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FRENCH CREEK BASIN, PENNSYLVANIA

UNION CITY RESERVOIR

. GENERAL DESIGN MEMORANDUM
I. PERTINENT DATA

1. Project Location: Frénch Creek, 1.3 miles above junction of
South Branch.

2. Drainage Area: ' 222 square miles.

3. Features of the Reservoir:'*

Reservoif.fullreleﬁation, m,s,1. 1;2?8

Reservoir full area, acres 2,290
Capacity, acre=feet e . 47,640
Capacity, inches runoff 4,0

4. Features of the Dam, Spillway and OQutlet Works:

a. Dam;
Type g Rolled earth embankment
Length, feet 1,430
Elevation at top, m.s.l. 1,298 .
Elevation streambed, m.s.l. 1,210
Helght of dam, feet 88 - .
b. Spillway: R
Location . -~ Right abutment .
Type et 8y  Side~channel, uncontrolled
Crest elevation of ogee '
weir, m.s.1. 1 14278.0.
Length ogee weir, feet 268
Spillway design flood dis-~
charge, c.f.s. 62,700
Reservoir design flood dis=
charge, c.f.s. 4,500
Elevation of spillway design
flood in reservoir, m.s.l. 1,292,6
Elevation of reservoir design
flood, m.s.l. 1,278.0
Surcharge over crest, spill=
way design flood, feet 14,6
Standard project flood dis=
charge, c.f.s. 20,300

Elevation of standard proj=-

ect flood in reservoir,m.s.l. 1,284,2
Surcharge over crest,standard

project flood, feet 6.2

% No permanent pool will be provided in reservoir.




S

6.

7e

¢, Qutlet Wbrks'

Location Valley floor and spillway weir
Type . Reinforced concrete condult,
' : uncontrolled

Invert elevations,

mos.l. il
" Lower intake 1,210 in’ valley floor ;
(equipped with trash- rack)
Upper intake | 1, 255 in spillway weir

Size of Opening: s “ T ' i
“Lower 6.0 feet square with 1,25 ft,
- ; : fillets in corners

“J'Upﬁer | Rectangular section, 10 £,
wide x 16 £t. high

Design capacity, -
Cofuse:

Elevation 1,278 4,500

-Elevation 1,210 0
Bankfull capacity :
below dam, i

Capacity, c.£.8. 5,900

Cost Estimates:
a., First cost $ 10,100,000
b. ‘Average annual

charges $ 376,000
Estimated Avéragé Annual N

Beneflts: $ 1,050,000 .

Economic Evaluation:

a, Ratio, benefits to :
charges ;. 2.8 to:l



II. PROJECT AUTHORIZATION

8. Authorizing Act.- The flood protectién project for”the
French Creek Basin in Pennsylvania is authorized by Section 203,
Title II - Flood Control, of the Omnibus Rivers and Harbors and
Flood Control Act of 1962, House of Representatives 87th Congress,
Second Session, Report Number 2557, approved 23 October 1962, which
provides as follows:

TITLE II - FLOOD CONTROL

SEC. 203. The following works of improvement for the benefit
of navigation and the control of destructive floodwaters and other
purposes are hereby adopted and authorized to be prosecuted under
the direction of the Secretary of the Army and the supervision of
the Chief of Engineers in accordance with the plans in the respect=
ive reports hereinafter designated and subject to the conditions
set forth therein: Provided, That the necessary plans, specifica=
tions, and preliminary work may be prosecuted on any project
authorized in this title with funds from appropriations hereafter
made for flood control so as to be ready for rapid inauguration of
a construction program: Provided further, That the projects author=
ized herein shall be initiated as expeditiously and prosecuted as
vigorously as may be consistent with budgetary requirements: and,
provided further, ¥That penstocks and other similar facilities
adapted to possible future use in the development of hydroelectric
power shall be installed in any dam authorized in this Act for con=
struction by the Department of the Army when approved by the Secre=~
tary of the Army on the recommendation of the Chief of Engineers
and the Federal Power Commission.

CHIO RIVER BASIN

The project for French Creek, Pennsylvania, is hereby author=
ized substantially in accordance with the recommendations of the
Chief of Engineers in Senate Document Numbered 95, Eighty=-Seventh
Congress, at an estimated cost of $23,102,000. The project docu=

‘ment further provides for revocation of the authorization for the

French Creek (Cambridge Springs) geservoir.

9. The authorized flood control project for the French Creek
Basin provides for a system of three strategically placed reser-
voirs consisting of the French Creek (Union City) Reservoir, Muddy
Creek Reservoir and Woodcock Reservoir, The flood control project
would be subject to the requirement that responsible local interests
will furnish assurances satisfactory to the Secretary of the Army
that they will furnish local cooperation as specified by the Board
of Engineers for Rivers and Harbors in a letter to the Chief of
Engineers dated 9 August 1961 in which the Board recommended that
local interests periodically remind those affected that damages




will still occur from floods of greater severity and lesser frequency
than those floods for which protection is completely afforded, This
report. camprises the General Design Memorandum for the French Creek
(Union” City) Reservoir, hereafter referred to as. the Union City Reser-
voir. i

; 10. Authorigy for the Design Memorandum.~ This report is sub=
mitted in conformity with Advice of Allotment No. C-130, dated 29
October 1962, from the Office of the Chief of Engineers to the Dis-
trict Engineer, U. S. Army Engineer District, Pittsburgh, Appropria-
tion 96X3122, Construction, General, Corps of Engineers, Civil.

& v o IWESTIGATiONs

115 ' Project document.- Senate Document No. 95, 87th Congress,
2d Session, was the basis for French Creek Basin, Pennsylvania,
legislative action and is the project document. The French Creek
Basin study’ ‘recommended a system of three resérvoirs to provide a
suiteble substitute to the then authorized French Creek (Cambridge
Springs) Reservoir. The three reservoir. eystem .consisted of the
Union City Reservoir, Muddy Creek Reaervoir, and Woodcock Reservoir.

125 Surveys, studies and_glanning, For this report, advantage
has been taken of field investigations and office studies made.in con=-
junction with Senate Document 95, 87th Congress, A survey of the
flood-damage situation in ‘the Basin was made in 1959 to obtain data
for the authorizing document.' Hydrologic, hydraulic, relocation, real
estate,’ design and cost estimate studies ‘at. the Union City and the
other two reservoirs were made in 1960 in conjunction with the author=
izing document, A public hearing was held by the District Engineer,
U. S. Army Engineer District, Pittsburgh, at Meadville, Pennsylvania,
on 21 February 1953. The.consensus. of the hearing was against the lo=-
cation of the then authorized French Creek (Cambridge Springs) Reser=
voir preject with a dam below Cembridge Springs, Pennsylvania. It was
the general, belief that .a feasible soiution to the flood problem could
be obtained by aubstitution of smaller fleod control reservoirs, local
protection works, or both, . Interest in 1ow-flow augmentation wWas ex=
pressed by Commonwealth of Pennsylvania and City of Meadville officials,
For purposes of preparing this report, topographic surveys of the
Union City Reservoir area and the dam site area were made frem aerial
photographs taken in 1963 at the initietion of this etudy. The reser=-
volr area topography. including the topography in the vicinity of the
dam conaiete of 18 sgheets at a scale of 1 inch = 200 feet and a five=
foot contour interval Supplemeneary topography in the area of the
dam site consists of three sheets at a scale of.1 inch = 100 feet and
a two~foot contour interval, More detailed hydrologic, hydraulic and
design studies were made to determine the features of the reservoir




and dam, Highway and utility relocations have been planned with
the cooperation of the operating agencies. A property valuation
survey was made of the reservoir and dam site areas, Federal and
non-Federal agencies concerned with the proposed Union City Reser-
voir have been contacted, and the recommendations or comments of
these agencies are incorporated in this memorandum, No public
hearings have been held in conjunction with this report.

IV. LOCAL COOPERATION

13. Local cooperation required,- Local cooperation involved
under project authorization consists of local interests informing
affected interests in the French Creek Basin at least annually,in
a manner satisfactory to the District Engineer, that the system of
reservoirs of which Union City Reservoir is a part,will not provide
protection against maximum floods, Costs of local cooperation are
considered to be minor and insignificant for project evaluation pur=
poses. Construction of the dam has been protested by certain potato
growers in the proposed reservoir area. The Erie County Planning
Commission and other Erie County officials have expressed concern
over the omission of a permanent pool and recreational facilities
at the project site. Several plans utilizing a permanent pool at
the Union City site were thoroughly investigated but could not be
economically justified, The Commonwealth of Pennsylvania has re-
quested consideration of low-flow augmentation for French Creek.
Since storage in the Union City Reservoir is limited by economic
factors to flood control only, low-flow augmentation will be given
further consideration in subsequent studies on the Woodcock or the
Muddy Creek Reservoirs of the French Creek Reservoir system. The
Borough of Northeast officials have complained about the unavail-
ability of storage capacity at Union City to develop a water supply
source for the Borough to supplement its present water supply.
Opposition to the reservoir obtained through conferences originates
chiefly from minority interests residing upstream of the dam. The
consensus in the French Creek Basin is favorable toward the Union
City Reservoir, especially in the urban areas such as Franklin,
Meadville and Cambridge Springs, Pennsylvania. A complete list of
communities in the French Creek Basin benefiting from the reservoir
follows:

Franklin Meadville

Sugar Creek Township Saegerstown
Utica Venango
Cochranton Cambridge Springs




These municipalities have maintained active interest and support of
the proposed project. The Redevelopment Authority of the City of
Meadville has indorsed the project and numerous times has coordinat=
ed flood control findings with their recommendations relative to re=-
development of the flood plain in Meadville. The Commonwealth of
Pennsylvania, by letter from its Department of Forests and Waters,
recognizes the merits of the project. The Pennsylvania Department
of Forests and Waters is the agency that will assume the responsi=-
bility of local cooperation for the project. Exhibit 1 accompany=-
ing this report is the legal document providing the formal assur=-
ances of local cooperation for the French Creek project.

