1977 by employees of the
NJDWSC and is attached as Appendix E .

3.1.2 Dam: The materials exposed on the downstream slope are sand , silty
sand , and gravel. Some sandy silt was seen near the toe of the embankment and
beyond the toe area . The down stream slopes were genera lly uniform with mino r
surface sloughing near the toe area , and were adequately covered with protective
vegetation. At least two large trees below and near the toe were gently leaning
away from the dam . One tree , near the path of the flowing water , was recently
tipped on its side and uprooted , but is still maintaining vigorous new foilage .

Seepage at the left abutment emerges from about elevation 267 and extends to the
toe. The total seepage from the area was estimated at 30 to 50 gallons-per-
minute at a collection ditch near the security fence , about 50 f t  beyond the

-• toe area . Recorded on May 11 , 1978 when the reservoir was at elevation 301.5.
On May 25 , af ter heavy rainf all the prev ious day and with a pool eleva tion of
303, the seepage and runoff were estimated at 80 to 100 gpm. The flow collected
from several areas along the toe . A large , saturated zone was present at and ‘ -

above the toe of the dam indicating that seepage was occurring through the
embankment. A seepage condition around the right side of the toe area was
obscured by a granular f i l l  recently placed over the area , apparently for  insect
control. Piping or boiling was not observed within this fill area. All seepage
flows were clear at the time of inspection. For a sketch of the seepage areas
see Figure 3. NJDWSC personnel stated that it is not known when seepage started ,
but that the first official reference to the seepage is contained in a report
dated May 3, 1976 (page E-4 of Appendix E).

3.1.3 Appurtenant Structures: The only appurtenant structure is a concrete
bulkhead as shown on Figure 3. Seepage water was not flowing from this
structure at the time of the inspection.

3.1.4 Reservoir Area : Some areas of r iprap have been dislod ged , three holes
• in the embankment between stones were noticed . They ranged up to six inches in

diameter and appeared to have been either locations of removed trees or burrows
dug by animals. The reservoir rim near the dam site appears to have stable
slopes. The Highland Precambri an rocks are fully exposed along the shore . The
area is densely wooded .

- l
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3 .1.5 Downstream_Channel: Shallow erosion gullies have developed over the
rel ati vely flat toe area in response to seepage tiow downhill to a coll ect ion
ditch near the propert y fence .

3.2 EVALUATION

The visua l evidence , including the relatively small quantity of clear seepage ,
relatively uniform downstream slopes , a lack of piping or boiling phenomena in
the seepage area , and a history of seepage have led to the conclusion that the
dam is not in an imminently dangerous condition. Nevertheless , tnt’ occurrence
of seepage at and above the toe area causes necessary concern with regard to
future safety of the many residents living below the dam . Therefore , furthe r
investigation is required to make adequate stability and seepage analyses , as
discussed in Section 7.0. Several large trees growing on the lower part of the
embankment slope pose a threat 0 penetration into the dam and future seepage
along decayed root holes.

3 . 3 ATTENDEES

North Jersey District Water Supply Commission
Mario b~ Laura

New Jersey Department  of Environmental Protection
La rry Wo scyna

Gilbert Associates , Inc.
James A. Ragen
Rudol ph J. Wa h anik
Fine T. Hsu

-
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.4 PROCEI )LJRES

The w a t e r  level  in Wanaque Rese rvo iL  is contained hr the Overt low W r i r  structuu’
one m i l e  away to .t poo i e l e v a t i o n  ot 302.4 fret MS L. l’he h i g h  water e l e v a t  ion
recorded since October 1950 was 30 1 .93 teet (Retereuce h and 7 w t tU excess t low
pass tug over the uncont roiled wet r rIte re s no ope r at  i ona I p rocedit ~
Mid vale Dam.

. 4 . 2  MA INTF.NANCE OF DAM

The reservoir rim is traversed daily by NJD WS C guard s who report  app areli t
• maintenance problems to the Chief Engineer - In add it ion , per iodic inspect tons

are made by engineers and/or other personne l ot t he NJDW SC and r epor ts  w r i t  t cii
regarding mainten ance requ t rements . ~~ 1 9 I ’? inspect ion report (Appendix E
recommended removal of trees on t h e  r e se r vo  t s-id e of th~ dam. rhe t t•ers wet-c
apparent ly removed subsequent to the inspect ion . The NJDWSC has forest ci s
emp loyed to  cut tr ees  and otherwise mat itt at  u t he  w o od l ands  on their p l ope i t  y
Attempts have been made to dea l with the toe seepage at tI-ic da rn by cover in g  one
area with a free draining gravel and by pouting concrete in anothe r .irra.

MAINT E NANCE OF OPERATIN G FAC I 1.ITIE S - N A .

. 4 . 4  DESCRIPT i ON OF ANY WARNING S1ST}~M IN RFFE cr

No automat ic warning systems exist at t h i s  dam. A tl~ i I y patro l i~ made by the
NJDW SC secur i ty gua rds equipped with rati tos . Acc ording t o NJDWSC per sonn e I , the
guards are inst ruc ted t o  radio the guard house , or t a t Li ug t h a t  , t o  di  rect  lv
rad to the Wanaque pot ice o t any ohv ~ otis , impending ha~ a rd t o  r e s iden t s  fr o m t he
dams on the Wanaque Re serv ior .

S EVA1.U!~F ION

The maintenance procedures lot this darn are gener ally adequate except as
i ntl i cat ed in thi s repor t  . Howeve i~, ~~~~~ add  t t. i oII. * I ma i itt enaiice work is requ t red
on the r i prap and on the  tlowns t ream toe o t the embankment 
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• HYDRAUL1C/HYDROLUG R’

5. 1 EVALUAT ION OF FEATURES

Oth e r than the dais , there are no h y d r au l i c  st r u c t u r e s  or c o n t r o l  t a c i l i t t e s  at
this location . Reservoir overflow is provided by the O v e r t l o w  k e i r , one suIt’ to
the south. A summary of hydrologic data and the meth odol ogy used in t h i s  repor t
is cont a ined in Appendix D .

