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Honorable Brendan T. Byrne
Governor of New Jersey 1 6MA R 197q
Tren ton , New Jersey 08621

Dear Governor Byrne :

Inclosed is the Phase I Inspection Report for Morristown Reservoir Dam in
Morris County. New Jersey which has been prepared under authorization of

F the Darn Inspection Act. Public Law 92—367. A brief assessment of
the dam ’s condition is given in the front of the report.

Based on visual inspection , available records, calculations and past
operationa l pcrforrnancc~, :iorrlstown Reservoir Dam , a high hazard potential
structure , is judged to be in fair overall condition . The spillway
is considered inadequate since 11 percent of the Probable tiaximum Flood
(P~!F) would overtop the dam . To insu re adequacy of the s t ructure ,
the following actions, as a minimum , are recomii~ended :

a. The spillway ’s adequacy should be dct ’rnined by a qualified
professional consultant cn~ aged by the owner ~i~;1ng more sophisticated
method s, procedures , and studies wi th in  si:~ mon ths from the dat e  o f
approval of tu i s  rep or t .  Any remedial measures necessary to insure
tt& e adec~uncy of the spi llway and to prevent overtopping should be ini t ia ted
within  calendar yea r 1~’t~~. In the inter ihi , a detailed emergency operation
plan and warn ing  system , ~hou 1.t Lc’ promptly developed . Also , dur ing
period s o~ unusual ly  ti~ avy p rec ip i tat ion , around- the—clock surveillance
should ~~~~ provided .

b . ~ it l i in  six m ontIu ~ ( rom the date of approval of this report ,
cn~ t iiec r t n :~ studies and analy ses should be performe d to determine the dam ’s
ctihan~.r.ent .,ntl foundat  ion condition and s t ructural  s tabi l i ty . This
should i nc l u ~~ test  I ’or ings to deter mine  nat~ ria1 propert ies re la t ive  to
st :tI t l it y  anSI sc ’j ’ . l .e and in s t a l lat ion  of ptc :orieter s to fac i l i t a t e  seepage
studies. Any remedial measures found ncccssary should be initiated within

— calend ar year 1930.

~~~

—— .. . . . ~~~ . —



NAPEN—D
‘ Hohorable Brendan T. Byrne

c. The following remedial actione should be completed within three
months from the date of approva l of this report :

1. Sluice gates and operators should be made functional.

2. Remove sedimentation and plant growth in the discharge f lume and
stilling pond.

3. Repair or replace ladders into the gatehouse structure.

4. Investigate and repai r toe drains and provide cle ar draina ge
routes to the stilling pond.

5. Investigate and determine the extent of possible voids under the
concrete spillway apron and correct conditions that may lead to seepage
and loss of support.

6. Remove, replace and repair the concrete lining of the discharge
j  . flume.

7. Remove the timber flashboard across the discharge channel
culvert under Wood land Road to prevent the possible restriction of
spillway storm overflows.

d. The following remedial actions should be completed within
six months from the date of approval of this report:

1. Plug animal burrows in the downstream face of the darn.

• 2. Investigate and develop control measures for the seepage in
the chlorination house.

3. Riprap the upstream slope of the secondary dike.

e. The following remedial actions should be completed within
twelve months from the date of approval of this report:

1. Depressions in the roadway along the crest of the dam should
be suitably backfilled and adequate road surface material provided
at the top of the dam.

2. Spafls and cracks in the concrete spiliway apron , gatehouse
structure and footbridge should be repaired.

2
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1 • N~~EN-D
Honorable Brendan T. Byrne

A copy of the report is being furnished to Mr. Dirk C. Hofinan, New
Jersey Department of Envi ronmental 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 Congresswoman Millicent Fenwick of
the Fifth uistrict. Under the provisions of the Freedom of
Information Act , the inspection report will be subject to release
by this office, upon request, five days after tne date of tnis
letter.

Additional copies of this report may be obtained from the National
Technical Information Services (NTIS) , Springfield, Virginia 22161
at a reasonable cost. Please allow four to six weeks from the date 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,

l t n cl
As stated Colonel, Corps of Engineers

District Engineer

• Cy furn :
Mr. Dirk C. Hofman , P.E.
Department of Environmental Protection

$ .
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4 MORRISTOWN RESERVOIR DAM (NJ00352)

CORPS OF ENGINEERS ASSESSUENT OF GENERA L CONDITIONS

This dam was inspected on 22 November and 1 and 5 December 1978 by
Langan Engineering Associates , Inc. under contract to the State of
New Jersey. The state , under agreement with the IT.S. Army Engineer
District , Philadelphia, had this inspection performed in accordance
with the National Dam Inspection Act , P.L. 92—367.

Morristown Reservoir Dam , a high hazard potential structure , is judged
to be in fair overall condition . The spiliway is considered inadequate
since 11 percent of the Probable ~‘aximuxn Flood (PMr) would overtop the
dam. To insure adequacy of the structure , the following actions, as a
minimum, are recommended :

a. The spillway ’s adequacy should be determined by a qualified
• professional consultant engaged t~y the owner using more sophisticated

methods, procedures, and studies within six months from the date of
approval of this report. Any remedial measures necessary to insure
the adequacy of the spillway and to prevent overtopping should he initiated
within calendar year I9~o. In the interim , a detailed emergency operation
plan and warning system , should he promptly developed. Also, during

• - • periods of unusually heavy precipitation , around—the—clock surveillance
should be provided.

b. Within six months from the date of approva l of this report ,
engineering studies and analyses should be performed to determine the dam ’s
embankment and foundation condition and s t ructural  s tabil i ty. This
should include test borings to determine material  properties relative to
stabil i ty and seepage and ins ta l la t ion  of p iezorneters to f ac i l i t a t e  seepage
studies. Any remedial measures found necessary should be in i t ia ted  wi th in
calendar year 1980 .

c. The following remedial actions should be completed within three
months from the date of approval of this report :

1. Sluice gates and operators should he made functional.

2. Remove sedimentation and plant growth in the discharge flume and
stilling pond .

3. Repair or replace ladders into the gatehouse structure.

4. Investigate and repair toe drains and provide clear drainage
routes to the stilling pond .

5. Investigate and determine the extent of possible voids under the
concrete splllway apron and correct conditions that may lead to seepage
and loss of support.
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( 6. Remove , replace and repair the concrete lining of the discharge
fltmte.

1’ 7. Remove the timber flashboard across the discharge channel
culvert under Wood land Road to prevent the possible restriction of
spi1l~ay storm overflows.

d. The following remedial actions should be completed within
six months from the date of approval of this report:

1. Plug animal burrows in the downstream face of the dam.

2. Investigate .an~1 develop control measures for the seepage in
the chlorination house.

3. Riprap the upstream slope of the secondary dike.

e. The following remedial actions should be completed within
twelve months from the date of approval of this report :

1. Depressions in the roadway along the crest of the darn should
be suitably backfilled and adequate road surface material provided
at the top of the dam.

2. Spafls and cracks in the concrete spillway apron, gatehouse
structure and footbrid ge should be repaired.

APP ROV~~~~~~~~~~

(‘olonel, Corps of Engineers
District Fngineer

DATE: J~ ~~~ .i /977
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PHASE I iNSPECTION REPORT

NATIONAL DAM SAFETY PROGRAM

NAME OF DAM: MORRISTOWN RESERVOIR DAM

ID NUMBER : FED ID No. N300352

STATE LOCATED: NEW JERSEY

• COUNTY LOCATED: MORRIS

STREAM: HARMONY BROOK

RIVER BASIN: DELAWARE

DATE OF INSPECTION: 22 NOVEMBER 1978
1 and 5 DECEMBER 1978

ASSESSMENT OF GENERAL CONDITIONS

Morristow n Reservoir Dam is in fair overall condition. There are wet
areas on the downstrea m face of the dam and along the toe of the dam. The
concrete of the spillway has spalled and cracked in several areas. It is likel y
there are voids beneath the spillway apron and possibly the spillway weir. The
discharge flume has deteriorated to the extent the channel is ineffective with
respect to carrying heavy flow. Seepage is occurring from the f loor of the
chlorination house. Sluice gates in the gatehouse do not operate properly. The
spiliway capacity as determined by CE Screening criteria is inadequate. We
estimate the dam can adequately pass only 10% of the PMF.

We recommend removing the vegetal growth in the discharge flume and
stilling pond. The improperly operating sluice gates and operators should be
investigated , made functional , and maintained. T)~e ladders into the gatehouse
structure should be repaired or replaced. The toe drains should be investi gated
and repaired and clear drainage routes to the stilling pond should be provided.



i
The extent of possible voids under the spiliway apron should be investigated and
conditions that may lead to seepage and loss of support under spiliway should be
corrected . The concrete lining of the discharge flume should be repaired. The
flashboard across the culvert under Woodland Road in the discharge channel
should be removed. The preceeding recommendations should be done very soon.
Animal burrows in the downstream face of the dam should be plugged and
protection prov ided against future  animal burrowing into the embankment.
Seepage occurring in the chlorination house should be investigated and control
measures developed. These recommendations should be done soon. The
secondary dike slope should be ri prapped. Sags in the roadway along the crest
of the dam should be suitabl y backfi lled and adequate road surface material
prov ided at the top of the dam. Spalled and cracked concrete at the spillway,
and the gatehouse structure and footbrid ge should be repaired. The actual
degree of stability of the dam should be determined using appropriate material
properties and analytical methods. These recommendations should be done in
the near future.

4/ The spiliway capacity as determined by CE screening criteria is
inadequate. The actua l capacity of the spillway should be determined using
more precise and sophisticated methods and procedures. If necessary steps
should be taken to increase the spillway capacity. The need for and type of
mitigating measures should be determined. Around the clock surveillance
during periods of unusually heavy precipitation should be provide d , and a
warning system established. This should be done soon.

~~~~~~~~s 3. L ary,~~~~~~~~~~~~~
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PHASE I INSPECTION REPORT

NATIONAL DAM SAFETY PROGRAM
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PREFACE

This report is prepared under guidance contained in the Recommended
Guidelines for Safety Inspection of Dams, for Phase I Investi gations. Copies of
these guidelines may be obtained from the Office of Chief of Engineers,
Washington , D.C. 20314. The purpose of a Phase I Investigation is to identify
expeditiously those dams which may pose hazards to human life or property. The
assessment of the general condition of the dam is based upon available data and
visual inspections. Detailed investigation , and analyses involving topographic
mapping, subsurface investi gations, testing, and detailed computational evaluations
are beyond the scope of a Phase I investi gation; however , the investi gation is
intended to identify any need for such studies.

In reviewing this report , it should be realized that the reported condition ofr the dam is based on observations of field conditions at the time of inspection along
with data available to the inspection team. It is important to note that the
condition of a dam depends on numerous and constantly chang ing interna l and
externa l conditions , and is evolutionary in nature. It would be incorrect to assume
that the present condition of the dam will continue to represent the condition of
the dam at some point in the future. Only through continued care and inspection
can there be any chance that unsafe conditions be detected.

Phase I inspections are not intended to provide detailed hydrologic and
hydraulic anal yses. In accordance with the established Guidelines , the Spillway
Test flood is based on the estimated “Probable Maximum Flood” for the region
(greatest reasonably possible storm run off) ,  or fractions thereof. The test flood
provides a measure of relative spillway capacity and serves as an aide in
determining the need for more detailed hydrologic and hydraulic studies,
considering the size of the dam , its general condition and the downstream damage
potential.

• ----• - _ _ _ _ _ _ _ _ _ _ _ _ _



SECTION 1 PROJECT INFORMATION

• 1.1 General -

Authority to perform the Phase I Safety Inspection of Morristown
Reservoir Dam was received from the State of New Jersey, Department of
Environmental Protection , Division of Water Resources by letter dated 20
November 1978. This Authority was given pursuant to the National Dam
Inspection Act , Public Law 92-367 and by agreement between the State and the
U.S. Army Engineer District , Phil adelphia , Penn.

The purpose of the Phase I Investigation is to develop an assessment of the
general conditions with respect to the safety of Morristown Reservoir Dam and
appurtenances based upon available data and visual inspection and, determine
any need for emergency measures and conclude if additional studies ,
investi gations and analyses are necessary and warranted. The assessment has
been made using screening criteria established in Recommended Guidelines forr Safety Inspection of Dam prepared by the Department of Army, Office of the

F Chief of Engineers. It is not the purpose of the inspection to imp ly that a dam
meeting or failing to meet the screening criteria is, per Se, certainly adequate
or inadequate.

1.2 Project Descri ption

4 The Morristow n Reservoir Dam is a 1460-ft-long, 60-ft-hi gh earthf ill
structure with a concrete core wall and a 26-ft-wide crest. It was constructed
between 1929 and 1932 across Harmony Brook. The upstrea m face is riprapped
to within 5 ft  of the crest and 6 ft  below the normal reservoir level. The
upstream and downstrea m slopes are 3 hor to 1 vert and 2~4 hor to 1 vert.

The concrete core wall extends from its rock foundation where it is about
9 ft wide to three feet below the crest where it tapers to 1.5 feet. Available
drawings show the wall has a batter of 1 hor to 20 vert on both sides.

A gatehouse with dimensions of 15 ft  by 30 f t  in plan and 44 f t  high is
located 70 ft upstream from the centerline of the dam crest. The gatehouse has
6 sluice gates. Water passing through the gates is carried by means of pipes
passing through the dam to a chlorination house for treatment. This house is
about 50’ downstream from the toe of the dam.

There is an ungated 60-ft-long overt all type concrete spiliway at the left
side of the earth dam.

The spiliway discharge channel is 380 ft  long and empties into a stil l ing
pond that discharges into a culvert under Woodland Road. Downstream of the
culver t is Harmony Brook which runs through 77 acres of preserved L~nd called
the “Dismal Harmony Brooks Natural Area.”

LA
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The reservoir commonly called the Clyde Potts Reservoir impounds an
area of 44 acres and is oriented in a northwest direction. The reservoir
capacity is 1052 acre-ft and is used as a municipal water supply. A regional
vicinity map and essential project features are presented in Figure 1 and Figure
2.

The Morristown Reservoir is classified as being of “Intermediate” in size
on the basis of its height of 60 ft which is greater than 40 ft but less than 100 ft
in height. It is classified as “Small” on the basis of its reservoir storage volume
of 980 Ac-ft which is greater than 50 Ac-ft but less than maximum 1000 Ac-ft.
The overall size classification is the larger of these two determinations and
accordingly the dam is classified as “Intermediate” in size.

The Morristown Reservoir Dam is classified as having “High Hazard
Potential” on the basis that failure of the dam would cause excessive property
damage to residences downstrea m, and could potentially cause more than a few
deaths. Visual inspection of the downstream shows that breach of the dam
would cause damage to residences and could be hazardous to people using

• Brookside Road. It is proposed the “Hi gh” hazard potential classification not be
changed.

The dam and reservoir are owned by the Southeast Morris County
Municipal Utilities Authority, 101 Western Avenue, Morristown , N.J., 07960.

The purpose of the dam is to impound water to be used as a municipal
water supply for Morristown , N.J.

