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1.0 EXECUTIVE SUMMARY

Buckeye lake, about 2830 acres in size is located in the southern end of the
South Fork Licking River (SFLR) watershed. The lake was created between 1825 and
1832 by constructing a dam and reservoir to supply water for the Ohio Canal. The 3 to
15 ft high embankment is about 4.1 miles long.

During average meteorological conditions the lake receives water from Honey
creek, a few smaller unnamed streams and the Reservoir Feeder. The Reservoir Feeder
is approximately six miles long and runs between the towns of Millersport and
Kirkersville. Although the Feeder no longer intercepts the SLFR near Kirkersville, it
intercepts about five streams that originally flowed into the lacustrine area traversed by
the SFLR.

During extreme meteorological events the Feeder canal can only intercept a
maximum flow of 2000 cubic feet per second (cfs) (see page 11 of Reference 1).
Therefore, the runoff from the upper reaches of the Feeder's drainage area is diverted to
the SFLR, inundating the low-lands downstream of Kirkersville.

In other words, with exception of the Feeder's maximum carrying capacity, all
storm runoff generated by the drainage area located west of the lake during the probable
maximum precipitation (PMP) will not reach the lake. Consequently; the effective area
draining into Buckeye lake is 26.1 square miles and not 46.7 square miles as previously
indicated. A 44 percent reduction of the drainage area available during average
meteorological conditions.

Reduction of the lake’s drainage area results in additional runoff and inundation
levels along the lower reach of the SFLR. The SFLR reach located between Kirkersville
and Hebron is about ten miles long and characterized by flat lowlands with poor storm
drainage. The flood plain is undeveloped, frequently inundated and up to two miles
wide. It is pointed out that the inundation levels are controlled (and increased) by a
narrowing of the flood plain at Hebron where, the width is reduced to half mile.

Evaluation of the adequacy of the Buckeye lake spillway during the PMP requires
the evaluation of both; the upstream and the downstream conditions. The upstream
conditions to determine the probable maximum flood (PMF) inflow into the lake and, the
downstream conditions to determine weather the spillway capacity is affected by
submergence.



The methodology used to evaluate the adequacy of the Buckeye reservoir
spillway includes the following conditions and analysis:

The Buckeye lake is within the boundaries of the SFLR drainage area
The drainage area contributing runoff to the lake during the PMP event is limited to
the adjacent areas located north and south of the lake.

* The drainage area located west of the lake is diverted into the SFLR reach located
downstream of the dam.

* The magnitude of the PMP storm corresponds to the precipitation intensity over the
SFLR drainage area.

» The precipitation intensity of the PMP storm varies in accordance to predetermined
isohyetal patters

» The downstream water levels are determined for the maximum PMF flows along the
Kirkersville to Hebron reach.

» Hydrologic calculations include HEC-1and HEC-RAS

The main differences between this approach and the evaluations performed in
the past are listed below. Additional differences in the assessment of the hydrologic
parameters are listed in the table included in Appendix C.

* Reduction of the drainage area contributing runoff to the lake during the PMP event
* Incorporation of the lake's drainage area into the SFLR drainage area
» Determination of downstream water levels for the PMF flows



The conclusions are:

—

. The existing dam crest varies between elevation 894.20 ft and 897.00 ft

2. The existing emergency spillway together with the gated outflow structure are
inadequate to pass the runoff of the PMP storm without over-topping the existing
dam crest. During the PMF, the total outflow is 34452 cfs and the lake surface will
reach elevation 895.88 ft. ( 1.68 ft over the lowest point along the dam crest.)

3. The existing emergency spillway together with the gated outflow structure are
adequate to pass the runoff of the PMP storm without overtopping the dam crest ,as
long as the crest of the dam is raised to a uniform elevation equal to 896.5 feet..

4. If the dam is raised to a uniform elevation equal to 896.5 feet , The PMF outflow will
be 21012 cfs and the maximum water surface elevation in the lake will be 896.56 ft
(No freeboard). :

5. The magnitude of the PMF flow entering the lake is only 75 percent of the PMF flow
indicated in the Dodson-Lindblom 1987 report

6. The maximum water levels due to the PMF over the SFLR watershed do not

submerge the crest of the spillway

The Buckeye Lake locality can experience wind speeds of 100 mph

The horizontal distance of open water over which the wind blow (effective fetch)

varies between 8000 ft and 9200 ft.

9. The actual freeboard available at the Buckeye lake during normal operating
conditions is 1.0 foot short of the normal freeboard recommended by US Bureau of
Reclamation

10. The minimum USBR freeboard required during 50 mph winds is 3.0 feet.

11. Wave runup will overtop the embankment during 100 mph winds when the lake is at
its normal operating water level (891.75 ft.). The amount of overtopping is 0.8 cfs per
ft of embankment length.

12. Wave runup overtopping during 50 mph winds with 12 inch freeboard is 1.0 cfs per
longitudinal feet of dam. -

13. The wind tide (lake setup) during 100 mph winds will pile up the water at Millersport

(the leeward end of the lake) about 10 inches.

™ =

To minimize the embankment failure risks associated with increasing the lake
surface during the PMF to the unsafe pool levels identified in reference 23 (see excerpt
included in Appendix E), it is recommended that a new flow control structure be
constructed at Sellers Point.

The recommended flow control structure shall be able to accommodate the
outflow of the PMF without significantly exceeding pool elevations above 892.00 ft
during a long period or over-topping the existing dam crest.

The recommended flow control structure is shown in exhibit 22 and consists of
four radial gates similar to the Amil gate installed at the existing gated outflow structure
If this proposed structure is constructed, the existing dam crest will not be over-topped .
The maximum PMF outflow will be 31121 cfs with a pool level of 894.08 ft.



2.0 PURPOSE

The purpose of this evaluation was to confirm the adequacy of the recently constructed
spillway to pass the outflow of the PMF without overtopping the crest of the sheet piling
and parapet extensions. The spillway adequacy was based on the evaluation of:

¢ The watershed characteristics

e Hydrologic analysis

e PMF routing

o Downstream water levels

e Wave runup

o Identification of remedial measures



3.0 WATERSHED CHARACTERISTICS

The Buckeye lake lies within the boundaries of the SFLR watershed that, is part
of the Muskingum river system. The lake is located at the southern end of the watershed
in Licking, Fairfield an Perry Counties. The general location of the lake is shown in
exhibit 1. The lake’s plan is shown in exhibit 2. The Dam Owner information is included
in Appendix D.

The SFLR watershed considered in this evaluation covers an area of 117.4
square miles and is located between the SLFR source an the USGS gaging station
near Hebron OH. The course of the SFLR is approximately 26 miles long and runs
through two distinctive zones. The upper reach, upstream of Kirkersville, is
characterized by gently sloping areas with undulating hills and a relatively narrow flood
plain. The lower reach, located between Kirkersville and Hebron, is about 10 miles long
and is characterized by flat low lands up to two miles wide with poor storm drainage. The
flood plain is undeveloped and frequently inundated. Inundation levels along the lower
reach are influenced by a narrowing of the flood plain at Hebron where, the flood plain
width is reduced to half a mile.

Approximately 15 percent of the watershed is wooded, 25 percent is brush and
the balance is agricultural lands and meadows. The predominant soils found within the
confines of the basin are hydrologic C groups (Centerburg-Benington-Pewano and
Amanda associations) interspersed with type B (Oakley-Stonelick-Shoals associations)
and D (Montgomery and Benington) soils. Most of the soils found along the upper reach
of the SFLR are moderately well drain and slowly permeable silt and clay loams. Soils
along the lower reach are poorly drain, slowly permeable silt loams. The soils were
identified using references 2, 3 and 4.

The SFLR watershed was subdivided into 11 sub-basins. The surface area of
the Buckeye Lake (4.2 sg., mi.) was proportionally distributed among the Harbor, Honey
and Walnut sub-basins. The boundaries, location an identification of the 11 sub-basins
are shown in exhibit 2. The surface areas of the sub-basins are:



Sub - Basin

Drainaae Area Impervious
Name Square Miles Percent
Jersey 16.6
Pataskala 13.2
Harrison 16.7
Kirkersville 9.3
Watergate 9.6
Lakeside 7.8 10
Liberty 11.0
Walnut 9.7 10
Honey 9.5 16
Harbor 6.9 23
Hebron 7.1 5
TOTAL 117.4

During average meteorological conditions the lake receives water from Honey
creek, a few smaller unnamed streams and the Reservoir Feeder canal. The Reservoir
Feeder is approximately six miles long and runs between the towns of Millersport and
Kirkersville. Although the Feeder no longer intercepts the SLFR near Kirkersville, it

intercepts about five streams that originally flowed into the lacustrine area traversed by
the SFLR.

During extreme meteorological events the Feeder can only intercept 2 maximum
flow of 2000 cubic feet per second (cfs) (see page 11 of Reference 1 ). Further, due to
inundation of the lowlands located downstream of Kirkersville, the runoff of the upper
reaches of the Feeder’s drainage area is diverted into the SFLR. -
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4.0 HYDROLOGY

4.1 Introduction

The hydrologic evaluation presented in this report pertains to present hydrologic
conditions; it does not consider the potential effects of future hydrologic changes due to
uncertain conditions such as urbanization, forest fires and other modifications within the
watershed.

The Buckeye Lake Dam is formed by an earthen embankment, an emergency
spillway and a main spillway.

The earthen embankment is about 4 miles long with crest elevations, that vary
between elevation 494.2 ft and 497.0 ft. About 2650 ft are between elevation 494.2 ft
and 495.0 ft.; 14680 ft between elevation 495.0 ft and 496.0 ft and 3670 ft between
elevation 496.0 ft and 497.0 ft. The maximum height of the embankment is 15 feet

The emergency spillway is a 472 feet long ogee crest emergency spillway at
elevation 892.2 feet. The main spillway is 33.5 ft wide provided with an Amil gate. The
gate's crest is at 891.75 ft. Photographs of this facilities are shown on exhibits 20 and
21. Additional details are provided in appendix D.

The Ohio Department of Natural Resources plans to raise the height of the
embankment to and uniform elevation of 896.50 ft by adding shoreline protection
structures. The proposed additions consist of sheet piling walls, concrete parapets and
slopped riprap Sheet piling walls are 10494 feet long, concrete parapets are 8430 feet
long and the slopped riprap zone 1219 feet. Typical cross sections of the proposed
embankment protection are shown in exhibits 4, 5 and 6.

The Buckeye Lake Dam is classified as a Class 1 (high hazard potential)
structure by the Division of Water Standards of the Ohio Department of Natural
Resources (ODNR) and, in accordance with Section 1501:21-13-02 and 03 of Chapter
13 (Reference 12) it should be able to pass a minimum design flood equal to the PMF
without endangering the safety of the Dam. As a minimum, the spillway should be able
to pass the peak outflow rate of the PMF after routing the PMF flood through the lake.

The PMF is the flood that may be expected from the most severe combination of
critical meteorological and hydrologic conditions that are reasonable possible in the
area. The PMF is derived from the PMP.

The transformation of the PMP to the PMF requires the:

estimation of retention losses

derivation of unit Hydrographs

convolution of rainfall excess and unit hydrograph

Flood routing through the river channel and the reservoir (lake)

11



42 Retention Losses

The precipitation retention losses were calculated assuming an uniform rainfall
abstraction rate which, is dependent on the prevalent hydrologic soil type, land use, and
topography. Calculations were performed in accordance to US Soil Conservation
Service (SCS) methods included in reference 16.

Antecedent or subsequent floods were not considered. It was assumed that the
meteorological conditions prevalent before the PMF were average.

4.3 Unit Hydrograph

The unit hydrograph is the hydrograph resulting from one unit of rainfall excess
over a specified duration. To account for natural variations across the SFLR watershed,
unit Hydrographs were derived for each sub-basin with uniform but distinct rainfall
intensities and basin characteristics. The unit Hydrographs were determined using a
combination of the Snyder and the SCS methods. The lag time needed to calculate the
Hydrographs were estimated using both; the Snyder coefficients (Cp=4.1 and Cp=0.55)
determined by DLA (Reference 1) and the curve numbers (CN) of the SCS method
(Reference 16). The lag time used in the determination of the PMF Hydrographs was the
lower of the lag times calculated with these two methods. The lag times are:

Sub - Basin SCS Curve Laa Time Laa Time Laa Time
Name Number SCS Snvder Selected
Hours Hours Hours
Jersey 75 14.17 12.18 12.2
Pataskala 75 11.62 9.8 9.8
Harrison 76 8.86 9.32 8.9
Kirkersville 77 8.22 11.93 8.2
Watergate 78 6.32 9.03 6.3
Lakeside 80 9.01 10.45 9.0
Liberty 80 12.55 11.12 11.2
Walnut 82 2.47 5.96 2.5
Honey 81 5.48 7.68 55
Harbor 82 2.39 4.28 2.4
Hebron 83 11.36 10.11 10.1

4.4 Probable Maximum Precipitation

in computing the PMF, the most important element is the PMP. PMP was defined
by the American Meteorological Society in 1959 as “the theoretical greatest depth of
precipitation for a given duration that is physically possible over a particular drainage
area for a certain time of year”.

The maximum intensity of the “all seasons” PMP over the SFLR watershed was

determined in accordance with NOAA HR 51 (Reference 17) and occurs during August.
PMP intensities vary monthly. The lowest PMP occurs during February when the

12



precipitation intensities are about 30 percent of the August PMP. Maximum PMP
intensities from 6 to 72 hour duration over the SFLR watershed are shown in exhibit 7

The following table shows the PMP intensities for up to 24 hour duration for:

a) The SFLR drainage area (117.3 square miles)

b) The area normally draining into the lake that includes the contributions from
the feeder canal (46.7 square miles)

c) The effective area draining into the lake during PMF conditions (26.1 sq. mi.)