V. LOCAIION oF PROJEGT AND TRIBUTARY AREA

14. Location of project wnrka.- The propoaed reservoir is 1lo=
cated in the French Creek Basin and would be contained in French
Creek from 3,2 miles northwest of Union City, Pennsylvania, to Wattse-
burg, Pennsylvania, The selectied reservoir dam site would be situ=
ated on French Creek in Erie County, Pennsylvania, at a location
approximately 1.3 miles above the junction with South Branch, about
71.5 river miles above the mouth of French Creek and at north lati=
tude 41° = 55' = 14" and west longitude 79° = 54! = 03". The locat-
ion of the proposed reservoir in relatiom to the Pittsburgh Engineer
District and to flood control reservoirs in the District is shown on
Plate 1. A general map ‘of the Union City Reservoir area and vicinity
is shown on Plate 2,

15, Reservoir area.- The reservoir area lies in Erie County,
Pennsylvania, as shown on Plate 1, At the reservoir-full condition
at elevation 1278, the surface area would be 2,290 acres. The length
of the full flood storage pool would be about 7.8 miles and would
average 0,5 mile in width, The proposed Union City Reservoir is in
a pre=glacial valley cansistiag of low~lying flatlands., ' In some in=-
stances, such as at the junction of French Creek with tributaries,
the land is flat and swampy, particularly in the vicinity of Baldwin
Flats. Generally, tlie land is utilized for dairy farming and potato
growing and there' are cases where the fields abut French Creek. The
area is adequately sérviced by State and Township roads. Pennsylvania
State Route 8 traverses the creek and reservoir area. There are utili=-
ties in the reservoir area consisting of electric and telephone lines.
There are a few rural homesites and several summer cottages in the
reservolr area. The present use of the proposed reservoir lands is
consistent with the highest and best use of the land.
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16. Tributary drainage area.- The drainage area of the water-
shed for the proposed reservoir would be 222 square miles composed
of 145 square miles along French Creek and minor tributaries and
about 77 square miles along West Branch French Creek, which is a
main tributary to French Creek at Wattsburg, Pennaylvania. The
watershed is contained in Erie County in northwestern Pennsylvania
and Chautauqua County in.southwestern New York. The area is glaci-
ated and is gently roIliug except on flanks of stream valleys.
There are numerous swamps and marshes in headwater areas upstream
of the reservoir site. Land is principally in farms with cultiva-
ted land, pastures and wood lots. There is no evidence of serious
soil erosion. Wattsburg, population 401 (1960), is the largest
community in the Basin above the dam site.

17. Areas protected from floods.= Operatinn of the Union City
Reservoir for flood control would beneficlally affect the French
Creek valley below the dam, contained in Erie, Crawford, Mercer and
Venango Counties. The Meadville, Pennsylvania, metropolitan area,
is the principal flood dsmage center in the valley and is located
in Crawford County. The French Creek valley is highly developed
for agricultural and recreational purposes, and the communities of
the Basin as well as the industrial developments and extensive
cottage developments sbut and are partly in the flood plains. The
valley bottoms are broad and have been subject to severe floods and
consequent damages. Based on the 1960 census, the population of the
communities in the Frepch Creek valley that would be directly or in=-
directly affected by recurring floods of record and that would bene-
fit from control of the flood waters of the upper French Creek Basin
are as follows:

Conmunity Population
Meadville = 16,671
Franklin : 9,586 (a)
Sugar Creek Twp. 5,951 .
Cambridge Springs 2,031
Cochranton 1,139
Saegertown 1,131
Venango : 318
Utica 274

(a) Partly in French Creek Basin,

The above figures do not reflect the inhabitants who reside in the
flood plains abutting the reaches of French Creek between the listed
communities., Benefits to a lesser degree would accrue in the highly
industrialized and heavily populated Allegheny and Chio River valleys
located below the mouth of French Creek at Franklin, Pennsylvania,




VI. PROJECT PLAN

18. Most feasible plan of improvement.- The most feasible plan
for development: of the Union City Reservoir of the authorized three =
reservoir French Creek system is. fqr a reserveir with a'cgpacity of.
47,640 acre~feet to be created by an earth embankment approximately .
1, 430 feet long: and 88 feet high located on Erench Créek about 143
miles above the junction of South Branch- snd 3.2 miles northwest of
Union City, Pennsylvania. No permanent ‘pool would be provided in &0
the reservoit._ “The outlet works would -be" uncontrollad ‘and an uncon-
trolléd side channel 5p111way on the right abubment would be’ used for
emergency purposes. : . _

gy

19. Plates accompényi_g_the memorandum.- The following plates
accompany ‘the mamprandum _ . Vi e :

=g,
S 3

Plate :..«v 4y Tl T o T nislaes

J-'French creek Basin, Pa. - Union )
. Gity Reservoir ‘ , '

ﬁJGeneral Map cr
:;‘Reservoir Area b
.~ ‘General Plan '
R T LOWEr OQutlet Wbrks - Plan and
Gei !t Wi ano. “Séctions

S - Spillway and Upper Outlet Works -
" .. . Plan and Profile

_ I-frcj-_f;f_Spillway .and Uppe: Oqtlet Wofks -
Grgrid e e e S i8gctiong . o
: B e ;'jAccesa Road = Plan’ Profile and

ik ' Sections
-8 : . Planning and- Consttuction Scbedule

a U PLNE

20. Exhibits accompanying the memorandum.- ‘Tﬁe exhibits resulting
from interagency coordination and accampanying the memorandum are as
follows:

Number - )

SR U Pennsylvania Department of Forests
and Waters

2 U, S. Department of Interior; Fish
and Wildlife Service: -

3 U, S. Department of Agriculture'

| AT . Soil Conservation Service
4 - Federal Power Commission
g- National Park Service. : -

U. 8. Public Health Service



VII, DEPARTURES FROM PROJECT DOCUMENT PLAN

21. Departures from project document plan.- The project docu=
ment is Senate Document Number 95, 87th Congress, 2d Session which
describes the features of the project as conceived in the earlier
stages of the work. Basically, the general plan for the Union City
Reservoir remains unchanged; however, studies for this report indi=-
cate the necessity to revise the plans for the structures associat=
ed with the reservoir as follows:

a. The provision of 'a narrow side channel spillway on the
right abutment for emergency purposes would be a departure from the
project document plan which recommended a shallow sidehill spillway
on the left abutment. The side channel spillway would be of the un=-
controlled type consisting of an inlet composed of a 268' egee weir
with crest at elevation 1278 m.s.l. emptying into a deep and narrow
channel with a 70" bottom width cut into rock on the right abutment.
The side channel spillway would replace a sidehill spillway which -
utilized a 350'~0 wide broad crested weir at elevation 1278 m.s.l.
This side channel spillway would be designed to contain about 62,700
c.f.s. which is approximately similar to the capacity of the sidehill
spillway proposed in the project document. The new spillway plan
would be advantageous from an economic standpoint since the excavated
material would be substentially less than under project document plan
and could be used as random £ill in the embankment, thus eliminating
the disposal of 400,000 cubic yards of excavation as contemplated
under the project document plan. The side channel spillway will be
founded on the right asbutment due to geologic conditions and physical
characteristics of the terrain in the area, The rock which would
form the bed of the spillway channel would resist scour, thus elimin=-
ating the need for a concrete lining in the spillway channel.

b. Hydraulic and structural design of the outlet works has
been simplified. The uncontrolled outlet works under the project
document plam would have consisted of a 10 foot x 13.5 foot reinforced
concrete cut and cover conduit under the dam with two openings at the
inlet and a stilling basin at the outlet end to handle maximum reser=
voir discharges., The lower inlet, measuring 2 feet x 10 feet wide,
was planned with an invert at elevation 1210 m.s.l, in the streambed.
The upper inlet, measuring 10 feet x 10 feet, would have begun to
operate at elevation 1255 m.s.l. and was planned to be constructed
directly above the lower inlet, The area provided in the conduit was
governed by diversion criteria and greatly exceeded the area required
for operating purposes. Findings for this report indicate similar
hydraulic flow effects could be realized with the advantage of simpli=-
fying the hydraulic determinations and structural design of the uncon=
trolled outlet works. This could be accomplished by constructing a
6.0 foot square, filleted, reinforced concrete cut and cover conduit
under the dam with an invert at elevation 1210 m,s.l. and building the




high-level outlet measuring 10 feet wide x 16 feet high into the
ogee weir of the side channel spillway on the right abutment.

