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DEPA RTMENT O~ THE ARMY
\ PHILADELPHIA DISTRICT . CORPS OF ENGINEERS

• . CUSTOM HOUSE- ~ o a CHESTNUT STREETS
PHILAD ELPHIA. PENNSYLVANIA *9105

NCPLT N.,.. To

~APr:N-D

h onorab le Brendan T. Byrne
Governor of New Jersey 1 ¶~ SEF •

Trenton , New Jersey 0~ 62 1

Dear Governor Byrne :

Inclosed is the Phase I Inspection k’i.~iort for Cooper Riv e r  Parkway .lr
in CanElen County , New Jersey which has been prepared under nuthnrizatlo n
of th~ Darn Inspection Act , Public Law 92-367. A brief assessment of
the dam ’s condition is given on the first three pages of the report.

Based on visual inspection , available records , calculations and past
operational performance , Cooper ~1ver Parkway Darn , initially listed
as a high hazdrd potential structure , but reduced to a significant
hazard potential structure as a result of this inspection , is judged
to be in good overall condition . The spilivay ’s capacity is considered
inadequate since 44% of the One Half Probable Maximum Flood (1/2 PMF)
would overtop the dam . However , because this dam is principally a
tidal flood—control structure, the hydraulic capacity is believed to
be satisfactory in view of its intended purpose and the physical aspects
of the location of the darn. Overtopping of the abutments would not
significantly increase the danger of loss of life or property damage.

It is recommended that within three years from the date of approval
of this report , the owner review the hoisting arrangement to see if
modifications could be made to permit a greater gate opening, bo th
with regard to obtaining added release capacity and for permitting
access to the lower end of the gate for Inspection and maintenance.

A copy of the report is being furnished to Mr. Dirk C. Hofma n , New
Jersey Department of Environmental Protection , the designated State
Office contact for this program . Wi thin five days of the date of this
letter , a copy will also be sent to Congressman James J. Florio of
the First District. Under the provisions of the Freedom of Information
Act , the inspection report wil l he suh l ect to release by this office ,
upon request , five days after the da’~ of this letter .
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NAPEN—D
Honorable Brendan T. Byrne

Additional copies of this report ~av be obtained fron the ~:itiona lTechnical Information Services (NTIS) . Springfie ld , V !rpini .i , 22161
at a reasonable cost. Please al1.’~’ four to six weeks from the date of
this letter for NTIS to have copies ot the report available.

An important aspect of the Dam Safety Prograni v i i i  he the implementation
of the recommendations made as a result of the inspectien . We accordin~’Iyrequest that we be advised of proposed actions t . iken  by t ile State to
implement our reconinendatjc,ns .

Sincerely yours ,

1 m cI. V7JOEL T. CALLAHAN
As stated “ Lieutent ant  Colonel , Corps o4 En g ine er s/ Acting District Engineer (
Cy f urn :
Mr. Dirk C. llofnian , P .E . ,  Deputy D i r e c t o r
Division of Wat e r Resources
N.  J . Dep t .  of E n v i r o n m e n t a l  P r o t c c t i n n
P .O. Box 2809
Trenton , NJ 08625
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CORPS 01’ ENGINEERS ~\SS i~SSMI~~i ~F GENI :R4\ L (:osl)ITI I

This dam was inspected on 14 June 1q 18 by Louis Deri’er an Assoc ia t e s ,
Inc . under contrac t to the  S t a t e  o f N~’w .Jersey . The state , under agreement
with the U. S. Army Engineer District , Philadelphia , had this inspection
performe d in accordance w i t h  the  ‘atlonal Dam rnspect Ion Act , Pub lic
Law 92—367.

The Cooper River Parkway Dam , in lti,llv listed as a high hazard potent ia l
structure , but reduced to a significant hazard potential st r u c tu r e  as a
r es u l t  of th i s  inspec t ion , is jud~’ed to he In good o v e r a l l  c o n d i t i on , The
sp t l l w a y ’s capac i ty  is cons idered  Inadequate since 44P of the 1

~ne H a l f
Probab le Maximum Flood (1/2 PMF) ~‘o*ild overtop the dam . However , becau se
t h i s  dam is p r in c i p a lly  a t i d a l  f l o o d — c o n t r o l  s t r u c t u r e , the hydraulic rapacity
is believed to be s a t i s f a c t o r y  in v iew of I t s  i n t en d e d  purpo se  and the
physical aspects of the locat ion of the dam . Overtopping of the abutments
would not significantl y increase the danger of loss of life or nropertv dama c’e .

It is reconunended that within three years from the date of approva l n’ this
report , the owner review the’ hoistin~’ a r r angemen t  to see if c~odi fIcat 1 >ns
could be made to permi t a gr e at e r  r a t e  o p e n i n g ,  both with re~’ i rJ t -  o h t a i n i n y
added release capacity and b r  per :’ltting access to the lower end of tbe
gate for inspection .‘*nd ma intet :ance .

c ~~~~~~~~~~APPROVED : • - C ~~~ j  
______-

EL T . CALLAHAN
/Ueutenan t Colonel , Corps of Engineers

,,“ Actin g District Engineer

DATE: /~~ ~~~~
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PHASE I REPORT
NATIONAL DAM INSPECTION PROGRAM

Name of Dam Cooper River Parkway Dam NJ 00393

State Located New Jersey
County Located Camden
Coordinates La t . 3955 .9  — L o ng . 7 5 0 5 . 0

Date of Inspection 14 June 1978

ASSESSMENT OF
GENERA L CONDITIONS

The Cooper River Parkway Dam is assessed to be
structurally adequate and it is downgraded from a high
hazard to a significant hazard category . Overtopping of
the abutments would not significantly increase the
danger of loss of life or property damage . No detrimental
findings were uncovered to merit further study , either
of a structural or hydraulic nature . The only recommended
further action is to direct the owner to undertake a
study in the future to ascertain if modifications to the
hoist system could be made to raise the tidal gates to
a higher position for increased flow and improved
maintenance and inspection.

The spiliway capacity is inadequate and does not meet
the requirements of the Recommended Guidelines for 
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Safety  Inspection of Dams being able to accommodate
only 43% of the SDF. However , because this dam is
principally a tidal flood— control structure , its
hydraulic capacity is believed to be satisfactory in
view of its intended purpose and the physical aspects
of its location.
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PHASE I INSPECTION REPORT
NATIONAL DAM INSPECTION PROGRAM

NAME OF DAN COOPER RIVER PARKWAY DAM FED# NJ 00 393

SECTION 1 - PROJECT INFORMATION

1.1 GENERA L

a. Authori ty

This report is authorized by the Dam Inspection
Act, Public Law 92-367, and has been prepared
in accordance with contract FPM-36 between
Louis Berger & Associates, Inc . and the State
of New Jersey and its Department of Environmental
Protection, Division of Water Resources. The
State , in  turn , is under agreement with the U . S .
Army Engineer District, Philadelphia to have
this inspection performed.

b. Purpose of Inspection

The purpose of this inspection is to evaluate
the s t ructura l  and hydraul ic  condition of the
Cooper River Parkway Dam and appurtenant
structures, and to determine if the dam
constitutes a hazard to human life or property .

1.2 DESCRIPTION OF PROJECT

a. Description of Dam and Appurtenances

The dam structure consists of a 45 foot wide
by 156 foot long by 18 foot deep concrete base
topped by three 8 foot wide , 17 feet high by
38 foot long concrete piers; with two 45 foot
long bridges spanning between piers. ~~o45 foot long by 15 foot high fixed wheel tide
gates are insta l led in slots in the piers ,
with gate sills at elevation —6.0 feet (M.s.L.)
and with the tops of the gates at elevation
+9.0 feet in the closed position .

— 1—
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The base was constructed by first driving a
steel sheet piling cofferdam 45 feet wide by
156 feet long, with piling penetrating to about
elevation -50 into sand and gravel. The
inside of the cell was then excavated to
approximately elevation -24 and backfilled with
concrete to the gate sill level elevation (—6.0) .

The deck of the operating bridç~es is at
elevation +15.0 feet and is constructed of
four concrete encased steel arch trusses. A
5 foot wide slot through the bridge deck permits
the gates to be lifted to a level above the
bridge deck. Because the bridge sof fit is
lower than the top of the gates, the superstructure
hinders flow over the gates (above elevation
7.5). The soffit is curved in elevation .

The two vertical-lift tide gates are fabricated
of structural steel with upstream and downstream
skinplates . Installed within each gate are
nine 3 feet wide by 2 feet high sluiceway s,
with their sills at elevation +1.75 feet. Flap
gates, 3 feet wide by 2 feet high are installed
on the downstream side . These gates operate
automatically by gravity and open when reservoir
water level exceeds the tailwater, and close
when tidewater level exceeds the upstream lake
level.

I)iitially, the tide gates were raised and
lowered by screwlift hoists, which permitted
the gates to be raised to their full height.
The screw stems were attached to davit arms
near the bottom of the gates. Difficulties
were experienced in operating the gates with
the hoisting mechanism originally installed, so in
1975 , the screw hoists were replaced by
hydraulic piston hoists. They are operated
either separately or simultaneously . The
hydraulic piston hoists are attached to
lifting frames anchored to the bridge, and the
gates can be raised only a maximum of
approximately 4 feet .  A crosswalk was also
installed over the gate slot on the bridge
deck, which limits the lift height to which

— 2 —
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the gates can be raised. In order to raise
the gate entirely out of water , the hydraulic
hoist and crosswalk would have to be dismantled.

b. Location

Cooper River Parkway Dam is located in the City
of Camden, Camden County , New Jersey . The dam
is built across the Cooper River approximately
2.0 miles from its confluence with the Delaware
River. It is approximately 500 feet south of
the Kaighn Avenue bridge over the Cooper River
and 500 yards southwest of the Airport Circle
Interchange (Routes 30, 38 and 130).

c. Size Classification

The height of the dam tidal gates is 15 feet
and the conservation storage is estimated to be
2900 acre feet. Therefore, the dam is in the
intermediate size category as defined by the
Recommended Guidelines for Safety Inspection of
Dams.

d. Hazard Classification

The City of Camden Lies immediately downstream
on both sides of the Coope r River. Although
this is a densely populated urban area , much of
the development below the normal maximum high
tide from the Delaware River is commercial and
industrial.

The danger of inundation of the lands adjacent
to this lower reach of the river is much more
crit ical with regards to high tides in the
Delaware River rather than from upstream flow .
The dam was originally constructed principally
for tidal protection of the upstream parkiands ,
boat basin , and surrounding communities .