Lake with Lake without
Duration SFLR Feeder canal Feeder canal
Hours Inches Inches Inches
Oto6 20.0 225 24.0
0to12 24.0 26.0 27.5
O0to 24 25.5 28.0 30.0

4.5 Probable Maximum Flood

In order to maximize the magnitude of the Lake’s PMF inflow hydrograph, a PMP
of 20 inches with a duration of 6 hours was selected. The hourly rainfall distribution
selected corresponds to a type Il distribution (Reference 16) and is shown in exhibit 8

To avoid unrealistic high PMF flows resulting from the use of the PMP intensities
applied uniformly over the entire drainage area , the PMP intensities were corrected to
reflect their temporal and spatial distribution and, the orientation of the isohyetal storm
pattern. The intensities and orientation patterns of the postulated PMP storm were
determined in accordance with NOAA HR 52 (Reference 18)

The following three scenarios were considered in the assessment of the effects
that the PMP storm direction and location would have on the PMF:

o Maximum PMF peak inflow into Buckeye lake
Homogeneous distribution throughout the watershed
e Maximum PMF outflow at the USGS gaging station near Hebron

The maximum PMF inflow into Buckeye lake was determined by placing the
storm over the center of the lake. The major storm axis was oriented along the N 10° E
direction that, corresponds to the track followed by past storms (Reference 18). The
superposition of this PMP storm pattern over the center of the lake drainage area is
shown in exhibit 9.

13



Since the magnitude of the lake's outflow during the PMF depends on the
maximum allowable water surface elevation, it was necessary to evaluate this scenario
for three different conditions namely:

e Existing outflow facilities with the dam crest reconstructed to elevation 896.5 ft.

» Existing outflow facilities with the existing dam crest elevations

e Existing outflow facilities with the existing dam crest elevations and a new
gated outflow structure at Sellers Point.

The homogeneous distribution of the PMP was evaluates to determine the
sensitivity of the storm location to both; the PMF inflow into the lake a the PMF outflow
at gaging station near Hebron. This second scenario placed the PMP over the center of
the SFLR watershed with its major axis along the historical storm track orientation of

N 10° E. The superimposition of this storm pattern over the SFLR watershed is shown
in exhibit 10.

The maximum PMF outflow at the gaging station near Hebron was evaluated
to determine the maximum water elevations and the extent of flooding downstream of
the Buckeye Lake Dam. This scenario placed the center of the PMP storm over the
center of the SFLR watershed with its major axis oriented along the maximum
longitudinal watershed dimension which runs along N 70° W. The superimposition of
this storm pattern over the SFLR watershed is shown in exhibit 11.

The isohyetal distributions of each storm scenario were converted into an
uniform rainfall over each sub-basin. The accumulated 6 hour precipitation over each
sub-basin is:

Sub - Basin Maximum Homogeneous Maximum
PMF Inflow PMP PMF Outflow
into lake Distribution at Hebron
Name Inches Inches Inches

Jersey 7.0 11.7 19.5
Pataskala 7.0 11.6 19.8
Harrison 8.0 22.0 22.5
Kirkersville 14.0 22.8 23.0
Watergate 11.0 225 224
Lakeside 18.0 21.7 22.0
Liberty 16.0 22.3 22.3
Walnut 23.0 14.3 20.3
Honey 22.0 10.0. 18.8

Harbor 23.0 11.4 18.8

14



Convolution and Flood Routing

The integration of the incremental rainfall excesses with the unit Hydrographs and
PMF routing through river channels and the Buckeye Lake Reservoir was accomplished
using the 1990 version of HEC-1 (Reference 19). These version features improved
hydrologic capabilities not available in earlier versions such as ogee spillway discharges,
Muskingum-Cunge flood routing, reservoir releases over time and improved numerical
solution of kinematic wave equation. The software used in the calculations was the
GEOHEC-1 package distributed by Boss International of Madison, Wisconsin.

The topological tree used in HEC-1 is shown in exhibit 12. As shown, this
topological tree diverts the outflow of the Liberty sub-basin directly into the SFLR
because:

a), During extreme meteorological conditions the Feeder canal can only intercept
a maximum flow of 2000 cubic feet per second (see page 11 of Reference 1)

b) .Due to the inundation of the lowlands located downstream of Kirkersville the
runoff of the upper reaches of the Feeder’s drainage area is diverted into the
SFLR

The PMF inflow and outflow hydrographs with storm intensities equal to 100, 75
and 50 percent of the PMP were determined for each postulated scenario.. Copies of
the HEC-1 printouts of the data input and of the output summary are included in
appendix A. The PMF inflow and outflow hydrographs are shown in exhibits 13, 14 and
15. Neither a complete copy of the HEC-1 calculations nor a floppy disc have been
included; however they are available on request. Significant results for the PMF are:

¢ Maximum PMF peak inflow into Buckeye lake -

New
Dam crest Existing gated
reconstructed dam crest outflow
Parameter to elevation elevations at Sellers
896.5 ft. Point
Units 100 % PMF 100 % PMF 100 % PMF
Buckeye lake Inflow cfs 47804 47804 47804
Buckeye lake Outflow cfs 21590 34074 32068
Maximum lake level ft 896.37 895.85 893.96
Freeboard ft 0.13 -1.65 0.24

PMF outflow Hebron cfs 56631 60375 64428
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» Homogeneous distribution throughout the watershed

Parameter Units 100 % PMF
Buckeye lake Inflow cfs 24348
Buckeye lake Outflow cfs 10961
Maximum lake level ft 894,08
Freeboard ft 2.42
PMF outflow Hebron cfs 75168

* Maximum PMF outflow at the USGS gaging station near Hebron

Parameter Units 100 % PMF
Buckeye lake Inflow cfs 40320
Buckeye lake Outflow cfs 18018
Maximum lake level ft 895.72

Freeboard ft 0.78

PMF outflow Hebron cfs 91838

16



Flood Frequency

Determination of flood flows with return intervals of 10,25, 50, 100 and 500 years
were based on a statistical evaluation of the SFLR hydrologic records for the USGS
gaging station located near Hebron OH. The statistical evaluation was based on 36
years of record; 1940 through 1948 and 1959 through 1994. The maximum flood of
record was 5880 cfs during 1959. Flood flows were calculated for both, the SFLR at
Hebron and the inflow into Buckeye lake. The Buckeye lake flood inflows were
determined using a direct correlation of the contributing drainage areas during average
hydrologic conditions.

The return period or recurrence interval of any frequency, for example the 100-
year flood, does not indicate that after its occurrence there are 99 years of immunity.
The recurrence interval is simply the reciprocal of the annual probability that the event
will be equaled or exceeded in that year. Note that if a longer interval period is used the
true probability changes as shown in the table below. There is a 39 percent chance of
having the 100-year or greater intensity in only 50 years but, there is only a 63 percent
probability of having the 100 year or greater intensity in 100 years. Other probabilities
for different periods of time are also shown. The frequency, probability and magnitude of
peak flood flow to be expected at Hebron and the peak inflows into Buckeye lake are
as follows:

Exceedance Exceedance Exceedance
Return Gag. Sta. Buckeye Probability Probability Probability

Interval Hebron lake inflow 10 YEAR 50 YEAR 100 YEAR
Years cfs cfs % % %
10 3700 1480 65 99 100
25 3420 1720 33 87 = 98
50 4910 1960 18 64 87
100 5510 2200 10 39 63

500 6720 2680 5 22 39

17



5.0 DOWNSTREAM FLOODING

Since the Buckeye water levels were predicated on free weir discharge conditions, it was
deemed necessary to ascertain that the flooding levels downstream of the dam would not
submerge the spillway.

Backwater analysis run with this purpose included the SFLR reach between the gaging
station near Hebron, where the flood plain is narrow and restricts the flood flows and, the town
of Kirkersville, where the flood plain is more than two miles wide.

Flooding levels downstream of the dam were computed using the combined discharge of
the SFLR and the spillway outflow. Backwater calculations were performed for the three
postulated storm scenarios ( see Section 4) using HEC-RAS software. HEC-RAS (Reference 20)
is the latest River Systems Analysis program issued during 1995 by the US Corps of engineers to
replace HEC-2.'Although the calculations do not include the backwater effects of man-made

-obstructions such the bridges on US Highway 40, it is evident that water surface elevations

.downstream of Buckeye Lake Dam will be below the crest of the spillway (891.75 ft). The extent
of flooding between Hebron and Kirkersville during the PMF is shown in exhibit 16 .Close
examination of this exhibit indicates that the upper third of the feeder canal is submerged and
intercepts the local runoff.. Significant results are:

PMP Scenario 100 % PMF 75 % PMF
Downstream level Downstream level
ft ft
Maximum PMF lake inflow 888.83 887.84
Homogeneous distribution 887.07 -
Maximum Outflow at Hebron 888.24 887.14

Pertinent printouts of the HEC-RAS calculations and graphs for each of the
postulated scenarios are included in appendix B. They include:

» Backwater calculation results

 Graphs of water profiles

» Three-dimensional views of the channel reach between the lake spillway
and the junction with SFLR

o Three-dimensional views of the SFLR course between the Gaging Station
near Hebron and Kirkersville.

Neither a complete copy of the HEC-RAS calculations nor a floppy disc have
been included; however they are available on request.

18



6.0 FREEBOARD ADEQUACY

6.1 Freeboard

Freeboard is the vertical distance between the crest of the embankment a the
reservoir water surface. The US Bureau of Reclamation (USBR) (Reference 13)
differentiates between normal an minimum freeboards. Normal freeboard is the
difference between the crest of the dam and the normal reservoir water level. Minimum
freeboard is the difference between the crest of the dam and the maximum reservoir
water level during the design flood. The normal freeboard shall:

e Meet the requirements for long time storage

e Be sufficient to prevent seepage through core

e Be sufficient to prevent overtopping of the embankment by abnormal or severe wave
action that may result from 100 mph sustained winds from a critical direction

The minimum freeboard shall be able to prevent overtopping of the embankment
by wave action during the inflow design flood (PMF) and a sustained wind of 50 mph.

The following factors were considered in the assessment of the freeboard
adequacy:

Wind characteristics

Height of the wind tide (lake setup)

Height of waves generated by winds

Wave runup and overtopping of the dam crest

6.2 Buckeye Lake Dam Data

Significant dimensions are taken from Reference 1. Effective fetch lengths were
determined using data from Reference 7 and are shown in exhibits 16, 17 and 18.

e Dam crest elevation 896.5 ft

o Spillway crest elevation 891.75 ft

e Normal freeboard 4.75 ft

e Normal operation water depth (average) 10 ft

e Maximum water depth (average) 15 ft

e Upstream dam face (typical throughout) Vertical sheet piling and parapets
* Upstream dam face (selected locations) Rubble at 2 H: 1V slopes
o [Effective fetch “A” in the S 82° E direction 1.69 miles

e Effective fetch “B” in the S 45° E direction 1.40 miles

e Effective fetch “C” inthe S 10° W direction 1.53 miles

¢ Effective fetch “D” in the N 75° E direction 1.75 miles

e Effective fetch “E” in the S 45° W direction 1.73 miles

19



6.3 Wind Characteristics

The characteristics of the winds that may be prevalent throughout the Buckeye
Lake region are based on information taken from References 10, 21 and 22. They are:

Agnes wind speeds

CONOOAWN

6.4 \Wind Effects

Annual average wind speed in Columbus OH
March average wind speed in Columbus OH
Fastest recorded wind speed in Cleveland
Maximum recorded wind peak gust in Ohio

50 year recurrence winds at Mentor OH
100 year recurrence winds at Mentor OH
Wind exposure needed for full wave action at 100 mph
Wind exposure needed for full wave action at 50 mph

8.3
12.5
68
102
42
70
74
15
20

mph
mph
mph
mph
mph
mph
mph
minutes

_ minutes

The effects of sustained winds blowing over the Buckeye lake were evaluated
using procedures developed by the USCOE and the US Navy (References 14 and 15).
The resuits of the analysis are presented in the foliowing table:

Wind speed mph
Lake Level feet
available freebrd ft
BUREC freebrd ft

Applicability *
Wave height ft
Wave period sec
Wave length ft

Overtopping flow  cfs/ft

* 1 = Long time storage
2 = Inflow design flood

100
891.75
4.75
5.6

1

4.0

4.1

86
0.78

100
895.5
1.0
5.6

1

4.0
4.1
86
6.0

7S

891.75

4.75
5.1

3.2
3.7
70
0.03

50
893.0
3.5
4.6

2

2.7
3.2
52
0.08

50
893.5
3.0

4.6

2

2.7

3.2

52 -~
0.32

Evaluation of the wind effects over the Buckeye indicate that:

1. The Buckeye locality can experience wind speeds of 100 mph

50 50
8945 8955
2.0 1.0
4.6 4.6

2 2

2.7 2.7
3.2 3.2
52 52
0.87 1.0

2. The actual freeboard (4.75 feet) available at the Buckeye lake during normal
operating conditions corresponds to the minimum free board of 4.6 ft during the
inflow design flood recommended by USBR (Reference 13). The actual freeboard is
1.0 foot short of the normal freeboard of 5.6 ft during long time storage

recommended by USBR.

3. The actual freeboard (4.75 feet) available at the Buckeye lake during normal
operating conditions is inadequate to prevent overtopping of the dam crest when the
wind speed exceeds 75 mph.
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. Water spillage due to wave runup overtopping during 100 mph winds at the lake's

normal operating water level (891.75) is 0.8 cfs per ft of dam crest

. The minimum USBR freeboard required during 50 mph winds is 3.0 ft. Overtopping
spillage when the water surface is at elevation 595.5 (12 inch freeboard) is 1.0 cfs

per ft.

. The wind tide (lake setup) during 100 mph winds will pile up the water at Millersport
(the leeward end of the lake) about 10 inches.
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7.0 CONCLUSIONS

® N

The conclusions of this evaluation are:

The existing dam crest varies between elevation 894.20 ft and 897.00 ft

The existing emergency spillway together with the gated outflow structure are
inadequate to pass the runoff of the PMP storm without over-topping the existing
dam crest. During the PMF, the total outflow is 34452 cfs and the lake surface will
reach elevation 895.88 ft. ( 1.68 ft over the lowest point along the dam crest.)

The existing emergency spillway together with the gated outflow structure are
adequate to pass the runoff of the PMP storm without overtopping the dam crest ,as
long as the crest of the dam is raised to a uniform elevation equal to 896.5 feet..

If the dam is raised to a uniform elevation equal to 896.5 feet , The PMF outflow will
be 21012 cfs and the maximum water surface elevation in the lake will be 896.56 ft
(No freeboard).