The invert would be at elevation 1255 m.s.l. and the ogee weir
would crest at elevation 1278 m.s:il. The opening through the weilr
would be cut in rock and lined with concrete. The plan recommend=
ed in this report would be superior economically because the outlet
works would be simpler from a construction standpoint, ‘the stilling
basin would be smaller and the diversion ‘tunnel would be eliminated.
The latter is possible since findings for this report indicate di- -
version could be accomplished to handle the maximum flood of record
by leaving a section of the dam open until the final construction
season when diversion of a 3-year all-season storm will be accompli-
shed through the lower and upper outlet works after the c105ure :
section is placed across center gsection of dam. .

¢+ The steepening of the impervious core of the dam is a
departure from the project document plan which recommended a 1 ver-
tical to 1 horizontal slope. The 10 vertical tc 1 horizontal imper-
vious core furnished in this report affords a plan which is superior
economically to the project document plan and compares favnrably :
from a structural standpoint, ' - -

The greater detail of this General Design Memnrandum inclndes relo-
cations which are expanded in part, toFeature Design Memorandum
scope resulting in more finite project quantities and unit prices,
The estimated project document costs for: the Union City Réservoir, .
escalated by index from May 1960 cost level, is $9,750,000. The
estimated cost for the Union City Reservoir, as recommended in this
General Design Mamorandum, is $10,100 000, based on May 1964 values..

VIII. HYDROLOGY

22, Detailed hydrological studies to determine the spillway
design flood, flood surcharge storage elevation, spillway width and
crest elevatiun, the maximum reservoir-full elevation and freeboard
are contained in Appendix I = "Hydrology''. In the' derivation of the
features for the design, sufficient actual runoff and precipitation
data are available in the French Creek Basin for the development of
the natural unit hydrographs. -

23, In Appendix I basin characteristics are described and used
for the unrated tributary areas in the development of the inflow
hydrograph for the reservoir., The highest known flood of record on
French Creek occurred in April 1947 resulting in a flow. of 14,000
c.f£.5. at Carters Corners, Pennsylvania, located 3.75 miles upstream
of the dam site.

10



24, TFlood frequency studies developed for French Creek at
Carters Cormers, Pa., indicate a twice yearly flood of 4,200 c.f.s.
with an annual peak flow of 5,800 c.f.s. for all year occurrences,
The two year flood under these conditions would be 7,500 c.f.s.,
and the five year flood would equal 9,600 c,f.s. During the crop
season only (May through October), the twice yearly flood would be
1,300 c.f.s, with a yearly flood of about 2,200 c.f.s., a two year
flood of 3,400 c.f.s. and a five year frequency flood of 5,200 c.f.s.

25. The major storms from which highest flooding resulted in
the French Creek Basin occurred in March 1913, April 1947 and Janu-
ary 1959, These storms are discussed in detail in Appendix I.

260 A six~hour natural unit hydrograph was developed from gag-
ing records at Carters Corners. Basin unit hydrographs were also
developed for all principal streams and local tributary areas from
the headwater junction of West Branch of French Creek and French
Creek to Meadville and thence downstream to Utica. Verification of
the unit hydrographs was determined by a reconstitution of several
floods for which accurate profiles had been obtained from gage
records, The six~hour unit hydrographs on unrated tributary streams
were combined with the perimeter unit hydrograph to provide the six-
hour unit hydrograph of reservoir inflow,

27. The 4=7 April 1947 storm and flood was selected as the
pattern for development of the reservoir design flood for the Union
City Reservolr, Primarily, it was chosen because it was the highest
flood, in a period of more than 50 years, over an area in the French
Creek watershed comparable in size to the reservoir basin., Other
factors also favored this choice such as highest rainfall intensities
ever recorded in the French Creek Basin, total storm runoff augmented
by snowmelt to such a degree that runoff exceeded rainfall, and ground
water discharges that were unusually high averaging above 2 c.f.s. per
square mile, The Union City Reservoir under the assumed conditions of
runoff and storage would have had 1,3 inches of impoundment at mid=-
night on 1 April., Total storm rainfall over the basin after this time
averaged 4.3 inches with a maximum of 3.6 inches on 5 April. Total
runoff was 5.0 inches. If conditions of design should reoccur with
the dam in place, the reservoir would rise to elevation 1278 m.s.l.
which is spillway crest, Outflow would be 4500 c.f.s. and 47,640
acre=feet would be impounded,

28. The standard project flood is one which would be exceeded in
magnitude only on rare occasions, It establishes a standard for design
of structures that would provide a high degree of flood protection
without regard to economic or other practical limitations. The stand-
ard project flood is substantially less than the probable maximum flood
and has been adopted as a flood that would be caused by a storm with

11




rainfall as set forth in Civil Engineer Bulletin No. 52=8, Office.
of the Chief of Engineers, 26 March 1952, subject, "Standard Proj=
‘ect Flood Determinations". The standard project flood was obtained
by moving the standard project storm over the center of the French
Creek Basin above the Union City Dam, A maximum impoundment of.
63,300 acre=feet would occur to elevation 1284,2 with a surcharge
of 6,2 feet over the spillway crest which would be discharging
14,700 c.f.s. accompanied by 5,600 c.f.s. through the lower and
upper outlet works,

29. Maximum rainfall used for the. determination of Spillway
design floods in this report were obtained by use of charts in -
Hydrometeorological Report No. 33, "Seasonal Variation of Probable
"“Maximum Precipitation East of the 105th Meridian," prepared by the
Hydrometeorological Section of the U. S, Weather Bureau. These .
estimates represent the limiting precipitation rates for three types
of storms which would result in most severe flooding in the Pittsburgb
District. The three types of storms are classed as a winter storm
accompanied by snowmelt, an extratropical (decadent hurricane) storm

occurring in late summer or early fall and a summer convectional
~ storm., The inflow unit hydrograph was applied to these three types
' .of maximum storms and their arntecedent rainfall. ‘The hydrograph .
for the decadent tropical storm resulted in the highest outflow con~
ditions and was selected as the computed spillway flood.

30, The computed spillway flood is sufficiently conservative

“to be used as a spillway design flood, The magnitude of the inflow
peaks are high in comparison to conventional runoff estimatea, and
the detail of these-studies is believed aufficient to insure a high
degree of accuracy. A-peak flood of 64,000 c.f.s. is realized with
a peak reservoir inflow of ‘87,500 c.f.s, Peak outflow is 62,700
c.f.s, in spillway and 1,300 c.f.s, in lower outlet with a maximum
reservoir elevation of 1292 6 m.S. 1. '

-31.- A study was made of ‘severe wind conditions in relation to
ride~up and wave height for a determination of freeboard for the
earth embankment; Wind velocity data was obtained from recorda at
U. S. Weather Bureau stations at Erie and Pittsburgh Pa. . Maximum,
wind velocities were determined for each of the fetch directions
using velocity values from the Pittsburgh graphs. These values
were increased 307 to provide for higher velocities which might ob~
tain over the unobstructed surface of Lake Erie. Wave heights were
determined by use of the diagram "Wave Heights and Minimum Time Dur-
ations for Mean Conditions, Summary Report Projects Cw-lﬁé_and CWw-165."

32, . Appeodix I "Hydrology" reconmends & spillwoy design_ flood
storage elevation of 1292.6 m.s.l. An uncontrolled side=-channel

spillway 268 feet in width cresting at elevation 1278 m,.s.l. is also
recommended,
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IX, GEOLOGY

33. General,~ The project egite is located in the glaciated
section of the Allegheny Plateaus province in a short preglacial
divide reach of French Creek between the preglacial valleys of Le
Boeuf - French Creek and Lake Pleasant Outlet = Alder Run, Bed-
rock is exposed in the valley bottom and is present below shallow
depths of till in the west side of the valley. On the east side
of the valley, a kame deposit covers the adjacent valley wall.