The economic loss is believed to be extremely
minimal in the downstream area should this dam
fail from upstream flooding . However, due to
close proximity of urban development; major
highways, and extensive industrial and commercial
property , the hazard potential classification

— 3—
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is deemed to be significant, within the context
of the Recommended Guidelines for Safety
Inspection of Dams. A failure or misoperation
of this dam actually presents only a minor concern
in relation to downstream hazard.

e. Ownership

The darn is owned by the Camden County Park
Commission, Park Drive, Cherry Hill, N.J. 08054

f. Purpose of Dam

The dam is used for flood and tidewater control
from the Delaware River.  The dam and tidewater
gates were installed to mitigate the daily
tide variation (4 . 5 ’ +) and lessen the influence
of maximum backwater ( E l . 9 ± )  from the Delaware
River upon the upstream parkiands.

g. Desi gn and Construction History

The dam was designed in 1938 by the consulting
engineering f i rm of Justin & Courthey for the
Camden County Park Commission . Construction
was completed in 1940. Mechanical modifications
to the tidal gate lifting supports were designed
in 1975 and installed in 1976 .

h.  Normal Operating Procedures

See Section 4

1.3 PERTINENT DATA

• a. Drainage Area

The drainage area of the Cooper River Parkway
Dam is 37.0 square miles.

b. Discharge at Dam Site

No discharge records are available. From
discussions with the owner, the maximum
observed high water occurred in 1971 and topped
the tidal gates by about one foot. The

— 4—
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spiliway capacity within the gates in a
raised position is approximately 8500 c.f.s.
(with their present restricted l i f t  capacity) .
Hence for downstream flow , it is believed that
the dam was hydraulically designed for a
discharge in this range of maximum flows.

c. Elevation ( above M . S . L . )

Top of dam (gates) - +9.0
Maximum pool - +9 .0
Recreation pool - +1.75
Streambed at centerline of dam — — 6 . 0

d. Reservoir

Length of recreation pooi - 14 ,500 feet
• Length of maximum pool - 20 , 000 feet

e. Storage

Top of dam - 2900 acre feet
Recreation pool - 1150 acre feet

f. Reservoir Surface

Maximum pool ( top of dam) — 300 acres
Rec reation pool (sp illway crest) - 190 acres

g. Dam

Type — vert ical lif t tida l ga tes (2)
Length — 156 feet
Hei gh t — 15 feet  (sill to top of gate )
Freeboard between normal reservoir and the

top of the dam - 7.25  feet (varies with
gate position)

Top width - 28 feet
Zoning - N/A
Impervious core - N/A
Cut—off  curtain - steel sheet piling cofferdam
Embankment - composition and compactness unknown

h. Diversion and Regulating Tunnel

48” 0 at the west abutment that equalizes
water level with river and cemetery lagoon
adjacent to river channel. (See 3. 1.d.)

—5—
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i. Spillway

Type — steel hydraulic gates (vertical l i f t )
Length of weir — 90 fee t
Crest elevation - +9.0 (Closed position)

j. Regulating Outlets

Eighteen 2 feet x 3 feet tidal flap gates at
elevation +1.75 (built into vertical lift gates)

—6-’
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t
SECTION 2 - ENGINEERING DATA

2.1 DESIGN

An incomplete set of design plans prepared by
Justin & Courtney dated May 1938 were obtained from
the Camden County Park Commission. These indicated
the overall dimensions of the structure . Additionally,
prints of the mechanical modifications made to the
tidal gates in 1975 were reviewed . No specifications
or any of the original hydraulic computations were
available .

2.2 CONSTRUCTION

The dam was purportedly constructed to the design
plans although no as-built drawings were available .
There are no apparent modifications,alterations or major
maintenance repairs except the 1975 hoist replacement.

2.3 OPERATION

The contract plans allowed for an adjustment in
thickness of the concrete base slab from 16 feet
to 8 feet at each sheeting line (in case the sand
and gravel stratum was located at a higher level)
It is unknown what exact thickness of base slab
was cast but the appended check computations
indicate that the minimum thickness specified is
more than adequate from a stability standpoint
(see Section 6). There is no evidence that
d i f fe ren t i a l  settlement or lateral sh i f t ing  has
occurred in the foundations.

2.4 EVALUATION

a. Availabili ty

The tide gate sill (at  elevation — 6 . 0 )  is such
that when the ga tes are closed , the lower
8 feet  ~ f the gate is submerged . The orig inal
design permitted the gate to be hoisted to its
full height, so that  it could be inspected and
maintained as needed. With the recently

—7 —
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installed hoisting arrangement, the gate can
be l i f ted a maximum of only about 4 feet ,
and to raise it completely out of water would
require dismantling the hoists and crossover
walks and lifting the gates by other means .
It was not ascertained what procedures have
been devised for raising the gates completely
out of the water .

b. Adeq uacy

The field inspection and review of the summary
of the design calculations presented on the 1938
contract plans revealed that the dam is
structurally sound except for minor spalling
and deterioration of the concrete. It is there—
fore felt that sufficient valid engineering data
is available to render an assessment of the
design although only a partially complete set
of plans were available.

c. Validity

Original stability studies and analysis are
acceptable in that conventional techniques ,
similar to those outlined in Paragraph 4.4 of
the Recommended Guidelines for Safety Inspection
of Dams were employed. In the opinion of the
inspecting engineer, additional structural
investigations are not required.

—8—



SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS

a. General

The visual inspcctions of the Cooper River
Parkway Dam took place on June 14 , 21 , 28,
and July 19. Mr. Neville C. Courtney , the
designer of the dam accompanied the inspection
team on the July 19th review .

b. Dam

In general , the dam and its appurtenances are
in sa t i s fac tory  condition . There is no
evidence of seepage ( due most probab ly to the
fact  that there was practically no head
di f fe rent ial  during the inspection period) .
Only the condi tion of the tidal gates themselves
is unknown as. the lower sections are always
submerged.

c. Appurtenant Structures

Some concrete spalling and deterioration was
observed at the concre te abutments and wing-
walls. The railing , equipment housings and
superstructure are in acceptable condition.

d. Reservoir Area

The Cooper River Lake is a 3 mile long
artificial lake following the river course
upstream from the darn , and has been enlarged
to the left of the main channel by dredging a
low lying marsh area. The minimum reservoir
level of operation 1.75 feet is established to
correspond to the sill level of the 3’ x 2’
sluice gates. Actual lake levels are dictated
by inflows from upstream and by outflows
through the sluice gates . During flood flows
from the Cooper River upstream , when tidewater
in the Delaware is at a higher stage or when
the Delaware is in flood stage, all inflows

—9—
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into the lake must be captured and held in
storage. Surcharge storage between elevation
1.75 and the top of the tidewater gate
elevation 9.0 is estimated at about 1750 acre
feet. If no releases can be made through the
tide gates and sluices because of high stage
in the Delaware Rive r , all inf low s into Cooper
River Lake in excess of 1750 acre feet would
overtop the gates and abutment approaches to
the dam.

Just upstream and to the left of Cooper River
Lake a large marsh are a was dredged and a
lagoon was formed , separated from the main lake
by a dike whose top is at about elevation +5.5.
This lagoon is drained separately from the
Cooper River lake by the drain line constructed
through the left abutment approach to the dam.
The size of this drain line is thought to be 48”
and it is unknown how flow through the line is
regulated. It is presumed that  the control is
some type of f lap  gate , s imilar  to those which
are installed on the sluices of the tidal gates.

A roadway parallels the river on the r ight side ,
passing the axis of the dam about 75 feet from
the right abutment.  The ground level of this
abutment and roadway is at approximately
elevation +9 .0 , so it would be inu ndated
when water in the lake area neare d the top of
the tide gates.

e. Downstream Channel

On the lef t  side of the dam and immediately
down stream exis ts an area which was ini t ially
marshland below tidewater level , but has
been f i l led in from dredgings from the lagoon
formed upstream. The left abutment at the dam
is indicated on the drawings to be at elevation
+12± but it is not known to what extent this
level was graded or if there is a lower saddle
across the ori gi nal marsh f a r the r  downstream .

—10—
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3.2 EVALUATION

The main subjects of concern to the inspection team
were :

a. The structural  condition of the cofferdam
shee ting with special concern regarding
unde rmining and scour .

b. The potential hazard of the dam in relation
to the bridges immediately downstream.

c. The operational aspects and maintenance of the
tidal gates and the fact  that they are
permanently submerged and cannot completely
be in spected without dismantling the new
hoist equipment.

All of these items were found to be either satisfactory
or of a minor hazard potential and the resulting
conclusiorsare summarized in Section 7.

— 11—
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p
SECTION 4 - OPERATIONAL PROCEDURE S

4.1 PROCEDURES

Operational procedures were not physically
observed by the inspection team but were explained
by personnel of the Camden County Park Commission .
There are presently no formal procedures except
for periodic inspections a f te r  storms when debris
blocking the sluices is removed.

4 . 2  MAINTENANCE OF DAM

The maintenance of the Cooper Rive r dam is
the responsibility of the Camde n County Park
Commission. Unde r normal conditions , the sluices
built into the tidegates operate automatically
by gravity and no day-to-day operation of the main
tide gate is required. It is only when greater
re leases than can be obtained through the sluices
are necessary that an operator need be available
to raise the larger gates. A demonstration
conducted during the field inspection indicated
that there is little difficulty in raising and
lowering the tide gates . The hoisting equipment
is presently being kept in proper working order.

4.3 MAINTENANCE OF OPERATING FACILITIES

Since the redesigned hoisting system was installed ,
the tide gates have apparently not been raised
more than 4 feet; the lower portions thus remaining
submerged. Therefore , the lower section~ and
bottom seals have not been inspected during the
last four years. It is not known if inspection
procedures have been instituted for periodic
examination of these submerged portions.

4 . 4  DESCRIPTION OF WARN ING SYSTEM IN EFFECT

At present, there is no warning system in effect.
Park personnel continuously monitor the are a
during storms , periods of high tide and heavy
flows. The Park Commission presently does not have

— 12—
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a formalized established plan for contacting civil
de fense and other authori t ies  bu t  always have an
operator on—si te  during storms or hi gh water  who
remains in telephone contact with his superiors .

4.5 EVALUATION

In view of the fact  that the dam is primarily a
tidal flood-control structure , l i t t le damage (except
the inconvenience of flooding a boat basin immediately
ups tream) is encountered; the present operational
procedures are deemed to be adequate. In the opinion
of the inspection team , the Park Commission has an
experienced , well-managed staff which is fully
capable of the execution of proper maintenance .

— 13—
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SECTION 5 - HYDRAULIC / HYDROLOGIC

5.1 EVALUATION OF FEATURES

a. Design Data

U t i l iz ing the Recommended Guidelines for Safety
Inspection of Dams, it has been determined that
the Cooper River Parkway Dam is intermediate
in size and fa l l s  into the sign i f i can t  ha z ard
category due to the presence of downst ream
urban deve lopment. Accordingly, the spillway
design flood was de termined to be 1/2 PMF
to PMF and the inflow hy drog raph was calcu la ted
from the probable maximum precip itation (PMP) .

Discharge from the reservoir is controlled by
the two hydraulically operated tide gates and
the 18 sluice gates . The discharge capacity
of these gates is dependent upon the differential
between the upstream lake level and downstream
tailwater level. Under optimum conditions the
maximum discharge capacity is 8500 cfs .

In accordance with directives of the Corps of
Engineers , the inflow hydrograph and flood
routing were calculated utilizing a HEC-l
program . Peak inflow to the reservoir for the
PMF and 1/2 PMF was 44 , 570 cfs and 22 ,29 0 cfs
respectively , indicating that the optimum discharge
capacity of the dam is significantly inadequate .
The 1/2 PMF was routed through the reservoir
an d the di scha rge decreased f rom 22 , 290 cf s
to 19 , 570 cfs (SDF) . On this basis , the
spillway discharge capacity will accommoda te
approximately 43% of the SDF (1/2 the PMF).

b. Experience Data

There is no recorded stream flow or tidal
data available at this site . The nearest U . S . G . S .
gage on the Delaw are Rive r is at Palmyra ,
too far  away to be useful  here in ascertaining
a maximum high tide . The highest tide observed
occurre d in 1971 and was a foot plus above the
tidal ga tes.