5 . 1 . 1  Design Data

The maximum poo l e l eva t ion  for  the de s ign  d ischarge  of 18 ,000 cfs is 304 ,3 fee t ,
based on a sp i l tway  e levation of 300.3 feet p lus a head of 4 .0  f e et , fo r  the
Overflow Weir. With  the ft a shb oard s  in p lace , the Overflow We ir  becomes a sharp
edged we i r  with an elevation of 302.4 feet , and a pool elevation of JOb . 1 f e e t
w i t h  the design f l o w  of 18 , 000 c l s .

5.1. 2 Experience Data

The maximum recorded reservoir level since October , 1950 is 303.9 feet , b .I feet
lower than the crest  of I l idvale  Darn. This L eve l  was reached in March , 1951 (see
References o and 7).

Visua l Observat ions

There is no visua l evidence to i n d i c a t e  the  darn has ever been over topped.

5 . 1 . 4  Overtoppin~~ P otent ia1

The PPtF , when developed as described in Appendix D and with the flasbb oard s in
p lace at the O.~’er t low W e i r , resul ts  in a r e se rvo i r  e levat ion  of 308.8 f e e t .
One-ha ll  ot~ the PMF r e s u l t s  in a r e s ervo ir  e l eva t ion  of 30b.t) feet , with the
l tashboa rds iii place. As discussed iii Section 7 . 0 , the P~lF and 1/2 PMF
reservo ir level s are highe r than the dam ’ s concrete carewa ll .

5 . 1 . 5  Reservoi r  Drawdown

rhe e xi s t i n g  emergency drawdowu f a c i l i t i e s  i n s t a l l e d  in the severa l  dams at  t he
Wanaque Reservoir are not adequate to lower the water  level at the  r e s e r v o i r  i i i
a short  per iod at  t ime . It. is recommended tha t  the owne r desi gns and c on s t r u c t s
water  release s t r u c t ur e s  that  w i l l  a l low t ower ing the wa te r  leve l w i t h i n  an
acceptable period of t ime . A pre l iminary eva l u a t i o n  of the pertormatice at the
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existing drawdown faci l i t ies  is given in Appendix D. The time required to
drawdown the Midvale Dam from elevation 302.4 to the dam ’s base level of
268 feet using the existing facilities at Raymond Darn is:

System in Use Time in Days

Aera tor System 144

36” Diame ter Blowoff 445

Aerator and Blowoff 108

-1

a

- 9 -
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n d  DAM STAB I LITY

EVALUATION OF STRUCTURAL STABILITY

o . 1 . l  Visual Observations: Seepage emanates from the toe and left abutment
a reas , as discussed in Section 3 . 1 . 2 .  The seepage apparently is not indicative
of a present instability but must be assumed to pose a threat to the future
i n t e g r i t y  of the dam by possible piping and/or  erosion.  This th rea t  must be
assumed because adequate assessment cannot be made due to the lack  of de ta i l ed
information on the composition of the dam and f low cha rac te r i s t i c s  through the
dam and foundat ion.

Design and Construction Data: The record drawings indicate that the
concrete core wall and the adjoining upstream impermeable zone extend upward to
elevation 305 feet and 300 feet , respect ively .  These e levat ions  would be
exceeded by the PPff (El.  308.8 fee t)  and 1/2 PMF (El. 306.0 feet) raising
questions about the likelihood of erosion and p ip ing  of the downstream face , and
subsequent ins tab i l i ty  of the embankment under these condi t ions .

The exact source and descr ipt ion of the impervious m a t e r i a l  used fo r  th is  dam
were not ava i lab le .  However , some simp le soil c l a s s i f i c a t i o n , such as loam ( L ) ,
clay (C), clay mixed with varying proportions of gravel and sand (CGS), etc.,
were used on the test bor ing logs for  the borrow area of Wana que P r o j e c t .

No s tabi l i ty  analyses were obtained fo r  this  dam and apparent ly  none were
performed . There are in su f f i c i en t  data on the composit ion of the dam ,
especial ly for  assessing the potent ia l  for  piping or erosion due to seepage .

6 . 1 .3  9p~ rating Records: The embankment slopes , according to an NJDWSC
employee , have been stable during previous years . Other than seepage , which has
been reported along the embankment toe fo r  several years , no slope distress was
registered in the reports reviewed during this  inspect ion .  There is no
information on seepage flow quant i t ies  or f low condi t ions  in the dam or i t s
foundation.

6.1.4 Post Construction Changes: Except for mino r maintenance items
mentioned elsewhere , a comparison of the record drawings wi th  the visua l
inspection data indicated no post-construct ion changes.

6.1 .5  Seismic S tab i l i ty:  Although this dam is located within Zone I on the
Algermissen Seismic Risk Map of the United States ( 1969 e d i t i o n ) ,  there are

• questions with respect to the static s t ab i l i t y  of the dam , as set fo r t h  in
6 . 1 . 1 , and , therefore , in accordance wi th  paragraph 3.6..4 of Reference 1 ,
seismic stabil i ty studies should be made for  this dam if judged appropria te
when considering results of fu ture  studies outlined in Section 7 .l . .e.

- 10 - 
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7.0 ASSESSMENT/REMEDIAL MEASURES

This assessment and remedial measures are subject to the conditions contatned in
Appendix H.

7 .  1 DAN ASSESSMENT

7 . 1 . 1  Safet y : On the basis of the visua l inspection and ava i lab le  re cord
data , the dam does not show any major c r i t i c a l  signs ot distress such is slope
failure , embankment cracking , boiling , interna l erosion (piping) severe
dif ferent ia l  settlement , or large amounts of seepage flow . The seepage that
occurs i s clear and reportedly has occurred for several years . These factors
indicate the dam is not in an imminen t ly  dangerous c o n d it i o n .  However , t he  lack
of detailed information on the composition ot  the embankment , f low c o n d it i o n s
through the embankment and its foundation prevents complete assessment of future
p iping po tentia l .

The dam crest w i l l  not be overtopped by the PMF or l;2 PMF but , as discussed in
Section 5 . 0 , the PMF and 1/2 PMF reservoir levels will be higher than the
concrete core wall and i ts  adjoining upstream impervious zone . This  ra ises
addi tional questions about piping and/or erosion and subsequent. instabilit y ot
the dam.