The site is underlain with interbedded shales, sandstones, and
medium hard grey sandy siltshales of the Devonian formation. The
weathering is very shallow ranging from O ~ 10 feet in the valley
bottom and abutments except in the area of the upper reaches of
the right abutment where the weathering increases in depth to 25 .
feet. The overburden in the valley bottom is variably gravelly
and sandy silt and silty till with various quantities of rock
fragments, The kame terrace on the left abutment is quite simi-
lar in character to the till on the right bank, except for great-
er percentage of sand and rounded gravel., The basin is essentially
impervious and leakage from the reserveir should not occur. A re=
port on the geology of the reservoir area, dam site and spillway
location is contained in Appendix II - Geology, Soils and Embank-
ment Design,

34, Foundation conditions.- The embankment would be founded
in bedrock in the valley bottom and on the natural abutments. A
five-foot deep cutoff trench would be comstructed along the axis
of the dam and concrete would be used as a filler. Grout holes
5 feet on centers would be drilled 40 feet into bedrock underneath
the trench to form a grout curtain which would preclude any minor
leakage which might occur through the relatively tight joints in
the rock beneath the dam and on the natural abutments, The under-
lying rock, consisting of interbedded shales and sandstones, is
estimated to have a bearing capacity far greater than would be im-
posed upon it by construction of the dam; therefore, no settlement
problems are anticipated with the construction of the dam., The out=
let works would be founded on the approximately 10-foot upper layer
of interbedded shales overlying the sandstone bedrock. The bearing
capacity of the undisturbed interbedded shales is estimated at 8
tons per square foot which is sufficient to support the outlet works
under which the meximum bearing pressures are computed to be 5.5
tons per square foot. As in the dam proper, settlement problems are
not anticipated under the outlet works., Embankment drainage would
be accomplished by pervious alluvial sands and terrace gravels, The
side channel spillway would be located in rock on the right abutment.
The bed of the spillway channel would be founded on medium hard grey
sandy siltshales which are presently overlain by interbedded sand-
stones and sandy shales which would form the side walls of the spill-
way channel,
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X, OTHER PLANS CONSIDERED

35. Alternative sites coneidered,- Consideration has been
given to two reservoirs == one on West Branch of French Creek up=
stream of Wattsburg, Pennsylvania, and one on French Creek above
Marvin, New York, in lieu of a single reservoir at the project

site. Also, a small reservoir system consisting of seven reser~
voirs, other than West Branch and Marvin, have been considered as
a substitute for the Union ctty Reservoir.

a. West Branch French Creek Reservoir,= West Branch
Reservoir would be created by a dam about 4 miles upstream of
Wattsburgh in the vicinity of Sears School, and could impound
flood inflows up to about elevation 1325 m.s.l. Gross storage
in the reservoir would be about 19,200 acre feet corresponding
to eight inches of gross runoff from a drainage area of 45 square
miles, The reservoir on West Branch would cost more than half as
much ‘as the Union City Reservoir, but would control only about
one~fifth of the drainage area. 1In view of the high average cost
per square mile of area controlled when compared to Union City,
West Branch of French Creek Reservoir was considered an undesir-
able substitute and was not further investigated.

b. French Creek (Marvin) Reservoir,- The reservoir would
be located a short distance above the community of Marvin, New York.
The Marvin Reservoir was considered with the West Branch French
Creek Reservoir as an alternate to the Union City Reservoir. Flood
water would be impounded in a potential reservelr basin to about
elevation 1416 m,s.l, Gross storage in the reservoir would be
26,900 acre=feet representing 6.31 inches of gross runoff from a
drainage area of 80 square miles,  The cost of the reservoir
measured in relation to the drainage drea con;rolled compares
favorably with the Union City Reservoir; however, this would not
justify sacrifice of the additional areal control the latter would
afford.  Accordingly, French Creek (Marvin) Reservoir alone or in
combination with West Branch French Creek Reservoir as an alternate '
to the Union City Reservoir’ was not given further consideration.

c. Alternate multiple 'small reservoir system.= In the
French Creek Basin area above the Union City Dam site, seven poten=
tial sites, other than the West Branch and Marvin sites, were con-
sidered. The drainage areas above the potential dam sites ranged
from one to 26 square miles and the cumulative controllesble drain-
age area was 52 square miles, The preliminary estimates of cost
of these reservoirs indicated that, individually or collectively,
the average cost per square mile of area controlled would be far
greater than for the Union City Reservoir. In view of this un=
favorable comparison, the small reservoirs were not considered as
adequate substitutes for the Union City Reservoir. Alternates to
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the Union City Reservoir are discussed in greater detail in Senate
Document 95, 87th Congress, 2d Session, which is the project docu-
ment for this study.

36. Alternative plans considered.« The Union City site has
been considered frequently as part of systems of reservoirs that
were investigated for flood protection in the French Creek Basin,
Limitations are imposed oa the capacity of a reservoir at Union
City by the community of Wattsburg, Pa., at the junction of West
Branch of French Creek and French Creek, 10 miles upstream of the
dam site. The upper limit of a reservoir without providing pro-
tection by dike for Wattsburg is fixed at elevation 1278 m.s.l.
Approximately 307 of the buildings in Wattsburg consisting of
residential and commercial structures would experience flooding
if a reservoir was filled to elevation 1283 m,s.l, More than 80%
of the structures in Wattsburg would be flooded at elevation 1287
m.8.1, The following are alternate plans previously considered
at the Union City site,

8. A plan was investigated placing full pool level at
elevation 1283 m.s,1. resulting in gross storage of about 60,000
acre~feet, The plan, featuring a retention type dam and controlled
outlet works, includes 3,900 acre-feet of permanent pool and
56,100 acre-feet representing 4.78 inches of runoff for flood con-
trol. The cost of the installation in relation to cost per acre-
foot of storage would be high in comparison to the adopted Union
City plan. Highway relocations would be expensive. The reservoir
alone would not be a suitable solution to the flood problems of
the basin, and economic justification is not possible when the
reservoir at elevation 1283 m.s.l, is considered collectively as
part of a system of reservoirs for the basin. Accordingly, studies
for a reservoir at Union City with full pool at elevation 1283 were
discontinued,

b. A plan at the Union City site was investigated with a
full reservoir level at elevation 1287 m.s.l., accompanied by dikes
for protection of Wattsburg. The dikes would be built to elevation
1290 m.s.1. which is considered the maximum practical elevation com=
parable to the surrounding area in the vicinity of Wattsburg. The
plan would feature a retention type reservoir and controlled outlet
works., Gross storage of about 74,000 acre-feet would include 3,900
acre~feet of permanent pool and 70,100 acre-feet representing 5.97
inches of runoff for flood control. Average costs per acre-foot of
storage would be high when compared to the adopted Union City plan.
Highway relocation costs would be exorbitant. The reservoir by it=
self would not solve the flood problems in the basin, and econocmic
justification is not possible when the reservoir is considered in a
system of reservoirs for fiood control in the basin and protection
of Wattsburg by dikes. Since the plan for a reservoir with full
pool at elevation 1287 m.s.l. is not economically justified, the
study was abandoned,
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XIII. OUTLET WORKS

46. General.~ The uncontrolled outlet works would consist of a cut
and cover conduit in the valley flow with invert at elevation 1210 m.s.l.
and an outlet constructed in an opening through the rock supporting the
ogee weir of the spillway with the invert at elevation 1255 m.s.l. Aproms
and training channels would be constructed at the entrance to both outlets.
On the lower conduit, a trash rack would be furnished at the inlet, and a
stilling basin would be provided at the outlet. Plates &4, 5, and 6 show
the layout out the outlet works,
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47. Lower futlet works.- The cencduit would be founded on
rock and constructed of reinferced concrete, The crossection of
the conduit would measure 6 feet By 6 feet end would be reinforced
by filleted corners. The area provided by the croceactiva would
be about 33 square feet, and the length would be 520 feet, The in=
let invert would be elevation 1210 m.8.1. and the outlet invert
would be elevation 1207 m,s.i. resulting in a slope of .58 percent,
The minirum thickness of concrete provided in the conduit would be
1,5 feet for the top and side walls, The bottom thickness would
vary according to the top of rock used as a base. Cuncrete collars
and copper waterstops would be providad at comstructlon joints
which would be spaced at 20 foot intervals. Seep fins would be pro=-
vided where the conduit passes through the impervious core of the
dam to increase the seepage path by about 40%. The design capacity
of the lower conduit is about 1400 c.f.s. with the reaervoir filled
to elevation 1278,

AB. Upper outlet works.~ The outlet would be founded in an
opening cut through the rock support of the ogee weir of the side
channel spillway, The conduit would be constructed of reinforced
concrete and would be incorporated into the ogee weir. The open=
ing would be rectangular measuring 10 feet wide and 16 feet high
providing an area of 160 square feet, The invert elevation at the
inlet would be 1255 m.s.l. and outlet elevation would be 1240 m.s.l.
The length of the outlet would be about 45 fee, and the slope would
be about 37 percent, The design capacity of the outlet is 3,100
cof.s. with the reservoir filled to the spillway crest at elevation
1278,

49, Capacity of outlet works.= The capacity of the combined
lower and upper cutlets under reservoir full conditions to spillway
crest elevation 1278 m.s.l. would be about 4500 c.f.s.

50. Stilling basin.~ The stilling basin of reinforced concrete
for the lower outlet works would be approximately $0 feet long. It
would flare out from the outlet end of the conduit to a width of 26
feet in the first 55 feet, The flared section would slope from ele=
vation 1207 m.s.l., to a rectangular basin at elevation 1202 m.s.l.
The rectangular basin, 26 feet in width, would be 30 feet long and
would contain a two-step sill to elevation 1206 m.s.l. at the down-
stream end for dissipating the energy from the outlet works. The
concrete floor of the basin would extend 7 feet beyond the sills.