— 14—

- 

S

_ _ _

~~~~~~

_ -

~~~~~~~~~~

--

~~~~~~~~~

_ - •  

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

• -• • • • • • - • • •

~~~~~~~~~

•- • • • • • -

~~~~

• • ••

~~~~

• • • • • • • • - - •

~~

• •- •

~

•-

~~~

• •• - -

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

- -

~~

_--• •

~~



____  
‘ ~~~~~~

-- • -
~~~~~~~~~~

c. Vis ual Observations

The ti degates and sluiceways all appear to
be in satisfactory working order at the time of
inspection . The Park Commission gate operator
raised and lowered each of the tide gates to
demonstrate that they were mechanically sound
and in good working order. However, only one
gate is able to be raised at a time due to
the capacity of the mo tor which drives the
lifting mechanism .

d. Overtopping Potential

The spiliway capacity is i n s u f f i c i e n t  to pass
the spiliway design f lood.  The capacity would be
further reduced by tidal effects from the
Delaware River by raising the tailwater.
There fore , in most flood conditions , the water
level would rise both upstream and downstream
from the dam . The spillway in this instance
would be i ne f fec t ive  and overtopping , although
not critical ,would be inevitable .

—15—
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SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

a. Visual Observations and Data Review

Although the dam is almost 40 years old , it
is in remarkably good structural condition .
The reinforced concrete abutments, center
p ier and superstructure have suffered very
little damage and exhibit only minor cracking .
The columns at each abutment corner show some
surface spalling and cavitation , due most
probably to the brackish water conditions .

Portions of the structural steel framing and
guideways supporting the sluice gates are
rusted and are in need of sandblasting and
painting but most of the structural system and
metal rai l ing around the sluice gate chimney s
are in excellent shape , having been repainted
during the recent rehabilitation work . The
vertical lift gates appear to be in satisfactory
condition , insofar as the sections that are
visible are concerned. The f lap  gates appear
to be sound but  some were kept from closing
by small debris.

b. Design and Construction Data

A summary of applied forces for various
stability conditions were shown,in part, on che
original plans . From this , the design
procedures employed in 1938 were reviewed and
the overturning stability rechecked as
contained in the appended calculations . The
original design assumptions appear to ha ve
been quite conservative and it is felt that
the need for additional analyses is not
required.

Regarding the s tabi l i ty  of the steel sheet
piling cofferdam , the area generally

• surrounding the dam consists of unconsolidated ,

— 16—
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s t ra t i f i ed  al luvial  deposits.  The uppe r
stratum soil material  is a sand , silty and
clayey sand and sandy silt. Some gravel is
intermixed with the major soil fractions
and this gravel , together with coarser sand ,
becomes increasingly abundant with depth.

• Marine clay deposi t s may underlie the sand at
depths greater than 30 feet. The depth to
bedrock is estimated at greater than 100 feet .
The sheeting adds little to the vertical
stability but safeguards the structure against
potential scour action .

c. Operating Records

The dam has performed sa t is factory under
conditions of extreme high tide ( l97l ,for
example) but such storms provide little basis
for an evaluation of structural safety because
in most cases , both sides of the dam are
f looded. The most critical condition occurs
with a maximum hydraulic head on one side which
creates buoyancy and the greatest overturning
potential. However , the original design
assumptions are of such a conservative nature
that  even if this should occur , the stability
conditions are not critical.

d. Pos t Construction Changes

The re cent modificat ions to the hoist ing
mechani sm ha ve no appreciable ef f e ct on the
structural stability .

e. Seismic Stability

Because the dam is in the Seismic Zone 1,
the potential vulnerability to seismic dynamic
loadings is negligible , in that the applied loads
produced by earthquake forces would have
negligible effects on the static stability
conditions and internal stresses.

—1 7— 
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SECTION 7 - ASSESSMENTS /RECOMMENDATI ONS/REMEDIAL MEAS URE S

7.1 DAM ASSESSMENT

a. Safe ty

Summarizing the hydraulics of the study dam,
Cooper River Lake is an artificial pond formed
by the intallation of the study dam which was
buil t  principally to protect the adjacent
parklands from tidal flooding. The lake level
is controlled by flap gates installed in the
two tidal gates ; opening when the lake level
is above tidewa ter and closing when tidewater
rises above lake level. The sills of the f lap
gates are at normal pool +1.75 , and the lake
f luctuates daily above this level , depending
on the upstream inflow and the tide elevation.
For upstream storm inflows , sluiceway flow can
be augmented by raising the main tidal gates,
again depending on the relationship of lake
level to tidewater level. It is conceivable
that when upstream floods occur , the Del aware
River would also be at flood stage , an d that
releasing inf low volume through the gates
would not be possible. In that event , all
inflows into Cooper River Lake woul d need be
stored and a flooding of Cooper River Park
to as high as the abutments of the dam could
occur .

The Cooper River Dam can safely withstand
a reservoir head up to the top of the gates
and to the level of the abutment approaches

• without failure but would be overtopped above
that level. In this event , the backwater
level would presumably also be at about the
same level and no flood surge downstream
owing to a breaching of the abutment approaches
would occur. Any subsequent overtopping would
create little additional hazard .

The attached computations show that the
spiliway capacity does not meet the require-
ments of the Re commen ded Gui delines for

—18—
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Safe ty Inspection of Dams, being able to
accommodate only 43% of the SDF (1/2 PMF).
However , fa i lure  from overtopping would not
s igni f icant ly  increase the hazard of loss of
l i fe  or property damage downstream . No
de trimental findings we re revealed in this
in spection to render a questionable judgeme n t
of the hydraulic  conditions.

Al though , the dam is classified as an intermediate
size structure in the sign i f i can t  hazard risk
category , a 100—year frequency flood (in lieu
of 1/2 PMF ) was addit ional ly examined to more
realistically quantify the overtopping
possibility. Surcharge storage above the dam
was estimated at about 3000 acre-feet and the
100—year frequency event was estimated to have
an 27-hour flood volume of about 4500 acre-feet.
If during this flood event an average d i f f e ren t i a l
of about 1 foot was available between lake and
tailwater levels , ( with the tidegates opened)
about 2700 acre-feet could be released in a
12-hour period. Thus, the lake level would
rise only to about elevation +6.0  in this
instance which would present no undue hazard
to the surrounding environs.

b. Adequacy of Information

The information gathered for Phase I is
deemed to be adequate regarding safe operation

F 
and the structural stability of the dam,
especially in light of the hydraulic conclusions
contained herein.

c. Urgency

No urgency is attached to further studies and
it is re commended that the remedial measures
enumerated below be taken under advisement
in the future .

d. Necessity for  Further Study

Additional inspections are f e l t  to be unnecessary
as the dam is deemed to be adequate and does not
constitute a hazard to human life or to be a
danger to property .

—19—
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7 .2  RECOMME N DATIONS/REMEDIAL MEAS U RE S

a. Alternatives

It is suggested that in the future , the owner
review the hoisting arrangement to see if
modifications could be made to permit a greater
gate opening,both with regard to obtaining
added release capacity and for permitting
access to the lower end of the gate for
inspection and maintenance .

b. O&M Maintenance and Procedures

No additional procedures other than those
currently in e f fec t  appear to be warranted in
light of the above assessment.

—20—
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— CHECK LIST
HYDROLOGIC A NT) HYDRAULIC DATA

ENGINEERING DATA :
DRAINAGE AREA CHARACTERISTICS : A~ea = 37.0 Square Miles

ELEVATION TOP ~
)RNAL POOL (STORAGE CAPACITY) : +1.75 (Above M . S.L)  1150 1~cre feet

ELEVAT ION TOP FLOOD CONTROL POOL (STORAGE CAPACITY): N/A

KLE VAT ION ~AX IM~Th~ DES IC N POOL: +9.0 (M. S. L,)

ELEVATION TOP DAN: +9.0 (M.S.L.)

CREST:

a. Elevation +9.0 (tidal. gat-es in clpsG—cI pQsitinn)
b . Type Vertical lift t-ithl gat-c~sc . ~idth 3 Feet
d . Length 2 ~ 45’
e. Location Spillove r Stream Channel Cmp~.r Piver
f. Number and Type of Gates ~~ hydraulic aates

OUT LET WORKS:_____________________________________________________

a. Type 24 x 36 inch Slulce gates( b , Locatj on_ 9 in each hydraulic lift gate
c. Entr ance inverts  +1.75 (~Ix’ve M.S.L .)
d . Exi t  inver ts +1.75 (1~l w i  M..S .L.)
e. Emergency draindown facilities None

RYDRO~~TtOROLOCIGAL GAGES: ___________________________________________
a. Type Ncze near dan~ ite
b. Location
c. R e c o r ds  _________________________________________________________

MAX IMUM ~ )N -flAMAGING DISCMARGE- ~~~~ c.f.s.

__  - - • -• ••



r i ~~ I~L-.o;ici~ lf LOUIS BEAGE R & ASSOCIATE S INC SHEET N0 ~~~~~
CH ICO . BY.... DAYC ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ PROJECT~~~~~2~~
SUBJCCT_.. Q12 i L l  .~~LYJ~~L

- 37 ~
~~~~~~

“ 
c~ ~a~’r’

~~~~~~~~~~~~~~ ~~~~~
- cI~io,~~ q& 

qp ~ ~ (-r t;I~~~~ c X- 2~~-~C ‘Y~ ‘ ( C  ~! I~ 2.1

i~~ Z £,,,, ,‘..,/ ~ , e~ ~~ ~~~~ 
4 1~~~1’~

,- Sa
L’ i I

/ 4c ? ~.4’ ‘?.~1I ‘~35 o
2. 6~ /Z~~

4
~~ 

S O ?  / 7 3  3.0~ 0- 3 2 ’
3 76 ,~ .6o 2 / 2- 2 - / 2  £20 1. 4/

4’ . ~~ ~~~~~ / 7 5  9 4 ~/ ~~~~ s~~o 7.z~
� 9-~ j ? ,~~ /. c3 3.07 / 7~~~ 1/ 70 2~~~~O

~ /00 /‘P. i i  1, 3 $
Iit ,. �3 /~~~ 2/ /J - 2L~

c’ /‘ corn.~e,i/rcJ ik~ -

/e ’y .”h ~~ I~i~~urg ’ -
~

,Y- E4~~ •7 , i  — I ~

7’ ~~ •fl�

x 7 1 ?  Ao~ir..s

/0 1

-

- 
-
~~~~ 7~~~. C  )<‘~7 - 2.~ 4t~~~~ ~~~

- - -

7; ~~~~~

• ~ 5~~~
.. 

~~~~~ 

- 

-

V 2.