Trees near the toe of the dam may cause an increase in seepage in the f u t u r e  i t
thei r  root systems penetra te  deep into the embankment and subsequently  decay .

7 . 1 . 2  Adequacy of Information: The visua l inspect-ion gener.illy ver ifies the
over a l l  geometry of the dam as presented in record drawings .

There is i n s u f f i c i e n t  i n fo rma t ion  on the composit ion of the dam m d  f l ow
c h a r a c t e r i s t i c s  in the embankment and i t s  founda t ion .  rhere are no q u a n t i t y
records for  the seepage . There is no s t a bi l it y  a n a ly s i s  tat the de s ig n

• condit ion , the present condit ion of seepage , or the PMF or 1/ 2  PMF condition-
-rhis information is needed fo r  assessing the f u t u r e  s t a b i l i t y  at  th e  dam .

7 . 1. 3  Urgency : The addi t iona l s tudies should  he comp le ted  and the
resultant recommendations imp lemented as quickly thereafter as necessary .

7.1.4 Necessity for Further Studies: Further studies are needed to b e t t er
evaluate the piping potential and static stability of the dam under PMF and
1/2 PMF conditions , and to determine the pr oper remedial  measures requ i red . the
minimum required studies are described in paragrap hs ~~~~~~ ~~~~~~ .4. . . 2 I ,
4.4 . 3 . 2 , 4 . 4 . 3 . 3 , 4. 4 . 3 . 4 , 4. 4 .3.5 and 4 . 4 .3 .o  in App end ix I .

—
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-
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Pie zometer s  should he i n s t a l  led in the embankmen t and we irs should be iu~ t.t 1 lt ’~
at the s u r ta c e .  Seepage f l o w  over the ~e’i rs :~houl~t ~e measured at l ea s t  auce
week , preferabl y once a day .

Due to the age of the dam and the observations made during the inspecti on , it is
recommended that the operat ing officials develop an inspection program and
prepare a maintenance manua l for the dam.

7 . 2  REMEDIAL MEASURE S

7 . 2 . 1  Al te rna t ives :  No v i ab l e  a l t e rna t ives  to the s tudies  o u t l i n e d  in
Section 7.1.4 have been identified.

7.2 .3 9p~~ at ional/Haintenauce Procedures: The seepage should he ohst’rvc~1
f requent ly  for  cloud y or mudd y f lows w h i ch  would i n d i c , i t e  i n t e rna l e r o s i on
(piping). Such a condition would be indicative of a r . i p id lv  d e t e r i o r a t i n g  dam ,
and should be regarded as a potential threat to safety.

Trees should be cut and should be prevented from becoming re-established .

Burrows developed in the embankment face should be properly repaired .

— - ~~ _ - —_ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ -~~1~~~~ —
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APPENDIX H - CONT’D

CHECK LIST
ENGIN ERIP~~~ATA

HYDROLOGIC AND HYT)RAULIC DATA

DRAINAGE AREA CHARACTERISTICS : Densely forested , very h i l l y  w i t h  min ima l cove r
on bedrock.

ELEVATION TOP NORI’IA L POOL (STORAGE CAPACITY):  302.6
ELEVAT ION TOP FLOOD CONTROL POOL (STORAGE CAPACITY): Not Av ailabl e

ELEVATION MAX1tIU?1 SPILLWAY DESIGN FLOOD POOL: 308.8

ELEVATION TOP OF DAN : 31 0 .0
CREST: Cleared roadway

a. Elevation: 310.0
b. Type: Non-overflow
c. Width: 15 feet
d. Length: 920 feet
e. Location Spillover: Reservoir spiliway about one mile south
f. Number and Type of Gates: Not Appl i cable

OUTLET WORKS : Non-overflow

~ . Type : Not Applicable
b.  Location : Not App l icable
c. Entrance inverts: Not. A p p l i c a b l e
d. Exit inverts: Not App licable
e. Emergency draindown facilities : See Appendix D

HYDHOIIETEOROLOGICAL GAGES :

a. Type : R a i n f a l l  recording char t , 24 hour precipitation can . ,4nd maximum .tud
mini mum tempera ture  recorder.  Floa t type con t inu ou s  s t r e a m  level r ecorder  w i t h
drum chart.

b.  Location : Raymond Dam in Wan aqu e , New Jersey .

c. Records: Weather data published as climatologica l Data—Wanaque-Ravmond Dam
by the Nationa l Oceanic and Atmospheric Administration. Streamt low tLi tj is
recorded by the U.S.G.S. —

MAX IN I.fll NON-DANAGING DISCHARGE : Non-overflow

13— 4 
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APPENDIX D

RESERVOIR HYDROLOGY AND DRAWDOWN

Reservoir Hydrology

The hydrologic analysis presented in this Report and in this Appendix
pertains to present hydrologic conditions and does not consider future
changes produced by uncertain conditions such as urbanization , forest
fires, or other modifications within the watershed.

The inflow probab le maximum f lood hyd rograph fo r Wanaque Reservoir was
supp lied by the Philadelphia Off ice  of the Corps of Engineers (Reference 8)

4 and is shown in Figure D—l . This hydrograph has a peak flow rate of 33,500
cfs occurring 50 hours after  its start .  The total runoff volume is 94 , 500
acre—feet , over a time span of 140 hours. The HEC—l computer program
(Ref ernece 5) was used to route this hydrograph through the reservoir. The
main discharge structure for Wanaque Reservoir is a 520—foot long Overflow Weir
about 1.0 miles south of Midvale Dam , which has had permanent flashboards in
place since 1934. The storage volume—spillway outflow relation was determined
assuming that the initial water surface elevation was at the top of the
flashboards (302.4) and the structure functions as a sharp—crested weir.

The spiliway discharge and the reservoir storage/spillway outflow relationshfp
used in HEC—l . for routing the PMF and one—half PMF through the reservoir assume
the flashboards are in place. These relationships are in Figure D—2.