The magnitude of the PMF flow entering the lake is only 75 percent of the PMF flow
indicated in the Dodson-Lindblom 1987 report

The maximum water levels due to the PMF over the SFLR watershed do not
submerge the crest of the spillway

The Buckeye Lake locality can experience wind speeds of 100 mph

The horizontal distance of open water over which the wind blow (effective fetch)
varies between 8000 ft and 9200 ft.

The actual freeboard available at the Buckeye lake during normal operating
conditions is 1.0 foot short of the normal freeboard recommended by US Bureau of
Reclamation

10. The minimum USBR freeboard required during 50 mph winds is 3.0 feet.
11. Wave runup will overtop the embankment during 100 mph winds when the lake is at

its normal operating water level (891.75 ft.). The amount of overtopping is 0.8 cfs per
ft of embankment length.

12. Wave runup overtopping during 50 mph winds with 12 inch freeboard is 1.0 cfs per

longitudinal feet of dam.

13. The wind tide (lake setup) during 100 mph winds will pile up the water at Millersport

(the leeward end of the lake) about 10 inches.



8.0 RECOMMENDATIONS

To minimize the embankment failure risks associated with increasing the lake
surface during the PMF to the unsafe pool levels identified in reference 23 (see excerpt
included in Appendix E), it is recommended that a new flow control structure be
constructed at Sellers Point.

The recommended flow control structure shall be able to accommodate the
outflow of the PMF without significantly exceeding pool elevations above 892.00 ft
during a long period or over-topping the existing dam crest.

The recommended flow control structure is shown in exhibit 22 and consists of
four radial gates similar to the Amil gate installed at the existing gated outflow structure
If this proposed structure is constructed, the existing dam crest will not be over-topped
during the PMF. The PMF peak outflow will be 31121 cfs with a maximum pool level of
894.08 ft.
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Appendix A - HEC-1 Input and Summary Printouts

First Scenario

Maximum PMF peak inflow into Buckeye lake

Second Scenario

Homogeneous distribution throughout the watershed

Third Scenario

Maximum PMF outflow at the USGS gaging station near Hebron
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First Scenario

Maximum PMF peak inflow into Buckeye lake

Existing outflow facilities with the dam crest reconstructed to elevation 896.5 ft.
Existing outflow facilities with the existing dam crest elevations

Existing outflow facilities with the existing dam crest elevations and a new
gated outflow structure at Sellers Point.



Existing outflow facilities
with the dam crest
reconstructed to elevation 896.5 ft.



- -
=  FLOOD HYDROGRAPH PACKAGE (HEC-1) =
- MAY 1991 -
- VERSION 4.0.1E -
- -
® RUN DATE JI10ADOD TIME Qppnanl =
- -

I I IXIIX  XXIXX
I X I I I
X Ix b ¢
Iy Ixxx X
I Iz X
b 4 I x X p 4
b o I IOOXXx ooxx

B remesareEe

U.S. ARMY CORPS OF ENGINEERS
HBYDROLOGIC ENGINEERING CENTER
609 SECOND STREET
DAVIS, CALIFORNIA 95616
{916) 551-1748

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC~1 KNOWN AS BEC1 (JAN 73), HEC1GS, HECIDB, AND HEC1KV.
THE DEFIKITIONS OF VAR!ABL‘& ~RTIMP— AWND —RTIOR- BAVE CHANGED FROE THOSE USED VITH THE 1973-STYLE INPUT STRUCTURE

THE DEF%NI ION OF -,

SUBMERGENCE ,

KINEMATIC VAVE: NEV FINITE DIFFERENCE ALGORITHM

LIRE ID... 1....... 2. ... 3
In
2 ID
3 poy]
#DIAGRAN
sss LIST =en
4 IT 30 1AUG96 1200
5 ] 4
6 JD 0
7 PH 10 0
8 JR PREC 1 a9.75
9 KK WALNUT
10 X0 1 2 0
11 BA 9.7
12 BF 10 0 1.3
13 PB 23
14 IN 14UG96
- HO[TRI.Y PRECIPITATIO
15 PC 0 D.2175 0.435
16 PC 1.7877 2.1913 2.9987
17 PC 3.5177 2.7175 2.265
18 15 0.42 a2 10
19 TD 2.5
20 KK  HONEY
21 KO 1 r 4 o
22 Bi 9.5
23 piy 10 0 1.3
24 FB
25 IN 15  1AUGY6
= HOURLY PR.ECIE'ITATIO
26 PC 2175 0.435
27 PC 1. 7877 2 1913 2.9987
28 PC 3.5177 2.7175 2.265
29 LS  0.469 61 16
ao up 5.4
n KK HARBOR
32 Ko i 2 o
33 BA 6.9
34 BF 10 0 1.3
as 3:] 23
36 IN 15 1ADG96
= BOURLY PRKIPITATIO
37 PC 0.2175 0,435
38 PC 1 7ﬂ77 2.1913 2.9987
a9 PC 3.5177 2.7175 2,265
40 Is 0.42 82 23
41 D 2.4
LINE IDGilaiall - PR il dldid. 3
42 KK  DAMA0 CHAME 40TO20
43 KXo 0 0 d
44 HC 3
45 KK DAM40D
# RESERVOIR STORAGE
46 KXo 0 0 0
47 RS 1 ELEV B891.75
& DAM4D SURFACE AREA
48 Sa 275 ZBﬂD 2925
= DAM4D EI.EVATI
49 SE 892 B892.25 893
50 SE 900
51 8s  892.2 472 a.3
52 SL 886 340 0.7
53 ST 6896.5 21700 2.3
54 KK 40TO20 CNANE DAM4D
113 K 0
56 RK 6560 0.0009 0.06
57 KK PATaSK
59 Ko 1 2 o
59 BA 13.2
60 BF 10 0 1.3
61 B
62 IN 15 1A0G96
# HOURLY PRECIPITATIO
63 PC 0 2175 0,435
64 BC 1.7877 2 11913 2,9987
65 PC 3.5177 2.717% 2.265
66 1S [0.667 75 0

PHF OVER LAKE .

8a
0.87 1.87 3.45
0.5 0
0 22
0.6526 0.6343 0.7497
4,205 6.04 10.4377
1..125 1.36 1.02
0 22
0.6525 0.6343 0.7497
4.205 6.64 10,4377
1.8125 1.36 1.02
1] 22
0.6525 0.6343 0.7497
4.205 6 04 10 4377
1.6125 1.36 1.02
HEC-1 INPUT
....... 4008 LB &
1 22
1 22
o
3093 3260 3427
893.875 894.75 855.625
1.5
0.5
1.5
1 22
TRAP [:11]
o 22
0.6525 D.6343 0.7497
4.205 6.064 10.4377
1.8125 136 1.02

472

15.56
0

935
11. 5333
0.68

0.935
11.5333
0.68

0.935
11.5333
0.68

3762
096.5

0,535
11 5333
0.6

RM-CARD VAS CHANGED VITH REVISIO)IS DATED 28 SEP 81, THIS IS THE FORTRAN?77 VERSION
SINGLE EVENT

OUTFLOV DAMA CA.'LCU'.LATIOR DSS:VWRITE STAGE FREQUENCY,
DSS:READ TIME GERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND

AMPT INFILTRATIOR

PAGE 1
caBai g 9 ..10
FT VEIR, ONE ANIL GATE
10.72 20
1.0967 1.2687 1.4417
10.726 7.64  5.405
0.34 0
1.0957 1.2687 1.4417
10.726 7 64 5.406
0.34 0
1.0957 1 2687 1.4417
10.726 7.64  5.406
0.34
PAGE 2
.. B 8 1o
409

897.375 B98.25 B99.125

1.0957 1 2687 1.4417
10.726 7.64 5 405
0.34 0



mw 9.8

KK JERSEY

KO 1 2 0
BA 16.6

BF 10 o 1.3
PB ?

IN 5 1A

« HOURLY PRECIPITATIO

PC 00,2178 .435
PC 1.7877 2.19513 2.9987
PC 3.5177 2.717% .2
1S 0.6 7

D 12,

KK LICK90 CHANE 90TOBD
X0 0 0
BC

ID.. A -4

KK 907080 CHAME LICK90
KO 0 0 0
RK 6560 0.0009 6.06
KK HARRIS

Ko 1 2 1]
BA 16,7

BF 10 1] 1.3
PB 8

IN 15 1AUG96

= HOURLY PRECIPITATIO

BC 0 0.2175 .435
PC 1.7877 2.1913 2.9987
PC 3.5177 2.7175 2.266
IS 0.s32 0
uD 8.9

KK LICKBO CNAME 80T030
KO 0 0 0
HC 2

KK 60TO30 CHAME LICK8O
KO 0 0
RK 6560 0.0009 0.06
KK LIBERT

KO ] 0 0
BA 11

BF 10 o 1.3
FB 16

IN 15 1AUGY96

& JOURLY PRECIPITATIO

PC 0 0.2175 ©0.435
PC 1.7877 2.1913 2.9987
PC 3.5177 2.717§ 2.265
15 0.5 a0 ]
up 1.2

KK KIRKER

KO 1 2 0
BA 9.3

BF 10 ] 1.3
PB 14

I8 15  1AUG96

& HOURLY PRECIPITATIO

PC 0 0.2175 0435
PC 1.7877 2.1913 2.9987
PC 3,5177 2.717% 2.265
1S 0.597 77 )
uD 8.2

ID.. 1 b

KK VATERG

X0 1 2 0
BA 9.6

BF 10 0 1.3
PR 11

IN AUGY6

15 1
= HOURLY S’RECIPITATIO
0

PC 0.2175 .435
PC 1.7877 2.1913 2.9987
PC 3.5177 2.7175 2.265
1S 0.564 78

D 6.3

KK LICK30 CHAME 30T020
KO 0 0 0
BC 4

KK 30T020 CHAME LICK30
Ko 0 0 o
RK 6560 0.0009 0.06
KK LAKFESI

X0 1 2 0
BA 7.8

BF 10 0 1.3
PB 18

IR 15 1ADG96

= HOURLY PRECIPITATIO

PC 0 0.2175 0.435
PC 1.7877 2.1913 2.9987
PC 3.5177 2.7175 2,265
1s 0.8 :11) 1
D 9

KK LICK20 CNAME 20TO1D
KO 1] 0 0
BC 3

KK 20T010 CHAME LICK20
Ko 0 0 )
RK 6560 0.0009 0.06
KK HEBRON

KXo 3 2 ito00
BA (/oct

BF i0 o 13

0 22
0.6525 0.6343
4.205 6.684
1.8125 1.36
1 22
HEC-1 INPUT

3 TS TN S..
1 22
TRAP
o 22
0.6525 1.6343
4,205 6.84
1.8125 1.36
1 22
1 22
TRAP
0 22
0.6525 0.6343
4.205 6.84
1.8125 1.36
o 22
0.6525 10,6343
4.205 6.84
1.8125 1.36
HEC-1 INPUT
Y FENRFICS 5
0 22
0.6525 D.6343
4.205 6.84
1.8126 1.36
1 22
1 22
TRAP
1] 22
0,6525 0 6343
4.208 6 04
1.8125 1.36
1 22
1 22
TRAP
o 22

0.7497
10.4377
1.02

80

0.7497
10.4377
1.02

80

0.7497
10.4377
1.02

0.7497
10 4377
1.02

0.7497
10.4377
1.02

1]
0.7497

10 4377
1.02

1]

0.935
11.5333
)

0,935
11.5333
0.68

0.935
11,5333
0.68

8,935
11.5333
D.68

0,935
11.5333
0.68

0 935
11,5333
0 .68

1.0957 1,26B7 1.4417
10.726 7.64 5 405
0.34 1]

- 9 ..10
1.0957 1.2607 1.4417
10.726 7.64 5.405

0.34 o
1.0957 1.2607 1.4417
10.726 7.64 5.405
0.24
1.0957 1 2687 1.4417
10.726 7.64 5.405
0.34 0
B . IR 10
1.0957 1.2687 1.4417
10.726 7.64  E.405
0.34

1.0957 1.2687 1. 4417
10.726 T

64 5.405
0

PAGE 3

PAGE 4



22
15 1AUG96
HOURLY PRECIPITATIO
0 0.2175 0.4

-
o
»

=3

PAGE §

.10

0.5. ARNY CORPS OF ENGINEERS
HYDROLOGIC ENGINEERING CENTER
609 SECOND STREET
DAVIS, CALIFORNIA 95616

164 BC 35 0.6525 0.6343 0.7497 0.935 1,0957 1.2607 1.4417
165 BC 1.7677 2.1813 2.9987 4.206  6.84 10.4377 11.56333 10.726 7.64 5.405
166 BC 3.6177 2.71758 2.265 1.8125 1.36 1.02 D0.68  ©0.34 0
167 IS 0.4 83 5
168 w  10.1
1 HEC-1 INPUT
LIRE ID...vaia 1....... 2.0 Tviveins Adivnnine B ausls Boovuvns 7 S - F— 9
169 KK LICKI0 CHAME GA ST.
170 [ 0 1 22
171 HC
172 KK GA.ST. CHAME LICK10
173 HO 0 [ 0 1 22
174 RK 6560 0.000%  0.06 TRAP 80 1
N 178 =z
: SCHEMATIC DIAGRAM OF STREAK NETVORK
LINE (¥) ROUTING (—>) DIVERSION OR PUNP FLOV
¥O. (.) CONNECTOR (¢<—) RETURN OF DIVERTED OR PUMPED FLOV
] VAINUT
20 HONEY
a1 BARBOR
IY) DAMAD . ..o :
v
v
5 DAMAD
v
v
64 407020
57 PATASK
1] JERSEY
79 LICK9®. .......... 2
v.
v
B2 907080
Bs BARRIS
9% LICKBO, .....
v
v
99 BOTO30
102 LIBERT
113 KIRKER
124 VATERG
135 LICKI0. oo\ orernnenrns
v
v
138 307020
141 LAMEST
152 r.:cme,,..
v
155 207010
158 HEBRON
169 LICKIOD....
v
v
172 G& 5T
({e=2) RUNOFF ALSO COMPUTED AT THIS LOCATION
a . - L]
=  FLOOD HYDROGRAFH PACKAGE (HEC-1) = -
[ MAY 1991 - -
- VERSION 4.0.1E - .
- - -
= RUN DATE 1a06ki) TIME QJRIRGINI . it
- - -