-C~1C~~~

_  _  5------ ~~~~---~~~~~~~~ --•---- -5------ --• • -- • - ••



- - S —-- -- ---—
-----

~~~---~~ - • • - - - - - - -  -5- - -~~~---•--5---• - ~~~~~~~~~~~~~~~~~~~~~~~~~~~

- -  ~~~~~~~~
-

- - - - - - - . 
- - i 

(io—~5) 
-Purow~ of R.clwnatt n

DERt/ANOW OF DIMFUS’~ONL.FSS OR AN~LI}P 1JNrI RM’}4

~~~~~ 

~~~~~~~~~~ 
.~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~

-
- -~ - _______________

Un it ti~ u, t~~~~~~~L_ 
_ JIr~. 1a~ ~~~~~~~~~~ / 

g r.rs. t5, ia.g + ~

~~~~~~~~ m i. lAW 
(~~~~~~~

T’

~~~~~ch , ~. 26 .89 1 ert~a) ~~~
Crp. by _~~~~J~’l Ck. Ly 

— _____________ I~~tv 
—

~

~ 
D1is~nsiun1ea~ Q

- 
8 ordiraato cf 8Hour s (!~ ) 

~~ 

t~ ~
‘ I~ F_j~~j

_ _  

t6 
-- 

_ __ _ _  _ _  _ _

~~Jii I_J.2J _ _  _ _ _  _ _ _ _ _

2~~~_ 
~~~~~~~~~~~ ___ 4 --~-____ _ ~~~~~~~~ —____ —___

— ~~~~ j_ — /; — _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _

- — •J. — - 
-

~~ ~~ 
_ _ _ _ _ _ _  _ _ _ _ _ _ _

•~~a~.Q_ _ ~ 2~~~
g_ ~~4.L —______ _ _ _ _ _ _ _--

_ _ _ _  JQ /~i2~ - - - - ~3216 - 

-

4 - _ _ _  L~~~_ 
14.L_ . - _Z-�71 _ _ _ _ _ _ _ _  

- -

&__ ~
_ .L4L~

Q__ 1/~~L_ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _

____9~. • •  JI� - 8- 4 / 4 7L_ _____ ________

—~ _ _ _  — 
17L.__ ~~~~ ~~~~~~~~ —______ _______-

_ _ _  _ _ _ _  _ _ _ _ _  5-

i2~ .._ ._2LL._ .~ •~~~~~2. ~c�i —_______ — _______

- Is 
•. 

_ zai_~~ _ 2~3~~~~~~. ~~~J _ _ _ _ _  _ _ _ _ _

___ ___ - 
lit__ i _~~__..._~.qL_. _______ 

— —
4 

5 

/.( 2.~~4 ‘. ________ _ _ _ _ _ _ _ _  ________

- --—. -- 
-ijz _  ._o. _ _ _ _  ___

/ 
_ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _

j 7 - - ~~~~~ - ~~~~~~~~~ ~~~~~~~ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _

- /9~_ — 2LL~~~. — - ~Q .  - - - — -  - - —_______ _ _ _ _ _ _ _

—— pg 
- - _.._2~f . • _ Q ~ ii.... ~~~~~_. ____ _________  ____ —-__1

~~

._. _i~~ - ~~~~~~~~ .~~~~~~~~ 47 —___ _ _ _ _

‘LI __  ~~~~~~ _ _ _ _ _ _ _-

- _ .3 L ~~~ _
~~-J! _~~. -~~~~~ __ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _

_2~1_._ .~~~~~~~~~~ - -  ~~~~~~~~~~~ 2~6L_ _______ _ _ _ _ _ _

ZL _ 4 2~ ~~~~~~~~~ _j~ ___-____ _ _ _ _ _ _ _

_ _ _ _ _  

_ _  

_ _  

I



-
~ 

• • ~~~~~~~~ - •~~~~ ~~~~ ç~~P 7~77.r-,7F~~$;f 
— -

- 
i’lIIS PAGE IS BEST QUALITY PDJ~CTIC.A.BI4 A ?‘

~ ~~

~~~~~~~~~~~~ 
—-~~~~~~~~ 

- - --,.- ~~~~~~~~~~~~~~~ - ~~~~~~~~ ~~~~~ ~~q~~~~
- 

~~~~~~~~~~~~~~~~~ 
—
~~~~~~~~ 

— -—-- __________

_ _- ~~~~~~~~~~~~~~ ~~~~~~~~~ ~~J E L f ~~~.~~ ~~~ _ _

0 ~‘.o ~- o - a-, a-/ fl2 02 a;’ oy  6k3 ~

/ 0  01 ~~~~ ~~~~~~~ 1’ ?  ~~~ /‘~~~~ / .3
20 1.8 2-a 22 2~~ 25 3 /  3-3 j i:’ J~~ ~~~~ 

-

30 1~~ 1.8 ~i~~~/ ~~~~ 58 ~~2 ti ~~ ~~~~~~~~ 72 7.~
‘~~~~~

, ~ o ~~~~~~~~ /0-0 /‘-l /46 /13 1/7
f’O /2~~ ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~o~~ ,‘~:1 47 / 0  i~73 ’ /79 ,,8~r 

~~~ //5  / i7 /7~~1

70 / 92  /7 q /7 ” / ,‘- .9 2o6 2o2 .2~ 3 20-./ 24f ~ ..2 ~~~7

80 20~~ J~ ~ 20 ~ 21-0 2 / 0  20- ? 209 2. 8  20.2
0 2~. 7 ~~~~ lo. ,- 20. ~ 2o- I l.A 3 202 .20.1 20.0 /77

L~~ —!~~& JZ~~~~ /~2 L/fJ ~~~~~~~~~~~~~~ t8L J!L Lf~i. _L~.L
I/c ’ / ~~ ‘-i’ I “ .1 ~~-‘ /6- >~ /~~ / 61 / ~~2 40 /5:7
/20 /5:5: / 5:2 / 5:0 /4.7 / 1 i- - /1~ /10 /38 / 3~~ /31 -

/ 30 /,.Z /3.a / 2g /26  / 21 /22 /.~~
0 //8 //6 //5~~

/10 /1.3 / 1/ ,‘o.~ /0-7 / 0.7 /01 /0.Z /0-0 77
L~2~ i~~ 9.1 [_~~~~~~~~~_~~~~~~~~~~~~~ L _(

~~Ti ~~~~ _ _ _ _

/ / o  ~!/ 8o - 7~ 77 75- 74 73 [ 72 7~~ I.7~
/70 ~-S ~~~ 6-1 i ~($  ~4 62 6-1 6o 5:?
,‘öO 5 7  5~~ i

’i-’ ~~2 i;~i j
~~ .i~o 1~i-~ •17 -11 ‘~“

~~~ 745- 
~~~ ~~$ ~~2 12 -IJ -

z~~~~!~~~~ ’ ._37 .  3-. i.i 3Z - .~ 0 s 5 & ~ ~~~~ 3--L. ~~~~~~
2/0 j - 3  ~ - J.2 32 -‘./ 

- 3.0 i.0 ~~~~ 2~~ 25 ~~-6~
220 2 ~ 2. 7 .~6 2 .~ 25- 25- 2-7 24 .7! !j
230 23 22 .22 2-2 2.1 2/ ) 2.0 .~o 2o / .y jl
2-10 /.~~ /~ 3 /~9 /6 /7 ~ /7 /7 

- 
‘
~~~~ /~ /~~

~~IT0 _,
~~~~z & :  t~zL ~’.~ ~~~-~: ~~~~~~~~~~ /3

~z6O / 3  / 2  / 2  / 2  / 2  / 2  
- 

/2 / /  //  7/
770 1,1 / o  I 

/0 /0 7~-’ to CY 07 0.?

260 , 0~~ ~~~ • 0-~ ~c 
~~~~~~ o-~ ~~~~~~~ 

-
~~~~~~~ ~ n

27o (77 0 7 (7-7 I 1~ 7 (7.7 0.7 ~~7 ~ 
ç 0~.( e’6

~ ‘o e’-( o-~c ~~ 
} cc ~~ o~~ o~~ aj  o~i-

311’, ~~~~~~~~~ 0-’ ~~~ 
(
~•5 ~

-
~ 7

_ ,;./ ç~4 ~~~
520 04 0-7 ~~2~ i -~~ ~~-‘~~~~ ~~~~~~~~ ~ 2 - ,1 0-~~ 0—’ 0-9 0.9

330 0 - 1 5 c ~? (73  0 ? . 0 3 ~~~~,~Z 3  c- ~3 0.3 0.3
(73 1~ 

I ,

L~~~~ ~~ 4’~ ~~~~~~~~~~~~~~~~~ ‘- Z ’  ~~~~ -T -- -~ . ~~~~~~~~~~~~ ~~~~~J 0 2~~~~~ ’2
3~-::~7 ,, 0.~~ 

a.;~ 0~~ ’ ,-:; ,, (1~~~~~ a’~-~ 2 (7-2  ~~ 2 0- ..Z ~~~~~~~

.370 0..~ £2.1 C l  (7
~~~~~ 

01 ~~~~~~~~ (7.,-~ (7,/ ( 7/  0/
~
‘
5 /7 c’1 0-I C.! 01 0/~~ 0/ 0-1 0/ 0.1) 0/

C / ~ 
~~~~. ‘ 

~~ / 1’ / (-‘ /~ ~ (-‘. / I 
~~~~ 

/ (1 / 0. / 0.1

~~/ 1 0 (1 /
~~~~C/  (7/  / 2 / 0 / (‘ / ~ / 0 ’

0 / 0. / ,7~, ~ / ( -, / ~ ~ / 
• 

0. / i~2 / (7 /

-/.~
, a 0- I  il. / 0. / / - / - 

5
. / ~ .1 (‘.i C./ 1/

° / ‘
‘ ‘ r~uSr~G E I ; s E s I QukJ~IrY I’~ ~~~~~~ --

~~~~ lUI f~r~D-v ~.i rt- uy ,—ti~.rit .,v~ r.~-,fl

- -5- -  -~~~~~- - -_- - -- -5----5---~~~~~~~~~~~~~ - - -



- - - - - -  —~~ 5- - 5 - - - - - ~~~~~~~~~ 5-~~~~~~~~~~ -- -- - - - -— ~~~~-— -
~~~~~~~~~~~~

DATC . LOUIS BERGER & ASSOCIATES INC. SHEET NO- .A  4
CHICO. BY_ — 

SuIJECT. 5 Q E~~~~~4~~~~~~~~~~~~~f fj t . Q,y,T8~~~

L, 1_A~4 ju te A~~. raF l NCD 
~Y 

rP4~~ T~ui ~~H( #‘J I1OQP~ F~,Z~-p-1 r~r~ P11D~-’4 ’j N f

OF EX ’ - t ~Cc ~AiIUFA~.L.~ 73 7~~ 1~WW oF PeAk DIS~ HAEqs.! .
I.. , L~c4 7i~-~ Ac. DGc~IJ6-O B~ T~~ Eu~ e4~

j op ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘~~ ~ u?o’-’ Tp~ c.eç’i - J
OF t4~¼L ~ F s pJML~. To Th~ GSpJV& ~. O~ f1/,~,$ ~~~ ~~~~~~~~~ 