Water Elevation Spillway Discharge Reservoir Storage
ft. cfs Acre—ft

302.4 0 0

303 820 1381

304 3760 3530

305 8410 5678

306 14210 7765

307 18640 9822

308 23700 12431

309 28900 14270

310 35300 16418

1.
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The surface area and storage of the Wanaque Reservoir at different water levels
(Reference 2) are shown in Figure D-3. Their values are:

Water Elevation Surface Area Storage
ft. Acre Acre—ft.

215 0 0

220 40 153

230 190 1228

240 370 4910

250 790 9820

260 1070 19027

210 1300 31303

280 1630 45420

290 1960 63326

300 2310 84701

310* 2620 . 106183

312* 2680 110480

*Values extrapolated from elevation 305.00 ft. (Reference 2).

Results of this routing procedure indicate that the PHI would raise the pool
elevation to about 308.8 feet. Routing one-half the PHI (16,750 cfs) through

4 Wanaque Reservoir raises the pool. elevation to about 306.0 feet , 4 feet below
the crest of ?lidvale Dam .

Flood routing was also performed assuming that the flashboards were removed . In
this case , the storage volume-outflow relation was determined with the starting
water surface elevation at the top of the spiliway crest (300.3 feet) and the
Overflow Weir discharging as an uncontrolled ogee crest spiliway. HEC-1 results
indicate that the PHI would raise the pool elevation to 306.9 feet. The Wanaque
Reservoir Project was designed to safely discharge 18,000 cfs (sl ightly larger
than one—half the PHI) without the flashboards in place . Graphs of pool
elevation versus time for the PHI and one-half PHI routing , with and without
flashboards , are found in Figures D-4 and D-5.

D-2
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A suawiary of the flo od rou ting flows through the Wanaque Reservoir and the
corresponding water levels is given below .

a. With Flashboards

Inflow Outflow Pool Head Above
Flood Peak Peak Elevation Weir Crest

Description cfs cfs ft. ft.

PHI 33500 27900 308.8 6.40

One-half PHI 16750 14000 306.0 3.60

b. Without Flashboards

In flow Outflow Pool Head Above
FLood Peak Peak Elevation Weir Crest

Description cfs cfs ft. ft.

PHI 33500 29100 306.3 6.00

One -half PHI 16750 13800 303.9 3.60

Reservoir Drawdown -

If an emergency condition that affects the stability of one of severa l dams that
form the Wanaque Reservoir or of the outlet and control works~ of the Raymond Dam
develops , then a fast drawdown of the reservoir to a lower water level will be
required. The lower water level depends on the location and nature of the
hazardous condition. Figure D-6 shows graphically the times required to lower
the reservoir level with the existing facilities. All drawdown times were
computed cons idering an inflow ra te of 2 cfs/ square mile .

The water level in the Wanaque Reservoir can be lowered by means of:

a. The Wanaque Aqueduct System.

b. The existing aerator system .

~ . A 36—inch diamter blowoff.

ci. The b].owoff and the aerator together.

e. Other blowoff lines.

All drawdown times were computed considering chat the minimum inflow of
2 cf s/square mile into the reservoir was equalized by the system demand
and other water loses.

4
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4.

A. The Wanaque Aqueduct

The potential of the Wanaque Aqueduct to lower the water level in the
reservoir during an emergency condition is non-existant because a
minimum inflow of 2 cfs/ sq.  mile , which is equ ivalen t to 117 MGD , wi l l
supply the average daily demand of the distribution system. Table I
gives the average water consumption during the last ten years.

Table 1

Year Demand (MGD)

1967 95.37

1968 106.92

1969 111.17

1970 113.45

1971 112.88

- 1972 112.17

1973 103:09

1974 98.90

1975 92.07

1976 90.58 4

1977 107.90

D—4
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B. Aera tor System

Operation of the existing aerator system will drawdown the reservoir water
level between the crest of the Overflow Weir at elevation 302.4 feet and
the top of the aeration nozzles at elevation 240.5 feet in the following
times:

Water Level (Feet) Total Time (Days)

302.4 0

300 10.39

290 55 .42

280 98.03

27 0 135.76

260 174.69

250 212.65

240.5 253.65

4
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C. 36-Inch Diameter B lowoff

The 36-inch diameter blowoff installed at the bottom of the Raymond Dam in
the stream control conduits can be used to lower the reservoir level to an
elevation of 222.00 wh ich corresponds to the ent rance intak e sill of the
lower conduit. The blowoff discharge is located at centerline elevation
213.38 feet. The times in days required by the blowoff line operating alone
to lower the reservoir water level are :

Water Level (Feet) Total Time (Days)

302.4 0

300 33.18

290 177.59

280 309.41

270 420.21

260 525 .48

250 613.40

240 677.29

230 713.89 -

222 728.79

- 1
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B lowo f f  and Aera to r

Simultaneous operat ion of the 36-inch diameter b l owo f f  pipe in con junc t ion
with the aerator system will lower the reservoir water level in the
following times:

Water Level (Feet) Total Time (Days)

302.4 0

300 
- 

7 .94

295 42 .2 9

280 74. 48

270 102 .b3

260 131.05

250 157.55

240 181.98

230 218.58

222 233.48

- 
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4.

E. Other Blowoff Lines

Smaller diameter blowoff lines installed in several of the dams
around the Wanaque Reservoir are not known to be in operab le
condition because, since its installation in 1925, the lines have
not been inspected, operated , or maintained.
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APPENDIX E

PREVIOUS INSPECTION REPORTS
- (Supp lied by NJDWSC )
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4.

NORTH JERSEY DISTRICT WATER SUPPLY COMMISSION

H E M 0 R A N D U M

TO : Dam Inspect ion File

F ROM: Joseph Foley ,  Engineer

DATE: Apr i l  5 , 1977

On March 31, 1977 Roscoe Jennings , Doug Dc Lon e and I
inspected the dams at the Wanaque R e s e r v o ir ;  the  f o l l o w i n g
i3 a report on their conditions and recomrnendatior .s on main-
tenance of same .

FURNACE ROAD DAM

Condition: There are trees and brush on the wet and
dry sides of the- dam and also a small swamp of appar-
ently trapped w.iter behind the dam .

Recommendations : The trees should be k i l l ed  and re-
mo ved using poison sui table  for  potable  wate r .