1.3 Pertinent Data

a. At dam site, the drainage area is 1,374 Acres (2.15 sq mi)

b. Discharge at Dam Site •

Ungated spillway capacity at
maximum pool elevation (at low point 650 cfs
of dam):

c. Elevation (ft above MSL)

• Top Dam: Elev 663.5 (low point)

Maximum pool-design surcharge: Elev 663.5 (low point of dam)

Normal pool: Elev 661.3 (spillway crest)

Streambed at centerline of dam: Elev 590 (estimated)

-2-
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Maximum tailwater: Elev 594 (estimated)

d. Reservoir

• Length of maximum pool: 1950 ft (estimated)
• Length of normal pool: 1900 ft (estimated)

e. Storage (acre-feet)

Normal pool: 900 AF

Top of dam: 980 AF (estimated)

• f. Reservoir Surface (acres)

Top dam: 38.2 AF

Maximum pool: 38.2 AF (top of dam)

Spillway crest: 36.7 AF

g. Dam

Type: Earth embankment with concrete
core wall. Riprap upstrea m,
seeded downstream.

Length: 1460 (including spillway)

Height: 60 ft (maximum)

Top wi dth: 26 ft

Side Slopes: Upstream 3H to lv. Downstream
2.S H to lV .

Zoning: None Observed

Impervious core: Concrete core wall, lop 18” wide.
Sides battered 1:20. Bottom 9 ft wide

I -~~ at max depth.

Cutoff: None observed

Grout curtain: None Observed

-3- 
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h. Spillway

Type: Overfall; trapezoidal cross-section with
anchored flashboard.

Length of Weir: 60 ft

• 
• Crest elevation: 661.3 ft

i. Regulating Outlets

Type: C.l. pipes; one-18” blow off pipe and
two.-12” supply pipes. Control gates in
reinf. concrete gatehouse. All embedded

• in concrete cradle resting on solid bottom
of excavated trench.

Length: Approx. 400 ft

Closure: Valves in chlorinating house. 6 Rodney
Hunt Gates: 2 at high elevation at 670,

• 2 at mid height el. at 655, 2 at
• 

• 

low height el. at 640.

Access: Chlorinating house.

SECTION 2 -  ENGINEERING DATA

2.1 Introduction
• 

- The Morristown Reservoir Dam was designed by the Town of Morristown,N.J. Engineering Department and Mr. Clyde Potts was the engineer-in-charge.

Construction was performed under the direction and supervision of Mr.
Pntts and the Water Committee of the Board of Alderman of the Town.

There i! very little specific engineering data in the available records
concerning the properties of the dam foundation and materials. The records do
contain sufficient topical ~eports and descriptions of construction conditions to
indicate that sound engineering jud gement was used that was appropriate to the
state of the art at the time the work was done.

-4-
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2.2 Regional Geology

Morristown Reservoir Dam is located in the New Jersey Highlands
physiograp hic province. The New Jersey Highlands extend across the State in a
northeast/ southwest direction from the border of New York to the Delaware
Rive r and includes the northwest portions of Hunterdo n , Passaic, and Morris
Counties arid the southeastern parts of Warren and Sussex Counties. This
province is part of the New Eng land Physiographic Province and lies between
the Appalacian Ridge and Valley Province to the northwest and the Piedmont• Province to the southeast , See Fig 3.

The - Highlands are characterized by rounded and flat-topped
northeast/southwest ridges and mountains up to 1,400 ft  high separated by
narrow valleys. The orientation of the valleys are usually, but not always
controlled by the underly ing geologic structure.

Bedrock of the reg ion is predominently Precambrian gneisses, schists, and
metasediments. Some sedimentary strata , typically sandstones, shales and
conglomerate have been infolded and infaulted into the valley bottoms.

The reg ional geologic structure reflects the very old age of bedrock. A
number of reg ional faults cross the area in a northeast southwest direction,
including the Ramapo Fault; the more than 30 mile long fault/scarp forms the
eastern border of the prov ince. Faults control many of the river valley
orientations. The relative ly uniform slope of the mountain elevations, from
northwest to southeast, is a direct result of the faulting. The entire area is part
of the now dissected Schooley Peneplairi.

The Pleistocene Age Wisconsin glacier covered all of the dam site area.

The glacier stri pped most of the existing overburden and weathered rock
and uncovered the numerous hard bedrock knobs and ridges seen throughout the
province . Most of the side-slopes in the area are covered with heavy boulder

• tills (ground moraine), whereas glacial outwash and recent alluvium cover the
valleys.

2.3 Site Geology

The geology along the centerline of the dam is reported by Meredith &
Johnson in their 28 October 1929 memorandum to the State Water Policy
(Appendix Ref. 22). It is based on conditions encountered in digging the
foundation for the core wall.

-5-
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The major portion of the core wall trench encountered granite-gneiss
intruded by pegmatite. Other portions of the trench disclosed a clayey till

• above the rock. The till consisted of fragments of granite-gneiss imbedded in a
finely ground up mixture of clay and sand. In the central part of the trench the
rock was identified as Losee Gneiss and at the northwest side of the trench the
rock resembled Pochuck Gneiss which is widely distributed throughout the
Highlands area of New Jersey. At the southwest end of the trench the rock is

• reported to have fairly strong fractures striking north 65 degrees west and
dipping 85 degrees to the north. In the central part of the trench the rock is
less fractured and strikes north 35 degrees west and dips 62 degrees to the
northeast.

SECTION 3 VISUAL INSPECTION

The Morristow n Reservoir Dam is in fair condition. It was recently
inspected by the owners engineers, Elson 1. Kilam Assoc., Inc., on 20 June 1978.
A copy of their inspection report is given in Appendix 1. Mr. Phillip A. Wood ,
P.E. of Elson T. Kilam Assoc. accompanied us during our inspection. He
participated in the 20 June 1978 inspection.

Wet areas were observed along the area of the toe drain system. In
4 addition , there is a large wet area downstream of the right abutment. The

stilling pond downstrea m of the spillway discharge flume has overgrown and
there is a timber board across the culvert leading from the pond and under
Woodland Road. The downstream spillway apron sounds hollow when the
concrete surface is hit with a geologic hammer; there may be void space below
the concrete. The concrete lining of the spillw ay downstream apron and flume
has cracked and has been displaced by vegetal growth. The flume lining has
been severly broken up. The spiliway crest has been effectively increased by an

- anchored flashboard. No data is available concerning the breakaway capacity of
the anchors. The concrete spillway sidewalls show deterioration and cracking.

There is insufficient ri prap on the upstream slope of the secondary dike
and the crest of the dam is used as a roadway which has developed ruts and
depressions. There are animal burrow holes in the downstream face of the dam.

Two of the operators for the high in-take gates do not work and operation
of the gates at mid-height is questionable. The steel ladder leading down into
the gatehouse has deteriorated. Hatches to the gates can not be readily opened.

1’ There are cracks in the concrete of the footbridge and support pier leading to
the intake structure. Seepage is occurring from the floor of the chlorination
house.

-6-
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The former construction diversion channel contains two concrete pipes
that feed run-off to the spillway discharge flume.

SECTION 4 OPERATION PROCEDURES

The owner ’s engineer informed us the dam has no formal operating
procedures. Repairs are made as determined to be necessary.

Operation and maintenance of the dam is the responsibility of the Town of
Morristown.

SECTION 5 HYDRAULIC/HYDROLOGIC

The hydraulic/hydrolog ic evaluation is based on a SpilIway Design Flood
(SDF) equal to the full Probable Maximum Flood (PMF) in accordance with the
evaluation guidelines for dams classified as Hi gh Hazard and Intermediate in
size. Hydrologic design data for this dam is not available. The PMF has been
determined by developing a synthetic hydrograph based on the maximum
probable precipitation of 22.3 inches (200 square mile - 24 hour). Hydrologic
computations are presented in Appendix 4. The PMF peak inflow determined
for the subject watershed is 10,169 cfs.

The capacity of the spillway at pool elevation equal to low point of the
dam (El. 663.5) is 650 cfs which is sign ificantly less than SDF.

Flood routing for the PMF indicates the main dam section will ovc rtop by
1.1 ft. However , the low spots in the vicinity of the spillway will overtop by 1.9
ft. We estimate the dam can adequately pass onl y 10% of the PMF.

• - The downstream potential damage center (residential dwellings), is
located a few hundred feet from the dam. Based on our visual inspection of the
immediate downstream topography, and the dam and knowledge of the degree of
overtopping potential it is our opinion that dam failure resulting from
overtopping is not likel y. However , if the dam were to fail from overtopping, it
is not likely there would be a significant increase in the hazard to loss of life
downstream from the dam from that which would exist just before overtopping
failure.

Draw down of the reservoir has been evaluated considering that the blow-
off supply pipes are utilized for lowering the lake. Our calculations indicate
that the lake level could be lowered 40 ft in approximatel y 10 days.

-7-
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SECTION 6 STRUCTURAL STABILITY

Our visual observations indicate the general stability of the embankment
to be adequate. There is insufficient available information to analytically
evaluate the degree of stability of the embankment. However , our review of
the construction records lead us to believe the stability of the embankment is
within present day safety marg ins. The presence of possible voids under the
spillway discharge apron and the severe deterioration of the spillway flume
indicate that under extreme flood conditions these structures will be unstable.
If voids exist un der the spiliway apron there is a strong likelyhood that voids are
also present beneath the spillway weir. This could cause the weir Structure to
be unstable during extreme flood conditions.

The Morristown Reservoir Dam is located in Seismic Zone 1 of the Seismic
Zone Map of Contiguous States. The static stability of the embankment is
assumed to be within conventional safety marg ins and to present no hazard from
earthquakes. However , the spillway structures are likely to experience
significant additional damage from an earthquake and are considered unstable
with respect to seismic loading until repairs and maintenance work is performed
on these structures.

SECTION 7 ASSESSMENT , RECOMMENDATIONS /REMEDIAL MEASURES

7.1 Assessment

The Morristow n Reservoir Dam is in fair condition. There are wet areas
on the downstrea m face of the dam and along the toe of the dam.

The concrete of the spillway has spalled and cracked in several areas. It
is likely the spillway apron has voids beneath it. The discharge flume has
deteriorated to the extent that the channel is ineffective with respect to

- carrying heavy flow. Seepage is occurring from the floor of the chlorination
house. Sluice gates in the gatehouse do not operate properly.

The spillw ay capacity asdetermined by CE Screening criteria is
inadequate. We estimate the dam can adequately pass onl y 10% of the PMF.

7.2 Recommendations/Remedia l Measures

We recommend the following remedial measures:

1. Remove vegetal growth in the discharge flume and stilling pond. This
should be done very soon.

2. Improperl y operating sluice gates and operators should be investigated,
made functional , and maintained. This should be done very soon.

• -8-
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3. Repair or replace ladders into the gatehouse structure. This should be
done very soon.

4. Investigate and repair toe drains and provide clear drainage routes to the
stilling pond. This should be done very soon.

5. Investigate and determine the extent of po~ ible voids under the spillway
apron and correct conditions that may le~~ to seepage and loss of supportunder spillway. This should be done very soon.

6. Remove, replace and repair the concrete lining of discharge flume . This
should be done very soon.

( 7. Remove flashboard from across the culvert under Woodland Road in
d ischarge channel. This should be done very soon.

8. Completely plug animal burrows in the downstream face of the dam and
provide protection against future animal burrowing into the embankment.
This should be done soon.

9. Investi gate and develop control measures for the seepage occurring in
chlorination house. This should be done soon.

10. The secondary dike slope should be ri prapped. This should be done soon.

11. Sags in the roadway along the crest of the dam should be suitably
backfilled and adequate road surface material provided at the top of the
dam. This should be done in the near future.

• 12. Repair the spalled and cracked concrete at the spillway , and the
gatehouse 12.Investigate by means of borings, piezometers, and tests the
engineering properties of the dam and foundation materials. This
information should be used to evaluate the degree of stability of the dam
under differen t stress conditions. This should be done in the near future.

13. Repair the spalled and cracked concrete at the spillway, and the
gatehouse structure and footbridge. This should be done in the near

• future.

14. The spillway capacity as determined by CE Screening criteria is
inadequate. The actual capacity of the spillway should be determined
using more precise and sophisticated methods and procedures. If
necessary steps should be taken to increase the spiliway capacity. The
need for and type of miti gating measures should be determined. Around
the clock surveillance during periods of unusually heavy precipitation
should be provided, and a warning system established. This should be done
soon.

-9-
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Elson T. Killam Associa tes Inc.
27 Bleeker St reet . Miliburn . New Jer sey 07041 Environmental and Hydraulic Engineers

-• lelephon e (201)379-3400
• ~~~~~ •5

Ph,IIip A. Wood . P E .
• I Senior Associate

June 26, 1978

State of New Jersey
Department of Environmental Protection p 

-

Division of Water Resources
P .O. Box 2809
Trenton, New Jersey 08625

Attention: Mr. John Garofalo ,
Senior Engineer
Stream Encroachment Section
Bureau of Flood Plain Manage ment

Re: —-——i~~~~~~~~~~~~~~~~~~~
—--

Gentlemen:

In accordance with the instructions submitted under letter of May 15, 1978,
by your office, we have inspected the subject darn . The attached report
has been written following the “Guide For Preparation of Repor t on
Condition of Dams” enclosed with your letter.

• We understand that the State of New Jersey will be scheduling an additional
in—depth study, investigation, and analysis to fully evaluate the safety
of this darn.

Respectfully submitted,

ELSON T. KILLAN ASSOCIATES, INC. I -

‘-‘5-,
_5

_ 5 
. , ‘ ‘ z~~• # _ _ (

• 
Philip A. ~~~~~ P.E .

PAW :mfw

• .•
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COND IT ION REPORT
CLYDE POTTS RESERVOIR DA1-1

MENDHAN TOWNSHIP, NEW JERSEY
DAM NO. 151

¾
JUNE, 1978

ELSON T. KILLAN ASSOCIATES , INC.
Environmental and Hydraulic Engineers

• Millburn, New Jersey



(lion T. KIHim Auoc l.t .s Inc.

1
June 26 , 1978

CONDITION REPORT
CLYDE POTTS RESERVOIR DAlI

MENDHAN TOWNSHIP , NEW JERSEY
DAN NO. 151

DATE OF INSPECTION: JUNE 15, 1978

NAME OF DAM: Clyde Potts Reservoir (Brookside Reservoir)

- . OWNER’S NAME: Southeast Morris County Municipal Utilities Authority
I

ADDRESS : 101 Western Avenue, Morr istown , New Jersey 07960

General Darn

The subject dam is a gravity earth embankment de8ign with a

concrete core wall. The downstream embankment is grassed over, clear of

any large shrubs or trees. The top of the darn appears to be level and

in good condition with no evidence or report of wash out. There are

several locations near the toe of the dam where the toe drains appear

to be inoperable, reportedly due to plugging and there are resulting

vet areas. There is evidence of groundhog activity in the downstream

embankment. The upstream face of the darn appears to be in good condition

with only very minor slippage of the riprap protection for the main darn .

The secondary dike on the north side of the dam does not have riprap

protection.

In general, the darn appears to be in good condition.

Spiflwa y and Outlet Plume

There are several boils visible at the downstream end of the

spillvay apron and adjacent to the retaining vail of the spiilvay,

- • - - - -  -~~~ •



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

(lion T. Killa m Associat es Inc

indicating leakage under the spillway apron. The timber flashboards

on the concrete spiliway section have deteriorated to some extent and

are leaking. The concrete lined outlet flume, which is several hundred

tfeet long, has growth in the form of grass , brush and small trees (1/2” 0).

- 
. In addition, the lower section appears to have had i ts foundations washed

away and has broken up to some extent and has settled .

The swale to the north of the secondary dike has become

partially overgown and should be grubbed out so that clear flow can
-4

occur.

An ex is t ing  temporary timber weir on the upstream section of

the concrete culvert under Woodland Road , could restrict the spillway

storm overflows.