-

I

~~~~ i~~ ~~~~~~~ 7~ (/1.9 L PRc,,.i i~~ c,~.j ,,c oie,,/lA - 

~~.v&ii~ ~~ 7c

- t # i J -

£C.~ L. I.S - -  APP1O~~,/i47~c.’/ 0. 6 7 -

~~i~,4pvu’~c.$ oF D&~~ t1,v,,~~ 1. (SAc, ) th’ a(’R&AU OP Z564./$’74470*) ~~. F-1N,TIoiU ,

- 

- - 

- . ,. L m i 0~(Pii,~, WHePE D 7~i lTtfc’ -~u7~~ &~~.. øp 7~:
- - - ~ .R� 2- - -  - ~~~ . -

~~ E SC4 c j IEAg. ~~~ T ,~~~ 1O4P,4~~l c~~~ ~~ ~~~~~~~ fty F,.~sj- i~~~- ,  ~~~ —

0i~~ I fIImP4 SV L1 (L..44) i°L~~~ ~b 4C7~~~~~ / ~~ /AJ4 Z~’fr, ,jX6~ Q Y /~~~~J 
YAl,~ N

p - 2

14L.y..T~’PL/C ô ~ Y £AC8 A/~SC/~CA (bY m~o~J /3y ~~~ ~~~~~~~ 74’cN ~~~~~~
),i 1f

~~44 /4aV~~S~~~ Q/ ~,N4f~ F~sR 7~~C ~~ft I6/J ~ Qc~ M1~~4t~~ P/-6F1 7~~~ P#2gI/1~2Qs~ .Y

- 

~~~~ ieevhj~ D $C~~ Cu4&.’~iLIN&.’~f2 ~~~~~~~~~~~~~~~~~~ ~~~~ (cô~’v 4fl4~~~ ~
)

- - - a~~~74/AJ Q MI ~~ $ FOi~’ ~E.4C i-I C~eD,N.4f~ ‘w .. i~~~ Y ~~~~~~~~~~ s*~~ ’o&u~~~~~~ o ’i ia~~~~~

- LY - A F’4~7bfc. o~~~~~&.Y~~ Toe ~ve

- - Z6.9q ?(

mis PAGE 1$ BEST QUALITY PRkCflCA~~~
71*~)M ~ 1kY FLrL?~ISH~D TO D~ Q ..~~~~~~~~

i.—

p 
.

- - - - -

~

--- - - -- - - - - - - -_  - - - _- - - - ---------



S 
T

sy~~~~~~~~~~~~~~~~~ ..~~_ oATE ~~ ~ ~ ‘~? tU013 ~tK bL K ~ A~~UUA1L~ INt 
~~~E~~T NC) oi~2.~

CHICO •Y DATE - —‘ J”-•( ’ ~~ / 
PROJECT

- ‘~~~“ 7~ 
) -  

‘ - 
-. -~ 

- - - - -

- 

- - - 

—

THIS PAG~ IS BEST QUALITY PB.&CTLCWI~
-- - 

~~C~M cX~PY I J USk1~~ TO DDC ~~~~~~~~~~~~

~~~
— : - . -

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

‘
. 

—
- - - - - 

-- 
1?, ~-# ~~.

. 
~~ 

- ‘ ~~ / ‘~ . -~ -I - - 1 ,—, 
— f ._-_ , / 

- -— 1--I - - -- - 

~ ~~~~~~~~~~ 

,5e- 
~~~~~~~~~~~~~~~ ~~ ~~~~~~ •/ ~~~~

ç 
- /  ~ ~~~~ / a t ~ -’~

i /_
~-

‘F: ’ -

~~ 
- C/ (

~i.I 1~v~
’ ~~~~~~~~~~~~~~~~

I 
~~~~~~~~~ ~~.d i *  —

~ - i/ :’ ~~~~~~~~~~~~~~~~~
-I.-.

- : 2 .— - 5 . ~‘c - - - : .i~~, :  I

- ; 
e’.7a c- ./! ~~~~~~~~~ O . / 3  ~~~~~ € • • ‘~~ - 

-

~~~~ .~~~~~~~~~~ . 
(~~~ - - -

- 

~~, ~
. , (  

/ ~~~~~~~~ l

~~~~~~ ~~ 7 ( 7  /~~/ 3c. 7 7 /~ ,a~~~~i /~~~~~ 3 /  5~
/ -

~~
I ) L_  i2~~, ~~~~ ..r2~’ ‘J .~~1 / a a  

~~~~~~~~~ /~...7y
~~• -_ 

~ 7~7 3C3 /4/9/ 2~~~-~ ~~~~~ i173 717

~~ ,~ ‘ it ’ ~~~
- ‘ -

~~ ~~~~~ ~~~~~~~~ 
2 7 7 ?  ~~~~~ ~~~~~ 97~.

~~~~~~ 0~~~
— ~~~~~~~ J ’4/ ~-’ 7 / ) ~~ ~~~~ 

d~~3tJ ~ - / 72 7
/ ? ,

~~ 
�.-~~3 ~~73 //~‘3 ~~~~~ 3 (,çi l.,I qga~.jsJ f/ 7.:~ /2 s?

6~ / ;> ; . - . ~~~~~~~~~ C.— 2 3  ~~~~~~ ~~~~~~~~~~~~~ -~~ ‘.~~H c-~~ ~3/(,

7 . 2  
-, I / 3 72 2 7/. 

- 
~~~

j , -ifl .. i’/ G3 I / ~ 7) 
—

~~~~ -~~~ ,/ •  
~~~~~~~~~~~~~~~~~~~~~ — ~~~~~~ 

-~~~~ì 
~~~~~~~~~~~~~ c

ç .~- / ~~.‘ 
- i- , - - 2 ~a —

— -
~ - - 

- - - - 
(__

~ I -
-/  

- 
‘

~
- / I 

- / -

- -
. 

- / ~
- -

~~~~ 

-

~~~~ 

~ C ~~ ~~~~~ ‘~~~‘ ~~‘-/ -~~- -- - - . ‘~~ ~ 2C7

‘

~~~~ : ‘
~~~~~

-
~ 

~~~~~~~ £~~ ~~~~~~~~~~~~~~~~~ 4~~2 ’. ~~~~~~~~~~~ 
/- .,~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~
‘i-e. ‘;-1 - ’~~~~~~~-4

- - 
‘

I .~

.
4_ 

r 

- 

.. - - 

,_ t .~ _ 
—

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

ç Y~) i~; ~~~~~~~
c- ., ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~; - ‘ - - - c  /j ~~~~~~~~~~~~~~~~~ ~~~,t ”.5  . , a .  

~~~~ ~-~‘ ‘v~ - ~c --’~ L~~~~-~ ~~~

A~ 
-
~~,e  j :  / / - 3 . ~ C -~~. - ‘.r ~

-
- 

~~~~~~~~~ it - ’  ~~~~~~~~~~~~~~~~~ ~. . - 2 -  — ..~ •: .~ ~~~~~~ ~~~~— , ‘ - ,  i:- ..( ~~~~~~ ~~
-

-
- - - ---- - - -  

_

~~~~~ 

-

~~~~~~~



—5 
- :~~~~~~~_ ~~~~~~

5-

BY...~-gP-- DATE~~~~~~~ ?~
’ LOUIS BERGER & ASSOCIATES INC. SHEET NO,4~~

CHICO. BY . DATE 
~~~~~~~~~~~~~~~~~~~~~~~~~~ PROJECT

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘~i~~~/~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~ (/~ . Vr/ ~ ~~~~~~(i~~ -i J ‘I~~~~~

-

N mis PAGE IS BEST QUALITY PB&C?I~’-~~~
7BX~1I ~~PY FUE~USki~~ TO DD,C ... ....—

-

~~~

N

-
~~ 

-
~~ 

it

~~~~~,

- 
_/;;- 

~~~ ••
~~~

_
Q —

7’ 2~~~j - —, j, ./.’ ~7 
~
11L -“;

~~
-‘ -

~~
-
~~
‘ ‘~T

—

~

--- _

~

—

~

- - --- - - —- - - 5--- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~-- -



-~~ -5- — — ~1 
-:i 5- — —--5— -

I -  - 

A7 -

- C~*ic 7 4re~n~. ~~~~~~e%tI ~Ip Q IG .)t e~4 - 
it

\ 

-

0\
- \ 3- \ _

it. ‘-
F\\

- \-
\ - 4

0

\ - 
-

- 
- - -

i t - - 

- \
it-,

\

_II
a 

4 ~1 
_

_ i t- _

_

~~ISCP~M~~E CF.S

_ _  -5- -- -



r

DATE g 
~~~~~~~~~ BERGER & ASSOCI ATES INC. SHEET NOCHICO. BY . DATE 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ PROJECT C~~~~? 
-

SUBJECT ~~~~~ ‘-‘---~ 

a 
~~~~~ J - _ ~~~~~ - 

-~~~~ ~~
. 

~~~~~~~ ~~~~~~~~~ . . .
-

H’ .

‘~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~~~~ ‘~~~~~ ~~- ~~~

/~,,,fA ~~~~ ,~ 
~~~~~~ c7PO

~
.’,,J 

~~4,., -
~~~ /

‘
_

~
_
~

(.~— :  /~~~~~~~ -~~
-

~~
-/ 

~~~~~ //~~/? ?~~ C~~~~~~~-t,i ~

€1

,‘

22 Sc, ‘o,?70

2 / , o’l
/1 i~~ ’ocD 2 7, ’ f - ~~o)

UALITT ThIJ~TIC~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-5- 5---



—
~
- - -V..—- ~~~~~~~~~ ~—~--‘---v ----- 

~~~~~~~~~~~ —~~ - -- — it T -  - 5-—’ ~~~‘I~~~

Coopc.,~ R 1~~ ~~~~~

___ 

1:
THIS PA~~ ~~ ~~~~ QUALITY P?ACflC-~~~~
1~ )M cX)r~ k~ki~~~ TO ~~Q 

~~~~~~~~~

\

\
N\

- 

Q I I

‘9\
\ -  

- 
-

- - - -  - - - 
- - it 

- - - 
- I - -

I Iacre fee4

_



1!1II~-I1~B~’~ ~~~~~~ —

BY .~~~~~~~~~ DATE~~~~j  ~ LOU I S BERG ER & AS SOCIAT ES IN C SHEET NO~~~~~~~~~~ OF -CHICO. BY . DATE 
PROJECT~~~C~SUBJECT . 

-

~~~~~ 
cQpo. c . t ty

“
~“~~ 

~~~~~~~~~~~ O~~ 0 ~~ ~~ i 2. o
~r ~~~~~~ 

(
~~ ‘ L _

{
~~~ r

Q ~~i. 9 o  ~~ ce~ -~ 29cc Q~r~ 
‘

~~~~~~~

~ ~ 4 -  I 75c ((~~~y (
~~ e~~

~ ~
( 2o a 

~ �4o c’c~~Q 
~i- ~ -o ~~~~~~~~ ~~~ 

I Oj~~ ,~~~- ;

4 S4~,-c q~~ x 4~~~T.;~~~~~

2.
J~iofl~~J S-vt pt~ CC cLi~~ ~~~~~

) 
~ 4~ ~~~~~~~

~~~~ ~~ r
- cPs

0 0 3~~ O
S 52~~ 6I ~ o

7200
7 / 7~~O

, oq l o
q

10 2/~oq,
i i 32~~o 2?

,
~~~~rOo

tTI

~~~~ ~~~~ IS -rn--——.

YU’~t~.



_ _ _  - - -5 - - - - — -—- — —- —---- - -- -5-- 5-

BY .~~L~~~~~~~~- oa y c .r.:~~L LOUIS BERGER & ASSOCIATES INC. SHEET

CHICO. B Y L L O A T t .!! ~/Cq..L IL-~ :~ PROJECT -~~~~.~~
ç ~~~~~~~~~~~~~~~~~~~~~ ~L _ -~

_
~~~~ 

- , 

-

k c~ p g~p-y C~4E CK 4 1- E L -  2 4 o  -

_______-____ -- - - _____ - - - 

~~ ~~~CTt~~~~
T1~IS PAGE IS ~ 

___ 
~~~~~~

YROM ~~~ 
yu~u~

- ,

121

!~ ~ 
_________I IL J i 

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

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
:~i 

-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~- - 0 

~~~~~~~~~~~~ - i t  Ii- -

~~ - I
.
.) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~

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

-.
5 

_ _ _ 1?_ -
- e ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - t _ cI —z4.b j

~~
- 

~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~
- - -: -

-

- -

I - - -.