MIDVALE ~~~
Condi t ion :  Some trees are growing on the wet  and dry
si des of the dam . There is a small  sp r ing  f l ow i ng
from the foot of the darn at the north end . Wet  sp o t s
and sof t  wet sand are also apparen t  at the  foo t  of the
dam . No s ink holes or other  i n d i c a t i o n s  of darn f a i l u r e
were  appa ren t  a t  this  l o c a t i o n .  A s ample  of ~~ t e r  fr om
t h i s  s p r in g  and a sample from the  r eservo~_ r  we~’e take n - -

and anly :ed , the r e su l t s  are as f o l low s :

Spring Water: Specific conductivi ty ~8pH 6 . 3

Reservoir Water :  Specific c o n d u c t i v i t y  102
pH 6.9

The results indicate that this water is more likely to
be ground water than reservoir water. (E’or •~~~~i t icna
in form a t ion , please refer to a memo from Eob Wieland
to George Des ti to da ted ~iay 3 , l~~~S).

R e c om r n en d ar i o n s : The t rees  on t he  dam sho~: d  be ki~~~~~• and r em oved .  The dam s ho u l d  a l so  be ~he:-~~ ± :‘i~~I~~ci~~lv
~o be sure the s p r i n g  is not  a ~eak  in t h e  -u n .

E— ].
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4.

DAM IN SPECT I ON FILE PAGE 2

RAYMOND DAM

Condit ion : Excellent

SPILLWA Y

Condition : Good , except -that it was indicated by Ernie
Rest a ino  that there is a. small leak in the sp illway. I
did not observe it because of the ov e r f l o w . I wi l l  check
it again when the reservoir goes down .

Recorwnendatjons : The leak in the spiliway should be fixed
when the reservoir goes down .

WO LF DEN DAN -

Condition : There are trees and shrubs on both the wet
and dry sides. There are small sp r ings  f l o w i n g  from the
low sections behind the dam . Some samples  were  also t aken
here and the results  were that  the w a t e r  had a s p e c i f ic
conduc t iv i ty  of 90 and a pH of 6 . 3 , so t h i s  w a t e r  is most -
likely ground water also.

Recommendat jon~: I recommend that the trees and shrubs
be removed.

GREEN SWAMP

~~~Dam

Condi t ion :  The general condi t ion  of the  dam i s good , al-
though sect icns  of the g u nit e  s u r fa c i n g  are c racked  and
have f a l l en  off  (e spec i a l l y  near the expans ion ~oints~~
due to mois ture  that  found its way unde r  t he  su it e .  There
was water  running out of the drain but  t h i s  f law was not
excessive.

Recommendations : The cracked and loose g u n i t e  should  be
chipped away and replaced and at the expansion j o in t s ,
the guni te should be chipped and t a r  poured in t o a l low
expansion of the concrete.

fl and ~2A Dams

Condi t ion:  Both sm a lL  dams are h e avH ’,’ ~ c-~~ eJ and there
is a small swam p behind the ~3 dam.

• Reccmmendatio~ s : The on ly  r ecornmenda~ ion  H:’ ~h~~se d~~~s
is tha t  the  t rees  be removed f rom both 5 Hes o :he -H~ s.

E —2
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DAM INSPECTION FILE PAGE 3

42 Dam

Condi t ion :  This dam is in exce l l en t  c o n d i t i o n , excep t
around the expansion jo in t s  where the  g u n it e  is cracked
due to the fact  that  no al lowance was made for expans ion
when the guite was applied to the dam . There is also a
swamp behind this dam , but this looks like a natural swamp .

Recommendations: The gunite at the expansion joints should
be chipped away and tar poured in to allow exp ansion and
any other cracks in the guni-te should be chipped and re-
paired.

#l Da~t

Condition : There are trees and shrubs on bnth wet and dry
sides of this dam . There is also a swamp b€~hind the  dam .

Recommendations: The dam should be cleared o ~ ees and
shrubs. -

As a resul t of my research , so far on dam inspection , I
received a booklet , “Supervision of Darns by State Authorities”
published by the United States .Cornmittee on large dams , July
1966. This publication had little information on the actual
inspection of dams but it did have some useful information s.uch
as: the function of dam supervision in New Jersey is performed
by the Chief Engineer , Division of Water Policy and Supply,
Department of Conservation and Economic development. Inspection
of darns is done by the State at the State ’s own expense on the
complaint of potential failure.

Additional information on dam inspection is also coming
from the Corps of Engineers and the United States Conmittee on - -
Large Dams .

JF: lk

cc: Dean C. No13.
Robert G. Wieland
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$ - NOft~II J 1~S1~Y DISTRICT V~’AT NJ~ SUP~ I.Y COt.-~M~SSiOt4

-~LI~3RAtI DUN

May 3, 1 9 /6

10: Chief George Dest i to

RE: Midva la Dam

Af ~cr c~ iii iii inrJ the w e t  eu-ca at the base of ~ dva! a Dam , I
p rCSCf ~ t the 

- 
101 lot-i t ng ()~)Si ’~ ’VJ  Lions : -

-~ 
,c~i is frd by a tliIiuter of v e ry s ”~ 1 1 1 ow cr ieryy

s Pu~~I19s ,~~~~ l~r .~~a rt -is hOO’ . Sin~:e th~ 1 oc i  L)t ) fl )S at  low
ruin t having lonq S lop si nj ’s Oil Uiroe Si dOS , i t  is uoI-illal for
yi- .’und wa ter to senp dowuhi 11 tht-ou~jh the sol 1 and surface ~i t the
hot Loin in Lu is f-~ sh ion. 1 f there was a 1 ci  k lh roti~jh Mi dva 1 a

would t ’x p ’ct to soC a s :gn - t f i c a t i t  boil a t  one or t.-.o p oi n ts i n
close proxim itY . Thus , the CV l ih ’ I tCC indica Los that Eh~ w ate r  con-
dit ion arpear to be the product of na tural .omiit io its.

2. The a rca is drained by a in Icrud L tent b rook , whi c h shows
on a topotiraphica l map (f l2 E) da ted March 12 , l ’70. The brook ~- --as
loca ted in the f ield and found to be subs t an  h a  1 ly as it ex is  ted
at  that time . rhus , the wet arr~a and the brook i t  Iceds have boon
in exis lcnce so me 56 ycar s or i~~rc. tu add i tion , the  brook is c lc~ r
and frce t~Unning, wh ich is prevent ing pond~ng. rh o marshy condi Lions
canno t be read ily ci itnina ted.

3. A wa ter s - ~’1~ Li~~ CF1 i n  the t - . - tt- ~-hy a~ ‘a md - n i l y - e d  in  th e
Ia b p •- v i _ d int mcl is lye  s i n ce  shallow ~ -ouud wa l’~r has s iwi  lar t. ha rac—
Lerist. icS to t -cservo ir wa ter. -

ror your in foruia lion, should quest ions a~j 1 in  a ~~ se in the future
i-e9a rd ing this area , I am at taching a COPY of P&c c . 3 ’ s ? , ~ihich S hOW S
the concre La ~oi•e ~-ial 1 used in the cons truc lion of ~i dvii e Pain. Yo u
w i l l  note that this is at least 4’ thic k and ex tends wel l  into so l id
ro ck.

/
/

/ 
-~~~~~~

.
~~~~~ /