Mechanical Equipment

At least one of the sluice gates controlling the intake level

is reported to be inoperable and there are indications that the outlet

screens from the inlet structure are in need of replacement. In addition,

the ladders within the structure require repair and/or replacement so

that access to this relatively deep structure can be made safely. Hand—

rails which were originally installed on the bridge from the top of the

darn to the inlet structure are missing and there is no railing around

the top of the inlet structure itself. New hinges have been recently

installed on the hatches in the inlet structure.

Miscellaneous

According to the owners and operators and available records,

the dam as it presently exists has never been over topped and the condition

2
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(Ison T. Killam Assoclatss Inc.

-‘ 
I -

of the roadway on top of the dam appears to confirm this.

Conclusions

I certify that the above dam was personally inspected by me

and Phillip A. Wood , P.E. and was found to be in good condition.

I recommend that the following repairs be made immediately;

‘.~ 
?JOt2~ c,~~~) Seal the area around the upstream apron of the apiliway

to prevent leakage under the spillvay.

(2. Riprap the face of the secondary dike along its entire

length.

*
‘Grub out and remove growth from the swale behind the

secondary dike and the joints within the outlet flume.

______ ~ ç~~ Repair or replace the damaged sections of the outlet

flume lining.

5. Clean, repair and/or replace the toe drains to prevent

V 
~~~~~~~~~~~~~~~~ ~)-~r”..Q~ the backup of water and to provide clear drainage for

the toe.

6. Eradicate the groundhog population.

,J YJDE~~~ 6~ Repair the inoperable sluice gate in the intake structure
and service the other sluice gates and valves in the

structure.

4 
1’1

~~
’
~~~~ 18. Repair and/or replace ladders into the intake structure.

9. Install railings around the bridge to the intake structure

and the intake structure itself and keep locks on all

hatches. As an alternative, install a chain link gate

at the dam end of the bridge to control access to the

structure.
3 

- •
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(Ison I. K Illam Associates Inc. 
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a’

10. Replace the deteriorated flash boards and provide

properly designed break—away ties.

11. Replace fish screens in the inlet structure.

12. Remove the existing temporary timber veir on the upstream

• section of the concrete culvert under Woodland Road.

This Inspect ion Report on Condition of Dam 151 (Clyde Potts
I’

Reservoir Dam) is based on a visual inspection and evaluation of the

general condition of the dam and appurtenant structures including recom—

mended repairs. Our report includes results of information obtained

by interviewsof Authority Personnel. This report does not imply a

guaran tee or assurance that the dam is “safe”, under any situation .

Under this phase of inspection and reporting no evaluation

of hydraulic and hyrologic features nor structural and seismic stability

assessments have been made or implied by us. It is our understanding

that the State of New Jersey — Division of Water Resources, under

a National Program, is scheduling additional in—depth studies, inves—

• tigations and analyses to evaluate the safety of this darn.

Inspected By:

FRANK A. FILIPPONE
of
ELSON T. KILLAN ASSOCIATES, INC.
27 Bleeker Street
Miliburn , New Jersey 07041
(201) 379—3400

N.J. P .E. No. 5689

DATE June 20, 1978

4
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View of embankment. Looking upstream. 5 December 1978
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Rip rapped upstream face. 5 December 1978

MORRISTOWN RESERVOIR DAM
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L ,I Crest of c • i r t hf i t l  darn . Note sags 5 December 1978

in crest.

Rip rap on upstr eam face.

- - 5 December 1978
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Spalled and cracked concrete on 5 December 1978

spillway and piers.

‘ I
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ii~

Operators top of spiliway. 5 December 1978
Note: access hatch inaccessable
due to stem holding lid down.

MORRISTOWN RESERVOIR DAM 3-3
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Face of secondary dike. Note absence of 5 December 1978
slope protection.
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Drainage pipes . Water running 5 December 1978
through pipes into spillway flume.
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Overgrown stilling pond downstream 5 December 1978
• of dam. Pond discharges under roadway.
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Board across culvert under roadway. 5 December 1978

\ MORRISTOWN RESERVOIR DAM 3-8



- - I

A P P E N D I X  4

HYDROLOGIC COMPUTATIONS

r5

MORR ISTOWN RESERVOIR DAM

k 

— - — - ------ -- - i A



- -  —~.,•..s.—.-—- -- - -s-5•s__~~_•__~ - 

- 

____ 5 5._ (4 s 5 5 _ s~~~~~~~~~ -~~

LANGAN ENGINEERING ASSOCIATES. INC.

- 
I-ti Y.~&’ L~a~r ~~~~~~~~~~~~~~~~~ -

‘ Moa.e,cTo~J,J~~e�~~~o,,2. b4~ 4

14. Loe4~,P~ Mo ’r~i~ C.DLTh+
7

& .  3~~.a~ v~a...c1i ~~~~ ~- - c  
~~~~~~~~~ 

~~~~~~~

thrz*. $I(ç L4k~ ~3~
.-1 Ac~r’~

— ~~~ — ;h .~-M,d;~ r~.1 1Ajj~ >4c ’~~< /oo’

• 
I7~~~4f_ Cl) ~ —

D. ~~~~~ çk~d. — P M F  
- :1

E. ?MP

I. ~~~~ I~ Cs1.cA ‘i1~ èo l L  (0 ) (dac.& ~~~~~~~~~~ ~ ~~~
�2. 3 C~~j~~ (~~ o. ~~~~~. ~~~~ —

Z. PMF ~~~~~ L!~. 1~~4J4&4~ -~~~ ~~~~~~~

7o 1-a~t~rL. I e c 4~.’~~.) 4. ,— e- 4
‘4, Ic..e*w~ ’e~’i (—o~C’~~

_ _ _ _ _ _  
tsii* (, ~~o r&i. t  ~ i~~}

112 .  1 1 1  1 ( 2
o- 8 o

13 ’.. / 3 3
144 ~4�.

,~~ pc~~4~

BY .?t1. DATE I/~ /~~ ~-..1 iad~~up~ f�I~
g,

~l~ ir ~b~it h_ JOB NO. T- 75 ~ 13
CKDIILO DATE ‘~ -ici~ ________________________ SHEET NO. I o,_____

______________________________________________-- -- ~~ • - A I A



LANGAN ENGINEERING ASSOCIATES. INC.

F. l~~~T~~~~L.1I~~~~ TiMe oF~ ~~~~~~ j T~~~flo~I

5. 00 ’i . 
~A L&. P~

~ (~.JOo*~#.t4~-...
_)_

L

~~~ 
k ~. ~~ .-, ~~~~ ~~~ ~~~ j-

5goo’ ~~~~~~~~~~~~ 1 ~~~o~
’ o IlL, (o..e..d~

3 - - ~~~~~tt4 ~(o p rC
2~~o =

~~~ e

2~~ %
- 

-

T~. r,a-~~4 o~~

Ov~.~- k.1.A 4’~~ i~ .-cl I

• 
~4fLMI.S.. 6&*sIp.t ~A ‘3.~ .(p~

~~

c~~~ ~~
p

~~t4— 4~~o ’

L= ~~~~~~~~~

- 

.

BY .______ DATE /~~~~ h4 !4•rr.c 4~w,.. £r~
jp., ,o,y 2~as— JOB NO.______________

CKD~~~~ T7~ DATE 2- _______________________  SHEET NO. 2~ ~~~~~~_____



- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ -5-;- 
~~~~~ r~~~~~~- - : _~~~~~~~

LANGA N ENGINEERING ASSOCIATES INC.

4i  vv~c~te. Te f~0~1, (
~~ yVz.. il 4t~~.-, ~~~j g

~~~ (-r ~~ ~~~~~~~~ ç~~

/L i~~~~~~°~~~~~~~-~~ — — / of
prVL — —

~~~
-
~~~~ 

—. - 
/0

cl’J~~~~~
o

~~~

• L. - -~ - -~r 7; °

~ 
(. 14~~~~~~~~ .

tA~~- ~~~ ‘ - ~~~ ~ ~.Li= ~~~~~~
I

~: ‘

I
BY .______ DATE _____  ?~~ 0~~f~~~~

) L, l-~ ~~~ L5U~~~5Psi~~ O”~~~ JOB NO. 7— 7F? f4~t

CKO~~~~D DATE ~- s5.7~ SHEET NO._.L........ OP L~.

- •



— - -“~~~~~~~~~~~~~~~~~~~
-
~
- :‘~

LANGAN ENGINEERING ASSOCIATES, INC.

~~P.LLI~~ ~~~~~PA~~~~T’~~

<r1(&
~

F
~1 ~~4ec1~~~~~5. H~th% 

~~~~*44. ~~ic~~~~p~ (T~~~~
,4,

______ _______ 
r

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
IL
~~
1)

S,e c.*Im,1 i~ikL -. ~~~~~ (T~p) -

( Crut A,34-I~. 4a~øt
L ~° I, ~~~~~~~~~~~~~~~ v~ iy- I 

~~~~~~ 
j~~~~~~ ~~4

Q = ~~~ L
-
1

~~~~

b

~

CL  4iu~ 4~(asL loa d ~~ ~4~L 9~11&J~tj  1~ I~4’C&SrM

~taa I c*6fr~, t~.rsf vvt Ca %k~~i #(~. ~~4rV( 
~~~~ L~. Adt4~ t4_Z

¶ ~~~~~~~~~ . 7a1.i. Sp;/(w~c/ ~~~~~~~~ 4~ ~ -~t- c~rztt~’(
- 

- 
&e~v

~ . 14a. 
~ 
j .
~ 

Ta6le ~~~~~~~ O~% ~~~~~~~ 
5-4~ 4

a
~ 

~~~tcs
’ 

b~, ~~~~ -~ct~ (c& ~~i.)
-

~~ 
(1j~~ c ~~~~ -

~$4~ 4~~~cgj 
~~~~~~ .( ~$&, ~ki.i~- ~~,~~~~(iit.i ~o ~~~ rrp,I4

L,.~~t. ~t4J.L.  ~~ ~~~~ (-r~.bL 
~

— 1 
~ja. ~~~~~~~

For Stc t .~ t~~& ~A3~~~ &4J.4~ C5rft11 
~~~~~~~ 

.
~t~ t~

5-IJ ~~~~ i.S

L.~&&~ ~~ 2-co

BY .______ DATE 2-1’1 ~ ~~~~~~~~ I2J~~L~ 10’P ~~~~~ JOB NO. 7~ ~7E~ ~
CKD~~~eb DATE 2 iC:-7c 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  SHEET NO._____ OF L~Z

• _ _ _ _ _ _ _ _ _ _•- _ _ _• • •-- -• •-

~~ 

•—- • • — • • •- --



“--__•••___ __ • _~ I ”  -- -5 --—----- -— - 
~~~~~~

_

LANGAN ENGINEERING ASSOCIATES. INC. J
4 .

~~~ -‘

i
- i 

• 4 , /

: 1

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

\~~~~-~~
\ ;~

_
~

\
~~~J

c~~

I

I

BY ._____ DATE fr12- ?’1 Uorr;4.~~~ ~~ t~s~~r l~.i.s_ JOR NO.____________

CKD~~-~~D DATE 2 IGlI ___________________ SHEET NO. .....�~~...... OP ~~~-



L.ANGAN ENGINEERING ASSOCIATES. INC. J

— — —i -~
.
~~~~ ~~~~~ 

0•

~ ‘a ... —
~~~~~ •5~~4

—

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

• ,5. .. ~~~

3 3 o
- J~~

. 0 ~%JP4 ‘s_s ‘~~ A”.

I

I ~Z’~~~~

4-’ ‘:~
.- 3

~~ .3k? o ~~ ~~~~
- 

~~ ~~

4— ~‘0 ~~~~ -~ ‘~~~ 
-

~ ~~~

~P ~~~9 r - r’-~~-
~~

- -. ‘~ 
~~~~~~~~~~~~~~~~~~~~• — —

~
___________________________

—5, o o o o
D 3 ~ 0

—. if’. /% Y~

-~ u’-o 1_

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

—~~~~~4 —

~~ ~~~~
-_-; 

— ‘Wi .”O 3 ~~~~~
— - - =

I

______  DATE 1-~1-?c ~~~~~~~~~~~ ?i.~iij ~~~.. )~~ JOB NO. ~~~~~~~~~~~~~ 
tS

CK DI~~D DATE 2 IC ?I _____________________ SHEET NO. OF L2.. 
—

-

i A



____ - — 

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

L.ANGAN ENGINEERING ASSOCIATES, INC.

- C’,

‘I

\ -

_ _  

H
(~2i) ~~“i1~

4) ‘
~~

_ _ _ _ _  OATE kIF4~ ~-4ovr ’~~ii.~’.. ~~(‘ JOS NO.____________

CK D4~~D DATE ? - I ~~. -7’7 SHEET NO.~~~L O P  h~~



*5- - ” -

LANGAN ENGINEERING ASSOCIATES. INC. J
2c2#Yw,if kra~~ ~~~~~

L~~~a~’ ~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~ 4&~ - ~~~~~~~~~~

~~4”L#~. £4J .4~~ 42A~&t.~~ . ~4.

~~~

L a4~~~ ~ t~. 7 4~ r t-~.

4 Ii~k, ~ 5ooo ~,r ~~~~~~~~ .c,, •
~~~~~ 

u. c .i-~~~~~)
C ait ~~~. ~ L-i ~~~ ~, V . 3 i—I

‘s’-.. ~~~~~~~~ cP-f M~~ ~~~~~~ .fr.i*-~. a~o~4

tv~ 4 -~ -h %V . ~~) I’4 . ,r4 1ctt&.i

—r k.L &AJL ~~~ ~i..c I v 4 H- .

~ e..ti-.’ • f ~~~ 
-

~ ~~ ~~~~~~~~~~~~~ ~~~~~~ -~~~~~-‘ “~‘~-~ ~~~~~~~~~~
-t 

~~I*~C* ~~~~~~ ~.t ILL kCNd..L I~ ~~~~~~~~~~~~~~~~~~ ~~~~~ ~
~~~~~~~~~ ~~~~-~4 ~~~ ~~iTc~ L~~~C~

f~ 1~vt~j $r’4 a~ I..4~s’ a.~ou~ c~r~ct •f - ~t~ U~5 • a ’f ~~-e ~~~~~~

~~~ ~~ -~cj, c L..
~ 
sLc~s’o) ~~~.

F 4.lao

- H ~~~~~ 
i 

~~~~~~~ •f . ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~
L4t) Ut) Lt~k.~ ~4rt~. (kv,s\ j *kt  ~Ac..u~) L1~(#t) ~~y~~~j 4er~~)

C~ i - 3  “.7 f~~4+.4-

I ~~~~~~~~ 
,-~7a.çi.

C~ 3- S 2—Z I I  37— -~ ~~~I- -’ 37- 7

3.7 1.q 3â’-~ i~~~
.-9~~~~

4-7 ~-4 ~~~~~~~~~

j 3 p o

~ -7~t~~ ~~~~~~~~ \~ &e~t~~*~Ia As ~~~~~~~ ~~~~ ,14r
~(o~& w~t~% 4<J eb~ lr~g..4. b’i 

~‘i

~v .______ DATE 1~~ ?j ~l o f �~-t’~’~ ?11Lzt,y
~~, D~”~-~- JOB NO. ~~~ €

CKO~~~~D DATE 2 I~~ 1~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  SHEET NO. 2 OF _ /~

—— •



LANGAN ENGINEERING ASSOCIATES, INC.

~ UMM4-i~-( a? ( hJ~1~~*P~~ A~J~’ ~FL-o~~ o~irj~-

1- ~~d~a~rM~L a~ A ~~f~J~t~& ~~~~~~~~ 
-f~~~~~~-~~

•2 .  4 F  4~
, -5

~i•j b. ~~~~~~~~~~~~ \i, to ) I(0~~ ~~~~~

(~rut.&~te.j~t .h, (O , 2~
a 54 � ’)

L ~~~~~~ \~ 4&’tJ4r~ h.~a~h’. ~4a~s. &~tU 
-

i-I {r .ç-,~.. P~~~~. ~~~~~~~ +L IOM) ~~2*’~~ ~~~~ 4~~~

ot& ~~iI ( ~~~&.j i~-~~~ ov,~A-~~ ~, ~~~~~~~~~~~~ I .~ .ft 4-~~- !MF, -

~~~~~~~~~~~ Po~c-t.rrt~L.
I . V~ r~o~—. /~ &f P~~~~ ~~~~~~ Lz..~ ~~~~~ H~~- I

‘1.. ~~~~ p~~~ k ~~1- -c(b~.) \J~ 
‘jo P~-~1~

A , .
At ~~~~~~~

o —‘-—.