5

10

IT

(916) 551-1748

[ EE R NNN)

PHF OVER LAKE , 472 FT VEIR, ONE AMIL GATE

4 PRINT CONTROL
0 PLOT COMTROL
OSCAL 0. HRYDROGRAFIH PLOT SCALE

IYDROGRAFH TIME DATA

OUTPUT CONTROL VARIABLES
IPRNT
FLOT



WEN BAD SSE SO6 S SAR KRR SEE SN EAS SRS SS6 SON SEE SEE SEE SRS SRR WA SER G0N GEN EEE SEE SR SES S8 SEE SSE S5 SR BEE see

SEsassEsnARSOs
- -
169 KK - LICK10 = CHAME GA.ST.
- -
SssscsansNEBNES
170 X0 OUTFUT CONTROL VARIAHLES
IPRNT 4 PRINT CONTROL
1IPLOT 0 PFLOT CONTROL
0. HYDROGRAPH FLOT SCALE
IPNCB 1 CE COMPUTED
I00T 22 SAVE IROGRAPH ON THIS UNIT
ISAV1 FIRST ORDINATE PUNCHED OR SAVED
ISAV2 86 TLAST ORDINATE PUNCHED OR SAVED
TIMINT 0.500 TIME INTERVAL IN HOURS
171 HC HYDROGRAPH COMBINATION
ICoMP 2 NUMBER OF HYDROGRAPHS TO COMBINE

WES HEC HES SEA NS SEE SES SEE SEE EES SO8 DS NEE SEE SEN SEE SRN RN SER NS NS BES SR SEE S SRS EEE BES BSE SSR BSE S8s Eas

AHEHHHI - B A Al
- -
172 ¥ = GAST. = CNAME LICK1O
- -
vEssEvERARODAR
173 X0 OUTPUT CONTROL VARIABLES
IPRNT 4 PRINT CONTROL
IFLOT D PLOT CONTROL
0, HYDROGRAPE PLOT SCALE
IPNCH 1 PONCH COMPUTED HYDROGRAPH
100T 22 SAVE HYDROGRAPE ON THIS UNIT
ISAV1 1 FIRST ORDINATE PUNCHED OR SAVED
TSAY2 80 LAST ORDINATE FUNCHED OR SAVED
TIMINT 0.500 TIME INTERVAL IN HOURS

HYDROGRAPH ROUTING DATA

174 K KINENATIC VAVE STREAM ROUTING
L 6560, CHANREL LENGTH
S 0.0009 SLOPE
N 0.060 CHANNEL RODGENESS COEFFICIENT
CA 0.00 CONTRIBUTING AREA
SHAPE TRAP CHANNEL SHAPE
D 80.00 BOTTOM VIDTH OR DIAMETER
z 1.00 SIDE SLOPE -
NDXMIN 2 MINIMDKE NUMBER OF DX INTERVALS
-

PEAK ¥LOW AND STAGE (END—OF—PERIOD) SUMMARY FOR MULTIPLE PLAN- RA'I‘IO ECONOHIC COMPUTATIONS
FLOVS IN CUBIC FE!'.T PER SECOND. AREA IN SQUARE X.
ME TO PEAK IN HOURS

RATIOS APPLIED TQ PRECIPITATION

OPERATION STATION AREA PLAR RATIO 1 RATIO 2 RATIO 3
1.00 075 0.50

HYDROGRAPH AT
+ VALNUT 92.70 1 FLOV 22251 16281. 10306.
TIME 9.00 9. 00 S 00

HYDROGRAPH AT
+ HOREY 9.50 1 FLOW 14013, 10172, 6363
TIKE 11.50 11.50 12.00

HYDROGRAFH AT
+ HARBOR 6 90 1 FLOVW 16180, 11836 7532,
TIME 6.50 8.50 9.00

3 COMBINED AT
+ DaH40 26.10 1 FLOW 47004 . 34920 22141,
TIME 9.00 8 50 9.50

ROUTED TO
+ DaN4D 26 10 1 FLOW 21012, 14622 9266 .
TIME 13 .00 13.50 13.50
es PEAK STAGES IN FEET e=
1  STAGE 896 56 895.37  894.03
TIME 13.00 13.50 13,50
ROUTED TO

+ 40TO20 26.10 1 FLOW 20959 14614, 9260,
TIME 13 50 13.50 13.50

BYDROGRAPH AT
+ PATASK 13 20 1 FLOW 2519, 1612 792,

TINE 16 50 16 50 17 00



HYDROGRAPH AT

+ JERSEY 16.60
2 COMBINED AT

+ LICK90 29.80

ROUTED TO

+ 90TOBD 29.680

HYDROGRAPH AT

+ HARRIS 16.70

2 COMBINED AT

+ LICKBO 46.50
ROUTED TO
+ BOTO30 46.50
HYDROGRAFH AT
+ LIBERT 11.00
HYDROGRAFH AT
+ KIRKER 9.30
HYDROGRAFH AT
+ VATERG 9.60
4 COMBINED AT
+ LICK30 76.40
ROUTED TO
+ 30T020 76.40
HYDROGRAPH AT
+ LAKFSI 7.80
3 COMBINED AT
+ LICK20 110.30
ROUTED TO
+ 20TO10 110.30
HYDROGRAPH AT
+ BEBRON 7.10
2 COMBINED AT
+ LICK10 117.40
ROUTED TO
+ GA,ST 117.40
1
ISTAQ ELEMENT oT
{KIN)
FOR PLAN

40TO20
CONTINUITY SUMMARY

FOR PLAN
40TO20

CORTINUITY SUMMARY

FOR PLAN
407020

CONTINUITY SUMMARY

FOR PLAN
90TOR0

CONTINUITY SUMMARY

FOR PLAN
S0TO80

CONTINDITY SUMMARY

FOR PLAN
90TORD

CONTINUITY SUMMARY

FOR PLAN
B0TO30

= 1 RATIO= 1.00
KANE 3.32

(AC-FT) - INFLOV=0

= 1 RATIO= D.75
MAKE 3.72

{AC-FT) - INFLOW=D

= 1 RATIO= D.50
MANE 4.47

(AC-FT) - INFLOV=0

= 1 RATIO= 1.00
HANE .66

(AC-FT) - INFLOV=D

= 1 RATIO= 0.75
HANE 6.68

{AC-FT) — INFLOV=0

= 1 RATIO= D.50
MANE 8.63

(AC-FT) - INFLOV=D

= 1 RATIO= 1,00
MANE 4.52

1 F1LO¥
TIME
1 FLOoW
TIME
1 FLow
TIME
1 FLOVW
TINE
1  FLOV
TIME
1 FLOW
TIME
1 FLOVW
TIKE
1 FLOV
TINE
1 FLOV
TIME
1 FLOW
TIKE
1 FLOV
TIME
1 FLOV
TIME
1 FLOW
TIME
1 FLOV
TIME
1 FLOV
TIKE
1 FLOV
TIHE
1 FLOV
TIME

2601,
18.50

5019,
17.50

5015,
18.00

4312,
15.50

9135,
16.50

9123,
16.50

5993,
17.50

5476,
14.50

5266,
13.00

23960,
15.60

23957,
15.50

6009,
15,900

49576.
14.50

49542,
15.00

6300.
16.00

55650.
15.00

5§5622.
15.00

1662.
18.50

3212,
16.00

3212.
18.00

2828
15.50

5905.
16.50

5904,
17.00

4243,
17.50

3e02.
14.50

3606.
13.00

16247,
15.50

16238.
15.50

4304.
15.00

34654.
15.00

34645,
15.00

4570,
16.00

39067,
15.00

39026.
15.00

a16.
19.00
16681,

18.00

1578,
18.00

1455,
15.50

2966,
17.00

2962.
17.00

2527,
17.50

2181
14.50

2020,
13.00

8947,
15.50

B8934.
16.00

2628,
15.50

20529,
15.00
20511,
15.00
2852.
16.50

23283,
15.50

23278,
15.50

SUMMARY OF KINEMATIC VAVE - NUSKINGUM—CUNGE ROUTING
(FLOW 1S DIRECT RUNOFF VITHOUT BASE FLOV)

PEAK

(CFS)

21004 .87

.2995E+05 EXCESS=0.0000E+00

14620.40

.2283E+05 EXCESS5=0. 0000E+00

9264 .59

.1608E+05 EXCESS=0.0000E+00

5018.43

.6396E+04 EXCESS=0D.0000E+00D

3212.00

.4090E+04 EXCESS=0.00D0E+00

1580.84

. 2008E+04 EXCESS=0.0000E+D0

9134.24

TIME TO
PEAK

(KIN)

709.54

816.08

816.91

1063.44

1092.55

1096.93

1000.03

VOLUME oT
(IN) (KIN)
21.60 30.00
OUTFLOW=0

16.46

11.63

4.01

2.56

1.26

4.40

OUTFLOV=0.

OUTFLOV=0

OUTFLOV=0.

OUTFLOV=0

OUTFLOV=0.

3

=3

oo

30.00

30.00

30.00

3

.00

30.00

INTERPOLATED TO
COMPUTATION INTERVAL
PEAK TIME TO VOLUME
PEAK
{CFS) {MIR) (IN)
20958. 88 810.00 21.48

30078405 BASIN

14614.20

2291E+D5 BASIN

9260, 06

1610E+05 BASIN

5015.00

6374E+04 BASIN

3211.62

4076E+04 BASIN

1576.11

2001E+04 BASIN

9122.55

STORAGE=—. 1301F+03 PERCENT ERROR=

€10.00 16.34

STORAGE~—_.7997E+02 PERCENT ERROR=

810.00 11 .45

STORAGE=—.B8047E+02 PERCENT ERROR=

1080.00 4.01

STORAGE=0.1775E+02 FERCENT ERROR=

1080.00 2.56

STORAGE=D.1220E+D2 PERCENT ERROR=-

1080.00 1.26

STORAGE=0 . 5771E+01 PERCENT ERROR=

990.00 4 .40



\
\
CONTINUITY SUMMARY

FOR PLAN |
80TO3D |

CONTINUITY SUMMARY

FOR FLAN
80T030

CONTINUITY SUMMARY

FOR PLAN
30T020

CONTINUITY SUMMARY

FOR PLAN
30T020

CONTINUITY SUMMARY

FOR PLAN
30T020
CONTINUITY SUMMARY

FOR FLAN
20TO10

CONTINUITY SUMMARY

FOR PLAN
20TO10

CONTINUITY SUMMARY

FOR PLAN
20TO10
CONTINUITY SUMMARY

FOR PLAN
GA ST.

CONTINUITY SUMMARY

FOR PLAN
Gk .ST.

CONTINUITY SUNMARY

FOR PLAR
GA.ST

CONTIRDITY SUMMARY

(AC-FT)

=1 RAl
MAYE |
(AC-FT) -

RATIU= 1.00

=1
HANE 2.36

(AC-FT) — INFLOV=0.6444E+0S EXCESS=0.0000E+00 OUTFLOV=

= 1 RATIO= 0.75
MANE 2.83

(AC-FT) - INFLOV=0. 4640E+05 EXCESS=0,0000E+00 OUTFLOW=D.

= 1 RATIO= 0.50
MANE 3.34

(AC-FT) - INFLOU=D.

= 1 RATIO= 1.00
HANE 2.36

(AC-FT) — INFLOVW=0D.

= 1 RATIO= 0,75
MANE 2.58

(AC-FT) — INFLOW=D.

= 1 RATIO= 0.50
MANE 3.16

(AC~FT) — INFLOW=D.

49575.76

34650.56

20526.70

~ v.UUUDE+00 OUTFLOWe0.

874.75 10.96

904.11 7.89 3

907.31 4.98 3

o

2924E+05 EXCESS=0.0000E+00 OUTFLOV=0

55642.19

903.52 11,48

7186E+05 EXCESS=0,0000E+0D OUTFLOW=D

39064 .96

906.04 8.28 3

o

5179E+05 EX(ESS=0.0000E+00 OUTFLOV=0

232081.08

934.19 5.22 3

o

3262E+05 EXCESS=0.D000E+00 OUTFLOY=0

OF DAX OVERTOPPING/BREACH ANALYSIS FOR STATION

30.

.00 34645.08

.00 20511.18

30.

.00 39025.74

.00 23278.47

-3266E+05 BASIN S5TORA

2 960.00

1049E40S BASIN STORAGE=0.

00 49542,02 900.00

0.6448E+05 BASIN STORAGE»—.

900.00

4644E+05 BASIN STORAGE=-—.

900.00

.2929E+05 BASIN STORAGE=-.

00 55622.24 900.00

.7190E+05 BASIN STORAGE=-

900.00

S183E+05 BASIN STORAGE=-.