—---—- -1 - —  )

_ _ _ _  -~~~ 

-
--

.

____  -
- 

— 
-
___ _~ I

I~~-~

1 . ~~~~~~~~~~~~ --

‘~ • u it’ - 
— 

-
— 

— ‘ it 

~~~~~~~~—- 5-~~~~~~ ---- -~~~~— -- — 



r ;
~~~~~~~~~~~~~~~~~~~~

5- 

~~1flu1S BER~ & AS$~ttATES mc - 

SHEET N~~~~~~~~~~~~~~~2I 1
~~~~~~

F CHICO. BY . L 2 ~~~OATE~~~~~~11 
- 

PROJECT~~~
SUBJECT _ P ~- L i I~LY~ L~

THIS PAGE IS BEST QUALxTY P~.&Cn~A~ a 
-

~~F’i ~~~~~~~~~ Q ~~Q . .

~ - 1 L t. ~~ I) - 
it . it

_ _ 

it -

/ 1- 

~ 
~~~~~~ i-

/~~ zc ~ i “/--

~

/ C-~~--- /

~~~~~

r ~~ 
‘ - :  

i’
- -  .: :~~~~~ i t . 

~~
- ‘

I 
3

F- - ~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~ : H 1 .
’

. . ~~~~~~~~~~~~~ it

2

j~~~~1 (1. ~~~~
- ‘

~~~~ ~~~~~~~~ ~~~~~~~~~~ I~~: ~~~~~ 2 l C ~7- - .~~

4

~~~

_ .-~~~~~i _~~~~~
’ • t u -  , ‘ — _ _~~~~~~~

‘ :

r

- - 
- 

-

- -  _

~~~~~

_ 
~~~~~~~~~ ~~~~

- . ‘ - I L~ 
— -

- w [  
. ‘ 4... !~? — ~~~~~~~~~~~~

- -~~~~~ ---- - --~-------- -5-----—----—5---- -  —5-- ---



_ _ _  — ~~~~~~~~~~- --~~~~~~~~~~~~~
--—

~~~~~~ 
— - - A-!”, DATE~~~~~t2S LOUIS BERCER & ASSOCIATES INC. SHEET ~~~~~~~~~~~~~~~~~~~~~~~~~~CHICO. BY . - DATE - ~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~3JECT_~~0~1PAJ~ ~~~~~~~~~~~~~~~~

iôr,~i c~~~ac- :-
~~

7 
‘

~~~ ~~~ p ~ipj .i~ ~ — F J)~~~J~) S rc~ £AM

— ‘~ -2~~3

~ 2752~~ / L’~~rr-

12’s ~~~~~ + ~~~~~~ F 9,OI~~x2 7—I)’2 x&~~~

27~ 2~
; t% ~ c )Z~~ T.

I 
-.

‘ i i
V EL -24.

QUALITY
T.I4IS PAGE IS~~~~~~~ ~~ ~~~ ,.., ... 



DATE LOU IS BERCER & ASSOCI ATES IN C 
_ _ _ _ _

CHICO. BYI_~L..DATE ._ 1l ~~~~~~~~~~~~~~~~~~~~ PROJECTS 

~~ECT I-~~~JI~~~4p/1j,YSi~

- .
-
~~ 

V~~ T/c ~~ F~~ cE S

c~) 
~~~~~~~~~~~

I i t i  
it 

- 

I/~~- 
~

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~
°

IL1~~ ±. 

- - 2 ‘I  ~5’ I -

I~~ - I7.~~
’x i ~~

’ 
t t ~~ I ~~

2o 1’
I’ ~ / (

~
‘
~~~/& ‘ 

/ (~~~
,
~~~~~

‘ -
~~~(i~~~~ ) - f :67 .~~ ,

- -

~:3~~~,

= --

L&. 2 (~ r ~~ I- 5- 
1 ~~

- u
I 

~~~~~~ 
- 

- 
- i S  t 

- 

i i  ~

_  _ _



~~
— 

LOWS BERCER & ASSOCIATES INC _ _ _ _ _ _

CHICO. BYi~~~L OATE.~~.~~ ..2L ~~~~~~~~~~~~~~~ 1~2~J~
_ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~
— ~~~~~~~~~~ ~~~~~~DAi~~~ L1 ~~~~~~~~~~~~~ -.

THIS PAGE IS BEST QUALITY 
FBAC?IC4~~~

FBIC)M (X)?1 £~i~USH~~ TO 
DDC _. _. ..-

ri - 
- : - - 

— - , 
- - r - • 

- ~
- 

~~. it

(~
) (_ it~~ 

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

~~~~ L/ ~~~~~~~ 4 ’f ~~~~ q

‘-~~ ~—)
ç~4 - t  A2~~~~-

U ~~~~~~~~~~~~~ L ’ I ~~~S~~~~~ E s i s~~

1 1
1— - - - - -  

-

~~

- 
I

t

_ _  - 

-

~-) ~~~~~~~~ ~~~ -

/~~-, -j  ~
i t i

it 
:-~~~ (5~~ 33~ -~~~~(it ’) : - 

it

- - 
~~~u

~~~~~~~

(~ -~~ .
• ~-L u:cj-~T ~.- -- ~~ - - -

~~~~~~~~~~ 

/ 

~~ 

‘

~~~>~~~~
-
~~~~~ ~~~~~~~ 

Vi ~~~~~

L ~~~~~~~~~~~~~~~~~~~~~ - ___ -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5- 



‘
~ 

~~~~~~~~~~~~~~ DATE~%~~?~~. 
LOUIS BERSER & ASSOCIATES INC. SHEET

CHICO. IY.LI~L...OATE~~~~~2& . ~~~~~~ PROJCCT .~~~~~22~~ 

~~~~~~~~~~~~~~~~
THIS PAGE IS BEST QUALITY PRLCflCABI~K7 O A ~COPY FURNI SH~~~TO DDC - -

L’.~ C’-c L’-~I’~1 nit - ~~~~~~~~~~~~ 
- - .? t 12it r:~

;
~

-it 1

I- -
_
~ I -

~ a2.~~-it ~Q-~~f~

~~~~~~~

~tO•tt~t~~,j~ ~T~J -

- ~~~~~ 
/~~ - uI./1

~ 
40 b 

~- ~$ t ~ /-4-~ 
- ,  

~~~~ ~~~~ ~‘ -Ji -~~ -

S~~e4 P’ )‘.i ~~~~~.

Levi~~~ ’ ~~~~~~ ~~~~~~~ .~~~~~~~ f-. C ’  31 / ‘l~- ’C

• - -3, ~~~ ,/ .‘~ (-‘~~~~~~~ . : -  1’ - 2.~~ 5. I!-” --
~

W J ~: ‘ .-
~~ L c. ; -  — - - - u-

~ 
r.Lr~-~ — ~2-3 . 9 , . 

~ X / ç  ~ ‘~ - , ‘ ‘

~/~~
._ -  

-r 
•~~~ Z ~ / •‘;

i /  / _
~ - L I

it - k =/ i I - / .. / f • • , •~ 
- - 

~ 

—

~~

-
_ 

~~~~~ -

2.
~‘2 I

(1L-’D  2~/ rT .

1 & r . L ~~~~~~~~~~~~~~~~~~ ( 1  ~~‘ i/ ~~

( 

5-’~



r—--- —-,-- 
‘

~~~~~~~~~~~

5-

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

‘ — - -  _ _  _ _

~~~~~~~~~ OAT E..L~~tL LOUIS BERGER & ASSOCIA TES INC. SHEET
CHICO. BY.. DATI.. ... .. L~~~~~~ TLD 1 ’ PROJECT ....C j~~~~4USJECT �~?!~~ ~~~~~~

- 

THIS PAGE IS BEST QUALITY P~W~-flC*$I~
7I~~I4 ~~PY F JRNZSH1~ TO DDC ~~~~~~~~~

~~
- a- - ’ ’  PaI~cE~

(i.c~it Clu ~ -4-~._ 1
~
’
C - ~- ~~~~~~~ ~ ,- ., -~ 

-
f ‘i_it ~~~~~

it • ~~ ~~~~~~~~~~~~ ~~~~~~ •

- 2-4’~ ~ 
-

c~,c ~~~~ ~~- i . i t .AJ(~- I a k/ ~~~~

- - ~~~~~~~~ ~
( 

~~~~~~~ ~ ~ I~rtt p.JL, 1 ~.O ~/4

E ‘~T t ? ) C 1~~~L7( 
- 

~~~~~~~~ ~~~

155 k/, ~



IY LX
~~~~

:oA TE ..~~~
72 

5- 101115 IER~E1 & ASSVCtA rt~ ‘~ SHEET NO ~~~~~~~~~CHICO. BY,..~~~.._ DATC - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -_ - PROJECT~~~~~_~~~~h 

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

THIS PAGE IS B!ST QUALITY P LCTW.AIB~4 it

7ROMc*~PY F1JRi~ISkILD1’ODDC —

~~ ‘ u ~~~i~~;I- - i i  ! ( - -~
---‘- ‘

~~~~~
_ r~~ ) I . ’ 

I: ,  ‘
~~ ,

-
~,)

it_~~~~:t
-
:;

•*4 t .404/I - .

_  -

_______

-- ~~~
- -~ 2 ~~~~

5--
--- 

- - - 
it 

, 4’s’
lIt

33~ 7~

- ~~~~ ( ~~~u~~~( ’, ’ 
~~~~~~~~~~~~

‘-/ , - -

4 

- i

- - 

~~~~~Z7.L- V . -
-

H 
_  

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

2? t 1~~ ~~~ I

ZZ~i~1~~i /
C.&.w ~

_.y3- c ,itt ( o#I,)~ 
I.~4 ~..EFT Or



DATE g.. ~~~~~~ 
WUTh DCfltJ I R UL1AltflJf ~~~~‘- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘I

I’
CHICO ~~~~~~~~~~~~~~~~~~~~~~ - PROj ECT.. ~~~

L r :f L

~

L1

~

-

~

.. 
-

THIS PAGE Is B~~T QUAIIITY ?MC?Z~~~~
FROM (~)?Y FUR~ilSI~~

) TO DDC ..-

it’

1rTh1 rr~
— ________

s—.

_ _
~~
J___

— - , — 
~~F On1

i fiCroe. 0çr 
~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ ~~~ ~

- 
~~

X (~z~ .’i-i.~ ,’) - 

-F. 3. — —------— —---—-- - -  - - - - - 9~~~L
z.51. c

~5 g/%~
f1

~~~ 327.~

it 

~~~
T ) O V V ~ 317~h~ 2— 3Z 7 .~~

~~~~~~~~~~~~ t T i’ CI~~ R~~~t-4
t_ T~~r - r  ro, c~ = .._—— 

- 
-~~

V g
~
y
~

- - i t

-- 
~ u - - .~~ ~~~~~~ ~~~~~

- --0. G ? ?~ R~~ wr or

_ _ _ _  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



—-5-- —— ~~~~~~~~~~~~~ -— - - — -

OATE~~ ~ LOUIS BERCER & ASSOCIATES INC SHEET NOCHICO. BY Qh... DATE ..a:~~~75 - 
~1’ PROJEC1- c” - ; /?