O~.k4 Iuco~, ac
~~~~~~ ~~~~~~~~ U4~~ ~AM( a~~t~~c

4L~ (.~ spot ~~ t~’.t ~~ ..f..+l
~~ 

cF~
JSIM$

~1 
PVLf4)p ~~~&( ~~~~c W; t~ 

- 
-

P~~ 
4~~~’oI!. ~1. c~ • 4 I&~. r’ u~~.

- DAT E I~ °~ LSlptr It4uL1~4 f)~~~~~ ~~~~~~~~~~ JOB NO.______________
DATE 7 ~S 7~1 - 

— SHEETNO. 9 OF I-~

_ _ _ _ _ _ _ _ _  •



LANGAN ENGINEERING ASSOCIATES, INC.

i~J)ouj ~..t ~DJ/%t.Y~ I~~

I .  O.a(~r ~~~~~~~~~~ -

I- / 8~~ bi °c~’- ~~ p ;j L
•

2 
- i2”#’ ~-~4jJ1 ~~~

• 7ov t&~a~t~M ~‘r’s~ CiSSU..~L aJ ~L p~~~~ 
A~e~ 1~M~*OMJ -

~4’&. v.4d ;~
- 

- 

2 . .  
~~~~~~~~~~~

a. ~~~~~~~~~~~~~~ .~ ~~~~~~~ •~r o&Jf&2t 
~~~~~ ‘*~ £~~

‘
~
-

~~. 4. ~~~ ~ ~~~I.3

C .  ~~~~~~~~

~~~~~ _ _ _ _ _

• ‘~r fr- ’ ~ 
/‘-

~~~~~ ft.’ ~~~~~~~~~~~ -= ..q c~~a~ -
~~

il~~ ~fo-’ ~~~~~~ ~ O.7~~~(.fr
t

~~~~~~ 
‘Vt O 5 . D / 4 L  •. 0 ~~.H ~~~~, I ,�

k~1 -~ ~~ o 3 ~ I ~~~~ 
~~~~~~~~ 

ç.4.
4 ~~~~~~~~~~~~~~~~

Cr — a. .4~7 f~ 
c~

~ o:7 I .‘1r’~ ~~

I

.
. fu~.s (~~~Ø ()~~~4

a = ~~tL (7 H~’~
a.:~ I-1~~~~ ~ 1

’

~~

’

_ _ _ _ _ _  DATE ‘-~i Y (’4 ,L.9. ~~~~~~~~~~~~~~~ ~~~~~~~ JOB NO. -11~~ ~
CKDA’k’ DATE!J ±21 ______________________ SHEET NO. 10 OF_ _ _ _ _



_ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _- • _ _ _ _

LANGAN ENGINEERING ASSOCIATES. INC.

_________ ~~~~ L- I~~4~ _ _ _ _ _ _ _ _

- 

~~~~~~

2.4-i.

4-0 ~7-’1 c-z 7
(~4-c.o )3~2. 4 3 -3

~4o 0  ~~~~ ~.,.rC~c~ 22 . - I  4/ .7
4 .~o.o ‘).Q ~q.i’ ~7-c

• 1 1 ?  ir-~. 3.
~~~

.3 
-

14 .0  %1.~ .1’

r :.~
(, t o .  ‘.‘

3. C&~cc4~
0~. ,~.5-oL~c.A c4,~c~ ~~~~ s~~t 1~ o.~ ~ ‘1~~o ~~~~~

44 L*.a V~~Xi t-( JI~~A~~) &~~ I21Lt I
&5~~LI.~4%t ~~~~~~ ij ~ Ic~.. at’ C ’).’ ,

~~~~ 
-
~~ 7 ~~~~~.

~~~~ Ac.r *r  ~~~~~~~~~~~~~ 7~~.t S~4urc%C~4

4ou a-c.-fC .

V.0  
Sc

-

2t5 ,CI~

‘a6’r.
:7

BY . 1 1 DATE ~~‘ r- i1 )!v f CI I , k &  ~ 1L.. ~~~~~~~‘ • VO If JOB NO. •~1’~ 7~ ~
CK~~ j~ T) DAT E 2 .I~~-1tj SHEET NO. I I  OF ____



LANGAP4 ENGINEERING ASSOCIATES. INC.

z
~
. ~~~~ ‘s4(D~ -I-’. ~~ ~

~~~~ =~- �..~ic s2 ~ - 4.~ ~~~~

A
1~-

4.) 0
-

W i -d

4~~
~4 . Z F m A ’~~M M A $ f ~‘I

dp• — _ _ _ _ _ _ _ _ _ _ _ _ _ _

0~~ 
— —‘ — ~~~

- 
~~0 ~~~~~

-+~ 
(4 — —

~~ ~~, 0 ~~

:~~i~

4 .!

~

i Li *r ’, .”  t’~’~~~~

I ’ r~~~~A A o L r.. t
~.,*

I

• 
~~~~~~~ I’~ ~~~~~~~~~~~~~~~ _ I. A ”~

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

I
— £

0 ’  0 
~ 0 0  ~

BY ._____ DATE 1_,r ~.1ci MOV, ~~~ 
i)f 4i._ (2~~ ”-~’ f  JOB NO. 7.-~7J23 ~

CK Dm~~O DATE 1-’~~1c1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  SHEET NO.______ OF____



~~~~~

—- .--. -— •——-*-- -—--- -- .--— _- _
~~~~~*—---_ --- - —- -

5- 

-‘5-- 5- 

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

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

-

~~~~~ \ 
- .‘ , S ~ ~ 

I

\

~~~~~~~ 

_3 ~~~~~~~~~ 5, 

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

~~ ~ ~~ ~~~~~~ 

- 

I ~~ ~~~~~~~~~~ ~
-:

~/~
) 

~~
, : l .1~ . ? ~~~~~

- I ~ ~~~~ 
~ ~~~~~ /~ 

\ 

I
- 

~~~~~~~~~~~~~~~~~~~~~~~ 
I ~~~~~ /

1
, 

~~?~ 
~~ • 

~~~~~ ~‘~2A L~• 
. 

- 
. \ c . y•

~
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
I 

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

L./ ,
..~~~~~~, :II -4.

~> - \ 
\ 

— _/‘\ ~~ 2~ 
E/’ ~ ~~~~~~~ .. :~

• t -

IT

/ ( 
I ) ) 

//~~~
-_*

_ 

~~~~ 

I

1 

~~~~~~~~~~ - 
L ,~ •~~. 

.. - 1~j
’

~~~
j  

~~~



~~~~~~~~~~

~~~~~ 
-
~L~~ ‘ ~~~~~~~-I ’W/Y iWJ4~~~~~~~~J ~ ? ~~~~~~

~~~~~~ ~~~~~~~~~r~ 
‘ - - 

~~~~~~~~~~ 

i-~e~~~~~~~~~ 
ç
~~~~

,? 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-4 J~~~~
’7 • -;~

. ,-- V) If Al ~~~~~~~~~~~~~~ J 1)) ) -)i~~L \~~~ ) ‘I • 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~/~~~“~ � — -‘ ‘lxii -- 1> S ~~~~~~~ ( ( 5. 

~~~~~~ / ~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~ ~~~~ ~~~~~~~~~~~~~~~~~~~~~~ I

~~~~~~~~~~~~~~~~~~~~ l~~~~~~~~~~~ c

// J~~~~~~~~~~~~
Qi- N ~~~~~~~~~~~~ C :~c:

( 
, (~ -. - : - - 

Y I ‘
• 

~ ~~~~ ~ ~~~~~~~~~~~~~~~~~~~~~ ( Ii 1/ P ~~~~~~~ . - :)~ 
- 

~~~~~ ~~~ ~~~ ~~ 
\ ~~ 

- \ ~~~~~~~~~

.~ _
c:<__ _) ( 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
(
~ ~~~~~~ ~.: ~~~~~~ I 

r.) \

~~~~~~~~~~~~ ~/ - -- - 5.- (-• 
~~~~~~~~ 

\ - . T ~~~~~~~~~~ •; j ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I I  

~~ ~~~~~~~~~~~~~ ~~~~~~~~ ci
~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ 

J~~~~~~~~~~~~~~~ j

(1 ) 5~~T~
•
~ ~-~i/((~i) 1)i; 

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

~~~~~~~ \~~~~~~
) 

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

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
1(1~~~~~~~~1~~~ • - ~ 

- 

D*~
- SOURCE - U SGS 

• - . —I 
4 5-  

-

~: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~ ~: ~~~~~ ~~~~~~~~~ ~~~ ~

. ~~~.. _ _ _ _ _ _ _



I
4 . .

- 1

I - - i
HEC-I OUTPUT

MORRISTOWN RESERVOIR DAM

I -

J



a

0

0 Ifl -~

- H  Z

—4
I

-) 0 —4 .-.4 — 0 ~~ 40 0. 4 ..
3

40
•~ -.(~1U

o ~~ IN C 0~ - 40
.4’  .—  -

0 4  40 I N 0 % 40 3

‘0 -’ 40

0 0 ? 4 0 C  Z
4., .4 ’ . .  ~~— 4 0 4 4 .  C.3

4-
Z 40 40 3

I’I 0.5
.C 0.

3 r.
~~O 0 4.4 —4 4.4 c ’ . 4 I N m  0 0~~~ 0.

IN - I~
S . -  0 00

0 —4 ~~~~4fl 0 4’ ~ 3 ~~O
3 U O X .

40 40 5

~ 3
0 0  3 =0 0. C..

414 4.4, —4 Ci~ 4t4 0 0 4 4 .  ~~W - . C U - 4  — - 4  Z . 1 4 . .’  U3 C E —
~ - —  0 4.4 4 0 N m  2 3 3