930.00

DAN40D

SUMEARY
(PEAKS SHOVN ARE FOR INTERNAL TIME STEP USED DURING BREACH FORMATION)

IRITL
ELEVATION 8

STORAGE

OUTFLOW
RATIO MAXTHUK MAXTNUM

OF RESERVOIR D]

FPHF V.5 .ELEY OVER DAM
1.00 896.56 0.06
0.75 895,37 0.00
0.50 894.03 0 00

1 ERROR(S) DETECTED BY HEC-1 waw

AL VALUE SPILLVAY CREST TOF OF DAM
91.75 892.20 896.50
0. 555, 14322
4577. 4753, 20074
MAXTHNUM HAXTHUM DURATIOR TIME OF
STORAGE OUTFLOW OVER TOP  MAX OUTFLOV
ACFT CFS HOURS HOURS
14532 21012 2.00 13.00
10302, 14622 0.00 13,50
5957. 9266 0.00 13.50

)

2.57

1243E+02 PERCENT ERROR=

10.96

7952E+02 PERCENT ERROR=~

7.89

9394E+02 PERCENT ERROR=

4.98

1006E+03 PERCENT ERROR=

11.48

8225E4+02 PERCENT ERROR=~

8.28

B8964E+02 PERCENT ERROR=

5.22

—.9702E+02 PERCENT ERROR=

TIME OF
FAILURE
HOURS
0.o00

0.00



Existing outflow facilities
with the existing dam crest elevations
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®  FLOOD HYDROGRAPH PACKAGE (HEC-1) = - U.S. ARMY CORPS OF ENGINEERS -
- MAY 1991 - . HYDROLOGIC ENGINEERING CENTER -
- VERSION 4.0.1E - - 609 SECOND STREET -
- - - DAVIS, CALIFORNIA 95616 -
@ ROUN DATE 01810101 TIHE H00DO000 = - (916) 551-1748 -
- - - -

X X IDIXXIXXX XXX X

i X x X I =

b 4 I X X X

XXX XXX I oxx I

X I X X X

X X X b 4 X X

X I Xy Xxoxx Ixx

TRIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KROWN AS HEC1 (JAN 73), HECIGS, HECIDB. AND HEC1K®

TEE DEFINITIONS OF VARIABLES —RTIKP- AND —RTIOR- HAVE CHANGED FROM THOSE USED YITE THE 1973-STYLE INPUT STRUCTURE
THE DEFINITION OF -AMSKK— ON RN-CARD VAS CHANGED VITH REVISIONS DATED 28 SEP 61, THIS IS THE FORTRAN?7 VERSION
NEV OFTIONS: DAMBREAK OUTFLOV SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY

DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL  LOSS RATE:GREEN AND AMPT INFILTRATION

KINEMATIC VAVE: NEV FINITE DIFFERENCE ALGORITHM

HEC-1 INPUT PAGE 1
LINE IDiainiaa Lovvannalansied Biicane o, S.ie | JRgre. 7 IR - S— L . .10

% I{g FNF OVER LAKE ., 472 FT VEIR. ONE AMIL GAT
3 Ip

«DIAGRAN

ans LIST =sn

4 IT 30 1AUG96 1200 80
5 I0 4
[ JD 0
7 FH 10 0 0.87 1.87 3.45 15,56 18.72 20
:f JR PREC 1 0.75 0.5 0 0 D
9 KK WALNUT
10 KO 1 2 0 0 22
11 BA 9.7
12 BF 10 0 1.3
13 FB 23
14 IN 15 1ADG96

= HODRLY PRECIPITATIO
15 PC 0.2175 0.435 0.6525 0.6343 0.7497? 0,935 1.0957 1.2687 1,4417
16 PC 1. 7877 2.1913 2.9987 4.20% 6.84 10,4377 11.5333 10.726 7.64 5,405
17 PC 3.5177 2.7175 2.265 1.8125 1.36 1.02 0.68 0.34 0
i@ 1s 0.42 B2 10
19 D 2.5
20 KK  HONEY
21 KO 1 2 0 0 22
22 BA 9.5
23 BF 10 o 1.3
24 %:]
25 N 15  1AUGY6 1}

a HOURLY E’m-:CIPITATIO
26 PC 0.2175 0.435 0.6525 0.6343 0.7497 0,935 1.0957 1.26B7 1.4417
27 PC 1. 7877 2.1913 2‘9987 4.205 6.64 10.4377 11.5333 10.726 7.64 5.405
28 PC 3.5177 2.7175 2.265 1.8125 1.36 1.02 0.68 0.34 0
29 IS 0,469 a1 16
30 uD 5.4
31 KK HARBOR
32 X0 1 2 0 0 22
33 BA 6.9
34 BF 10 0 1.3 -
35 FB 23
36 IN 15 1AUG96

= BOURLY PRECIPITATIO
37 FC 0.2175 D 435 0.6525 0.6343 0.7497 0.935 1.0967 1.2687 1.4417
38 PC 1, 1877 2.1913 2.9987 4.20% 6.84 10.4377 11,5333 10.726 7.64 5.405
39 PC 3.5177 2.7176 2.265 1.8126 1.36 1.02 0.68 0.34 0
40 15 c 42 a2 23
41 D 2.4

HEC-1 INFUT PAGE 2
LINE IDG Sk AP A AT 3 4.5, Gies 5. Gl b.. 7 [} g 10

42 KK DAMAO CNAME 40TO020
43 KO 0 D 0 1 22
44 BC 3
45 KK DAN4D

- RESERVOIR STORAGE
46 KO 1 22
47 RS 1 ELEV 891 75 D

a DAM4D SURFACE AREA
49 SA 2758 2800 2925 3093 3260 3427 3762 4096

« DAM{0 ELEVATION
g? SE 832 892.25 893 B93.875 894.75 895.625 896.5 897 375 9098.25 099 125
0 SE 900

e Sloppad Dam Crest Flow
51 SQ 3464 3540 3598 3860 4042 6161 7722 9137 10959 15141
52 6Q 17123 21816 27804 35108 53539 868956 103823

# Jater Leval crest o
53 SE ©91.75 892 892.25 092.5 B93 893 5 694 B94.4 8948 895.1
54 SE 895.3 8955 895,7 695.9 896.25 B96.75 897
55 KK 40TO20 CNAME  DAM40D
56 0 0 0 1 22
57 RK 6560 D_0ODY 0.06 TRAP 80 1
sa KK PATASK
59 (o 1 2 0 0 22
60 Bi 13.2
61 BF 10 0 1.3
62 PB 7
63 IN 15 UG96

= BOURLY PRECIPITATIO
64 BC 175 0. 435 0.6525 0.6343 0.7497 0 935 1 0957 1 2687 1.4417



PC 1.7877 2.1913 2.9967
PC 3.5177 2.717?5 2.265
1S 0.667 75 D
D 9.8

KK JERSEY

X0 1 2 1]
HA 16.6

BF 10 0 1.3
PB 7

IN 15 1A0G96

« HOURLY PRECIPITATIO

PC 0.2175 D.435
PC 1.7877 2.1913 2.9987
PC 3.5177 2.7175 2.265
IS 0.667 75 o
mw 12.2

ID.iw..... Lo v@aivatewics 3
KK LICK90 CHAME 90TO80
KO o

HC 2

KK 90TOB0 CNAME LICKSO
KO 0

RX 6560 D.0009 0.06
KK HARRIS

Ko 1 2 0
BA 16.7

BF 10 o 1.3
PB

IH 15 1AW

= HBOURLY PRECIPITATIO

PC 0 0.2175 0.435
PC 1.7877 2.1913 2.9987
PC 3.5177 2.7175 2.265
IS D0.632 76

D 8.9

KK LICK8O CNAME 80TO30
X0 0 0 0
HC 2

KK B80TO30 CHAME YLICKBO
KO 0 0
RK 6560 0.0009 0.06
KK LIBERT

KO 0 0 0
BA 11

BF 10 0 1.3
FB 16

IN 15 1AUG96

# HOURLY PRECIPITATIO

BC 0 0.2175 0.435
PC 1.70877 2.1913 2.9987
PC 3.5177 2.7175 2.265
1S 0. a0 1]
D 11.2

KK KIRKER

0] 1 2 0
BA 9.3

BF 10 0 1.3
PB id

IN 15 1AUG96 a
« HOURLY PRECIPITATIO

PC 0 0.2175 0.435
PC 1.7877 2.1913 2,9907
PC 3.5177 2.7175 2.265
1s 0.597 77 ]
u 8.2

ID . 2 3
KK VATERG

KO 1 2 ]
BA 9.6

BF 10 0 1.3
FB 11

IN 15 1AUG96

= HOURLY PRECIPITATIO

PC 0 0.2175 D.435
PC 11,7877 21913 2.9987
PC 3.5177 2.7175 2.265
IS 0.564 78 o
D 6.3

KK LICK30 CHAME 30T020
KO Q L1} 1]
HC 4

KK 30T020 CHAME LICK30
KO 0 0 Q
RK 6560 0.0009 0.08
KK TLAKESI

KO 1 2 1}
BA 7.8

BF 1o 0 1.3
PB 18

IK 15 1AUG96

= HOURLY PRECIPITATIO

PC 0 0.2175 0.435
PC 1.7877 2.1913 2.9987
PC 3.5177 2.,7175 2 265
LS 0.5 80 10
uD 9

KK LICK20 CNAME 20TOl0
KO 0 0 0
HC 3

KK 20TO10 CHAWE LICK20
Ko 0 0 0
RK 6560 0.0009 0.06
KK HEBRON

4.205
1.8125 1.36
o 22
0.6525 0,6343 D.7497
4.205 6.04 10.4377
1.8125 1.36 1.02
HEC-1 INPUT
udvinaicd e v B avis 6.
1 22
1 22
TRAP 1Y
o 22
0.6525 0.6343 0.7497
4.205 6.84 10,4377
1.8125 1.36 1.02
1 22
1 22
TRAP a0
] 22
0.6525 0.6343 0,7497
4.205 6.84 10.4377
1.8125 1.36 1.02
) 22
0.6525 0.6343 0,7497
4.20% 6.84 10,4377
1.8125 1.36 1.02
HEC-1 INPUT
4 1 13
1] 22
D 6525 0.6343 D.7497
4.205 6 84 10 4377
1.8125 1.36 1.02
1 22
1 22
TRAP ao
0 22
0.6525 0.6343 0 7497
4.205 6.84 10 4377
1.8125 1.36 102
1 22
1 22
TRAP a0

6.64 10.4377 11,5333
1.02 0.68

0.935
11,5333
0.68

0.835
11.5333
0.68

0.935
11.5333
0.68

0.935
11.5333
0.68

0.935
11.5333
0 68

10.726 7.64 5.405
0.34 0
1.0957 1.2687 1.4417
10,726 7.64 5.405
0.34 0
..... a R PN 10

1.0957 1.2687 1_4417
10.726 7.64 5,405
0.34 0
1.0957 1.2687 1. 4417
10.726 7.64 5. 405
0.34 0
1,0957 1.2687 1.4417
10.726 7.64  5.405
0.34 o
8 T 10
1.0957 1.2687 1,4417
10.726 7.64 5.405
0.34 0
1,0957 1.2687 1. 4417
10 726 7.64 5.405
0,34 0

PAGE 3

FAGE 4



160 ¥O 3 2 1000 o 22
161 Bk 7.1
162 BF 10 [ 1.2
163 7] 22
164 I 15 1AUGYS
= HOURLY PRECIPITATIO
165 PC 0 0.2175 0.435 0.6525 0.6343 0.7497 0.935 1.0957 1.2687 1.4417
166 FC 1.7077 2.1913 2.9987 4.205  6.B4 10.4377 13.6333 10.726  7.64  5.405
167 PC 3.5177 2.7175 2.265 1,6125 1.36 1.02 0.68  0.34
168 IS 0,41 83
169 W 10,1
1 HEC-1 IHPUT PAGE ©
LINE ID. i 1 S Sy TS, - 6 Piwinaill Qe A0
170 MK LICKI0 CNAME GA.ST.
171 ¥O o [ ] 1 22
172 il 2
173 KK GA.ST. CHAME LICKID
174 Ko o ] ] 1 22
175 RE 6560 0.0005 0,06 TRAP a0 1
. 176 bird
. SCHEMATIC DIAGRAM OF STREAM NETVORK
LIKE (V) ROUTING {—>) DIVERSION OR PUMF FLOV
NO, (.) CONNECTOR {<—) RETURN OF DIVERTED OR PUMFED FLOV
3 UALKUT
20 3 HONEY
3 : ! HARBOR
a2 DRy e e sows ow vl e
I3 DAMAD
55 407020
58 '. PATASK
69 ) . JERSEY
80 : LICKIO. . ... .0ss
. v
: v
83 : 907080
86 ; : HARRIS
97 : LICHBE. .0 veviovsans
v
i v
100 : 807030
103 : : LIBERT ;
114 ; : i KIRKER
125 : A ; : VATERG
136 . TORGH L v T s B e -
v
. ; v
1339 : 307020
142 ; . LAKEST
153 ucuzg
¥
156 207010
159 HEBROK
170 11CK10. .
v
172 GA.ST

1(“') RUNOFF ALSO COMPUTED AT THIS LOCATION

FLOOD HYDROGRAPH PACKAGE (HEC-1) U.S. ARMY CORPS OF ENGINEERS
MAY 1991 HYDROLOGIC ENGIHEERING CENTER
VERSION 4.0.1E 609 SECOND STREET

DAVIS, CALTIFORNIA 95616
(516) 551-1748

RUN DATE juajeist TIME NpRenenl

PHF OVER TAKE . 472 FT VEIR, ONE ANIL GAT

b I0 OUTPUT CORTROL VARIABLES §
IPRNT 4 PRINT CONTROL
IF1OT 0 PLOT CONTROL



171 X0 ONWTIEONTROI. VARIABL:'S

PRNT FRINT CONTROL
IPLOT D CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
IPNCH 1 FUNCH COMPUTED
I00T 22 SAVE HYDROGRAFH ON THIS UNIT
ISaV1 FIRST CRUINATE PUHCHED OR SAVED
ISAV2 80 LAST ORDINATE FUNCHED OR
TIHINT 0.500 TIME INTERVAL IN HOURS
172 HC HYDROGRAFH COMBINATION
ICOMP 2 NUMBER OF HYDROGRAFHS TO COMBINE

MAE BES SUD S2E DS GRS BEE ONE SRS BEE GAR EES SON SRS SHS SES DOS BAE SRS SEE SE8 NES SEE BEE SEE SEE SN SES SHE HOE S8S BB =e

R
- -
173 KK e GAST. = CHAME LICK10
- -
AR RS SESEEEES
174 KO OUTPUT CONTROL VARIABLES
IPRNT 4 PRINT CONTROL
IPLOT 0 FLOT CONTROL
AL 0. WD SCALE
IPNCH 1 PUNCE COMPUTED HYDROGRAPH
100T 22 SAVE HYDROGRAPH ON TRIS UNIT
ISAVL 1 FIRST ORDINATE PUNCHED OR SAVED
ISAY2 80 LAST ORDINATE PUNCHED OR SAVED
TIMINT 0.500 TIME INTERVAL IN HOURS