THIS FAG’! IS BEST QtThLITYP &CX~~~~~
~~~~ 

—
~~~~ 

— -
~ I 

~~~~~~ I F MCOPY FtJR24ISH~~
I’ODDC 

~~~~~~~
-

~~~~\ ? /
~~~~

_ i t _
_ 
I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ L f i t  ~~~~~~~

— 
~~~~~~~~

- k ,,J,
~~ 

- 
-5- — ) —

NO u~ L tFT ~ PLr~~r

F” 
~~~~~~~~~~

3~B(~ fr~J .

- 227,. 
it - . . it -

- 

p

it- —



-- —- 5-- -- —-- —5- ----- - - - - ,-- --—--_- -- - ---------5-—-- ------

DY . Uj, ~ OAT, LOUIS BERC ER & ASSOC iAT ES iNC . SHEET NO
CHICO. BY~~~ L~~ oATE a:j~:.zq i~f~t LL! ~~~~~ 1:: - PROJECT 2.~ L. 

l_J. ,tLL~.~_ _ LJ__, ~Jj j.j L_ ~~~~~~ J L J !~~ 

C’,
.c-r /1BIL1n’ CII L Ck_ AT ~ / - —

THIS PAGE IS BEST QUALITY P f l~J~~~
FROM GOPI FJRKISH~) TO DDC ...~~~~—

(~~~~ 3.. A d  -r~~ *~ o ~~~~~~~~

_  

ThM 
- - 2- 

~~
,~~~~~~~~~ ~~~~~~~~ ~~/ f O

- ________________
~~~~~~~~~ 

-

~~~~~~

- -.

~~~~~~~~~~~~~
. 

~~~; 

- 

- 

-

_______ - ~~~~~~ ::: --
~~~~t~~ ~-

i i  r ~~~~~ 
i

A

-‘ I
it /

1, - t 
‘ 

- :

_ _  

/-
~~~~~~~~~~ ~~~~~~~~ ~ x ~~~~~~~~~~~~~~~~~ ~6u~ ~~f i t I

t

3~u 1t/ ~ 4 t

~~~~~ i-~- : 5:Ju.Lf l_ 
~~~~~

- 
~-~1~~11 -j —

~~~~~~
---

~~

, 

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

-;, u~~ ~~~~~~~~- .



—— 5 - 5 -  5-——- 5-it ——5-----~ 

oATES~~~l&.. LOUIS BERGER & ASSOCIATES INC. SHEET NO,A,2.2 OF
CHICO. BY . DATE 

— PROJECT~~~~~~ Zz~~~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

THIS PAGE IS BEST QUALITY F LCTW.&BI&I -
it

FROM COPY FURNISHED TO DDC
r~ EM rr-~ ~~~~~~~uRE$ (CC, t~~~~

//~ ‘

~ ~~~~~~~~~~~~ 3 o ~/ i - ;~ 
- 

-

~~~~~
= 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ s& ”4.~ ~~~~~~~;

~ i7 ’x~~2-~ ~~~~~~ ~ 17 ’ ~~ G ’ 7  - . ~~~~~~~~ E ~ V3 .67’

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

~~~~~~ uJSi u-~~~ ~~~~~~~~~~
-

~~~~~~

-I t~~sç—~ F~,

I i  J~u

“ - -



r r i~ ~~~~~~~~~~

_ _ _ _

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

_

~~~~~~~~

-
~ 

B Y L ~~ DATE LOUIS BERGER & ASSOCIATE S INC. SHEET
CHICO. UY~~~. .. DATE —  PR JECT~~~~~~ -~~.~~~~

it ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

PAGE I-S BEST QUALITY PI~&CXILCA~$

FROM COPY FI.JH2~IS~~D TO DDC ..... -
~

- ~~~~~~~~~ ~I I b ’ J T~~L P~~Ef,S~-&~~E

-
~~ .~~~~~ 

—

=

/~~.-, 
k/1,,14

~~~~~~ Z-c~’7 
-
~ ~~ s /-I .rcl.O 

~‘-‘3.67 
— 3’~ / Z & 7

_ _ _— -. 

- ~ . 9 ?  F~-. 

- - 
- 

it

L



it 

~~~~~~~~~~~~~~ -~~ 
it 

- — —5-- -—

- — -—— - - -~~--- -5-- -- --5 _- - --------- ,- -~~~~~~—-- ---5- _ _

~L4

BY..J~~~ ? DATE 8:1~, LOUIS BERGER & ASSOCIAT ES INC. SHEET NO.J424’O,CHICO. BY _.. ___ DATE 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — PROJECT 

THIS PAG! IS BEST

~~~ -M ~fl it

~ i t P~~~~~~~~~~~~~~
fl) ~/ r ~~ ~~~~~~~ ~o,2~ES,

~~~

I~~Efl c~~

~—,o

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

~~~~ ~~~~ ~~~:. ~~~~~~
f :  ‘

~~~~~~~‘ . /~,
it
~~
41

= 2f;~ o)~ ~~~~~~~~~~~
~~~~ 

~~~~~~~

VC rc~

.i~ 
k/~~~~~ 

~~~~~~~~~ ~?.25~~ / l,-~~

I- 
-

~~~~ ~~~~
it 

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

~~~~~~~~~~

L _



r~~~
r v  

~~~~~~~~~~~ 

_ _ _ _ _ _ _ _ _ _ _ _

UY._~~~ .S~~~~~~~
__ DATE~~~~~~L3.S. LOUIS BERGER & ASSOCIATE S INC. SHEET NO.A2~~~~o,CHICO. BY............_..DATE . I L I ’ L t  PROJECT - t _

~~~~~~..~~~L~~L 

THIS PAGE IS BEST QUALITY? &CTI~..M~L~
FROM CO?Y FURNISHED TO D.DC _. .~~~~~~ —

~~~~~~~~~~~~~~~~~~~~~~~~ ~~ -#-/ r OF I

G) W~ + o-~’ 
~~~~~

~ 5e P~’E6’ro~~ Cf t U rJ -~:,~’5~

— 
- U -

~ ,I. 
~~~ Z-~~6 I I- .-~ 

- - ---
-

~~~~~~~~

it 
- _- —- r .

i tL~~~~~~I ~~~~~~~~~~ k - /  
- - 

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

~~~~~~ C’2 
~~~~~ ‘ u- -

it --

ii ‘~~‘ /~~ ~~~~t -
, 

f
’ / - -5u’ ~~~~~~~~~~~

_ _  - -— - - - -5--—---- -- _ - ~~~— --- —it-— -



r
BY~~~~~~~ oATE~~~~:2~~~ 

LOUIS BERGER & ASSOCIATES INC. SHEET NO 4ZjOF,~~
CHICO. BY ...._..._..DATE ~~ LL L’EC..T.L~L~~_ PROJ(CT~~~~~ : -

SUBJECT ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

THIS PAGE 1$ BEST QUALITY PBLC?Iet~j~TO1~Z~Q .~~~—

~~~~f u u ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ t~~O VC ~~ 5

Co~~~~ f~ ~
0it~vìct~ hoit  -~ .Zb I~.

a4~ ~ c~h~#~- Q~~~~a,,L 22- ~
-/‘ i t ’ .

0
1 

~~~~~ *~‘sr,?~~in; 
~~~~~~~~~~~~ 7 -

LQc~3 o( 5,j1Q~~f ~~~~~~~~~ 2.1 k/1 ,~ ;÷

LL5c ç t o~- De’~-k ‘ k’.~-1.i,& 11 it, C) ~~~~ ~~‘ -

ui~~f ~~ ~~~~~~~~~~~~ ~~~ // •/ . ~‘1•

~~ 4’i~1-L~~ /06’.O 

_ — --— - - -  - - — -5 - - - -— 5--—  -  _ _ _ _



r 
5- 5 - 5 -

’

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

DATE LOUIS BERGER & ASSOCIATES INC. SHEET NOA22 OF.
CHICO. BY...............DATE f~~~~~L P ~~�~ i I ~.Qf2.L _ PROJECT
.U.JECT _~~~Q~~~~L L ~~~1L~i 

THIS PAGE I-S BEST QUALITY PBACTICA3I~
FROM C0i 1 FUR1’~ISHED TO DDC

A rto ~’i C ~~~
- 

~~~~~. 6- c~~~ v~~-rzc.-M~ ~~~~~~~~~ s

22.1
~4L4 ~ •5~~h-’-~ —

C, .&-~ ~~~~~~~ = 

~~~~~~~~ 
-
~~ a. r~~

’ -P~ c--~
-
~~ 4~

i(r_— 2.12-’

OF .S~ F~TV f ~&!1f l VS r ~~~~~~~~~~~~~~~~ 0 1)1

- c  I- ~~~~~~_~___- .._ 
- I ~ 

it. -,- - it

_ _ _ _ _ _  - -  -- - -- --—---—- 5- ------- - - - -it-—-----~~~~~
-- -_ _ -  



_ - ~~—— - - - ------~~~--——---— - - -  —-—---- - --

BY ~~..DATE~~~~~IIi. LOUIS BERGER & ASSOCIATES INC. SHEET

CHICO. BY .. DATE — LLJ...I1~~~~~~~~~~~~.LL?.... ) PROJECT .S~~~~.4~?.J~..

THIS PAGE IS BEST QUALITY P LCflCA~r.~FROM COpy FURNISHE~) TO DDC
OF -

~
,
~‘-~r r- oskcE.

~~~~~~~~~ ~~~~
v)1

~~~~
0v1 1/v

2 o .~~~
; —  s~ z.5~ I

e. 23,~t. 
~~~~~~~~~~~ 

~~~~~
- .é’~~j-~~11 .. .

~~~~~~~~~ 
o(4

~~~SSE~SS I~\) CQp~jLR
1~~TE.