- 40 4- 4 4 0  0.
XOcr .  40 40 0 ~~ X 0 J

0 .4.

~~~>. 0 33 ~~ 0 —4 X C 4  m 40 (N 0 4-5 ~~ IN p5-4

~. -C 3 - . 
~ 

. . .
IN 0 3 N—. r.- IN

• 4.. 0 S IN 40 4-4 40
.5 — s • 50 .0 0. .5 —CO .5

• — i~- • X .. ‘~~ 0 — “.
• I C~ • 0 Z • S

4 -~ . 4  Z ‘- Z 3 4— • U —~ r- .5
4 0. .5 cm 0.~~. IN — E- . 4  4~~ C 1 4’S 4.4 415 0 .5 C.. S
S >. 0. -S 0 Z • 3 C’ S

• S 0~ IN 0 0 -4 ~~~~~~ — 4-~ S -3
.5 3 U~~• U ‘0 4’S 5 0 4 0 4 0  .5 3 . 1 . 5

- .5 ~~~~~~ .5 40 4 0 4 0 4 0  .5 5
- ~~0 • 0

IN S IN S .-‘ (N ‘-4 — 4’ ~n .C 03 VI 3 5 < N S

— .5 • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ S ~~ S
.5 S t .  a . -

• C Z 5  • < 2 5
03 • 0 . 50~~ S 0 .Z 3~~ 0~~~’0. • 0 ~~~~~ C~ -5 = — E-. .5 = f. S N 4..
40 5 0 .U4 < 5  a U. t1~~( *  c~~IN • 4 ~~~~~’Ja  4~~~~~~~~~~4 )*  - .

S ~~~~(43 * ~~m
4-~ • 0~~? C.. S
— 4 • 0 - •

.5 — 0 5 .5 X — 3 S — ~• C~ - 0~ • 3~
-. C- • c~ ..

S -.(.~~~~~~ .5 • ~~~~~~~ ~
-

5 C.. .5 . = C.. •
— S ~~j-~~ • E—~~~ ~~ i-
f. • ~ 413 (j~ a — .-~ ~s ’  4- ~. ~~ 0 —‘ IN -‘ - ~‘ .‘ r~ IN 4-5 3 tr. cj ~ S3 .5 4 S — - . — — — — ~~ 4. I 4.4 ~ 4 5 0 ~o • •5~~~- 5 • 0~~~—a. ~~~~ • • . 3 <  a
C • C ~.3 • 5 0 . 3  •

Li 
_ _  _ _ _ _ _ _  

_



____ _ _ _ _ _ _ _ _ _  “ --— --—
~—-—--—- ---- —-•*~~~~~~~~- 

~
5 - ”

~~ZT~~~

0 - - - -
•
-• 0.

•i1

: ~~~~~~~ —
1)3 0 O O C~~

.5 0 .
4 00 0
.5 E-.
S 3 0 .0  —4
• -C
S ‘4 - U • Cl) 0 00  0
• ..~ 0 I-I 0 ..~ 0 U 0 0 03  C
• -C 0 3 4 0  3<

z o • a v 03 0 0 0 0  C
IC S 0 30
I-.
0 .C C 0  0

• Z E-’ 0 ~0 Z 4-5 mm m
US U) . . I-. 0 0 0C C

._3 0 -C
400 .C -

E-’ o 050 CS
0 uS ~~~ . -4

• 0. ‘-4 0 1 — 4
IC —fl ” 0 0 (Nm.’-

.5 0 C—’ — IC 0 0 0 0 0
5 ‘4 0 • 0 .3 .-.
• ~~~0 Z 0 0.
4 NO U • [.3
a 0 (‘- 0 Cl) 0.

.3 .5 E — O  US 0 -  0 •
0. • ‘4 0 II 9 1”-- I s 0. .30 0. 00 Z 0 0 14. 0

S E 0 0 S C M  X -4 4 - 4 40  -
S 0 -  ‘4

00 C-. - I-l 0 0. — -s — IN -

‘40  00  UI 0 0
U 0 0 3 0  0 C — C  40

fi 0. U 0 ~~~~ .
C.. IC ‘-4 .3 0 30  4.1 < N I N N  4.4

~.3 03 C-. 0. 4 3 <0  IC • 0
X E —  IC .5 — 00  .- 0 14. ~~C z C— • 0 0 40 qo  —‘ --‘ —‘ —‘

0 3 ‘COo C—. —’ 0 4 0  ‘C • Il~~~’ 0
-‘ 0. E-.0.0 40  0 • C-.0 U 0.

• ~~ <US • < I N C  = ‘C C—
-C i-’ 0. • 0 0 3 0  0 0  E-.Z . ‘C 0. 0 0
0 0 .0  • U 0. C— ~~ E- IC - 0

0. S .C 0 0 4-4 O 0  X I I  2 Cl) I-.
0. .3 S 0. E-~ 0. ‘—4 0 3< 0  00 0’  03 0.

4 0. IC 0. 0 -  0 - C  — 4 2  C - . -  03
U 5 0 0 <0  ‘4 US E— c 03.3 1)3 1(3 <0 0.0 - - . -0 4 2 0 0 — 4  Q N O  O Il) C 0 0  0 ( 5  I

0 A . O O E - . O 4 3 00 • 0 3 - 40 3 >4 0 1 0 3  4 5 0  0 .0 .
0 0 5  .5 03 00 X X ( N  0 3 0 3 -  .3 5 0 0 0 5
‘4 ‘4 0 QE -  0. 1’S 03 I Q
C— 0 -C ‘.3 Is 4.1 2 0  C-s O 03 0 00
3 0 03 03 5 4 ‘40  i-IC 2

‘-I 0 .5 03 ‘-. . 2 .  0 03
.C 0 . 0  00  30  0 0

0 - I -C 0 400 Cd 0 I-’
0 >4 0 03 m ~~

— 0 0 - 0 0  • 0. - CM Ill 00 0 0  c
- • 33 9 0.0 1130 • II N 0 3 4  1(3

3 0. Cl) 0. N U I
o o ~~~~~0 0 - _3o  C— ‘-4

.5 5 0 —4 0~~ 3.
S I-’ . 0

• 0 3 < U  4 <0 E-”-4 II
0 0 . 0  4 0 3 — 4  100 03 0 0 Cl) o 0 0 C~~• 0310 0. Z U ~ a 03 • Sm  S U 0 0 0 C C030 1))  ‘4 — 4  S = 0—4 4 4 .- I  0 ..  03 3 3 - -  SC

02  0. a 0. IC C— N C-. 0 I~ 03 0 0 0 0 C
• Z 0 ’ 4  z S N 00 Cl) 4 I N

a 03 Cl) — 4 4
• 0 — C-. -0 ON .30 0 Z 0 0 0 0 C.

0~~~ 0 0. 030  0 0. 0 0 0 C C

‘-‘ 0 00 0 3.0  ‘C ‘C
• 0 3 . 3.  0 54 i-I 0 .-  0. 03

03.I’3 Z 0 00
0 = -  0 0
2 - 0  [.3 >10 0 — r n

0. • C irs ,-, 3 .-i m ~~- -
3 1 0 —~ E 0  0
0. 0 UI 5 - .  ‘4• 00 4 0. 5. 0.

2 0  S 0 5 C-’ [.3
CM 4 U ‘-. 0.

• C—c 0
4 0. 3

0 - - z In c 4r 0~~4 03 0’ CM 5 -4 4’S 4 0
4 __3 4 C M
4 4•’i 0. — .
4 =

0 <  — - 4 — — -
~ 0 0 0 C C

— 4 — — -

- 4
_ _



__

r

4 4 4 4 4 4 4’  4 4 44 4 4 40 . - 4 4’  4 - 05 0 4- 4 0 0 0 5 05 0 0 0 00 0 0 0 0 00 0 4 0 4 . -  4 -0 00 ( ’ -  04  0~~ ,
4.1 N 4’S 10 . 4  N 4-5 4 4’ 4 4 4 115 415 115 itS itS US itS .4. .4. in us 1(5 CS 4.. N 115 1(5 ..4 4 — 415 10 (N -

4 4 N 4.4 N N I N N  4.4 4.1 4.1 CM INN I N N  N N IN N I N N  4 - 0 4 0 5 4 . 4.4. N 050 IN US
N N I N N  4 -m m  -

• 4- s’s rn rn rn 4-I’S 4’S 4- mm m m (‘S 4 4 . 5 - 4’ 4 4 4 4 4 4 4 4 4 4 4’ 4 4 4 4’ 4 4 4  4 4  4 4 4 4 4 4 4 4 4 4 4’ -
• 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 00  0 00

• 0 0 0 0 0 0 O0 0 0 0 0 0 00 ~ 4-4 -.5’ -4~ 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4’  4 4 . 4 . 0 40 4 0 4 0 . 0 . 0’0 4 D-4 --~~~~
• 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4’ 4 4’ 4 ItS US UI itS 4-. 4” N

- 0 00 0 0 00 0 0 0 0 0 0 00  
- - -

- .—s s ’s4-  4.5 rn m (‘5 4’S m m 4- 4-5 s’s m 4- 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 0 0 0 0 0 0 0 0 115 ifS ‘
- 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0  9 0 0 0 0 0 0 0 0 0 0 0  0 0 0  0 0 0 0 0 0 00  ~_S US 0 40 40 ‘0 N N 4.’ -

- S o  N 10 CS 0-4 CM 4 - 1 4 0 4 0 4 . -  0 0 50  - INs’S 4 %1540N 0 0 5 0 4 N 4 -  4.41540 NO CS 0-4  Nm 4415 40 NO 0’ 0 — I  IN 4 - 4  15- 00 0  0 .-4 .—I .-4 ‘—4 —4 - .-4 .- --4 —4 (‘IN IN 4.4 (‘4, N INN (‘ IN m m  m m m  m ms ’s  4.5 4- 4 4’ 4’ 4 4’ 4’ 4 4  4 in its 0 0 0  -
I .-4 4 ..4 4 . 4  4 ,—4 4 ,4  —4 . 4  _—4 —4 4 .I 4 4  4 .—4 .-4 ,-4 ,—4 —4 .—4 ,4  —4 4 .1 .—4 ,—4 ...4 ..4 -4 .—4 ._4 ~—4 4 4 4 .-4 -4 —4 ,~4 .4 —4 — —4 -4 —, — - -

- 0  L_S 0 00 0 C 0 0 U S0 0 0 0 0 0 0 0 0 U S0 I 4 S0 0 0 i t S 0 U~~0 US 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  4-5 0 4 -  C
4-5 40 ~—4 ‘s 0 —1 m 4 0 — 4- 4’ 0 .-4 4.5 4 0 . 4  I’_s ~~ 0 —4 m # 0 —• m ~~ 0 —4 4-5 4 9 ~ 4 C’S 4’ 0 - 4  C’S 40  — C’S 4 Q . 4  4.5 4’ C

4 . 4 4 . 4 4- 4 - 4 - I  4 - 4 4  44. 4 - 5 4 - 4 . 4 1 5 4 0 4 0 4 0 4 0  N 4.. N N 1 0 1 0 0 1 0 0 5 0 5 0 5 0 5  0 000 4 —1 -4 .-4 N N N N 4 - 4 . 5 4- 4 -  4 4’ -~~~~
-4 .—4 —4 .—4 •—4 —4 —4 4—4 4-4 —I —I — P—I .—4 4 ,—4 — -4 .—4 .--. -

N IN INN N 4.4 INN [‘IN [‘I N  CM (N (N N 4.4 (N [ ‘IN  I N N  4.1 IN IN I N N  IN INN IN N N N (‘I N INN [‘ I N  CM IN IN N IN IN IN INN IN -
0 00 0 0 0 0 0 0 0 0 0 0 0 0  0 00  0 0 0 0 0 0 0 0 00 0 00 0 C C  0 3 0 0 00 0 0 0 0  0 0 0 0 0 0  C

-‘ 4 4 4_  4 4 4 . 4 4 . 4 4 4 4 4 . 4 4 4 4 4 .  4 4 . 4 4 4 . 4 4 . 4 4 4 4 4 4 . 4 4 4 . 4 . 4’  4 . 4 4 4 . 4 4 . 4 4 4 4 4 4’

• - 0 0 00 0 00 0 00 0 00 0 0 0 0 0 0. - 4.-- — 4 - 4  .-4 ~~4 _-4 .-~ ~-4 ~ 4 - 4  -~ -‘ ~~4 _ 4 ~~ ‘-  ~~4 —‘ --~~ — - -  4 - 4 - 4 - 4 - 4 4 . 4’  -
0 0 0 0 0 0 0 0 00 0 0 0 0 00  0 0 0 0 00 0 00 0 00 0 0 0 0 0 0 0 00 00 0 00 00  0 00 00 0  -

- 
- 0 0 0 00 00 0 0 00 0 0 0 0 0 00 00 0 00 0 0 00 00 0 0 0 0 00 0 00 0 0 0 00 0 0 0 00  0 0

0 00 0 0 0 00 0 00 0 0  0 0  0 0 0 00 00 0 00 00 0  0 0  9 0 00  0 3 0  0 000 0 0  0 0 0  00  C O

0 000 000 0  0 0 00 0 0 0 0 0 0 0 0 00 0 0  0 0  C C C

0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0- 4 - 4 - 4 - 4 - 4  . 4  .4 ~~~~~~~~~ 4~~~~~~~~~~ - _ I - -  - ~~~~~4 m r n 4- 4 - 4’ 4  4’ -
0 0 0 00 0 0 0 0 0 0 00 0 00 00 0 0 00 0 00 0 0 0 00 00 0 0 0 00 00 0 0 00 0 0 0 0 0 00

• 40 N O  05 0 — (N 4 - 40 4 0  4.- 10 0 5 0  I— 4 . 4 4-  4415 50 N 10 050 ‘—4 (N 4 - 4  1(5 40 N 1 0 0 5  0 —4 IN 4 - 4  415 50 N 10 05 0 — (N 4- 4’ —4.
4 . - 4 - 1 4 C M  N INN INN N CM (1 N4 -  4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 . 4 4 4 4 4 4 . 4 4  4’ 0 0 0 0 0 0.

0 0 0 00 0 0U 50U 5 0 1fl 0 U5 0 0 0 0 0 00 0 0 00 0 0 00 0 0 0 0 00 0 0 0 0 0 0 1 t s0 US 0 144. C 4 - 4 .0  4- -
4- 40 4 - 40 4 -4 ’ 0 . 4 4 - 4 04 - # 0 . - 4 4 - 4 .0 ’4 4- 4’  0 - 4 - 4 . 0. -~~~54 ’ 0~~~l 4 - 4 ’0 . - - 4 - 4’0  C” 4. 0-’ 4- 4’

— ~~4 N IN (‘1 IN 4- 4- N N 4 4’ 4 4’ US Li IfS US 4~ 40 40 40 4-. N N N 10 10 10 10 0’ 05 05 0’ 0 0 0 0 — — — — N 4.1 [‘I IN 4- 4.’ 4- 4- -  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — —
0 00 00 0 0 0 0 00 00 0 00 0 0 0 00 0 0 0 00 0 0 0 0 0 00 0 00 00 0 0 0 0 00 0 00 00  C

-~~~~ -~~~ ~~4-4--~~~ 
-



- - 

—--__

- -- 

~~~~~~~~~ “4 ’4 -~~~ r’~ 4-

Is

1 0 N m 0 0 5 1 0 N 4 0 4 0 0 5 0 N N 0 0 4 m 4 4 N 5 0 5 0 0 0 5U S 4’ 4 4 ’ 4 ’ 4 ’ 4 4 ’ 4 ’ 4 ’  44.-I I’S4-0010400
4 [ ’ 45(5 4- 1 04 D 0 5 010 0% 0 U5 4 C 4 I N 4’ N O 0 5 1 0 N O 5 0U 5 4 4 4 4 4’ # 4 ’ 4 4 . 4’ 4 4 4 # 4 -N . 4~~ 4 -
- 10 — 4 0  .4 .-4 10 40 4’S 150 115 IN 10 N 4’ 10 4’ (‘I —4 ..4 115 N

m4so o i O O s o i n 4 4m m  INN .-I 4 4
-4

. 4 4’4 44 4 4 4 4 4 4 4 # 4 4 4 4 4 4’ 4 4’ 4 4 4’ 4 ’ 4 4 . 4 4 4 4 . 4 . 4 . 4’ 4 4 0 00 0 0 0 0 0  4
I 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0  0 0 00 00 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0  0 4 -  

IN
0 0 0 0 0 0 0 0  4. -4

4 N 1 0 4 m 4 0 ’0 5040 4 ’ 4 4 - 4  -4 -4 --4 .-4 - 4000 0 0 0 00  05
- N 4’ (N 0 5 04 0 4 04 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  4 

IN
0 0 0 0 0 0 0 0  0 1(5

(N

5 4 0 N 0 4 0 0 0 00 0 0 U S 0 4 4 4 4 4 4’ 4 ’ 4 ’ 4 . # 4 . 4 4 # 4 # 4’ # 4 . S S 4 4 4 0 0 0 0 0 0 0 0  4-
- N 1 4 5 N 0N N N N 0 0 0 0 0 0 0 0 0 0 00 0 0 0 C 0 00 0 00 0 0 0 0 0 0 0 0 00 0 00 0  4 - 5 4 -  

4-
4 4 4  0 0 0 0 0 0 0 0  445 40 -

(‘I 5 N
—

0. Q~~~~~I
I 445 ._S ItS ‘ 0 4 0 4 0 4 0  50 50 50 40 40 50 N N N N N N N N N N 0 1 0  10 0 0 0 0 0 1 0 0 0 5  05 0 5 0 5 0 5 0 5 0 5 0 5  05 050 3 54
• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~4 4 4 - 4 4.--l N UI —4

.3

‘CC-’
2

- 00 0 0 1 1 50 4 1 5  00 00 1 0 1 5 0 00 0 0 0 1 5 0 1 50 1 10 1 10 1 5 1 0 4 1 0 00 0 0 0 0 0 0
• - 4 m— , 0 - 4 m 4’ 0 - 4 4 - - S -0 -4 4’5 - S - 0- 4 m #0 - 4  4- 4 0~~4 4 ’ 5 S 0~~~4 4 - 4 0~~~44 - S 4 0~~~I 4 - 4 0 —I I ’ S 4’0

I i n 1 ( S l f lS O S o 4 0 4 0 ( N N N N 1 0 0 0 00 5 0 0 0 0 04 4 - 4 4 . - I N N N N’_ S f’ 14 - 4 - 0  
- - 

4 - 5 --4 -4 N  03 -
• _ I 4 1  ‘4  4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4  -4 I N N  IN N IN INN N IN [ ‘ IN INN N N N 3m

Q N -
= U-S

I I N N  INN N 4.4 N INN INN [‘I [‘IN N N I N N  IN [‘I INN IN INN CNN IN IN INN (N N INN 4 - 4 - 4 - 4 - 4 - 4 -4 - 4 -4 -  4
I 0 0 0 0 00 00 0 0 00 00 00 0 0 0 0 00 00 0 00 00 00 0 0 0 00 00 0 00 0 0 0  (N

N
-4 ~-I - 4 -’ —I N  - 4 - 4 -4 - 4 - 4~~~~ -4 -4 _4 4-4 - 4  — - 4 - 4 - 4 -4 - 4 — — —  _ 4_  -4 -4 4 - 4 - 4 - 4 - 4 - 4 -4 - 4 —  .-4 •_ _  4 - 4 - 4 - 4

0 .-

O N -
‘—
4-
N

- 4 . 44 4 4 4 .  N O  0 0 0 0  N 0 5 0 5 4 . 1 5  , - 4 1 0 4 0 I t 5 0 0 4’4 4’4 4 4 . 4 . 4 . 4 4 . 4 . 4 4 . 4 4’4 4 4’4 ’4 ’4 ’
4 4 0 0 5 4’ 0 1 0 I t S4’S N~~4 — 4

-4IN,-4 ,-I~~ 4
0 3 .