. The water would flow onto about a 2 foot thick layer of stone pro-

tection extending 8 feet beyond the end sill prior to entering the
natural stream channel where rock capable of resisting scour would

be encountered. The floor of the stilling basin would be 2 feet
thick, and would be founded on rock, The floor slab of the still-

ing basin would contain weep holes and would be designed to with=-
stand hydrostatic uplift, The training walls would be about 11 feet
high to confine hydraulic jumps up to the point above which additional
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tailvater would be provided by the spillway. Other features would
include a wall with a thickness of 2 feet. a vertical water face,
and a’ battered back surface. ; :

- XIV. SPILLWAY

51, General.- The spillway for the dam would be an uncon-

" ‘trolled side-channel typé founded in rock on the right abutment.

The spillway would consist of -an approach channel inlet; weir and
a longitudinal outflow channel, The spillway is shown in plan, .
profile and section on Plates 5 and 6. .

o 52. Inlet.- The inleét would ‘consist of an approach channel
normal to the axis of the weir and cut in rock to a width suffi-
cient to accommodate a 268=foot straight weir. The approach
channel would slope 1% toward the reservoir from elevation 1268
m.s,1, which is 10 feet lower than the crest of weir, A lé~foot
wide training channel leading to the upper outlet works at ele=
‘vation 1255 m.8.1. would be incorporated on the centerline ‘of the
apillway approauh channel and would be constructed in rock with

_ side slopes-of ‘4 vertical to 1 horizontal. The side slopes of the
tl-spillway approach channel ‘would be as follow-

material E e . side 51og L

Rock below elevation 1278 s
| .S, 1. (spillway crest) 4 vertical to 1 horizontal
Rock above elevatian 1278 wh - "- -'._ J T
m.8,1, (spillway erest) - . 2 vertical to 1 horizontal
Overburden . =~ ‘.. T l.ertical to 2-1/2 horizon~
: B Eab AR o T gal

‘The toe of the overburden would be 1ocated to allow a 16-foot berm
on the top of rock,: -

53. Weir.~ The uncontrolled weir with its axis almost perpen=
dicular to the axis of the dam would be founded on rock. The weir
would be ogee in section, 268 feet long with crest at elevation 1278
m.S.1. The weir and the spillway  drop structure would be constructed
of reinforced concrete anchored to the rock. The end whlls of the
weir would be vertical retaining walls of reinforced concrete :
anchored to rock. The upper outlet works would be incorporated in
the 38-foot deep drop below the crest of the weir, The 70-foot wide

channel at the base of the drop ‘structure would be paved for the full
length. of the weir to form the upper end of the longitudinal spillway
' channel. The paved channel would hdve a centerline parallel to the

20



axis of the weir and would be level at elevation 1240 m.s.l. The
slab would extend to the end of the weir which is identified as
Station 3+10, the beginning of the longitudinal spillway channel.
The slab would be founded on rock, would be 2.5 feet thick, and
would contain drain holes, The slab would be designed to resist
hydrostatic uplift znd provide the necessary structural strength

to dissipate the energy caused by the 38-foot drop over the weir
and the turbulence due to the 90-degree change in direction of
flow. The landward and upstream banks of the channel at the base
of the weir drop structure would have a slope of 4 vertical to 1
horizontal in rock and 1 vertical to 2-1/2 horizontal in overburden.
The change in slope would be separated by a 16-foot berm atop rock.
The rock slopes would be concrete lined and keyed into rock at ele=-
vation 1295 m,.s,1, to complete the concrete basin for protection of
the channel at the base of the weir.

. 54. Longitudinal spillway channel.- The longitudinal channel
would extend from Station 3+10 at the dovmstream end of the weir to
French Creek below the dam at Station 16+00, The centerline of the
longitudinal channel would be parallel to the axis of the weir from
Station 3410 to Station 6+14.21 which would be the beginning of a
horizontal curve on the centerline to carry flows into French Creek.
The curve would terminate at Station 13+50.10. The bottom width of
the chennel would be 70 feet to about Station 12+50 where the channel
would be flared to facilitate entry of flows into French Creek. The
channel bottom slope would be 4,00% from elevation 1240 m.s.l, at
Station 3+10 to elevation 1208 m.s.l, at Station 11410, The channel
bed would terminate with a flatter slope of 1,27 from Station 11+10
to elevation 1202 m,.s,1. at Station 16400 in the natural stream bed,
Reduced velocities due to a flatter slope at the lower end would be
compensated for by the increased channel width due to the flaring of
the channel at the lower end. The channel would be founded on rock
capable of resisting scour, The side slopes would be 4 vertical to
1 horizontal in rock and 1 vertical to 2=1/2 horizontal in overburdenm
separated by a l6-foot berm atop rock, The rock in the lower 300
feet of the channel may require some protection in the future due to
primary weathering of the newly exposed rock surfaces.

55. Spillway capacity.~ The spillway is designed to accommo-
date the spillway design flood of 62,700 c.f.s. discharge exclusive
of outflow in lower outlet with a headwater elevation of 1292.6
m,8.1., or 14,6 feet above the spillway crest,
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XV. OTHER FACILITIES

56. Access road.- Access to the dam would be ptOVIded on
the left abutment by a road to be constructed from Township Rnad
T674 to Station 19400 on the dam, The access road would connect.
with and be similar in design to the roadway on top of the dam. .
A turnaround and parking -area would be furnished on the right
abutment between the axis of the dam and downstream end of the
weir, These facilities would afford access to the dam and spill=-
way areas for inspection and maintenance purposes. A plan of the
turnaround and parking area 1s shown on Plate 5. A plan of the
. access road is shown on Plate 7. :

; 57. Trash rack.- A trash rack made of extra strong stain= -
less steel pipe would protect the intske of the lower conduit of:
the outlet works. The rack would prevent dsmage and clogging by
floating debris and ice, . The pipe members of the trash rack
would be :anchored to the reinforced concrete gpron comprising the
- inlet to the conduit._ The trash rack.is-ehown in detail on Plate

'.zlvo

258, Maintenance building,- Plate 3 shows location of the
building to be used mainly for storage of maintenance equipment.
The facility would also contain a small office to be used during
inspection wvisits to the ‘dam and when maintenance work is done,
The building would be equipped with water, electricity, and tele-
phone utilities. An electrical heating system and sanitary. system
would be provided. The treatment of the wastes would be by septic
tank and drainage bile field S u

59, Water sngply. Domestic use water fnr the maintenance
building would be. sypplied from.a well. It is anticipated that
suitable quality and quantity of water will ‘be. available from .
this source. . ; ; G p

60. Power dietribution lines.- Power . linee of the Waterford
Electric Company .are in.the vicinity of the dam site. A power line
extension from the existing pole line along Township Road T674 on
the left abutment of the dam would be made to .a meter pole at the
maintenance building._ x2S : = e ;

61. Telephone lines. . Telephone ee:vice_would;be supplied
by the General Telephone Company'of Pennsylvania and would be in=
stalled on power company poles to the meter pole at the maintenance
building.,

62. Landscaping.- The areas of dam site construction denuded
by construction operations would be suitably vegetated and landscaped
to control erosion and to present a pleasing appearance.

o
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63. Recording gage and well.~ Permanent operating equip=-
ment would consist of an electronically contvolled recording gage
housed in a 10~foot by 10=foot concrete block structure on top of
the dam. The gage would be coordinated with water levels at the
inlet of the lower conduit by a 1/2 inch pressure tube extending
thru a 2«1/2 inch pipe in the face of the dam to a small sump lo-
cated in the vertical traiuning wall of the apron in front of the
conduit. The 2-1/2 inch pipe would parallel the upstream face of
the dam at a depth below frost level. Two access points would be
provided in the 2-1/2 inch pipe for inspection and replacement of
pressure tubing, Electricity weculd be installed from the meter
pole at the maintenance building,

64. Miscellaneous.= A sign identifying the dam and its
pertinent features would be erected at a site where it could be
observed by all traffic approaching the dam. The sign would ac=
knowledge the agency responsible for the construction of the dam.

XVI. SOURCES OF CONSTRUCTION MATERIALS

65. Earthfill and borrow materials.~ Earthfill for the dam
would be obtained from within the immediate dam site area. Suit-
able materials from required excavation for the dam and spillway
would be utilized in the embankment., Additional random fill ma=-
terial would be required, however, and is available from borrow
areas located on the right abutment of the dam landward of the
spillway as shown on Plate 3. Investigation of the proposed
borrow area has shown that approximately 300,000 cubic yards of
material is available at the depths selected for maximum excavation.
The impervious £ill would be obtained from the borrow area on the
right abutment. Total material needed for the embankment is esti=
mated at 853,790 cubic yards. Descriptions of borrow materials are
given in Appendix II - "Geology, Soils and Embankment Design'. -
Waste materials from the borrow area would consist mainly of stripp~-
ing and would be disposed of at suitable areas in the vicinity of
the dam, as shown on Plate 3.