HYDROGRAPH ROUTING DATA

175 RK KINEMATIC VAVE SI'REA! ROUTIKG
CHANNEL LENGTE
S 0. 0009 SLOPE
N 0.060 CHANNEL ROUGHNESS COEFFICIENT
Ca 0.00 CONTRIBUTING AREA
SHAPE TRAP CHANNEL SHAPE
vD 80.00 BOTTOM VIDTH OR DIAMETER
Z 1.00 SIDE SLOPE
HDININ 2 XINIMUM NUMBER OF DX INTERVALS
-an
1
PEAK FLO¥ AND STAGE (EIID—OF—PERIOD) SUMMARY FOR MULTIPLE PLAN-RATIO ECONOMIC COMPUTATIONS
FIOWS IN CUBIC FEET PER SECOND, AREA IN SQUARE MILES
TIME TO PEAK IN HOURS
RATIOS APPLIED TO FRECIPITATXON
OPERATION STATION AREA PLAN RATIO 1 RATIO 2 RATIO
1.00 0.7% 0.50
HYDROGRAFH AT
+ VALNUT 9.70 1 FLOW 22251, 16281, 10306,
TIME 9.00 9.00 9.00
HYDROGRAPE AT
+ HOREY 9.50 1 FlLO® 14013 10172, 6363,
TIME 11.50 11.50 12.00
HYDROGRAFH AT
+ HARBOR 6.90 1 FLOW 16180 11836 75832,
TIME 8.50 8.50 9.00
3 COMBINED AT
+ -DAM40 26.10 1 FLOW 47804. 34920, 22141,
TIKE 9.00 9.50 9.50
ROUTED TO
+ DAMAD 26.10 1 FLOW 34(52 18082. 8567.
TINE 11, 12.50 13.50
s PEAK STAGES IN FEET es
1  STAGE 895,88  895.34 894 24
TIME 11.50 12,50 13.50
ROUTED TO
+ 40TO20 26.10 1 TFLOV 34335, 17958. 8561.
TINE 11.50 13.00 14.00
HYDROGRAFH AT
+ PATASK 13.20 1 FLOV 2519. 1612 792
TIME 16 .50 16.50 17.00
HYDROGRAFH AT
+ JERSEY 16.60 1 FLOV 2601 1662. 816.
TIKE 18.50 18.50 19.00
2 COMBINED AT
+ LICKSD 29.80 1 FLOW 5019, 3212, 1581,
TIME 17.50 18 .00 16,00
ROUTED TO
+ 90TOB0 29.80 1 FLOV 5015, 3212 1578
TIME 18.00 18.00 18.00
HYDROGRAFH AT
+ HARRIS 16.70 1 Flov 4312 2028, 1455
TIKE 15,50 15.50 15.50
2 CONBINED AT
+ LICKeo 46.50 1 FLOW 9135, 6905. 2966
TIME 16,50 16.50 17.00
ROUTED TO
+ 80TO30 46.50 1 FLo® 9123, 5904 2962,
TIME 16.50 17.00 17.00
HYDROGRAPH AT
+ LIBERT 11.00 1 FLOV 5993, 4243 2527
TIME 17.50 17.50 17.50

HYDROGRAFPH AT



+ KIRKER ko

HYDROGRAPH AT

+ VATERG 9.

4 COMBINED AT
+

30

60

LICK30 76.40
ROUTED TO
+ 307020 76.40
HYDROGRAPH AT
+ LAKEST 7.80
3 COMBINED AT
+ LICK20 110.30
ROUTED TO
+ 20TO10 110,30
HYDROGRAPH AT
+ HEBROR 7.10
2 COMBINED AT
+ LICK10 117.40
ROUTED TO
+ GA.ST. 117.40
1
IST4Q ELFHENT DT
(NIN)
FOR PLAK

407020
CONTINDITY SUKMARY

FOR PLAX
40T020

CONTINUITY SUMMARY

FOR PLAN
40TO20

CONTINUITY SUMMARY

FOR PLAR
$0TOBD

CONTINUITY SUMMARY

FOR PLAR
90TOB0

CONTINUITY SUNMARY

FOR PLAN
20TOB0

CONTINUITY SUMMARY

FOR PLAR
B0TO30

CONTINUITY SUMMARY

FOR PLAN
BOTO30

CONTINUITY SUMMARY

FOR PLAN
80TO30

CONTINDITY SUNMARY

FOR PLAR
30T020
CONTINUITY SUMMARY

FOR PLAR
30T020

CONTINUITY SUMMARY

= 1 RATIO= 1.00
MANE 2.75

(AC-FT) — INFLOW=0.

= 1 RATIO= 0,75
MANE 3.44

(AC-FT) - INFLO¥=0.

= 1 RATIO= 0.50
MANE 4.6

(AC-FT) - INFLOR=(,

= 1 RATIO= 1,00
HANE .66

(AC-FT) - INFLOVW=0

= 1 RATIO= 0,75
MANE 6.6

(AC-FT) - INFLOV~0

= 1 RATIO= 0.50
MANE B.8

(AC-FT) - INFLOV=D,

= 1 RATIO= 1.00
HANE 4.52

(AC-FT) — INFLOU~0,

= 1 RATIO~ 0.75
HANE 5.28

(AC-FT) - INFLOW=0.

= 1 RATIO~ 0,50
MANE 6.9

(AC-FT) - INFLOW=0

= 1 RATIO= 1.00
MANE 3 b

(AC-FT) - INFLO9=0.

= 1 RATIO= 0.75
HANE 3.57

(AC-FT) — INFLOU=0

3802,
14.50

3606.
13.00

16247,
15.50

16238,
15.50

4304,
15.00

36472,
14.00

36436
14.00

4570
16.00

40711,
14.50

40685,
14.50

2101,
14.50

2020.
13.00

8947,
16,50

8934,
16.00

2628,
15.50

19909.
15.00

19885,
15.00

2852.
16.50

22683,
15.50

22673,
15.50

SUMMARY OF KINEMATIC VAVE — !USKINGU'!—-CUNGE'ROITTING

1 FLOW 5476,
TIME 14.50
1 FLOV 5256.
TIME 13,00
1 FLOV 23960,
TIKE 15.50
1 FLOv 23957
TINE 15.50
1 FLOV 6009,
TIME 15.00

1 FLOW 56109,
TIME 12,50
1 FLOV 56106.
TIME 12.50
1 FLOW 6300.
TIME 16.00
1 FLOW 60744.
TIME 12.50
1 FLOV 60650.
TIME 12.50
(FLO¥ IS D

PEAK  TIKE TO
FEAK

(CFS) (MIR)
34440.37  695.26

2B866E405 EXCESS=0.0000E+00

16070.04

2009E+0S EXCESS=0.0000E+00

8566.19

1319E+05 EXCESS~0.0000E+00

5018.43

3212.00

4090E+D4 EXCESS=0.0000E+00

16580.04

20D8E+04 EXCESS=0.0000E4+00

9134.24

1093E+405 EXCESS=0,0000E+00

6904.71

7061E+04 EXCESSe0.0000E+00

2965. 44

3536E+04 EXCESS=0.0000E+0D

23959 .17

2814E+05 EXCESS=0.0000E+00

16245.36

1907E+05 EXCESS=0.0000E+00

759.04

815.05

1063 44

.6396E+04 EXCESS«D.0000E+00

1092.55

1096.93

1000.03

1001.59

1034 81

935.7%5

935.95

INTERPOLA’ TO
COMPUTATION INTERVAL

VOLUYE DT PEAK TIME TO

PEAX

(IN) (MIN) (CFS) {MIN)

2D.67 30.D0 34334.96 690.00
OUTFLOV=0,2877E+05 BASIN STORAGE=-.

15.09 30.00 17957.80 780,00
OUTFLOW=0.2100E+05 BASIN STORAGE=-,

9.56 30.00 B8560.92 040,00
OUTFLOV=0.1331E+D5 BASIN STORAGE=—,

4.01 30.00 5015.00 1080.00
OUTFLOW=0.6374E+04 BASIN STORAGE=0.

2.56 30,00 3211.62 10680.00
OUTFLOW=0. 4076E+04 BASIN STORAGE=0D

1.26 3e.00 1578.11  10B0.00
OUTFLOV=0.2001E+04 BASIN STORAGE=0

4.40 30.00 9122.5% 990 DO
OUTFLOV=0 1091E+05 BASIN STORAGE=0.

2 84 30.00 5503.86  1020.00
OUTEFLOV=0.7048E+04 BASIN STORAGE=D.

142 30.00 2961.84 1020.00
OUTFLOW=0 3527E+04 BASIR STORAGE=0.

6.90 30.00 23956.75 930. 00
OUTFLOV=0,2B11E+05 BASIN STORAGE=0.

4.67 30.00 16238.29 930.00
OUTFLOV=0,1905E+05 BASIN STORAGE=0D.

IRECT RUNOFF VITHOUT BASE FLOW)

VOLUHE

(IN)

20.67

1457E403 PERCENT

15,08

1479E+03 PERCENT

9.56

1493E+D3 PERCENT

4.01

1775E+02 PERCENT

2.56

1220E+02 PERCENT

1.26

§771E+01 PERCERT

4.40

2049E+02 PERCENT

2.84

1385E+02 PERCENT

142

6816E+01 PERCENT

6,50

31B6E+02 PERCENT

4.67

2279E+02 PERCENT

ERROR=

ERROR=

ERROR=

ERROR=

ERRQR=

ERROR=

ERROR=

ERROR=

ERROR=

ERROR=

ERROR=



PLAN
07020

FOR
3
CONTINUITY SUMMARY

FOR PLAN
207010

CONTINUITY SUMMARY

PLAN = 1 RiTIO= 0.75
BANE

FOR
207010
CORTINUITY SUMMARY

FOR PLAN
207010

CONTINUGITY SUMBARY

FOR PLAN
GA.ST.

CONTINUITY SUMMARY

FOR PLAN
GA.ST.

CONTINUITY SUMMARY
Gk ,BT,

CONTINUITY SUMMARY

=1

RATIO= D.50
MANE 4.58

8946,61
(AC-FT) - INFLOV=0.1D50E+DE EXCESS=0,0000E+00

= 1 RATIO= 1.00
BANE

2.31 56106.63 751.08

(AC-FT) — INFLOV=0.6330E+05 EXCESS=0.00BOE+D0

2,62 36468.62
(AC-FT) - INFLOV=0.4464E+05 EXCESS=0.0000E+D0

= 1 RATIO= 0.50
MANE 3.34 19906.80

(AC-FT) — INFLOU=0.2659E+05 EXCESS~0.0000E+00

» 1 RATIO= 1.00
MANE 2.21 606739.33

754.86
(AC-FT) - INFLOV~0,7076E+05 EXCESS=0.0000E+00

= 1 RATIO~ 0,75 )
HANE 2,66 40709.46

(AC—FT) — INFLO¥=0.5007E+05 EXCESS=0.0000E+00

= 1 RATIO- 0.50 )
HANE 3.24 22680.54

(AC-FT) — INFLOV=0.3001E+05 EXCESS=D.0000E+00

1 ERROR(S) DETECTED BY HEC-1 =sen

940.27 2.

10.

6846.93 7.

906.71 4.

11,

874.89 8.

935.908 4.

57

OUTFLOV=0,

77 3

OUTFLO®=0.

OUTFLOW=0.

53 3

OUTFLOY=0.

ER) 3

OUTFLOW=0.

01

OUTFLOU=

81 3

OUTELOW=0 .

30.

.00 55106.95

ao.

.00 19866.06

.00 6065D.46

3o.

B0 22673.29

00  8934.29 960.00 2.87

1049E+D5 BASIN STORAGE=0.1243E+02 PERCENT ERROR=

750.00 10.77

6337E+05 BASIN STORAGE=-.1D013E+03 PERCENT ERROR=

00 36436,57 840.00 7.60

4471E+05 BASIN STORAGE~~.1117E+03 PERCENT ERROR=

900.00 4.83

2668E+05 BASIN STORAGE~-,1237E+03 PERCENT ERROR»

750.00 11,31

7001E+06 BASIN STORAGE=-.9199E+02 PERCENT ERROR
8.01

00 40665.16 870.00

.5012E+05 BASIN STORAGE=-.1052E+03 PERCENT ERROR=~

930.00 4.080

3009E+05 BASIN STORAGE=—.1189E+03 PERCENT ERROR=

0.1

0.2

0.1

0.1



Existing outflow facilities
with the existing dam crest elevations
and a new gated outflow structure at
Sellers Point.



[

- - - -
®  FLOOD HYDROGRAPH PACKAGE (HEC-1) = ®  D.S. ARM? CORPS OF ENGINEERS -
N MAY 1991 - =  HYDROLOGIC ENGINEERING CENTER =
- VERSION 4.0.1E - . 609 SECOND STREET -
. - . DAVIS, CALIFORNIA 95616 -
= RON DATE Nstflill TINE Jpgienn = - (916) 551-1748 .
- - - -

X X XOXITXX  XXKXX X

X I x X b4 o

X T X b4 X

INXXIX XXX X oxx X

X X X b X

X XX x I X

x I IOXIXX XXX X

THIS PROGRAM REFPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HEC1KV.

THE DEFINITIONS OF VARIABLES —RTIMP- AND —RTIOR- HAVE CHANGED FROM THOSE USED VITH THE 1973-STYLE IRPUT STRUCTURE
THE DEFINITION OF —AMSKK— ON RM-CARD VAS MGB) VITH REVISIONS DATED 28 SEP 61. THIS IS THE FORTRAN?7 VERSIOK
NEV OPTIONS: DAMEREAK OUTFLOV SUBMERGERCE , SINGLE EVENT DAMAGE CALCULATION, DSS:VWRITE STAGE FREQUENCY.