= INI 4’
-
~~- 1 ( 5 0 0 5 ( 5 0 0  1 0 4 4 4 4 4 4 4 4  4 00 0 00 0 0 0 0 0 0 00 00 0 0 00 0 00 00 C’sm 4’4 4-

• 0 00 0 0- 4~~4 0 0 Q 0 0 0 O 0 00 0 00 0 0 0 0 0 0 00 0 0 0 00 0 0 00 0 0 0 00  0 0

< 0 5 -
33 40

• 0 00 0 0 0 - I m_ I 4 - 4,-I 4 - 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 00 00 0 0 0  0 . -s
0 0 0 0 00 - 40 0 0 0 0 0 0 0 0 00 00 0 00 0 00 0 0 0 00 0 0 0 00 0 0 0 0 0 0 00  0

0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00

0 ItS I~-5 ItS ItS 0 05 N laS o 115 ItS 4’ 4 4 4’ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4- 4- 4- 4- (-4- -
0 0 00 0~~~4 4 . 10 0 0 0 0 00 0 00 00 0 00 0 0 0 0 00 00 0 00 0 0 0 00 0 00 0 0 0  1.. -

‘—‘

-

N O  (SI 0,~ l NC ’ S  4 1(5 40 N 005 0 -I N 4 - 44 1 540 N O  CS 0 4.14-4 .11540 N 1 0 0 50 — I  N 4 - 4 4 1 540 N 1005 0
0 0 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 5 0 4 . -  N N N N N N 4-’ N N 0 0 1 0 0 0 0 1 0 0 1 0 1 0 0 5 0 5 0 5 0 5 0 5 C S05 0505 05 0

-4

us o 0 0 115 0 0 0 0 0 0 0 415 0 145 0 0 0 ItS 0 US 0 IrS 0 ItS 0 0 0 in 0 ItS 0 145 0 itS 0 145 0 US 0 I S  0 0 0
4- 4 ’0 4 - 4 0’4 4 - 4 0’4 4- 4 ’ 0 4 - 4 .0  —4 4 . S 4 O~~~~ 4.S4’0 -s 4 - 4 0- 4 4 - 4 . 0 . -4 4- 4 0 -~~ _ s 4 C

4’ 4. 4’ 115 115 14. 115 ‘0 ‘.0 40 40 N N N N 0 10 0 1 0  0’ 05 C’ C’ 0 0 0 0 — — (N (N IN N mrs  m m  C —
— -.4~~- 5 _  — — ,.-. .-1 — IN I N N  [‘I 4 . 4 C M  CM [‘-C IN IN IN IN [‘4 IN INN 

.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘
0 0 C 0 0  0 0  C 00 0 0  00  0 0 0 0 0  0 0 0  C C  0 0 0 00  0 0 0 0 0  0 0 00  0 0 00 0  0



-
~~~~~

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

_ _ _

L
• 

•

4’

F
— t.~ 4-5 4.5 4- 4-4.54- -4 c_,4 

‘C —4 4 - 1  ~~—4 4 —
(-I 4040 40 5 0 4 0 4 04 33 0 03 0 C-’ - (-1) 4050 4 0 4 0  40 I-CC-. ‘ C i

‘C ~fl 0 0
54 .3 A. 0 0
US ((5 - - . 30
I_I I 1  N 10 0 . -- itS N — - 0 335 I 40 4 .40  05 40 0 33 (~ 0 0  0 0 0 0 C‘ - •401-1 33.— ‘ C -  0 ‘C1 0 4 4- 0’ 0. 0 .0  4- 0.‘ ( NNN N  ‘C 0.5 4 Z 54 0 N 4.- -4 14 (45 4. ‘—4 40 ‘C O  104 N ‘0 3 3 -  (154 0 0 0 . 0  334 0 0 ‘C 5—(-. 0 0.0 ~~~0 - . a -  < 0 .0. 0. (55 0 40 CS ~ I 0 23  O — 4 ,-.~~ -4 --. ,--i c4 0. 0. (-. 0 40 4’ 0.4 ‘-~ — - 40 N 0.4 0 40 - - . 30  ‘C 0 3 € —- US N - - .-4 CS 10 50 3 - 0 0350 4 - 4 0 0 5  4- N ‘0 30 0- - ‘ 4 0 — I  — 40 Q0 4 - 4-  05 (-. 0 (-. 0 C 0 0 0 0.IN IN (‘1CM .0 0. 0 0. • ‘C445 0. 0 0 0 0 ‘C i-c O 0 3 0 .I_ S — - 0 0 (-. 33 0 0

0 - - . 30  < 3 3— ItS 4’ 5 4 -  0 Z r..
‘C ‘0 4 - - - 3 3 0  02- 05115 - - 4 5 I- 40 ,-4 05 04 ItS .0 

~~ >,- 4 - 0 4 - -  IN ~ 0 3 30  ‘C 3 30  5~ 0 40 I’S (‘5 40 (~3 ‘C 0 0- - 4-I 10 4 0. 0. 0 0 .  ~~~0 ‘-4 40 0 5 3-O N 4 - 1 0  4 ‘C ‘C 1 00  00 0N — 4 N 4 . I  4 0 C-. 0 1 0  0 . -  0 0115 4 0. IN 33 — ‘C 0 0. 0 4-4 ((5 irs 0 1(5 0 1.4. 0 i~• ‘C S-I 0. - 33 33 IN ItS N C N IJS N4 C-- o 0 )c0  3 35-‘ 0 5 4- 0 33 0 .3• 0 2 0 0 1 0. — .  00 . 0 0  s o
~~~ 4 - ’  0 3 3 3 3  ‘C 4. 4.4 10 N -

~
- 

~~~ . (.~4 N 0 4’S -, C.i 0. 40 N 4- .-4 40 0 . 4 -  3- - — 0 - ~~ IN — 40 04 0  I C — IN I’S 4. 115 40 4.1 0 4-  4 4 0  0. , 0 .0  54 ~o 00— 4 0 N N  -
4’ 

~~~o 3 3 0 .c_S (410.~~~~ ~~~o .0~~~ 0.
0. > 0  00 ‘ C -  C-. 0 0  . -
(~1 0 05 10 0 10 IN 4- 0 0 0 0 0 0 0  ~

-
4 S-I 2 - - 4- 0 40 00  0. —4 4 - 4 .0 — I  r-~C’S 0 sO I N -
4 US 40 ItS 0. 0 0. --4 33 ‘_0 40 0.
• 0 ON (0 0  0 —  (IS
4 —I ‘C (00 0.• 54 54 00 C-- 

‘C N - 4  — -4 —4 ‘C 05 .0 - US 0 0 0 0 00 0  C• C-. Q 0  0 - - . 34 .5
S N N IN ( 4 1 -  0 — — — - - ---‘ .- --~~ ~~ 1.. 0. 0 0 m I’S 40 33 .--4I S  0. I’S C 50 Q 4 0~- SJ LS 0 050 . - 40

0 ‘C 0 115 - CM 05• UI 00 40 .—4
S r~S .0 40 —0 33 C’

I— . . -
4 5 N 0 —• 0 - 4-
4 03 40
• 0 0
4 4- 0

• — 04
4 40
• II II II

‘C >. 0. -
(1 ( -0
0. I-.
< U  5—

‘C -C
~~ 33 C— >
e’ C Li -C 33
‘C .-~ ‘C .0
I- Cu r.. Cu
(15 0.

S
US

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -_ 1.___ ._ • • • — - • -



- i-
~
--- 

_ _

V
4.

‘S 4-  I ’Sm 4 - 4 - S 4- 4 - 4 - m 4 - 4 - 4 - 4 - 4 -  4- 4 - 4 - 4 - 4 - 4 - 4 -4 - 4 - 4 - 4 -  4 - 4 - 4 - 4 -4 - 4 - 4 - 4 - 4 - 4 - 4 -4 - 4 -4 - 4 - 4 - ’ S 4- 4 .  ~~~~~~~~ —
—4 -4 4-4 —I —4 — .-I ~ 4 - 4  —4 .-4 .4 -4 ,-4 -4 ,-4 -4 _-4 -.4 -4 .4 ..4 .,4 -4 4-4 ;-4 —4 4-4 _—4 .-I ~ 4 .—4 —4~~ 4 ~ 4 .-4 -4 .-4 -4 1-4 - 4 - 4 - 4  -~~

0 4 0 4 0 4 0 5 0 4 0 5 0 4 0 4 0 4 0  5 0 4 0 5 0 4 0 4 0 4 0 4 0 4 0’ 0 4 0 4 0 4 0 4 0 4 0 4 0  40 5 0 4 0 4 0 5 0  50 50 4 0 4 0 5 04 0 5 040 50 5 0 4 0 4 0 4 0 5 0  .04010 40 40 .0 40
0 4 0 4 0 5 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 04 0 4 0 4 0 4 0 4 0 4 0 4 0  ‘0 ‘050 iO 50 40 40 40 ‘-0 4 0 4 0 4 04 0  40 4 0 5 0 4 04 0 4 0 5 0 4 0 4 0 5 0 4 0  50 40

‘- ‘-~~~~~ ._4 _4 . 4  ,-4 —4 4 4 4 .4 -4 ‘ 4 ‘-4 -4 .4 -4 ‘-~ ‘—I .-4 ~~4 ‘.4 -4 -4 j—I ~-4 4 ‘-4 ~ -4 .4 —4 - -~ -4 - 4 —  —4 -4

(N IN N (N 4- 4- 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 ’ 4 ’ 4 - 4 ’ 4 - 4 ’ 4 -  4’ 4~ 
41 # 4’  4 4 . 4’  4’ 4_ 4_ .

~

4 . 4 4- 4 4 4- 4 . 4 . 4 4 .  # 4 - 4 4 - 4 - 4 - 4 4 - 4 -  4- 4 . 4 . 4  4 4’  4 4- 4 - 4  4- 4 4 . 4 - 4 . 4’

• ~ .-s o 0 o in o 00  US 0415 0 0 0 0 000  US 0 115 0 ItS 0 ItS 0 1(5 0 115 0 115 0 1150 1(5 0 US 0 115 0 US 0 US 0 IIS 0 1(5 0 ~~
0 (N I(S N 04 - 1115 N O N  .15 N O N U S  N O N US  N O N  i nN  0 N 0 4 -O N U S  N O N  0 4 -0  [‘14 US N O N U S  4 -0 4 - 11 4 5 4 - 0  IN

- (‘I N C N N  4 - 4 - 4 - 4 - 4 4 4 4 0 0 0 0 4 0 4 0  40 40 4- N 4- N  (0 100 ~~ 0% 0% 05 05 0 0 00 . 4  —‘ ‘4 ‘-4 (N CM I NN  4 - 4 - 4 -  4-4 1  4- -
-4 __ _$ _ — - 4 _ _ __ _ _ _  _. * —

005 0 4-I N 4 - 4 0 5 0  N 1 0 0 50 . -I  N (‘5 4- Its 4 0 4- 0 0 5 0 ,-I IN 4- 4 0 5 0  N 1 0 0 50 - 4  ( ‘ 1 4 - 4 0 4 0 4 - 0 0 50 - 4  (N 4 - 4 -0 5 04-

(5 0000000  VS 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 00 0 0 1 0 0 0 0 0 00 0 0 0 0 0 1 0 0 00 1 0
* 0 — 1 4 - 4 0 — 44- 4 0 - 4 4 - 4 ’  0 4 - 40 4 - 4 0 4 4 - 40 — 4 4 - 40 — 4 - 40 ’ - 44 - 4 .0 - 4 4 - 4 -  0 ’ 4 4- 4 - O . -4 4 - 40 —

-. (‘I N ( ‘ I N  4 - 4- 4 - 4 - 4 4 4 4 0 0 0 0 4 0 4 04 0 4 04 - -  N N N 1 0 1 0 0 0 0 5  05 05 0 50 0 0  0 , . 4. 4  — (N (‘U N N m  4 - 4- 4 - 4 4’
_ _ _ 4 __ _  - 4 —  - 4 - 4 - 4 - 4 - 4 - 4 - 4 *  - 4 —

— ,~~~~ 4 . 4  , .-4 4 _4 ,—4 .‘4 4 4  4 ,—4 -4 ,--I 4 . 4 . 4  ,-4 .-4 .-4 .-4 .~ 4-4 4-4 ..4. — ~ 4 —  4-4 . .4 -4 .-

~ 0 00 0 00 0 00 00 00 0 0 0 0 0 0 0 0 00 0 00 0 0 00 00 0 0 0 00 0 0 0 00 0 0 0 00 00  C 



• ts..

‘ - 5 4- 4 - 4 - 4 - 4 - 54 US 4 0 4 0 4- 4 - 4 - 4 - 4 -  4- 4- N  5 04 04 0 5 04 05 0 0 0 0 0 0 0 0 4 1 5  1 1 4 4- 4 . 4 ’  4 4 4 . 4 4- 4 . 4 - 4 . 4’  4 4 - 4 . 4 4 . 4 .

- -~ _ — — 4 _ -~ .~ 4-4 4-4 ,-4 .-4 — .4 ,-4 .-4 -4 .4 4-4 4 .4 .4 ,-4 .4 ‘I  ‘~~~ 4 - ~ 4- 4  ~-4 - 4 - 4 - 4~~~4 4 —‘ — I  4 4 4 ‘~~ 4 —~ ‘ ‘  ‘~~~~~ -_
~ 4 0 5 0 5 0 4 05 0 4 0 5 0 4 0 4 0 4 0 5 0 4 0 4 0  4 0 4 0 5 0 4 0 4 0 4 0 4 0 4 0  ‘0 50 50 40 50 5 0 4 0 4 0 5 0  5 0 5 0 4 0 4 0 5 040 5 0 4 0 5 0 4 050 40 40 50 50 50 50 40 40 sO
0 4 0 4 0 4 04 0 4 04 0 4 0 4 0 4 04 0 5 0 5 04 0 4 0 4 04 0 4 0 4 0 5 0  4 0 5 04 0 4 0 5 0 4 0 4 0 5 0 4 0 4 04 0 4 0 4 0 5 0 4 0 5 0 4 0 5 0 4 0  SC 40 50 50 5 0 4 0 5 04 0 5 0 5 0  ‘0 sO

-4 .—I .-4 .4 --4 (‘4 4- 4 - 0 4 -4 0 4 0  40 1.4.115 4 .4 - 4 - N  .—4 — 4 0 0 5 0 5 0 0 1 04 -  N 4 0 4 04 0  40 0 0 0 4 4 . 4 .  4- 4 - 4 .4 -4 - 4 - 4 -4 - 4 - 4 -4 -
-4.4 - 4 - 4 - 4 - 4 - 4 . 4- 4 - 4 - 4 - 4 - 4 - 4 - 4

I
5 4 4 . 4 . 4 - 0  —.4 . 44-  ,—4 40 0S ’—4 ,--4 - 0 S4 -I i S4- .--4 0 4 0 4 .  N 0 0 5 4- 4 0 4 . 4- N  — 4 0 0 5 1 0 4- 4 00 0 4- 4 - 4 - N  N .4 — 1 000 0 S  OS C’

,-4 N4-  4 .4 4 . 0 0 4 - 4 .4 . 44 4 -4 - 4 - 4 - 4 -N N N C N N  (N (N N 4 4 4 ~~~~~~ .4 ..4 -I .4 -1 -I . -I -~~~~~~~~ 4

4 4 0 0 5 # 0 0 I f l 4 - N . - I’4
4 - 4 C M  - 4 -4 - 4

o i s 0 0 0 0 0 s i 50 0 0 0 0 0  000  0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0  415 0 0 0 1 . 4 .0 1 1 5 0 0 0  00000 0
4 4 - O N U S  4 - O N U S  N O N U S  4- O N  0 4 - O N U S  4 - O N US  N O N  0 4 - O N  0 4 - O N U S  N O N  1 . 54 - O N U S  4 - - ON  i AN  0

- - 
~~ 115 US US 115 ‘-0 ‘0 40 50 4- 4- 4- 4-’ 10 10 0 10 0% 0 5 0 5 0 50 0 0 0’— ’  ‘-4 .-4 .-4 (N (N (N 4--I 4- 4- 4- I ’S  4. 4- 4. 4. 1.4.415 115 .15 ‘-0 4 04 0 5 0  4-