66. Materials for concrete,.=

a. Cement.,= Cement is manufactured in the Pittsburgh,
Pennsylvania; Erie, Pennsylvania; New Castle, Pennsylvania; and
Youngstown, Chio areas and would be delivered to the dam site by
rail or truck,

b. Fine aggregate,~- Fine aggregate is available at ap-
proved Allegheny River sources at 0il City and Franklin, Pennsylvania
as well as in Erie, Pennsylvania.
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c. Coarse aggggggtee-

(1) The Vanport limestone is available for use in
the vicinity of New Castle and Parker Pennsylvania, with a truck
haul of about 75 miles. : ;

{2) Air cocled blast furnace slag is available from
sources in Sharon, Pernsylvania, and Youngstown, Dhto. This would
be a truck or rail haul of .about 80 miles. Bt BTSN

i . (3) Coarse gravel is available from approved sources
in the Allegheny River valley up to 2-1/2 inch size. Also, coarse
gravel from deposits in the vicinity of Franklinville, Pennsylvania
and Machias Junction, New York, which have been approved up to 3-
inch size. This is also a truck haul of about 80 miles.

d. Water,- - Water frcm French Creex would be satisfactory
for use in concrete: No filtering of impurities in the water is an~
ticipated. Water from French Creek would also be satisfactory for
curing concrete.

67. Stone protection.,- Rock is available from excavation of
the side channel spillway and could also be obtained, if necessary,
in the borrow area on the right abutment of the dam 4

68, Filter maferial.- Suitable filter materials are contained
in the valley walls, These would be obtained by recovering the per=
vious alluvial sands and the terrace gravels that sre present in the
kame deposits in the left or east bank of French Creck and to a8
lesser degree in the till deposita that occur on the right or west
bank..

69, Lumber,= Finished limber would be obtained from south-
ern and western-states. Rough lumber is available locally in Water-
ford, Watteburg, Cdmbridge Springs, Venango and Cery, Pennsylvanla.

70, Iron, steel and electrical-materials.- The industrlal
belt running from Pittsburgh, Pennsylvania to Youngstown, Chio is a
center of iron and steel production. The Erie, Pennsylvania and
Cleveland, Ohio areas also produce 'iron &nd steel products. Steel
reinforcement and pipe can be obtained from a number of plants in
these areas., Electrical products are manufactured in-Pittsburgh and
Erie, Pennsylvania, and at. several 1ntermediate locations - such as
Titusville, Penusylvania (o

71. Transportation to the dam site.~ The Pennsylvania Railroad
may be utilized ‘to transport materials to within .about three miles of
the dam site, The area around the dam site is served by a network of
good roads. Construction by the-contractor of short sections of"
roads on both banks would be necessary to transport materials to the
dam site.
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"XVII. RESERVOIR MANAGEMENT AND PUBLIC USE

72, General.~ French Creek is bordered by agriculture lands.
The development of the reservoir would not prevent the use of the
reservoir area for its present use; however, any farming in the
reservoir area would be undertaken at the risk of inundation from
runoff detained by the dam during periods of excessive precipita-
tion. The water in French Creek is of good quality and supports
fishlife. The stream is used for swimming at a few locations.
There are a few privately-owned vacation cabins and summer homes
along the stream banks, Creation of the reservoir would require
acquisition and removal of these cabins and summer homes along
with any homes or farm buildings in the reservoir aréa, Public
access to the reservoir by means of existing or relocated roads
would be available.

73. Investigations by other agencies.~ Exhibits 2 to 6, in=
clusive, contain reperts resulting from interagency coordination
for the Union City project. A list of the agencies contacted and
a brief resume of their findings follows:

a. U, S, Fish and Wildlife Service.~ The report indi=-
cates that benefits will accrue to the wildlife resources through
more hunting opportunities. The benefits have not been evaluated
on a monetary basis,

b. Soil Conservation Service.~ Findings of the service
respecting the Union City Reservoir indicates no conflict with any
small watershed proposals under Public Law 566.

¢« Federal Power Commission.~ A study of hydropower
potential on the Union City project shows that there is no possi=
bility of hydroelectric power development at the dam.

d. Natilonal Park Service.= Archeological studies have
been initiated by the Carnegie Museum of Pittsburgh, Pennsylvania,
under authority and direction of the Smithsonian Institute. . The
report of the Carnegie Museum will be submitted at a later date.

e. U, S, Public Health Service,~ Studies have been made
by the Service regarding the necessity of providing low-flow augmen=
tation for pollution sbatement in the French Creek Basin, The Serv=-
ice recommends in their report that an increase of minimum flows in
French Creek to 75 c.f.s. during the critical season of the year is
desirable, Flow regulation to increase the capacity of the stream
and assimilate treated wastes is needed primarily to assure water
quality consistent with recreational uses in accordance with object-
ives of the Commonwealth of Pennsylvania. The flood control capacity
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established for thé Union City Reservoir at 1278 m.s.l. is the
practical upper limit of storage. This elevation represeants the
no-damage limit to the Borough cof Wattsburg at the head of the
reservoir, - Total utilization of storage to elevation 1278 m.s«l.
as recommended in this General Design Memorandum is'the minimum:
required for flood control purposes. In view of the above, it is
impossible to consider an increase in the capacity of the Union. -
City Reservoir to include storage for lowe=flow without' jeopardiz=
ing the flood control project plan for the Union City Reservoir,
In order to comply with the request of the U. S. Public Health
Service, it is proposed that storage for flow augmentation be con-
sidered at either the Woodcock Creek or the Muddy Creek Reservoirs
of the French Creck eystem when pre~construction planning studies.
are undertaken on these reservoirs, ‘It appears that‘additional
storage capacity required to meet the low=flow requests would be -
more readily available at the Muddy Creek Reservoir provided, of
course, the costs for additional dam appurtenances and higher
reservoir features above those required for flood control could
be economically juscified by loweflow benefits, A c¢opy of the.

U. S. Public Health Servicé report is included as Exhibit 6 of-
this memorandum,

74. Land dse_poséibiiiéiés. The Uhion City Reservoir area :
would have land use possibilities as follows: "

a. Agriculture.« Lands for reservoir use would be ac=
quired entirely in permanent easement to elevation 1280 m.s.l.
The area in general would be réserved for flood water storage by
flowage easement and could be used for agriculture. However, land
lying at the lower elevations may be inundated too frequently for
agricultural use, but no restrictions governing the land use,with
exception of bullding putrposes, would be - imposed on the reservoir.
area, A safe lower limit of the reservoir area for agricultural
use would be determined by the farmer.

be -H ting.- There would be opportunity for an increase
in hunting iAn the reservoir area due to the creation of a more suit=
able atmosphere for wildlife resources in' the reservoir area. ;

xv‘:tn-. REAL ESTATE REQUIREMENTS

75, General,- Authorization for the Union City Reservoir
provides that the United States shall acquire title to all lands,
improvements, easements and rights-of<«way necessary to the project.
The Federal Govermment would acquire fee title to 160 acres in' the
vicinity of the dam and spillway, fee title to' all improvements in
" the reservoir area, and would acquire flowage easements in the
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reservoir area to elevation 1280 m,.s.l. The Federal Government is
concerned with the right to flood and clear as necessary to the
limit of proposed storage at elevatidn 1278 m.s.l. and, in addition,
to avoid damage to abutting properties from wave action, backwater

effect; or shore erosion above the éstablished upper ‘reservoir level.
‘A (tentative) guide taking line above reservoir full level is pro=
‘posed to provide for the effect ‘of the foregoing. A gross appraisal

covering areas, types and values.of lands and improvements to be
acquired is contained in’ Appendix éI - “Real Estate Requirements',

76, .Guide (tentative) t&kigg line,= The gulde taking line is
usually based on the static reservoir-full elevation plus a variable
freeboard height to provide for contingencies. The Union City Reser-
voir would provide storage such that a reservoir full, elevation of
1278 m.s.1. would'be anticipated only at rare intervals. Normal
annual flood impountments will fall. considerably short of the reser-
voir=full elevation, Some backwater effect is. anticipated at the
head of the reserv01r, coincident with a reservoir full condltinn,
however, this backwater effect would normally apply on a falling
river gradient and will iie below the natural flood gradient of
peak inflow into a normally partially-filled reservoir. In comsider-
ation of all these factors the elevation 1280 m,s.l. contour; ‘two
feet above the stati¢ reservoir-full level, has been adopted as a
guide (tentative) taklng line for easements that will contain all
effects of the reserVoLr bperation. :

77. Real property taklng line,= The real prOperty taklng line’
for the Union City Reservoir for easement acquisitien would be such
as to include all lands in the reservoir basin below elevation 1280
m.S.1., plus fee acquisition at the dam site and spillway area,
plus severance that would be required due to ellmination .of ingress
and egrees on lands in the resérvoir area. All improvements in the
reservoir area will be acquired in fee title. The areas in the sub-
ject project are’ cIassifled as’ follaws' Lo N :

PR

" Dami- s{te and "construétion area "~ ‘160 acres (fee)
Reservoir area below elevation
1280 m.s.l. g on 2,310 acres (ease-

R I R - ment)
Total Area kS ﬂ" = ;;PL: .2 470 acres

The total acquiaition cost, inecluding improvements, is, estimated at .
$641,000,
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'XIX RELOGNTIGNS

78. General. This report cavers all highway and utility re~
locations as required in General Design Memorandum scope. Also, in=
.cluded in this report are certain highway relocations in Feature De-
sign Memorandum scope in order that the first phase of construction
can be initiated to expedite completion of the project. The latter
includes:a Report cn Necessity and an: Attorney's Report for each
highway relocation considered for the initial construction program.