_

~~

_

- : 1 ; . ~~~~~~~~~~~~~

: 1k
t i _ :

e : :  r - - n  r .~~:-) l
L ou is Ion ~o

E—4

_______  

~~~~~ 
.5- - .- S - .. 4. ~~~~~ S . . W ~~~~. ~~~~~~~~~

—b ~’~~~ -aZL-t, 
~S~~~~S _ ~~~~~Efl7. __ 

~~~~~~~~~~~~~ -



____ -~~~ ~~~~~~~~ 
— -——-5-

_ _

4.

Report on Ds i  Inepee t Lon

~A~A~tT~ PR OJECT

Appltnation Ic. 32. 
-

Loca tIon 23.31.5.4 .5 and nearby.

On Yarch 23, lflS , the gates Lit the emit dam were closed .xceVt for the

passa g e of 27 a. g. d . throe ’gh the blow—ott , and on ~.arch 29 , igZ q , the water

In the re.,rYo~r bed rIsen 7 feet.

On Yareb 29, 1925, in company with Yr. R. T. Cri tohiow , Inspection was

of all ~~ the dame in t~te ~ianaqii. project.

Furnace Road dan was found to be about 50 oer aent ecriolete.

Post DtO ~ Oti,rs~on jam welt ar .tt control h’uee were cOr,r1~~e te  excec t for

d ee m , a aria ’tl breach whicit was 1et~ in the dam for stream control , an-i t nst4l—

litton of recordlnr ~a~e in the control hei,se.

m acu, “a.Ln din. *

! td vt le Dam. 
-

C~,rf1ow ‘Veir.

¶ott Den oem , and - 
-

Gre’n Jw a nt n D’rs ?~os. 1, 2, 3 and 4 weró complete ~n~i w e r —  ~~!~~~en !ine ’.

tnspec~’ton.

The construct i on o f ii 1 dc—c has been done in aecor’iaic e w it h  th av ’ r c ve d

rliiis end hi a tho rmi~~ ’.y -,o rkria nl ike a nd sct t s fact or r r rmn ner,

- 

-

Jahn ~~~. ~ro& ,c ,
P~rirs~~ lo £n•lrt,er.

rr.nton , 4~~. J.