~ L. V~~~~ — LQ~± •c ) ..f (~~~X.h~

5’
)

-~ ~~~~~~ —

- - - Z ~~~~~+ . I~~~ Z .5  IS

s~ V(,e.. 
_

Z. l

1 . 
- -

- 
~~~~~~ 

:;:-- 
- - 

- 

- -:

‘ 

I ~~~~~~
I ~~. u  1.4.1”.-

I - I  -

flJr) upL r~T

—_ - ___ - _—- - - - -  — —-- - - ,,, 

__ __ & _ . . . - - — ‘- .- - -  _ _ ~~__ _ _  _ _ . 



it -

THIS PAGE -

PROM C~k Y l
~
Lf
~~1S}iED 1’OZ~Dc ~

X

it

it 
it 

4 - - it

it 

it 
-it 

__
• ‘I? 

C , C i t  ‘3

- I 
i t— S

,S
it it~ 

_ 
i t .

4 - 
-3 

~ _ 0 ‘3

it 
, it 

L~I 5’ it)) V- it ‘3 C, 4

0 - £ — 

it

it z - it 
—

it 
it 

it C, it 

4

it — 

0

C, 
—

a- 
it 

-

F 
I

7 - — ,s- ~ 
- — ~~ it”. -

~~ 
- 0it-’~ ~~ 

itS’) 4~ ~
J-it itC 4’ !~—

it~it S ~~ 
it— i t i t J  4 it 

-i- . 
a, a’- ~ — it’ _~ ~-~- a— I-.- ~ it

C, — C, 9 it~~ 
— 9 1,,) -~a ~ 

,~: —it 4’) 8 ,)‘it

it 

- I it C_ 
0 it)) ~I 

0

it 

4 -, .1’) - 4 ‘3 
it it_I ~~ 

- “- 4’ 4’ it”)

2 I 
it 

7 4 4 it it

8 
C ~~ ‘~~ - — C, — 4 4

8 740 4 C, — = ‘~ 0 ~ 
o — o

— 
it ‘3 ~ - S .1 •

it 
C, 2 • C it_I 3 _C - 0 it-” it 0 i t~ 

—. — 4 ,
~ 
7 4 it’) 0’ 9 0

i t _ 
it - — C, it — — 

3 C = -
- — 4

C) — 
C ,: ~~ = C 

—

it 
_) it it it ,it~ X. it— it~ 

,it, C~ 
Cit 3 II ‘3 it_I 0 0 — 5- ’  ~~ — 

c_it 0 4 0

— 7 0 “~ a- — C ~ , 
-~ 

— 2

I_i )~ 
— 

-. C , ‘~~ 
C, it’) 3 (I) 0 /1

5- ”’) it - - ~~~~~~~~~~~~~~~~ 
it

a- 
it C C itC it 

C, U C ~ = itit ‘4 0 U S 2 5

it’ , ~/) 
C, - 

4 7 0 C, ,,. ~‘- C, 1,1 0 it J ‘~ ‘it’) C~J 3 4 ~. 5 it’) 0 it~~ ,C 0 0 0 0

7 0 2 • — = —

U ~ ~~ 
-, C — 

~~ 
— — 7 it C, 

C 0 — —. — 0 ~~

o -a 
- -~~ it_I Lit 7 

2

I 

it

— 
-- 

it

- C 9 
C ~~ 

it • \ ~~ 
it_i •_ )~4 it) 4 _‘it it” 5 3~ 0

it, 
lit ‘3 • a- 2 ‘) 0 > S C it 

.4 -

it 

20  
it’) 5 2 it — 4

C 
- , ~~ ~~ o - 

— it

— 
- 7-C 

C

2 it C , )  
C

— 
it — 

—

it, — 
0 

0 II

I ~~ 
it - it Lit 

9 
C

C, 
it

‘3 a- 2 t C (‘a C 
- ‘ — • . . . a

it .1 e it 
it C 4 — ‘~ 

,-~ - = ,r — C

it., 4 - - 
it 

C it 
it it)

_ 
~‘) C C, C ~~ 

it

it C , ’  — 
itit’. it

it — 0 4 
- 

it it

C it

~~~~~~~~ 
- 1 1  -

~ 
—

it 

—

‘3 0_ I  
—- 

it 7 
it

it 

it C, 
_J C  

-

it 

S C • ~

•_  .L it 

- -

• •~~~~:~~r 
4 

0~~~~
it

.0 > J  
U 

—

it 
i t O .  

C >

it 

it 

C,~~~~~ it

it it 

it 

it 
t C i t f l

. 4  
it 

it 

it 
~~- ~~~~~

5- 
it

~~~~~ 
-5- 5- -



-, 

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

~~~ 

-

~~~~

I 
IS PAQEI S B~~TFROM CO~I

it

3’ 
it 5 - i t  S

- > -_. I-it

it 

_J 
-

C

C 3 5 — 1- — - - f ‘~ I ~~it — C’ C = -S = C C’ Cit 0 0 C 0 0 0 0 - - . C = 0 = = C ~fl C ‘ -; —
it J - 3 -C~~ - C’)”’ C S C ’)~~~~-,’ ,C- ’ 3 it

— it C —it 17 it 7 - “‘ ~‘ t~it I”- _ ‘S ~~ 0 , —-it —

Lit 

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



.~~~

.. 

:~ :~~ 

iii ~~~~~~~~~~~~~ :~~~ i_ i

0 . • . ‘3 a  it

U. a s

—

5 — .  -3
4_I

*

it . .4 —
U .4

0 — —
.t_it .4
4’ -3

o a~

it 

‘7

4
U, ititit - 

it

‘it it
_i -

S -2 .1) 

— 0

~2

it- —

)

C — - - it- - -~~~“ I~~~ - — - - -it ,f~~ -_~~ ’ it~~~ ’~~~~~~ i t ’  -_ 
it s I - ) ’  —- ~~~ - it j  - - it — i t -  it -. ‘-

- --. — it — 
c-i t ) - , ,  - C’ t~~ it - - t i t~~~~~~ ” i t~~~it~~~i t ’ ’~~~~~~ it,’ .it i t r ,. 5 - S C ,

lit — - 
‘ ‘ ‘“, ‘~~~~‘ ‘. . , U -  5- ’) . _ .  _.. ~~~~~~~ ,.,, ,._,_



_ _  _ _ _ _ _  - - —-- - - - _- - -
~~~~~~~

S S I ’ ’
~ ‘—‘s •~~

“
~ 

,-‘it i t ) ~~~ i~
”
~ s ) i j” ,‘~ ,

_-‘~ ,
_
) *

_it

~ I i  •
‘
~ i )  s )  0 fl

_ 5---- - - -

5- I-, 0 0 it,- -

- .

0 1 5 — ‘S 4 ,~3 C,
it,’ ‘ 4  C S  . i t’it

i t -
it it 

—

C—
‘it I .- ) it-’-

- it it - i t .

U’ - C C
it 

it -

H ~~~~~~‘ 
- 

U . 1

- - — - - - ------ - ‘--‘- it - --- ---5-- -- - ’- - -_---- - - -



I 
- 

~~~~~~~~~

‘5-  :_: ‘~~~~
5- 

1~~~~~~~~
”5- 

.—__
- -

_
-‘.

~~— ~~~~~~~~~~~ -_ - - -  - - — —fl--- 5-- - -

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

- 
“,‘

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
it 0

3

I 0

0 

i t — , .  ‘i t ,, it. 1’ , C ’ — ) - .  i t ,, it. 1— c - “ 4 ,  !‘— ,C C C  — -~~~~ it ” - ‘ C C c
it 

it 5 - 5 -~~~’ i t~’ • ’i t  _- - _ - - --- _ _ - _ c it- ‘ ( i t  ,~~~C’ (‘it

- -— - -
-5- .—~~~~~~~~~~ -— ~~~~~-——---- - - -



,w~- S j )~~~~~~j~ 
_
i~ I~ ~~ ~~ i•~~

_

~~~ ~) 
_;) •~ ~

;-
~ ~

l’flIS PAGE IS 3~3T QUpflTypfiACflCA~r~FROM CUi~ ~~~~~~~~~ TO ~D~Q ~~~~~~~~

it’

it C’— = it_ 0 ~~ - —
it C it
it a-it —) V . S
it — = 5 it it,, —

- 4 it 1- 5 3 0 — it ‘1 ‘7 ‘ - ‘7 C 7-~ 7 
it — fl it it ‘7 C, N — C —it ~ ‘ — ‘ ‘ ~~ - it -t — 0 3 C ‘~ ‘C C’ - ‘— C it, it~, a- --  — it it_ it — —-— ‘- it- -. - - - —it - - - - — -  - - C - - - -  ~~~~~~~~~~~~~~ _~~~

, _ , - C , S_ _ - - - 5 -—C, - , 5, C i t C O X ,’ ‘ 5 -~~7 r — ”- _ , _ 4 —‘~~itC V~~~’it S ‘7 ,. 3-it — -, - - -4

0 
. i t i t  ... . ...— - a . - .- . — -,.- -‘ --

• C it— • it i t N 0 ’ - C - ,’) ,)- ,. t ,- . ,
~) ’ ),, 5’7 , C’ . ’ i t C i t C 5 i t i t~~ f l - 0 i t 7 - -it C) ,~~~L3 - z C) a. itL C 5-~~~~~~~~~; c — J ’ , - - — ‘ 7 J’ it-. ~, - ‘ 7 a - OC i t ’ ’, C i t , , i t .’it: -- - -

it C c_i~~~~,. 7 0  ‘i L’ 1 - 4 5 .’) &~~~~~~5 ’ 7 _ i t 9 , ,- C ’ 7 i t 5_~~~~~~~~~_~~~ ~~~ C , i t~~~~~~~~~ it

it’ ,‘ . 4 .  _ -— I I I  it’ it itTh f l J _ i t_ i t j c,j _,,it _,. ___ 
— 

I I I  l l l I~~~ 1 1 1 1 1 1 1  l i t  I it— ,it . — .  9

-- — (,, i t~ _J i t O  
-

- ~~~~~~ - , _- - -. - - -_ -— - - 5- -~~~~~~~~~~ - - -— — - - -



-- — - --- =----5- it-
L:__.,_

--”—_ __  -- ----- —
~~~~~~~~~~~~~~~~ T T ~~~

T’ ’
~~~~~~~~~~~~~~~

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

T h)  ‘

~~ ~~~~ 7 
‘

~~ 
,~ 

‘

~~ I “ 

~~~~~~~~~ 
) -

‘

it— I

--

- it3 i t . i t  i t - C

_ -~C ‘3
- 3_ 1_ _ —

‘ ‘7 -  ‘ ,-it C C O C ,  C

- = C” 3 0 4 0 C C Cit
- C’ . 1 - ’

— 
_ itit C; —

i t) - C’ — C ‘_ - C it C-) ,S Lit

it ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

—it .— - it J i t ,
_

_ ’-
_
. _- i t _  -

4 it ‘7 

a-

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  .5- -5- - - - - 
- 

-~~



¶1- —

AD AOb 9 739 NEW JERSEY STAlL DEPT OF ENVIRONMENTAL PROTECTION TRENTON F/G 13/2
NATI ONAL DAM SAFETY PROGRAM. COOPER RIVER PARKWAY (NJ 00393), D——ETC (U)
AUG 78 F v’ JOLLS DACW6I 7S C—012’4

UNCLASSIFIED NI.

t
• 

V



- - - — - -— — - - — -.--
~~~~

-
~
--- - - - -- - .—--— -——-—- -- 

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

• •! • • ,. , . , , , , 1 0 0 ~ 0 • C
-- I - - - --

T8IS paat rs B~~T quAI~XT! 1%&~~ZCAB~~ A
.F~OM O~PX j’tfl~ii.$~~~ t’O D9 • ~~~~~~~~~~~ 

•

.

c - , t
I —

. 

(L . 

t 

:“ :~~ :~~:::~:::~