READ SERIES AT DESIRED CALCULATION INTERVAL L1OSS RATE:GREEN AND AMPT INFILTRATION

DSS: TIME
KINEMATIC VAVE: NEV FINITE DIFFERENCE ALGORITHM

HEC-1 INPUT PAGE 1
1IKE ID. s iwe s vies i Eiiiena Fiiaie s doivneeiSaavaan Ginanin. Toalinwia B oL 9......10
2 %g PMF OVER LAKE . 472 FT WEIR, OKE AMIL GAT
3 D
=DIAGRAN
asa LIST waum
4 IT 30 1AUGY6 1200 oo
5 10 4
6 JD g
7 PH 10 0 0.07 1.97 3.45 15,56 18.72 20
2] JR PREC 1 0.76 0.5 o 1] 0
9 KK VALNUT
10 KO 1 2 0 o 22
11 Bi 9.7
12 BF 10 ¢ 1.3
13 B 23
14 IN 15 1AUG96
« HOURLY PRECIPITATIO
15 PC 0 0.2175 0. 436 D.6525 0.6343 0.7497 0.935 1.0957 1.2687 1.4417
16 PC 1.7877 2.1913 2.9987 4.208 6.84 10.4377 11.5333 10.726 7.64 5,405
17 PC 3,6177 2,717% 2.265 1.68125 1.36 1.02 0.68 0.34 0
18 1s 0.42 82 10
19 m 2.5
20 KK  HONEY
21 KO 1 2 0 o 22
22 BA 9.5 ’
23 BF 10 0 1.3
24 PB 22
25 IN 15 1AUG96
« HOURLY PRECIPITATIO
26 B 0 0,2175 0.435 0.6525 0.6343 0,74%7 0.935 1 0957 1,2687 1.4417
27 PC 1.7877 2.1913 2,9987 4.205 6.84 10 4377 11.5333 10.726 7.64 S 405
28 PC 3.5177 2.7175 2.265 1.8125 1.36 1.02 0.68 0,34
29 IS 0.469 ) 16
30 D 5.4
k) KK HARBOR
32 KXo 1 2 0 1] 22
33 BA 6.9
34 BF 10 1] 1.3 -
36 FB 23
36 IN 15  1AUGY96
« HOURLY PRECIPITATIO
37 PC 0 0.2175 D.435 D.6525 0 .6343 0.7497 0.935 1.0957 1.2687 1.4417
36 PC 1.7877 2.1913 2.9987 4.205 6.84 10.4377 11.5333 10,726 7.64 5.405
33 PC 3.5177 2,7175 2.265 1 8125 1.36 1.02 0.68 0.34
40 1s 042 82 23
41 D 2.4
HEC-1 INPUT PAGE 2
LINE D 1 Tvavess k| 4 5 [ ¥ TN ] 9 i
42 KK  DaM4o CNAME 40TO20
43 KO 1] 0 0 1 22
44 HC 3
45 KK DAM4O
+ RESERVOIR STORAGE
46 KO 1] 0 ] 1 22
47 RS 1 ELEV 891.75 1]
# DAM40 SURFACE AREA
48 SA 2758 2800 2925 3093 3260 3427 3762 4096
« DAM40 ELEVATIOR
éB SE 89 Z 892,25 893 893.875 894 75 B95 625 896.5 697.37?5 B98.25 899.125
0 SE 90
51 8s 892.2 472 3.3 1.5
52 SL 806 1700 0.7 0.5
53 ST 896.5 21700 2.3 1.5
54 KK 40T020 CNANE  DAK4D
55 KO 0 0 0 1 22
56 RK 6560 0,0009 0.06 TRAP 80 1
57 KK PATASK
56 KO 1 2 ] o 22
59 BA 13.2
60 BF 10 a 1.3
61 ) ]
62 IN 15 1A0G96
# HOURLY PRECIFITATIO
63 BPC 0 0.217% 0. 435 0.6525 0,6343 D.7497 0.935 1.0957 1 2687 1 4417
64 PC 1.7877 12,1913 2.9987 4 205 6.84 10.4377 11,5333 10.726 7.64 5 405
0.34 0

65 PC 3 5177 2.717% 2.265 1 8125 1.3 102 0.68
66 IS 0 667 75 0



L] 9.8
KK JERSEY
KO 1 2 0 ] 22
Ba 16.6
BF 10 o 1.3
PB 7
N 15 1AUGYG 0
= BOURLY PMIPITlTIO
PC 0 0.2176 D0.435 0.6525 0.6343
PC 1.7877 2.1913 2.9987 4.205 6.84
PC 3.5177 2.7175 2.265 1.8125 1.36
IS 0.667 75 0
LU 1z.2
KK LICK30 CHAME 90TOBD
KO 1] 1] 0 1 22
BC 2
HEC-1 INPUT
i ooy e 2 3 e By
KK 90TO80 CHAME LICK90
Ko Q 1 22
RX 6560 0.0009 0.06 TRAP
KK HARRIS
KO 1 2 0 0 22
BA 16.7
BF 10 0 1.3
PB 8
IN 15 1A0GY96
= HOUHLY FRECIPITATIO
PrC 0 0.2175 0.435 0. 6525 0.6343
PC 1.7877 2.19131 2.9987 4.205 6.84
BC 3.5177 2.7175  2.265 1.8125 1.36
IS 0.632 76 a
Ju] 8.9
KK LICKeO CNAME 80TO30
KO 0 1] 0 1 22
BC 2
KK 80TO30 CNAME LICKBQ
KO 0 0 0 1 22
R 6560 0.0009 G.06
KK LIEBERT
KO 0 1 0 o 22
BA 11
BF 10 o 1.3
PB 16
IN 15 1AUG96
# HOURLY PRECIPITATIQ
PC 0 0.2175 0.435 0 6525 0.6343
PC 1.7877 2.1913 2.9987 4,205 6.84
PC 3.5177 2,7176 2.265 1.812%5 1.36
s 0.5 -] 0
uD 1.2
KK KIRKER
KO 1 2 ] o 22
BA 9.3
BF 10 o 1.3
FB 14
IN 15 1AUGY96
= HOURLY PRECIPITATIO
PC 2175  D0.435 D 6525 0.6343
PC 1. ?B?? 2 1913 2.9987  4.205 6.84
PC 3.5177 2.7175 2.265 1.6125 1.36
1S 0.597 7 1
uD 6.2
HEC-1 INRPUT

IDiwinin = L Tivaany = =T LIRS o oo 5..
KK VATERG
Xo 1 2 1] o 22
BA 9.6

10 0 1.3
PH 11
IN 15 1AU0G96
# HOURLY FRECIPITATIO
PC 0 D.217 D.435 0.6525 0.6343
PC 11,7877 2.1913 2.9987 4.205 6.084
PC 3,5177 2.7175 2.265 1.812% 1.36
IS 0.564 ? 0
D 6.3
KK LICK30 CHAME 30T020
Xo 0 0 0 1 22
HC 4
KK 30T020 CNAME 1ICK30
Xo 0 0 0 1 22
RK 6560 0.0009 0 06 TRAP
KK LAKESI
Ko 3 2 ) ] 22
BA 7.8
BF 10 Q 1.3
FB 18
IN 15  1AUGY96
« HOURLY PRECIPITATIO
PC 2175 D.435 0.6525 0.6343
PC 1. 7877 2 1913 2.9987  4.205 6.84¢
PC 3.5177 2.7175 2.265 1.8126 1.36
1s 0.8 B0 10
D
KK LICK2D CHAME 20TO10
Xo 0 0 0 1 22
HC 3
KK 20TO10 CHANE LICK20
KO 0 0 0 1 22
RK 6560 0.0009 0.06 TRAP
KK HEBRON
KO 3 2 1000 o 22
BA 7.1

BF 10 0 1.3

0.7497
10.43727
1.02

0.7497
10.4377
1.02

80

0,7497
10,4377
1.02

0.7497
10.4377
1.02

0.7497
10.4377
1.02

:11]

0.7497
10.4377
1.02

a0

0.935
11.5333
0.68

0.935
11.5333
0.60

0,935
11,5333
0.68

0.935
11.5333
0.68

0,935
11 5333
.68

0.935
11.5333
0.68

1. 0957
10,72
0. 34

1.2687
7.64
0

1.4417
5.408

210

1.0957 1.2687 1.4417

10.726
0.34

1,0957
10.726
0.34

1 0957
10,72
0. l

1 0957
10.726
0.34

7.64
4

1.2687
7.64

1.2687
7 64

1.2687
7.64

5.405

1.4417
5.405

1.4417
5.405

.10

1 4417
5.405

1.0957 1.2687 1 4417

10.726
0.34

7.64
0

5.405

PAGE 3

PAGE 4



162 FB 22
163 IN 16 1AUGY96
#® HOURLY E’RECIPITITIO

164 PC 0.2175 0.435 0.6525 0.6343 0.7497 0.935 1.0957 1.2687 1.4417
165 PC 1.7877 2.1813 2.9987 4.205  6.84 10.4377 11.5333 10.726 7.64  &.405
166 PC 3.6197 2.7175 2.265 1.812§ 1.36 1.02 0.68 .34
167 18 0.4l 83 5
168 W 106.1
1 REC-1 INPUT PAGE §
LINE 1D 1 C S o s s [p— 6 7 8 9 10
169 KK LICKI0 CHAME GA.GBT,
170 KO 0 0 0 1 22
mn HC 2
172 XX GA.ST. CNAME LICK1ID
173 KO 1] 0 1] 1 22
174 RK 6560 0.0608  0.06 TRAP 80 1
1 175 b A
. SCHEMATIC DIAGRAY OF STREAM NETWORK
LINE (V) ROUTING (—>) DIVERSION OR PUEP FLOW
No. (.) CONNECTOR (¢~——) RETURN OF DIVERTED OR PUMPED FLOV
9 VAINUT
20 : HONEY
a1 . ; HARBOR
@ DAMAD: . Cwiiiinva e Sih i
v
L
46 DAMAD
v
v
54 407020
57 . PATASK
68 L ; JERSEY
79 , LICKID........
: v
. v
82 . 307080
85 ; : HARRIS
96 ; Lxcxai'............i
[ v
99 ; 807030
102 : ; LIBERT
113 i . KIRKER
124 : : : : VATERG
135 : T P R R RO e ] T e
; v
v =
138 307020
141 : . LAKEST
152 ) o AR L e
v
v
1585 207010
158 I HEBRON
169 LICK1D,
v
v
172 Gh.ST,
({32%) RUFOFF ALSO CONPUTED AT THIS LOCATION
- - - -
- FLOOD HYDROGRAFH PACKAGE (HEC-1) - - V.5. ARMY CORPS OF ENGINEERS -
- HAY 1991 - - BYDROLOGIC ENGINEERING CENTER -
. VERSION 4.0.1E - " 609 SECOMD STREET -
. . . DAVIS, CALIFORNIA 95616 .
@ RON DATE 101FIH1 TIHE §L0DIEND = . (916) §61-1748 -
[ ] - - -

EMF OVER LAKE , 472 FT VEIR, ONE AMIL GAT

s I0 OUTPOT CONTROL VARIAHLES
IFRNT 4 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QECAL 0. HYDROGRAPH FLOT SCALE
T HYDROGRAPH TINE DATA



BEE SES SHS S8S SE5 ST SN NES SEA BSOS SSE SO0 SES ANE SEE SA5 SO5 SES G55 SHS SAS BEO DET SES EAS SAS SRS SEE SRS BES BEE 88 SNE

AR R e
- -
169 KK = LICK10 = CHAKE GA.ST.
- -
COTONORTODOONT
170 X0 OUTPUT_CONTROL VARIABLES
IPRNT 4 PRINT CONTROL
IFLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH SCALE
IPNCH 1 PUNCH COMPUTED HYDROGRAPH
10 22 SAVE HYDROGRAPH ON THIS UNIT
ISAV1 1 FIRST ORDINATE PUNCHED OR SAVED
I1SAV2 80 LAST ORDINATE PUNCEED OR SAVED
TIEIRT 0.500 TIME INTERVAL IN HOURS
171 HC HYDROGRAPH COMBINATION
ICOMP 2 NUMBER OF HYDROGRAPHS TO COMBINE

ons

SEE HEE SES NES SES UNE SEE SEE BEA NER REE NS0 SEN DOE SEN SEN GEE SEE BEE S08 SN SEE SOE SEE BEES SO0 AN EES GO oS8 BEe AN SeE

e et
= -
172 KX - GA.ST. = CNAME LICK10
- -
R OO
173 Ko OUTPUT CONTROL VARIABLES
IPRNT 4 PRINT CONTROL
IPLOT 0 QORTRO!
QSCAL 0. HYDROGRAPH PLOT SCALE
IPNCH 1 PUNCH CO! HYDROGRAFH
100T 22 SAVE HYDROGRAPH ON THIS UNIT
ISAV1 1 FIRST ORDINATE PURCHED OR SAVED
ISAV2 80 LAST ORDINATE PUNCHED OR SAVED
TININT 0.500 TIME INTERVAL IN HOURS
HYDROGRAPE ROUTING DATA
174 X KINEMATIC WAVE STREAK ROUTING
L 6560, CHANNEL LENGTH
S 0.0009 SLOFE
N 0.060 CHANKNEL ROUGHNESS COEFFICIENT
Ca 0.00 CONTRIBUTING AREA
TRAP CHANNEL SHAPE
VD 80.00 BOTTOM VIDTH OR DIAMETER
Z 1.00 SIDE SLOPE
NDXNIN 2 KININUM NUMBER OF DX INTERVALS
wan
1
PEAK FLOV AND STAGE (END—OF-PERIOD) SUMMARY FOR MULTIPLE PLAN-RATIO ECONOMIC COMPUTATIONS
FLOWS IN CUBIC FEET PER SECOND, AREA IN SQUARE MILES
TIME TO PEAK IN HOURS -
RATIOS APPLIED TO PRECIPITATIOH
OPERATION STATION AREA PLAN RATIO 1 RATIO 2 RATIO
1.00 0.75 0 50
HYDROGRAFH AT
+ VALHUT 9 70 1 FLOW 22251, 16201, 10306.
TIME g.o0 9.00 $.00
HYDROGRAPH AT
+ HOWEY 9.50 1 FLOW 14013, 10172 6363,
TIME 11.50 11.50 12 00
HYDROGRAFE AT
+ BARBOR 6.90 1 FLOW 16180, 11636 7532,
TIME 8.50 B.50 9.00
3 COMBINED AT
+ DAM4O 26.10 1 FLOW 47804 . 34920. 22141,
TIME 9.00 9.50 9.50
ROUTED TO
+ DaK40 26.10 1 FLOW 31121, 25805. 23433,
TIME 11,50 11.50 7.00
== PEAK STAGES IN Ll
STAGE 694.08 B92.85 B92.03
TIKE 11.50 11.50 7.00
ROUTED TO
+ 40TO20 26 1D 1 FLOW 31116. 25802 23389,
TINE 12 00 11.50 7.50
HYDROGRAFH AT
+ PATASK 13.20 1 FLOW 2519 1612 792,
TIME 16.50 16,50 17 00
HYDROGRAPE AT
+ JERSEY 16.60 1 FLOV 2601. 1662. 816,
TIME 18.50 18.50 19.00
2 COMBINED AT
+ LICK90 29 80 1 FLOW 5019. 3212 1581,
TIME 17.50 16.00 18.0D



ROUTED TO
+

30TO80 29.80
EYDROGRAPH AT

+ BARRIS 16.70
2 COMBINED AT

+ LICKB0 46.50
ROUTED TO

+ 80TO30 46.50
HYDROGRAPH AT

+ LIBERT 11.00
HYDROGRAPH AT

+ KIRKER 9,30
HYDROGRAPE AT

+ UATERG 9.60
4 COMBINED AT

+ LICK30 76.40
ROUTED TO

+ 307020 76.40
HYDROGRAPE AT

+ LaKESI 7.80
3 COMBINED AT

+ LICK20  110.30
ROUTED TO

+ 207010  110.39
HYDROGRAFH AT

+ HEBRON 7.10
2 COMBINED AT

+ LICK10  117.40
ROUTED TO

+ GA.ST.  117.40

1

ISTAQ  ELEWENT DT
(MIN)
FOR PLAN

40T020

CORTINUITY SUMMARY

FOR PLAN
40T020
CORTINUITY SUMMARY

FOR PLAN
40TO2D

CONTINUITY SUMMARY

= 1 RATIO= 1.00
MANE 2.9

(AC-FT) - INFLOW=0.