‘ er~h ~~~~, 1925.

- ~~~e4~ 7
’Ir~~~~ i~~~~~~~.~~~~~

i /-~~~~~ c~~~~~~~
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APPENDIX H

CONDITIONS

This report is based on a visual inspection of the dam , a review of available
eng ineering data and a hydrologic analysis performed during Phase I
Investigation as set forth in the “Recomended Guidelines for Safety Inspection
of Dams”, as modified by the contract between the U.S. Corps of Engineers and
Gilbert Associates , Inc., Contract No. DACW6I—78-C-0114.

The foregoing review , inspection , and analysis are by their nature limited in
scope . It is possible that hazardous conditions exist and tha t conditions exist
which with time might develop into safety hazards and that these conditions are
not detectable by means of the aforesaid review , inspection , and analysis.
Accord ingly Gilbert Associates , Inc . cannot and does not warrant or represent
tha t cond itions wh ich are hazardous do not exist , or that conditions do not
exist wh ich wi th time mig ht develop into safety hazards .

As required by the Corps of Engineers the terms “good” , “ f a i r ” , “poor ” ,
“ condition ” have been used in this Report to characterize the information
obtained from the aforesaid rev iew , inspec tion , and analysis. The definitions
of these term s as used are :

“good condition ” - 

•
min or studies or remedial measures are required .

“ fa i r  conditon ” - sizeable studies or remedial measures are required due
to deficiencies which could be hazardous depending on
conditions. Immediate attention is required.

“poor condition ” - major studies or remedi al meas ures are required due to
deficiencies which could be haza rd ous depending on
conditions . Immediate studies or corrective action is
requ ired -

H-i
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R amation and Soil Conservation Service. Many other agencies , educa-
t ion f ac i l i t i e s  and p r iva te  c o n s u l t a n t s  can a l so  p rovide expert  advi
Rega rdle of where such expertise is based , the q u a l i f i c a t i o n  of t e
individual s fer ing to provide it should be c a r e f u l l y  examined d
evaluated . -

4.3.4. Freebo~~~~~fl_ nces . Guidelines on specific nimum freeboard
a llowances are not consi ed appropriate because~p(~ the many fac to rs
invo lved in such determinat i  - The investi~~,~~r will have to assessthe critical pa rameters for  eac ro jec t  a~~~~ evelop i ts  minimum require-

-

‘ ment .  Many p rojects  are reasonabl y af ~~4~ thou t  f reeboard al lowance
becau se they are designed for overto , or other factors minimize
possible ove rtopp ing.  Conve rsel freeboa al lowances of severa l  feet
may be necessa ry to provide afe  condit ion . Parameters  tha t  should be
consid ered include the du ion of high water  le s in the reservoir
during the design floo , the effective wind fetch an reservoir depth
available to suppor wave generation; the probability o i~,h wind speed
occu rr ing f r om - - 

ritical direction ; the potent ia l  wave ru on the dam
based on ro ne ss and s l ope ; and the abi l i ty of the dam to re St
erosion overtopping waves .

4 ‘ - Stability Inves t~~g~ t ion s .  The Phase II s t a b i l i t y  inves t iga t ions
should be compatible with  the guidelines of this  paragrap h.

4 .4 .1. Foundat ion  and Mater ia l  Inves t iga t ions .  The scope of the found at ion
and materials investigation should be limited to obtaining the information
required to analyze the structura l stability and to investigate any
suspected condition which would adversely affect the safety of the dam .
Such investigations may include borings to obtain concrete , embankment ,
soil foundation , and bedrock samp les ; tes t ing  specimens from these samp les -
to dete rmine the s t r eng th  and elast ic  parameters of the mate r ia l s , inc luding
the so f t  seam s , j o i n t s , f a u l t  gouge and expansive c l ays  or o ther  c r i t i ca l
mate r ials  in the foundat ion ; determining the cha rac t e r  of the bedrock
including joi nts , bedding p lanes , f rac tures , f a u l t s , voids and cave rns ,
and othe r geological i r r egu la r i t i e s ;  and i n s t a l l i n g  ins t rumen t s  for
determining movements , strains , suspected excessive internal seepage
pressures , seepage gradients and up lift forces . Special investigations
may be necessary where suspect rock types such as l imestone , gypsum ,
salt , basalt , claystone , shales or others are involved in foundations or
abutments in order to determine the extent of cavities , p iping or other
deficiencies in the rock foundation . A concrete core drilling program
should be undertaken only when the existence of significant structura l
cracks is suspected or the general q u a l i t a t i v e  condi t ion of the concrete
is in doubt. The tests of materials will be necessary only where such
data are lacking or are outdated .

4.4.2. Stabilit y Assessment. Stability assessments should uti lize in
situ properties of the structure and its foundation and pertinent geologic

p
D-l 8
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i n fo rmat ion .  Ceol~~s~ic i n f o r m a t i o n  t h a t  should  be c ’n sidered inc l udes
groundwate r and seepage condi t ions ;  l i th o l og v , st r a t i g r ap hv , and geologic
de ta i l s  disclosed by borings , “ a s -bu i l t ” r eco r ds , and geologic inte rpre-
ta t ion ; maximum past overburden at site as deduced from geologic evidence;
bedding , f o l d i n g  and f a u l t i ng;  j o in t s  and j o i n t  sy stems ; w e a t h e r i n g ;
sl ickensides , and f i e l d  evidence r e l a t i n g  to sl ides , f a u l t s , movements
and earthquake activity . Foundations may present problems where the~’
contain adversel y oriented joints , slickensides or fissured material ,
faults , seams of soft materials , or weak layers. Such defects and excess
pore water pressures may contribute to instability . Special tests may
be necessary to determine physical properties of pa r t i c u l a r  ma te r i a l s .
The results of stability analyses afford a means of evaluating the
structure ’s existing resistance to failure and also the effects of an~’
proposed modifications . Results of stability analyses should be reviewed p

for compatibility with performance experience when possible.

4.4.2.1. Seismic St a b i l i ty . The inertial forces for use iii the conven-
tional equivalent static force method of analysis should be obtained by
multip lying the weight by the seismic coefficient and should be app lied
as a horizontal force at the center of gravity of the section or element.
The seismic coefficients suggested for use with such anal yses are listed
in Figures l through 4 .  Seismic stability investigations for all high
hazard category dams located in Seismic Zone 4 and h i g h hazard dams of
the hydraulic fill type in Zone 3 should include suitable dynamic pro-
cedures and analyses . Dynamic analyses for  other  dams and h ig her seismic
coefficients are appropriate if in the Iudgment of the investigating
enginee r t h ey are war r anted because of proximit y to active faults or
ot her reasons . Seismic s tab i l i ty  investi gations should u t i l i z e  state-
of-the-art” procedures involving seismological and geological stud ies - to
est ablish earthquake parameters for use in d ynamic s t a b i l i t y  ana l yse s
and , where appropriate , the dynamic testing of materials. S t a b i l i ty
ana lyses may be based upon either time-history or response spectra tech-
niques . The results ef dynamic analyses should be assessed on the basis
of whether or not the dam would have sufficient residua l integrity to
retain the reservoir during and after the greatest or most adverse
earthquake which might occur near the project location.

2. Clay Shale Foundation. Clay shale is a h ig h ly ove rconsol i
sediment - ck comprised predominantly of c lay  minerals , w t t l e
or no cementation . undations of clay shales requ i ecial measures
in stability investigatio lay shales , u arl~- those containing
montmorillonite , may be highly su e to expansion and consequent
loss of strength upon unloa . The shea en gth  and the  resistance
to deformat ion  of c ta,~ - -~T~~ies may be qu i t e  low an - ore wate r  pr o s-
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of - ld behavior of clay shales should not be based solely on results
convent al laboratory tests since they may be misleading. The u of
peak shear rengths for clay shales in stability analyses may uncon-
servative beca of nonuniform stress distribution and pos le progres-
sive failures . Th the available shear resistance may less than if
the peak shear streng were mobilized simultaneousl along the entire
failure surface. In such ases , either greater ety factors or residual
shear strength should be use

4.4.3. Embankment Dams.

4 .4.3.1. Liquefact ion.  The phenomenon of uefact ion of loose ,
saturated sands and si1ts~~~~ occur when such erials are subjected
to shear deformation ~~4arthquake shocks. The po bility of lique-
faction mus t presej~~fy be evaluated on the basis of em rical knowled ge
supplemented b)v~pecia1 laboratory tests and engineering gment . The
possibilitydt liquefaction in sands diminishes as the relati density
increa3~~~above approximately 70 percent. Hydraulic fill dams in
Se~~a~cc Zones 3 and 4 should receive particular attention since such

_è~ms are susceptible to liquefaction under earthquake shocks.

S 
4.4.3.2. Shear Failure. Shear failure is one in which a portion of an
embankment or of an embankment and foundation moves by s l id ing  or ro t a t ing
relative to the remainder of the mass. It is convent ional ly  represented
as occurring along a surface and is so assumed in stability analyses,
although shearing may occur in a zone of substantial  th ickness .  The
circular arc or the sl iding wedge method of anal yzing s t ab i l i t y , as pe r-
ti nent , should be used . The circular arc method is general l y app l i cab le
to essentially homogeneous embankinents and to soil foundations consisting -

of thick deposits of fine-grained soil containing no layers significantly
weaker than other strata in the foundation . The wedge method is generally
applicable to rockfill dams and to earth dams on foundations containing
weak layers . Other methods of analysis such as those emp loy ing comp lex
shear surfaces may be appropriate depending on the soil and rock in the
dam and foundation . Such methods should be in reputable usage in the
engineering profession .

4.4.3.3. Loading Conditions. The loading conditions for which the embank-
ment structures should be investigated are (I) Sudden drawdown from sp ill-
way crest elevation or top of gates, (II) Partial pool , (III) Steady
state seepage from spillway crest elevation or top of gate elevation ,
and (IV) Earthquake . Cases I and II apply to upstream slopes only;
Case III applies to downstream slopes ; and Case IV applies to both up-
stream and downstream slopes . A suuunary of suggested strengths and
safe ty  factors  are show n in Table 4.
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TABLE 4

FACTORS OF SAFET’~ ~

Loading Factor of Shear I~Case Condition Safety Strength Remarks

I Sudden drawdown 1.2* Minimum corn- Within the drawdown
• from sptllway crest posite of R zone submerged unit

or top of gates to and S shear weights of materials
minimum drawdown strengths are used for computing
elevation. See Figure forces resisting slid-

5. ing and saturated
uni t  weight s are used
fo r computing forces P

contributing to slid-
ing.

II Partial pool with 1.5 R+S for R~~~S Composite intermediate
assumed horizontal 2 envelope of R and S
stead y seepage shear strengths. See
saturation. S for R>S Figure 6.

III Steady seepage 1.5 Same as r
from spiliway crest Case Ii
or top of gates with
KhfKv — 9 ass utned**

IV Earthquake (Cases II 1.0 See Figures 1 th roug h -

and III with seismic 4 for Seismic -Coeffi-
loading) cients .

r

~ Not app licable to embankments on c lay shale foundat ion . Experience
has indicated special problems in determination of design shear
strengths for clay shale foundations and acceptable safety factors
should be compatible with the confidence level in shear strength
assumptions .

/ ,~ Other strength assumptions may be used if in common usage in the
engineering profession .

* The safety factor should not be less than 1.5 wher. drawdown r a t e  and
pore water pressure developed from flow nets are used in stability
ana lyses .

** 
~~h
’

~
’
~~~ 