79. Highways.- The proposed relocation of highways is shown on
Plate 2 and are discussed in detail in Appendix V.  The relocations
.are proposed to maintain principal existing river ¢rossings and to
provide access to the perimeter of the reservoir., The plan of relo~
cation proposed.is one of equivalent.substitute facilities and would
involve state and township: roads. The state or the political sube
division involved would probably elect to have detail:planning work
done by the Corps of Engineers with the. State contracting “for ‘and
supervising the cunstruction work, .

: 80. . 111tigs.- Utilities ‘in the resetvoir area: ‘that would be
affected by relocation, alteration, abandonment or removal consist
of telephone lines and electrical transmission and distribution lines,
Descriptions of ‘existing utilities and proposed plans of adjustment
are contained in Appendix V., Estimates of cost of proposed changes
are shown in Appendix VIII. The work would be done by the owning
agencies on a cost-reimhu:sable basis.-- ' N

8l. Railroads.- There are no railroad lines tu‘be relocated .

within the limits of the Uhion City Reservoir.-

82. Cemeteries. There is one small cemetery cuvering about
one-quarter acre near the upper:limits of the Union City Rﬂservair.‘
Estimate of cost for relocation- is ‘showm in Appendix VIII. '

XX.  COST ESTIMATES

83. Estimate of first cost.- The estimated total first cost
of the Union City Reservoir project, as outlined in this report, is
$10,100,000, including a contingency allowance of 12 percent. De=
tailed cost estimates are contained in Appendix VIII, Cost Estimates,
and are based on May 1964 values. A summary of the estimated first
cost follows: : i
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Estimated First Cost
(May 1964 Cost Level)

Feature ' : 3 Amount:
Lands and Damages $ 641,000
Relocations - 4,548,000
Reservoir Clearing 28,000
Dam 3,354,000
Access Road < . 96,000
Bulldings, Grounds and Utilities ' 20,000
Permanent Operating Equipment 23,000
Engineering and Design ’ 660,000
Supervision and Administration - 685,000
Construetion Facilities 15,000
Operation and Maintenance Expenses

(during construction) - ' 10,000
Total, Rounded $10,100,000

84, Estimate of investment cost.- The following table
summarizes the estimated investment, as of May 1964 values,
based on the first cost presented in the preceding paragraph.
The interest charge is based on an interest rate of 3-1/8 per-
cent.

a. Estimated project first cost $10,100,000

Interest during construction

(3-1/8% for 1/2 of a 3-year

construction period)

10,100,000 x 4.68757 = 473,437

b. Total Federal groés invest=
ment (Rounded) $10,573,000

85. Estimate of average annual charge.~ The following
table summarizes the average annual charges for the Union City
Reservoir according to the cost presented in the preceding para-
graph and based on a 3-1/8% interest rate, May 1964 values, and
a 100-year project life. Determination of average annual charges
is shown in Appendix VIII, Cost Estimates.

Item : Amount

Interest ($10,573,000 x 3.125%) = $330,406

Amortization ($10,573,000 x Q.151%) = 15,965

Maintenance 30,000

Total, (Rounded) $376,000
29




86. Comparison of curreéent 'costs: with latest approved Federal
estimate and project document estimate,~: The estimated Federal
costs of the Union City Reservoir pro;ecn, as presented in this.
memorandum, differ from the latest approved Federal estimate 'and
from the Federal costs, as given in the project document for the ”
following reasons: st o

a,. The change in labor and material costs between May
1960 and May 1964 resulted in an increase in the est1mate of
$1,100,000. - D 5 g

b. Changes in unit prices as a'resnlt;of'more detailed
investigations .of construction conditions tesulted in an increase -
in the estimate; particularly, the real:estate‘acquisition cost
estimate. This increased the estimate by approximately $350,000.

c. -Changes in cross-section ofrtﬁe dam affecting the re=- -
quirements for impervious and random fill resulted in a decrease in
the estimate of about '$100,000. : '

d. Changes in ‘Toeation. and design of the emergency epill-
way resulted in a decrease 1n the coat estiﬂate\of $100 000

ev Mbdification 1n the design of the uncbntrolled outlet
works reeulted in a deerease in the cost estimate of $250 000.

f. Rise in’ the estimate for’ engineering, supervision and
administration resulting from'considering the Union City construct-
ion costs separately to deterimine percefitages for the cited estimates.
In the project document, total construction c¢osts for the three reser=
volrs in the French Creek system were considéréd in’determining lower
percentages which regulted in lesser engineering, supervision and ad~
ministration estimates when apportioned to the three reservoirs. This
resulted in an. increaee of about™ §430,000." =

The effects of the feregoxng factors are shown in the following com=
parism- . e T R _,’__:_ i "-’: .'-|=‘_ .' A .‘r‘, N "f':'i'.f._.', s

o = LT O L * '.= e v, 2

g, Total Federal first cost, progect document, MEy 1960 g
values e : $ 8, 650 000n o

b. Approved total Federal cost, Julyﬁ1964 2
values D $ 9,880,000

Ce Total Federal first cost, project’ docu- : =
ment, adJusted to May 1964 <cest.level: = . /-0 ©$ 9,750,000

d. Total Federal first cost, this memorandum,
May 1964 cost level 3 B $10,100,000
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XX1. SCHEDULES FOR DESIGN AND CONSTRUCTION

87. General.- Feature design memoranda covering specific
phases of project development which are to be prepared follow:

a, Real Estate.

b. Highway Relocations (Second Phase).

c. Sources of Construction Materials,

d. Dam and Spillway.

e, Utility Relocations, '

88. Contract plans and specifications.~ Contract plans and

specifications for highway and utility relocations will be pre-
pared by the Corps of Engineers. Contract plans and specifications

for dam construction will be scheduled for completion 10 months
after initiation of highway relocation work.

89. Construction schedule.- The proposed schedule for de-
sign and construction is shown on Plate 8 of this report.

90. Sequence of Operation.- The sequence of operations shown
on the design and construction schedule is based on the following
criteria:

a. Funds would be appropriated for planned, orderly,
and economic construction.

b. Lands would be acquired and relocations of highways
would be well advanced to assure continuous construction of the
dam and appurtenant facilities.

cs Outlet works, embankment abutment sections and spill=
way would be completed first and final diversion would be made be=-
tween the second and third construction seasons.

91. Relocations of highway and utilities would require approxi=-
mately three construction seasons.

92. Construction of the dam would be completed during the third
construction season.

93, Construction of the parking area, maintenance buildings and

gage well and appurtenances would be completed during the third con-
struction season,
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94, Fund requirements.- Federal funds previously expended and
additional funds required for planning and construction are shown in
the table that follows:

Previous : $300,000

First fiscal year - -7 " 500,000
Second fiscal year e v 2,080,000
Third fiscal year 4,200,000
Fourth fiscal year 3,000,000
Total (rounded) - '~ $10,100,000 *

% Does not include preauthdfiﬂatibn costs of $56,000,

XXII., OPERATION AND MAINTENANCE

95. There will be no operating personnel permanently assigned

to the Union City Reservoir as operation of .the reservoir would re=
quire only periodic checks to' observe conditions, Other periodic
work required would be minor gaintenanpe“suchqas mowing grass, main=
tenance of the growth on the downstream slope of the dam and service
ing the gage atop the dam. The work would be done on a part~time
basis by personnel assigned to the Woodcock Reservoir. During the
interim between construction of the Union City Reservoir and the
Woodcock Reservoir, the maintenance work at- the Union City Reservoir
will be under the direction of the damtender of an existing Federal
reservoir project (Allegheny Reservoir) under: jurisdiction of the
Pittsburgh District and located within a reasonable distance of the
proposed Union City Reservoir. The cost for maintenance, including
wages and depreciation and upkeep of equipment is estimated at
$30,000 per year.

96, Initial clearing of the reservoir area would leave it free
of major floatable materials to the limit of flowage easement. There-
after, normal Federal maintenance of the reservoir area would consist
of gathering and burning drift resulting from intermittent flooding.
The work would be performed by hired labor under the direction of the
damtender assigned to aforementioned Woodcock Reservoir. -

97. The proposed structures associated with the project are so
planned as to have convenient access. The structures consist of a
building to store the maintenance equipment and a gage house at the
top of the dam to house the recording gage.