- ‘-4 —4 4 . 4 -1 .-~~~-4 .- .--4 .4 ..4 .-4 .-4 .4 .-4 ,-4 N CNN N INN IN N (N (N INN INN INN (‘IN (N INN IN CN N N INN I N N

O 0 5 0 . — 4N m  4010 4- (0 U5O~~-4 (’-l 4’S 4 0 4 0 4- 1 0 0 5 0 — I  N 4 - 4 04 0 4- 0  0 50  .-4 (N 4 - 4 -I t S  50 4- 10 050 —4 N 4-  # 0 5 0 4- 10
I 0 5 0 5 0 4 0 4 04 0 4 0 4 05 0 4 04 0 4- N  4 - 4 - 4 - —  4 - N  4 - 4 - 4 - 1 00 0 0 1 0 1 0  0 1 0 0  0 0 5 0 5 - 0 5 0 5 0 5 0 5 0 5 0 4  0% 0 4 0 0 00 00  0 0 0

- -

0 U S O L’S 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 00 1 1 SOU SO I I S 0 U S 0 I I S O I AO US C
4. 4 0 - 4 4 - 4 .0 — 4 4- 4 .  0 .—Im4.  0~~~4 I’5 # 0 ’ — ’ 4 - # 0 . — I4 - 4 . 0  .-4 4 - 4 .0 . — I 4- 4 0 , — 4  4- ~~ 0 .—4 4- ~~ 0 —1 4- 0 —. 4- 4- 0

, 4- 0 1 0 0 0 0 %0% 05 0 5 0 0 0 0 — 4-4 .4 ’ - 4 N N( NN4 - 4 - 4 - 4 - 0  
• 

.-- -4 ,-. ,-. IN C N I N I N 4 -
— _- .-4 --~ — IN .—I . - I_ , _ .  ~. . 4  — .4 ,.4 .4 .—4 , 4  .4 4 N IN I N N  IN CM N N N IN N C N N  (N CNN

I 4 . 4 4 ~~I 4 —I .4 4 ,-4 .-4 .-4 4 I-4~~~ 4 —4 I~I ,-4 ,-4 1—4 — — , 
~4 .—~~~~4 —4 —I .4 —4 — ‘-4 ‘—I — ‘—4 IN N N N N N (‘1 (‘-4 (N IN N IN (N

0 0 0 0 0 0 0 0 0  0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0  0 0 0 0 0 0

-



UNCLASSIFI

S IRS ~~ITj
~~~~~~~~~~~ 

— 
DATE

2~’2 ___ ____
33 7 FILMED

_____ - 5-79
______________ ant

- - ;~ ~~~~~~~~~~~~~~



*4’

1,
C C C C C C C ‘? C r  C C C CC lit tO N ~~ 0% 0-4 N N l’% C C In itt U, itt itt ID ‘0 tOto ‘0 ~~ N N N C lit In U~ to to to tO N 0’

.3 tO to to tO to 40 tO to to to tO to to to to to to to to ~0 to to ‘0 to tO 4040 to to to to to to to to to to to to to to to to to to to to tO to t~to to to to to ‘.0 to to to to to to to to to to ¾o ‘.0 to ‘.0 tO to to to to to to to to to to to to to to to to to to 4 0 . 3  to to to tO to to tO to to

t N  N (‘4 N (‘4 N N N (‘4 N N N f’t U, ~~ -4 U, ~~ N 4% 0% (‘4 itt ~~ C N m C Itt to to N N N N Ct to -I .40 ~~ 0% 0.4 N m itt itt N itt
.4 — — N N (‘1 4~ % m I t  C C C C C C C C C C C C lit N 0% .—i~~4 .4 N N N (‘.4 (‘1 (‘4 N ~‘.t

—
— ( ‘ 4  m C to N ~~ 0% 0 . 4N  in N 0% 0.4 N Nm mm C itt C Nm 0% Ot tO tO .40 U, 11% ~~t C.4-4-4 - 4 . 4—  N N N N N N N N (‘4 1~t In 0% C C tO ~~ ON  C to NO m

.4 (‘4 N (‘4 mm .‘t i t  C if

.
~~ C C C C C C C C C C C O .-4 C C m at m to ~~ 0~ 0’. 0 0 00 0 0 0 0 0 0 00  to N l’.i 00 ~~ NO C 0 ~t NON m

N N m ~~ _i N m C C C C C Itt let lit Ut itt itt 14% Itt lit U, 44% li~ 0t N N itt U,..4 C .4 Itt ~~ N -4 N ~t
.4.~i N (‘4 N (‘4 N (‘4 N (‘4 (‘4 N (‘4 (‘4 N N (‘4 N N N (‘4 (‘4 pt to C 0% N itt N 0% ON in N to-I C

_i ..I N NN Nm m m m  (‘t C to

1% 0 In o Ut 0 iii 0 Itt 0 in 0 In 0 in 0 Itt 0 Itt 0 itt 0 Ill 0 11% 0 Itt 0 itt 014% 0 Itt 0 44% 0 itt 0 Ut 0 Itt 0 in 0 U, 0 Itt 0 Ut C U,.
‘4Ifl NON U, NON U, N 0 (‘4 Ut NON U, NON lit NON Ut N ON U, NON Itt N O N  Itt N O N  .4% N 0 N itt N ON itt N

N N to to to to 0% 0% 0% 0% 000  0.-i .4 .4 .-I N N N N m ~ t m i’t C C C C Itt Itt U, Ut tO ‘.0 ‘.0 to N N N N to to to to 0% 0’ Ct 0%
‘4 N N N N N N (‘4 N N N (‘% m (‘I m i’t mm pt mm mm rt l’t mm mm mm mm mm mm mm mm mm mm mm U, m

0.-I N m C itt tO N to 0% e .-4~~~ ( % C U, to p.. to 0% 0 .4 N l’t C Ut 40 N to 0% 0~~.IN m C U, tD N to Ot C — ~4 m C itt to r’- to at
~ . .-4 .4 -4 — ..i .-. .4 .4 — (‘4 (‘4 N N (‘4 N N N N N rt pt rt m ~t .-t m i-i m ~~‘ e C C C C C C C C itt In In itt 14% lit itt U, itt In
.4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . 4-4  -4 -4 — -4 .-i -4.-I .-4 4 .4— .4 .1.4 .4 — .4 . 4-4~~ I .4 .4 .4~~ 4 ~~~~~~~~~~~~~~~~ .4 — — 4  — .. ~ .4 - 4 - 4 - 4  .4

ft 0 Itt 0 44% 0 Itt 0 Itt 0 Itt C itt 0 itt 0 Ut 0 Ut 0 Itt 0 U, 0 U, 0 Ut 0 U, 0 Ut 0 itt 0 Ut C itt 0 Itt 0 Itt 0 11% 0 U, 0 Itt 0 Itt 0 Itt .
-~ ~ t C 0.4 ~ t C 0.4 m C 0 .-i p~ C 0 .-I (‘t C 0 .-i m C 0— 4  m C 0 .’4 m C 0— 4  m .P 0 — l %  C 0.-I p~ C 0 ‘-4 m C 0 — m C’

It  e C C C Itt Itt itt U, tO 4 0 4 0  tO N N N N to to to to 0% 0% 0% 0’ 00 0 0_ i  I.-4 .4 N N N (‘4 m m m m C C C C Ut U, itt i t t .
. 4 - 4 . 4 - 4  - 4_ __ _ _ .4 __  - 4- 4 . 4 i -_ i —  .4- . . 4

‘iN N (‘4 N N N (‘4 (‘iNN N N N N N N N N N (‘I N N N (‘4 (‘ iNN N N N ( ‘ i N N  (‘I N N N N N N ( ‘ iN N  (‘I N N N N N N

~ 00 0000000 0 0 0 0 0 0  0 000 0 0 000 0 0  0000 0 0 0 0 0 0 0 0 0 0 0 0 000 0 0 0 00 1

~.4 — .4.4 — _4 _4 ...l ..4 .4 ..4 — — .4 — .4 .4 .4 .4.4.’I -,.4 ‘4 -4  -, —I .-. .-4 .4 .-4 — .4 — — .4.4.4 — . 4 . 4 - — .‘ — .



1~
’
~

a—

N 40 m -.. ,. V i~ 4040 4(4 40 m .-4 4 0 4 0  m —4 04. ~~ 40 In’n 40 mm N N r - 4 - 4 - 4 - 4 00 0 0 0 4 0 4 0 4 4 0 4 0

IA IA IA 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0  m mm 4~4. N ( 4 N N N N N N N IN N IN IN N N ~‘l IN N IN ..l -.4 -1 -.4 -4
4.
~ 

4.0 4 0 4 . 0 4 0 4 0 4 0 . 040 4 . 0 4 0  ‘0 4 0  4.0 40 4.0 4.0 .0 40 40 4.0 4.0 4 0 4 0 4 0 4 . 040 404.0  ‘0 ‘0 40 40 40 4.0 4 0 4 0 4 0 4 .04.0 4.0
4 0 4 0 4 0 4 0 4 0 4 040 4.0 10 4.0 4.0 40 40 4.0 4.0 4.0 4.0 40 4.0 4.0 4.0 ‘0 4.0 ‘0 ID 40 40 SD 4.0 40 4.0 10 40 40 40 4.0 40 50 4 0 1 0 4 0  

V In ...4 m 4.0 .-I 40 In m .-I N m In 4 0 4 0 4 . 0  40 .-4 In O W  (‘4. 0 40 40 In (‘4 N -.10 04. 40 N ID In 40 (‘4 ( NO  ~‘ 40 ‘-‘ 40 40 (‘4 V
40 I n I A 4 0 m m N N N N . - 4 - 4 0 0 4 4 0 N 4 0 4 0 I A I A 4 0 4 0 4 0 m m m4(’~ m m I N I N N N I N N I NN N . - .—~ ~~~40 .-4 • . 4 0

1.1. 1.1 1 .4 ..1 . .4 . 4  .-I .-. .0 IN 00 4
O( ’~~m NN c ’~
~~~~~ 4 -(4

41
I(4 0 UI 40 0 . 4  40 In sO IN 4 0% 6— s.4. N -.4 40 50 UI 0 N N 40 40 0 40 m 0 N 40 ‘.4 40 40 0 4.0 (‘I 0%

—. 0 .0 40 —4 IN SON NO (‘I 40 4.4 .  — 4 N 40 0 (‘4 N N 40 ii~ m .-4 .-4 0 00 0 4 0 4  0% 40 40 40 N N N 5010 In
JI N -~~ 050 40 ..4 50 ( ‘ 4 . 0 4 0 4 0  (fl 0 N In 4 0 4 0  m N (N —4 -4 -4 ..1 . 4 . 4  ~ 4 -.1
V 004.  N In ~~~~~~m m  m IN .-4 —

— 0 4 0 4 0 4 0  (‘4.40
. 4 0

U~ 004 ’’
$ NNN
N IA

0 4 4 0  N 4.0 1004 In N N 0 04 0  m -44 0  N 4.0 4.0 In 04 In 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 -4  CI (‘4. In 0 4 0 4 0  In N
V 500 ~0 40 04. 0 .44. 40 04. N 40 IN 40 0% 40 N 40 4.0 In 40 40 4 0 4 0  40 40 4 0 4 0  ~“ ‘~~ —~ ‘
~ - 4 4 0 4 .0 (‘4. s A C  4(4 N 40 N 4 0 4 0 4 0  N -4 -4
7 4 .0 4 0 5 0 1 ( 4 4 0 4 0  ~~ (44 (N .-4

—
4 0  (‘4. N 4 0 -

.... .—I 0 4 0~~~-t $ . ~I (N~~~4~~~ 4
D In 04 ( 4 0 in 0 IA 0 In 0 IA 0 In o In o ‘no In 01(4 0 .44. 0 In 04(4 0 .44. 0 1(4 0 IA 0 .44 .0 .44. 0 In 0 40 IA

(N 141 N O N  144. NON IA N O N  .44. N O N  In N ON In N O N  IA N O N  1(4 N O N  III N O N  IA NO (N

~~ 
0 00  -4 - 4 - 4  N (4 N N (‘4. m m ~~ 40 40 In 144. IA 144. ‘ 0 4 0 4 0 4 . 0  N N r- N 40 40 40 40 0% 0 4 0 4 0 40

40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40• 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 4(4.

~~ m ~ — o~ —00—  •
.0 4 0 S D  4 . 0 4 0 1 0 1 0 . 0 4 0 4 . 0  N N N N N N N N N N 40 40 4 0 4 0  40 40 4 0 4 0 4 0  40 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 40  (N .4  ID .‘  C
-. — -‘ — _4 — ...4 4 . -~~~~ 4 - 4 - 1 - 4 - 4 - 4 - 4 -4 - 4- 4~~~~ . 4  -. 4 -~~ 4 , 4  •_4 -4 ~~ -. — - 4 - 4,-  — — -.I-4 4 . 4  N 6 4 0  ID F’.

50 40

in

D In O I A O I A O I n O I n O I AO ’ n 0 I n 0 I n 0 U 6 O I nO I n O’ n O I n 0’ n O’ n 0 I n 0 I nO U 4 0 I n 0  ~~0 -4 m 4 0 o - 4 m e o . - 4 m 4 0 o —, m 4 0o .~Im 4 0 o— 4 m 4 0 e — 4 m 4 0 O - . 4 m 4 0 0 . — I m 4 0 O . - 4 m e o  0 .~~ U4. 0’

~ 0 sO 4.0 4.0 N N N N 40 40 40 40 0% 04 0% 05 0 0 0 0 — .—i -.1 .4 N N (N N m ~~ ~~ m 0 .—~ —I — .—4 N 0. N (‘4
‘~ —1 — — .4 .—4 — — —. .~.4 —.4 — — ..-4 N IN N IN N N IN N N N IN N N N (4.4 IN 144. 0

N —

S I N NN N N N N I N N N N NN N NN N N N C % I N N( N N N I N N I NN r ’ l I N m m m m m m m m m  0
D O C D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0  40

— .-4 , ’  —I - -.4 .4 — .-4 ..l .— . — . ,  ..1 .1 — . 4  —. . 4  — 4 4 — 1.. 4 —4 — .4 -4 .-4 .—I -.4 .—4 . 4 , 4  -.4 .—. .-4 .—4 $0 (It E
u u =  I

-4 I~II..
I-’