is the ratio of horizontal to vertical perm eability . A
minimum of 9 is suggested for use in compacted embankments and

— 
alluvia l sediments .
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~~~~ Use shear strength for case analyzed without earthquake . It is not
necessary to analyze sudden drawdown for earthquake loading. Shear
strength tests are classified according to the controlled drainage
conditions maintained during the test. R tests are those in which
specimen drainage is allowed during consolidation (or swelling)
under initia l stress conditions , but specimen drainage is not allowed
during application of shearing stresses. S tests allow full drain-
age during initial stress application and shearing is at a slow rate
so that complete specimen drainage is permitted during the comp lete
test. -

4.4.3.4. Safety Factors. Safety factors for embankment dam stability
studies should be based on the ratio of available shear strength to
developed shear strength , SD: -

SD~~~~C + J. ta n ó  (I)
F .S. F.S.

C — cohesion

6 — angle of internal friction

normal stress

The factors of safety listed in Table 4 are recommended as minimum accept-
able. Final accepted factors of safety should depend upon the degree of
confidence the investigating engineer has in the engineering data avail-
able to him. The consequences of a failure with respect to human life

• and property damage are important considerations in establishing factors
of safety for specific investigations .

4.4.3.5. Seepage Failure. A critical uncontrolled underseepage or
through seepage condition that develops during a rising pool can quickly
reduce a structure which was stable under previous conditions , to a total
structural failure. The visually confirmed seepage conditions to be
avoided are (I) the exit of the phreatic surface on the downstream slope
of the dam and ( 2) developmen t of hydrostatic heads su f f i c i en t  to create
in the area downstream of the dam sand boils that erode materials by the
phenomenon known as “piping” and (3) localized concentrations of seepage
along conduits or through pervious zones. The dams mos t susceptible to
seepage problems are those built of or on pervious materials of uniform
fine particle size, with no provisions for an internal drainage zone
and/or no underseepage controls .
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~ .3 .3.6 .  Seepage Ana~~ses. Review and modifications to origina l
seepage design analyses should consider conditions observed in the P

f ie ld  inspect ion and p iezomete r ins t rumentat ion . A seepage analys is
should consider the permeability ratios resulting from natural deposi-
tion and from compaction placement of materials with appropriate
variation between horizontal and vertical permeability . An under-
seepage analysis of the embankment should provide a critical gradient
fac tor  of sa fe ty  for the maximum head condition of not less than 1.5
in the area downstream of the embankment.

F.S - ic/i — Hc/Db — Db (Tm - Yw) ( 2)

H/D b H Y

ic — Critical gradient p

i — Design gradient
P

H — Uplift head at downstream toe of dam measured above
tailwater

H~ — The critical up l i f t

Db The thickness of the top impervious blanket at the
downstream toe of the dam

— The estimated saturated unit weight of the material in the
top impervious blanket

— The unit weight of water

Where a factor of safety less than 1.5 is obtained the provision of an
underseepage control system is indicated. The factor of safety of 1.5
is a reconm~ended minimum and may be adjusted by the responsible engineer
based on the competence of the engineering data.

4. . . crete Dams and A urtenant Structures .

4 .4 .4 .1 .  Requirements for ‘ . - 
-

- ams and st ructures
appu r tenant  to embankment - d e e of r e s i s t i n g  over-
turn ing ,  sl id i  overseressing w i t h  adequate ac sa fe ty  for
no maximum loading conditions . 

- -  

~~~~~~~~~~~~~~~~~~~~~~~~~
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