XKIII. 'RESERVOIR REGULATION

. 98, The Union City Reservoir will be an uncontrolled type with
discharges limited by the sizes of the outlet works. Maximum dis-
charges through the upper and lower outlet works will be 4,500 c.f.s.
under reservoir design flood conditions. Bankfull capacities down=
stream of the dam are estimated at 5,900 c.f.s. The reservoir de=-
sign flood would have a peak inflow of 16,000 c.f.s. resulting in a
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full pool elevation of 1278 m.s.l. which was used as a guide for
establishing vertical limits for relocations of highways and utili=-
ties and as a basis for establishing a guide taking line for acqui=-
sition of permanent easements on reservoir lands, Detail informa=-
tion and illustrations regarding reservoir discharges are included
in Appendix I - Hydrology and Appendix IV ~ Hydraulics, accompany-
ing this report.

XX1V, BENEFITS

99. General,~ The estimated average annual benefit which
would result from the Union City Reservoir consists of the follow-
ing:

a, Benefit from the elimination or reduction of primary
damages resulting from a decrease in flood flows in the French
Creek Basin and along the Allegheny River between Franklin and
Pittsburgh, Pennsylvania,.

b. Benefit from the elimination or reduction of primary
damages which would apply to normal future development in the flood
zones, even if flood protection were not provided.

Flood control benefits were evaluated on a basis of an incremental
addition to the existing elements of the Ohio River Basin system
using stage-~damage and stage-frequency curves up to a 1000-year fre-
quency.

100. Evaluation of primary flood control benefits.~ There are
no existing flood control projects in the French Creek Basin. There-
fore, the average annual primary flood control benefit in each dam~-
age district would have a monetary value equal to the difference be-
tween the average annual natural damages and the average annual resi=-
dual damages remaining with the Union City Reservoir in operation.
Average annual primary flood control benefits downstream from French
Creek which would accrue to the Union City Reservoir have been con-
servatively evaluated for use in this report. Benefits have been
estimated only as those resulting from stage reductions after full
credit has been applied to the existing reservoir system plus all
active authorized reservoirs, for reduction of natural flood stages.
The total estimated average annual primary benefit based on May 1964
values and May 1960 degree of development for the affected districts
in the French Creek Basin and along the Allegheny River from Franklin
to Pittsburgh are allocated among districts as follows:
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Damage District Average Annual Primary Benefit

French Creek Basin:

Union City Reservoir dam site

to Cambridge Springs $ 16,140
Cambridge Springs 71,520
Cambridge Springs to Venango 2,358
Venango : . 848
Venango to Saegerstown 11,888
Saegerstown 10,635
Saegerstown to Meadville 1,926
Meadville to Kerrtown 530,220
Kerrtown to Cochranton 851
Cochranton 51,588
Cochranton to Franklin (a) 5,575
Franklin 26,535

Subtotal, Rounded $ 730,000

Allegheny River to'Pittsbugggg

Franklin )

Parkers Landing)

Kittanning SRR EE T IR $ 5,880

New Kensington )

Pittsburgh 36.800
Total, Rounded $773,000

(a) Utica, Carlton and Sugar Creek districts combined.

101. Evaluvation of normal future development benefits for the
French Creek valley.,~ The average annual benefit which would re-
sult from elimination of primary damage applicable to normal future
development in the Meadville flood zones has been computed for the
Union City Reservoir on the basis of a normal future growth project=
ion developed for the Meadville area fiood zone in conjunction with
the project document., This trend, averaging 1.70% growth annually,
was based on a 15-year history (1944 to 1960) of building permit and
assessment valuations in the Meadville area flood zone. For purposes
of this report the trend line has been projected for the life of the
Union City Reservoir project {2064) assuming the same rate of growth.
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This rate of growth compares with a 1.307 flood zone growth rate at
Franklin, 1,317 at Cochranton, and 0.847% at Cambridge Springs,which
were also computed for the project document. Since the project docu=
ment was published, there has been no significant increase or decrease
in construction activity in the Meadville area flood zone that would
materially affect the trend line average of 1.70%. According to pro-
jection of the trend line, the Meadville area flood zone building
valuation in 1964 is estimated at $26,600,000, The flood zone develop=
ment throughout the remainder of the French Creek valley is considered
insignificant in the evaluation of future development benefits. The
method for computing the future development benefits on a monetary
basis for the Meadville flood zone due to construction of the Union
City Reservoir follows, The ratio of total primary damages in the
Meadville f£lood zone to the total projected 1964 flood zone building
valuation for the Meadville area is used to establish a ratio of 1.99%;

530,220 (Total primary benefits = Meadville) = 1,999,

26,600,000 (Flood zone building valuation = Meadville)

This percentage is assumed to apply to the normal future development
in the flood zone as developed by projection, and is considered to
represent the portion of the total future development benefits in the
Meadville flood zone that can be credited to the Union City Reservoir.
The projection shows a trend line value of $71,800,000 in 2064 or a
total gain in the flood zone value of $45,200,000 for a 100-year per-
iod, Therefore, the snnual benefit attributable to future develop=
ment would amount to 1.99% x $45,200,000 = $900,000, This amount is
discounted by .28168 which is the average annual equivalent compound
interest factor for a 100-year growth period and an interest rate of
3-1/8%. The resultant discounted figure of $254,000 is the amount

of average annual future development benefits in the City of Meadville
apportioned to the Union City Reservoir,

102, Evaluation of normal future development benefits for the
downriver area.- The average annual benefit which would result from
elimination of primary damages applicable to normal future develop=
ment in the Allegheny River reach downstream of French Creek has been
computed for the Union City Reservoir on the basis of population
growth of four principal counties over a 60<yéar peried , This method
was used in conjunction with the project document. The population of
Allegheny, Armstrong, Beaver, and Westmoreland Counties combined, in-
creased from 1,044,216 in 1900 to 2,267,730 in 1960, representing an
average annual gain of 1.957 as reported in the project document. This
is a conservative rate of growth when compared to the average yearly
increase of 5.51% for total industrial production for the Pittsburgh
district over a 20-year period and a similar growth rate of 5.437 for
general business activity for the same area and period of time. The
conservative growth rate of 1.95% is used for the downriver area and
projected for 100 years, gives a total growth of 195%. This percent=-
age, applied to the existing primary benefits of approximately 42,000

35




would show an increase of about $83,000 in average annual primary.

benefits in 100 years. This figure is discounted by .28168 giving

$23,000 as the average annual downriver future development benefits
attributed to the Union City ~Reservoir.

103, Summary of flood protection benefits.= Average annual
flood control benefits which would result from construction of the
Union City Reservoir based on May L1964 values and May 1960 degree.
of development are as follow: - : : B

Benefits _
__ Primary . Future_neyelopmgnt thal
French Creek vaue{ _ d_._”'zs'?'_so.,‘b‘oo | $254p,6§0' B $ 984,000
SRR R B T

104. Area Redevelopment Administration benefits.= It is ace

_ knowledged that labor, materials and services for construction, and
later for operation’ and maintenance of the project, would be required
in Erie County, Pennsylvania. However, for purposes of ‘this memoran=
: dum, no ARA benéfits have been applied to the project.

105. Annual charges. - Total estimated average annual charges
are $376,000, as determined earlier in bhis report.

106. Benefit-to-cost ratio.- A comparison of average annual
monetary benefits to average annual charges results in a ratio of
2 8 tO 1. { ..x',...“T.,- Al

- '

107. Comparison with economic ratio in the project document,=-
Based on the Union City Reservoir being first in the order of con=
struction of the French Creek Reservoir system, comparison of the
current econcmic tatio with the economic ratio developed in the proj-
ect document is as follows:
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Current Project Document

(May 1964) (May 1960)
Estimated average annual
benefits $ 1,050,000 $ 821,300
Estimated average annual
charges $ 376,000 $ 336,400
Economic ratio, benefits
to charges 2,8to 1 2.4 to 1

The differences resulting from a comparison of the above figures can
be attributed to the following:

a., Average annual benefits are higher due to increased
dollar value of property since preparation of the project document
and the consideration of a 100=year project life instead of a 50-
year project life, as used in the project document.

b. Average annual charges are higher due to the increased
dollar cost of construction, the increase in the Federal interest
rate to 3-1/8 percent as compared to 2-5/8 percent used in the proj=
ect document, and a higher estimated maintenance cost.

c. Changes in design based on more complete topcgraphic
and subsurface information which resulted in an embankment and spill=
way design which was economically superior to that proposed in the
project document,

XX¥., RECGMMENDATION

108. It is recommended that the Union City Reservoir of the
authorized French Creek Reservoir system be constructed in accord-
ance with the General Plan as outlined in this General Design Memoran=-
dum at a total first cost of $10,100,000, provided that, prior to initi=-
ation of construction, local interests give assurances satisfactory to
the Secretary of the Secretary of the Army that affected interests in
the French Creek Basin will be informed at least annually that the
system of reservoirs, of which Union City Reservoir is a part, will not
provide protection against maximum floods.

Accompanying the report: J. E, HAMMER
Plates 1 to 8, incl. Colonel, Corps of Engineers
Exhibits 1 to 6, incl., District Engineer

Appendices 1 to yIfI, incl.
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