IA
0
(N
0
-4

IA



• 
_ _____

0~~~I0 0
~~~~~ 0

Z~~~IO  0
•
•
•a
a
•
• 0
•
• 0 00 .U t  In
• 0 4..~~ N

~~ 4 144.... 141 -.
$0 W -s r- -IN Z O O  0

Z .IIl . 1 4 4 .  4 0 . .  44 40

~~ ( N .  N .  O I ANO  *~IA IA . 4 0 4 ( 4
0. 4.0

50 04.0
Ut ‘0

V
(44 0

• I.. a . —  I-. 0 0
• ~~ (‘IN 40 0% F. Ut 4(4.
a X ON N  4.00 I’ .

• Z I A .  ‘(4. . Ut
• U I 50 40 ~~ Ft O 40
a N .4 — U)
• N >4 F. 00
•
a LJb)
• — I-’ Z

• ~t ~~~~~ •—  •.~~ 4 ue’~oo
o O Z  ~~ 4 010 04 0  •

Z 0 ON (“I N -4 >4 > 4. 4  ~~ 0 IA
V O.~ X -4 • — .  I’ 4 0  X .~~IA 0

ti ~~ i . m ..i m X ‘.0 44 ~~ 0. N

~~ m r’4. ~~~ •U 0
$0 IN 4 .~ 4~~ —

U) 44
0.

X U)
• a 0 .0  ~~~~~ .— •—  4a 0 010(N  mr . 0

.0 i- Ut OsA in 0 0  -
V a F.) ’ ~~~N .  I N .  0. 01~~1. U~N • ~)in  6 4 00  4 0 0~ 0 IA

• 0. W ‘0 N —4 I 4~~~~~~I —
a ~~ — —4 >4
a U —
• -4 Z 4 0 . .
• Ut — —. X > r 4 .00

• ~~~~3 ~~~~~ .-. •— .  x
— tJ~~ ~~~05In 414. 0% 

~~-• 4 4.0 0’ 005 U) 4 4 0
Z 0 0. • (44 • 444.0 X X

N ~~~~ ON 04 0  I. 0Z 4  0
0) .440 -440 X I- 0 0%

N N Z
O X  ~~~~~~ —

40
0. — — Z

a 4 —4 IN 0
•
a
a
a
• Ft
• Xpi Ft 0
a 4 ~~~~~ ~~~~~~ 40
a F. ~~~~~~ X~~~Ft
a • 4 W 0 0  ‘-~~~~~~~ • 414.

>4 ~~~~~~ ) C F t U)  50
t~IIIt O CUt • ID

o 4 0. 0 EFI t • —. 40 a
4 F. a ..4~

.. •a $ G ~ 40~~it 1~ 0o (0 0 F~ • •~~~ ax F. •
0. 0 • 0

— F. ~~ 0 • 44b. L 0. 0tIt •
a a • i- ox  o a~~~~~ a
a • 4 0. • a ( 3  na
a • 0 . 4  Na
a • •~~~ a
a • • u  a
• • . 4 Z •
a . a 0 . Z O a
• 

• • a
a .
a • 0 . 1 0 4*

~)
—

0 — aa ~~~~~~~~~~~~

4
.4 =‘— a
0 C l — aa (I) $0 a

O 4*Ox ., .,.
~
1( aa



_ _ _ _ _

“4

a
a
a
a
a• =0  a

4 a
F.
Utz

1-40
A.
I-.

• a
a

02 :
Z 1-0  a
0 .4 0 a
— 0. .-. a
I. .-4 • Sa a

a

.4 000 3 0 Q.-ISA Z4 -I N Z U 0 . —  00 1 — 4
03 020

0. .-. 4
Z F. I-0
— 4 0 . 30

F F .Z 0 1- 0  N a
O N .

2 O X  0 1- a U—— ~ a
0. .4 U) Q  • 0.

—~ I- — 0) 44 5 0.
U (111-In
Ft

I- — 0.~~~ O 1-0  .-3Z . a 0
. 1 • 02 (OX 4 a ~4 .-. 2-

II
~~c2 O Z Z O

>4O~~~~IA 0. 0.
Ft 4 141 00 ~~4 2 0 0. ~-. IA
O F. 0. r~ 0 0 F.03 0.03 0 -~ 0 a03 I— 0 In a

141 0 Z •0. 002  0
0 ~~~~~~ 02 0. Z IA

~ (I) I-. —. a
2 X a 0.

Z ~4 2 0 a
44 0 a 0

-~ 
• g

(11 0
• ~~ • 0. a ~~ a 44 0. ~ 0 0
• .-I N • • 4 N  a ~~x •
• I 0 4 I Da  a I 0 % 4 0 a  ~~~~~~~ 4) N —
• U — Na  S U -4 N • 0 • U) —

a~~~ a a F t  a 0
4-. I-

- 04 • ..102a a . 3F t .  I-N a 0 0 2*  • 00) .
- • O 3 P> • ~~~Ft P~ a ao a
• S Q 411 5 (0 411 * ±0  •N * 4 INS 4 Na N a.4 •~~~ • ~ •

• S a . . aUt a~~~ Za  2. IN40 a
03 a 0 . Z~~~. 0.20. . 1 N  a
0. 5 0 4 4 S  0 — a  % •

• 44 I- a a. 1 a IN — aN a 0 . 1 1 14 a  0 . 0 4 . 4a  05  a
0 • 4 ZU a  a 4 Z U a  -

~.
.

— a ~~ f~3 ,-. S a 
~ 03 — a 0 5 4 0In • Q > F .a  a t O > F . a  N—4

—, a~~~ a-. a •~~~ -Ia
S • ~~~> 4 O S  ~~~~~• 0~~. Q a  • O t - Oa  03 02a >- ot~~~a a ).03~~~ a 1-2a X O .  a ~~~~~~ a 4

(4 a 4~~
.a  • 4!- . 01—

I- • a u i n a  a o m v~~.0 •o  (a  • O  4*0 • 0Z . J a a 0 7 . . a Z
2 a . 3 4 a a~~~~~ a 0
O . 0 .0  a * 0 . 0  • ~

- 141



I 

P



~~~~
-— •- • -

~~
--- --•----- • —:-- “

~~~

‘

~~ 

— — - 
—-- 

-‘--- -- -----

~~

-.—- .-.•---——-•- ‘- -•- ‘•-•--- -—- --• --- ----- . 
_
~
_•_‘

~
‘__‘___z- _ _~—-~ 

:-“
~~

‘p

N O
.4 NC’

O 0 .
I- — 4 0

• U) 1- N
a Z
• 0
• a.
a f- —
a 4
a *- .-4 I A 0 4
• 0 • N.-I
• 0. 0 IA
a ~~IO 1-U

. 40  0
A . .  — —X e  ~~~-. 544. 0
03 00  N s o ~X X  •

00 0
• • 0 0  44 INN

N N a 0 3 0 2  118 1— In
—1 40 40  a (18
IN 50 0 3 .  a 0

• a.~~ .3
4 • l~~0 3—.  0. —
O a 40. 02 5 4 ( 4

1-4 0 a p ~a 6 0 2 03 • 5 0 %
a z~~ 1— 0 In.

• • .40 4 a 4 0 3 0 3  0 .-. IN —,
• a .3 I Z  0)1- I—

N 4.0 0 0 . 1 4 1 0  4-1 4
— 40 2 .4  .3X

0 0 0 3 4 - i  A.
A . .  .3U~~ 0. —

42( 0 <m c
1- 0 3  a . U t 0 3  (‘4. -440

.30 4 1-0~~ CI) • lAm
0 .304  00 o .

• 0 3 0  0 - 0  1 (‘4.40
IA .3 2 • X ~~ i-F. 40

(‘4. .0 02 4 0 0  a oUt 4 4
— -.0 a e•  a ~~ Z —  ~~~~00 a 00

U a 0.uU)
• 0 2 0 3  NO

0 . .  5 > 4 02 . 3  IA 5N
2(0 a 400 ’
02 a 4~~~ X 0 0 - .

• • .3 IA • ro t  ~-. ‘i’m
IN 40 0 ) .  I-
-~~ 50 0.m 0 0  4 —

050 118 1 - 4
0 3 0

-0
O 0 0 C’.I~’‘—‘ O X  • 50 0’

(11 U) U) (1) (43 Cl) 143 a.- .-’ 0-. — .
• • 03 40 -. ON

F” 40 0 0 0 0 0 0 0 a 0 . 0 4  I— —~~~
4 0 4 0  00 0 a a a o 0 0 a 0 0 2  4 IN

.0 . 0) 0) 0) 0) = 40 a 0. ~a O Z 4
A. 144. IA In 144. 0 0 IA • 44 —
Ut N (1 N N In IA N • Z

., • • • . • • a XCI )  4
0 0 0 0 0 0 0 a .3
5 40 40 40 40 40 5 a ‘ O  A.

• • ._3 m a .4
N N 0 3 .  030.
I’4. 40 ~~~~~ 0) 03 08 03 01 02

Z Z X X Z X 2
40 a. 1-4 1-I 1-4 1-I 4-4 44 4 IA —

1. I. I-. I- F. 1- 0 0)
I- .114.
0) 4 (44

a
• . . • . • . . . Zo -4 IA N 0 N 0 I 1  øs a 4

.0 0 m N — .4 N 4.0 a
40 N 0 .-4 In 05 (4 4.0 a

11 0 IA m N — —I a q Z —
-I a — Ca 0. 4’

• I-
a 4
a 4 I-

ft N U) Il) U) U) (It U) IA • 02 in
- ‘ 7 4-4 4--4 44 44 1-I 44 a. 0.

i-

0. > 0. 0. 0. 0. 0. Is. 0. Z
4 2 3  1- F. 1. 1-- 1- 1- I- 0 4

5 L .3 0 0 0 0 0 0 0 I- 0.
0 0 0 0 0 C C I-
K K K K K K K 2
< 4 -C -C 4 4 4 w a
02 (11 02 02 (41 03 0.
0. 0. 0. 0. 0. 0. 0. 0 =

—~~- j -41



— - ‘ “ ‘~~~~~~~~~~ ~~~~~~~~ ‘ —~~~~~~~~~~~~~~~~~ -- -- ---

.— 0 . 0 3

* 
O<U) 0 0 0 0 0 0 0

‘004 ~~ < 0 0 0 0 000
5 0 .

40 0 00 0 0 00

• ( ‘4 .40
(4 4 5 0  0,
N • OF. U) .i .11.44. 411 00 .11

40 I. ~~ IN (IN (‘I ‘(4. N
0)0 0

x ~~00 0 0 0 0 0 0 0
40  • - Ut 4 0 4 0 4 0 4 0 5 4 0 5

F.
— .405 (4

• — 40
ON 0 0
— 4 0  40

0.
‘4 -.40 3

1- 0 0
• .4 

~
. U) ‘ (400  IA a IA

I-. 4

L 

s0 sA~~~~mr4 IN

N 4 Q i 4 0 0

1- <sO ~ IA O m r-$ .-4 .4 (N .o
— 23 150 ~-.0. F, N 0 - 1 I A 0’ I N’O

2. .3 2 ( 1- 0  Q.A m IN-I-4

3144. 4 .3 4 0  —
(I) — 40— .  0.
2 (11

4 0 <
a

4 0 1
F. 0(01. ~n . 4 0w -  m

— 0 r 40 .  IA m N .4 .- .040
• — 01 a. ~~ I ~~ ~~~ -1-4~~~-4 —4

SIN 2. 0
mID 2 .3
0 . 4  40 ’ •

4 ).meo
‘r Ut
- 0

I.’) 4 5 0
.50 2 2

— F. 0 X 4  0 9 4 4 0* I AO I N
— F. 3 0% . s  0 0 4 4 0  In 0

SA 0’ 2 0.
03 %  .-. K N 4 .4 .4~~~4

4 0 0 3
04 0  4

0

2

--4 2 0) 3  4 >
F.(0 O X~~~ 01
4 4 . 3  00 . 4  4 0 4 0 u - 14 0 m 0 a 4 .
> 40. E~~~ Ft
0 30 1 -  4 • .It S - 4 0 4 0 4 0 s -m
. 31-0  ~~ 03 Ut I0 50 ’0 ’O %0 %O ’O
2 3 U t 0  <10 •

401 3 a — ~~ a
Ill -. K a _ 4 1 —  a
— N  a Ø s 4 0 a

.114 a Cj — . N a
‘ 4 .  • a 0 3  a

IA •
0a.0,0 0 0 0 I n O I A O a  oUt a

• i— Ox  e , e , m N N- .~~. a  01 ’.’4 a
• 4 0 a ( 3  ‘a

— 4 •4  ( 4 - l a
N • a~~~ a

• • u  a
• a 4  3 6 $

4 
a 0 . R O a
a 0 — a

• . 3 . 1 - a

• a 4 4 0 a
a 4 0 ) a

— a Q > 0 .aa 0
a U t 2 . O a

2 a O F . O a
F. •‘~~~~~

.4 • 0 .  a
-~ A. a 4 )- a
—. a O I A V a
- a o  4 a

0 a ~~~~~~~. 3 - 4  a
a 2 . 3  S



_ _ _ _ _ _ _  - — - -• -- 
_
~~~~~~ tii~~

__ 
——,•-- - -- ‘,------ - •  - - -- --fl- —

~~

••• .  —

~~~~~~~~~

—-

~

-- 
_ _ _ _

A P P E N D I X  5

REFERENCES

MORRISTOWN RESERVOIR DAM

I

k -

I-
-



— ---—rn 

- 

- 

APPENDIX 5
4 REFERENCES

1. Brater, Ernest F. and Kings, Horace W. Handbook of Hydraulics 5th Edition ,4 McGraw-Hill Book Company 1963.

2. Chow, Ven Te, Ph.D, Open Channel Hydraulics, McGraw-Hill Book Company,
1959.

3. Eby, C.F., 1976 Soil Survey of Morris County, New Jersey, U.S. Department of
Agriculture, Soil tónservation Service, 111 pp.

4. Holman, W.W ., A.R. Jumikis, 1953, Engineering Soil Survey of New Jersey,
Report No. 8, Ocean County, Rutgers University, New Brunswick, 70 pp.

5. Lewis, 3.V., and H.B. Kummel, 1924, The Geology of New Jersey Bulletin 14,
Geological Survey of New Jersey rrenton, New Jersey, 146 pp.

6. Lucey, C.S., 1972, Geology of Morris County in Brief1 State of New Jersey,
Bureau of Geology and Topography, Trenton, New Jersey, 13 pp.

7. McCormack, R.K., W.W. Holman, A.R. Jumikis, 1955, Engineering Soil Survey of
New Jersey, Report No. 20, Burlington County, Rutgers University, New
Brunswick, 81 pp.

8. Minard, 3.P., W.W. Holman, A.R. Jumikis, 1953 , Engineering Soil Survey of New
Jersey, Report No. 9, Morris County, Rutgers University, New Brunswick,
New Jersey, 86 pp.

9. United States Dept. of Agriculture, Soil Conservation Service SCS National
Engineering Handbook Section 4 Hydrology NEH-Notice 4-102, August
1972. -

10. . United States Dept. of Agriculture, Soil Conservation Service, Somerset, N.).
Urban Hydrology for Small Watersheds , Technical Release No. 55, January
1975.

11. United States Dept. of Commerce Weather Bureau, April 1956
Hydrometeorological Report No. 33, Washington, D.C.

12. United States Dept. of Interior , Bureau of Reclamation Design of Small Dams,
Second Edition 1973, Revised Print 1977.

13. Widmer, K., 1964, The Geology and Geography of New Jersey, Volume 19, The
New Jersey Historical Series, D. Van Nostrand Co., Inc., Princeton, New
Jersey 193 pp.

14. Wolfe, P.E., 1977, The Geology and Landscapes of New Jersey, Crane, Russak &
Company, Inc., New York, New York, 351 pp.

Li



____________________ ~~ ~~~~~~~~~~~~~~~~~~~~

.~~4. 15. Harmony Reservoir and Dam, Application No. 151, January 1930. Specifications
(on microfiche at New Jersey State Office in Trenton).

16. Brooks, John N., Report on Dam Inspection, January 26, 1931, by John N.
Brooks, Asst. Division Engineer, (on microfiche at New Jersey State
Office in Trenton).

17. Meredith & Johnson, Geology of the Harmony Creek Dam Site, October 28,
1929, (on microfiche at New Jersey State Office in Trenton).

13. Killam, Elson 1. Associates, Inspection Report dated June 26, 1978. - 

-

19. Brooks, John N., Hydrological & Stability Analyses, February 2, 1930 (on
microfiche at State Office in Trenton).

L

LA~ ~~~~~~~~ - -