= 1 RATIO= 0.75
MANE 3.0%

(AC-FT) ~ INFLOW=0.

= 1 RATIO- 0.50
HAKE 3.1

(AC-FT) - INFLOV=0

PIAN = 1 RATIO~ 1 .00
HAKE 5.66

OR
90TOB0

CORTINUITY SUMKARY

FOR PLAN
90TOB0
CORTINUITY SUMMARY

FOR PLAN
90T080

CONTINUITY SUMMARY

FOR PLAN
BOTO30

CONTINUITY SUNMARY

FOR PLAN
B80TO30

CONTINUITY SUMMARY

(AC-FT) - INFLOV=D.

= 1 RATIO= 0.75
HANE 6.6

(AC-FT) - INFLOVW=0

e 1 RATIO= 0 50
MANE 8.8

(AC-FT) — INFLOV=0.

= 1 RATIO- 1.00
HANE 4.5

(AC-FT) - INFLOV=0

= 1 RATIO~ 0,75
KAKE 5 28

(AC-FT) - INFLOV=D

1 FLOV 5016. 3212, 1578,
TIME 19.00 18.00 18.00
1 FLOV 4312. 2828, 1485,
TIME 15.50 15.50 15.50
1 FLOW 9135. 5905, 2966,
TIME 16.50 16.50 17.00
1 FLOW 9123. 5904, 2962.
TIME 16.50 17.00 17.00
1 FLOW 5§993. 4243, 2527,
TIME 17.50 17.80D 17.50
1 FLOV 5476. 3802. 2191,
TIME 14.50 14.50 14.50
1 FLOW 5256, 3606, 2020,
TIME 13.00 13.00 13.00
1 FLOV 23960. 16247. 8947,
TIME 15.60 15.50 15.50
1 FLOW 23957. 16238 08934,
TIME 15.50 15.50 16.00
1 FLOW 6009, 4304. 2628,
TIME 15.00 15.00 16.50
1 FLOW 5808e8. 43910, 32480,
TIKE 14.00 14.50 12.50
1 FLOW 58034. 43902, 32328,
TIME 14.00 15.00 12.50
1 FLOW 6300, 4570, 2852,
TIME 16.00 16.00 16.50
1 FLOW 63959, 48324 34380,
TIME 14.50 15.00 12.50
1 FLOV 63927. 48301, 34192,
TIME 14.50 i5.00 12.50

SUNHARY OF KINEMATIC VAVE — MUSKINGUM-CUNGE ROUTING
{FLOV IS DIRECT RUNOFF VITHOUT BASE %OV)

TERPOLATED TO
COMPUTATION INTERVAL
PEAK TIME TO VOLUME DT PE&K TIME TO
PEAK PEAK
{CFS) (MIR) (IN) (KIN) (CFs) {MIN)
31120 .54 696.30 38.37 30.00 31116.06 720.00
S309E+05 EXCESS=0.0000E+00 OUTFLOVW=D.5340E+05 BASIN STORAGE=-.
25803.96 695 41 34.62 30.00 25801.50 690.00
4767E+05 EXCESS=0.0000E+00 OUTFLOV=0,481BE+05 BASIN STORAGE=—
23426 .06 429.32 31.53 30.00 23380.80 450.00
.4346E+D5 ENCESS=0.0000E+00 QUTFLOV=0.4389E+05 BASIN STORAGE=—,
5018.43 1063 44 4.01 30.00 5D15.00 1080.00
6396E+D4 EXCESS=0.0000E+00 OUTFLOV=0.6374E+04 BASIN STORAGE=0
3212.00 1092.55 2,56 30.00 3211.62 1080,00
4050E+04 EXCESS=0.0000E+00 OUTFLOV=0.4076E+04 BASIN STORAGE=0
1580.84 1096.93 1.26 30.00 1576.11 1080.00
200BE+04 EXCESS=0,0000E+00 OUTFLOW=0,2001E+04 BASIN STORAGE=U,
9134.24 1000.03 4.40 30.00  9122.55 990,00
1093E405 EXCESS=0.0000E+00 OUTFLO®=0.1091E+05 BASIN STORAGE=0
5§904.71 1001.59 2.84 30 00 5903.8¢  1020.00
7061E+04 EXCESS=0.0000E+00 OUTFLOV=0. 704B8E+04 BASIN STORAGE=0

.1220E+02 PERCERT

.2049E+02 PERCENT

.1305E+02 PERCENT

VOLUME

(IN)

39.92

1920E+03 PERCENT ERROR=

36.17

3695E+03 PERCENT ERROR=

33.36

1663E+03 PERCENT ERROR=

4.01

1775E+02 PERCENT ERROR=

2.56

ERROR=

1.26

S§771E+01 FPERCENT ERROR=

4.40

ERROR~

2. 64

ERROR=

~0.

-0.

-0



FOR PLAN
BOTO3D

CONTINUITY SUMMARY

FOR FLAN
30T020

CONTINUITY SUMMARY

FOR PLAN
307020
CONTINUITY SUMMARY

FOR PLAW
30TD20

CONTINUITY SUMMARY

FOR PLAN
20TO10

CONTINUITY SUMMARY

FOR PLAN
20TO10

CONTINUITY SUMMARY

FOR PLAN

20TO10

CONTINUITY SUMMARY
FOR PLAN

Gi 5T,

CORTINUITY SUMMARY
FOR PLAN

Gk ST,

CONTINUITY SUMMARY
FOR PLAK

GA.ST.

CONTINUITY SUMHARY

= 1 RATIO= 0.50
MANE 6,92

(AC-FT) — IKFLOW=0.

= 1 RATIO= 1.00
HANE 3.08

{AC~FT) - INFLOW=0.

= 1 RATIO= 0.75
MANE 3.57

(AC-FT) — INFLOW=0

= 1 RATIO= 0.5D
HANE 4.58

(AC-FT) — INFLOW=0.

= 1 RATIO= 1.00
MANE 2.32

(AC-FT) - INFLOW=0.

= 1 RATIO= 0.75
HANE 2.48

(AC-FT) — INFLOV=D,

= 1 RATIO= 0.50
HANE 2.897

(AC-FT) -~ INFLOV=

= 1 RATIO= 1.00
MARE 2.27

(AC-FT) — INFLOV=0.

= 1 RATIO= 0.75
MANE 2.41

(AC-FT) — INFLOW=0D,

= 1 RATIO= 0.50
HAKE 2.71

(AC-FT) — INFLOW~0

UMMARY OF DAN OVERTOFPING/BREACH ANALYSIS FOR STATION

0.

2965.44  1034.81 1

3536E+04 EXCESS=0.0000E+00

23959.17 935.75

2814E+05 EXCESS=0.0000E+00

16245.36 935.99

1907E+05 EXCESS=0.0000E+D0

8946.61 940.27

1050E+05 EXCESS=0.0000E+00

58085.18 845.64

9010E4+05 EXCESS=0.0000E+00

43909.53 B76.85 12

7400E+05 EXCESS=0.0000E+00

32402.47 752.9%6 10

$973E+05 EXCESS~0.0000E+00

63949.77 873.30

9795E+05 EXCESS=D.0000E+00

46306.12 902.74

7986E+05 EXCESS=0.0000E+D0

34348.21 755.05

.6366E+05 EXCESS=0.D000E+D0

S|
(PEAKS SHOVWN ARE FOR INTERNAL TIHE

......... INITIAL VALDE
ELEVATION 891.75
STORAGE 0.
OUTFLOW 22885,
RATIO MAXTHUN MAXTHUM HAXTHUM
OF RESERVOIR DEPTH STORAGE
3.1 V.S.ELEV OVER DAM AC-FT
1.00 894.08 0.00 6097.
0.75 892.85 0.00 2413,
0.50 892.03 0 00 76.

1 ERROR(S) DETECTED BY HEC-1 sa=

6.

2.

15,

15,

12,

10,

42 30.

OUTFLOV~0,

90 30.

OUTFLOV~0.

67 30

OUTFLOV=0

57 30.

OUTFLOV=0.

3o.

OUTFLOV=0.

OUTFLOW=0.

&6 ao.

OUTFLOV=0.

OUTFLOW=D.

USED

SPILLVAY CREST
892.20

565,
23764

MAXTNUM
OUTELOV
CFS

Jliz1.
25805
23433

.00 43901.54

.7421E+05 BASIN

.00 32327 87

.00 48301.22

.BOD1E+DS BASIN

D0 2961.84 1020.00

3527E+04 BASIN STORAGE=0

00 23956.75 830.00

2811E+05 BASIN

00 16238.29 930.00

1905E+05 BASIN

00 8934.29 960.00

104SE+05 BASIN

D0 58034 49 840.00

902CE+05 BASIN

900.00

750.00

5905E+05 BASIN STORAGE=-~

00 63927.27 870.00

96804E+05 BASIN

900. 00

00 34192.086 750.00
6378E+05 BASIN

DAMAQ
DURINKG BREACH FORMATION)

TOF OF DAM
896 .50
14322,
44014
DURATION TIME OF
OVER TOP  KAX OUTFLOW
HOQURS HOURS
o.oo 11,50
0 o0 11.50
0 oo 7.00

STORAGE=0 .

STORAGE=D.

STORAGE=0.

STORAGE=-.

STORAGE=-.

STORAGE=—,

STORAGE=—,

STORAGE=-.

1.42

6816E+01 PERCENT ERROR=

6.90

3186E+02 PERCENT ERROR=

4.67

2279E+02 PERCENT ERROR=

2.57

1243E+02 PERCENT ERROR=

15.39

2057E+03 PERCENT ERROR=

12.67

3027E+03 PERCENT ERROR=

10.25

.2131E+03 PERCENT ERROR=

16.67

2235E+03 PERCENT ERROR=

12.79

2760E+03 PERCENT ERROR~

10.20

2437E+03 PERCENT ERROR=

TIME OF
FAILURE
HOURS

0.00

0.00



Second Scenario

Homogeneous distribution throughout the watershed
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ID

PMF DUE TO PMP STORM ALONG 190 DEGREE AXIS

ID PMP STORM OVER DRAINAGE AREA CENTER OF GRAVITY

1D

*DIAGRAM

*LISTING

IT 30 1AUGSé 1200 80

IO 4

JD 0

PH 10 o} 0.87 1.87 3.45 15.56 18.72 20

JR PREC Pl 0.75 s} 0 0 0

KKWALNUT

KO bl 2 0 0 22

BA 9.7

BF 10 0 1

PB 14.3

IN 15 1AUG96 0

* HOURLY PRECIPITATIO

PC 0 0.2175 0.435 0.6525 0.6343 0.7497 0.935 1.0957 1.2687 1.4417
PC1.7877 2.1913 2.9987 4.205 6.84 10.4377 11.5333 10.726 7.64 5.405
PC3.5177 2.7175 2,265 1.8125 1.36 1.02 0.68 0.34 0

LS 0.42 82 10

uD 2.5

KK HONEY

KO 1 2 0 0 22

BA 9.5

BF 10 0 1.3

PB 10

IN 15 1AUG96 0

* HOURLY PRECIPITATIO

PC 0 0.2175 0.435 0.6525 0.6343 0.7497 0.935 1.0957 1.2687 1.4417
PC1.7877 2.1913 2.,9987 4.205 6.84 10.4377 11.5333 10,726 7.64 5,405
PC3.5177 2.7175 2.265 1.8125 1.36 1.02 0.68 0.34 0

LS 0.469 81 16

uD 5.4

KKHARBOR

KO 1 2 0 0 22

BA 6.9

BF 10 0 1.3

PB 11.4

IN 15 1AUGY6 0

* HOURLY PRECIPITATIO

PC 0 0.2175 0.435 0.6525 0.6343 0,7497 0.935 1.0957 1.2687 1.4417
PC1.7877 2.1913 12,9987 4.205 6.84 10.4377 11.5333 10.726 7.64 5.405
PC3.5177 2.7175 2.265 1.8125 1.36 1.02 0.68 0.34 0

Ls 0.42 82 23

UD 2.4

KK DAM40 CNAME 40TO20

KO 0 0 0 1 22

HC 3

KK DAM40

* RESERVOIR STORAGE -
KO 0 0 0 bl 22

RS 1 ELEV 891 0

* DAM40 SURFACE AREA

SA 2758 2800 2925 3093 3260 3427 3762 4096

* DAM40 ELEVATION

SE 892 892.25 893 893.875 894.75 895.625 896.5 897.375 898.25 899.125
SE 900

55891.75 472 3.3 1.5

SL 886 340 0.7 0.5

ST 896.5 21700 2 1.5

KK40TO20 CNAME DAM40

KO 0 0 0 1 22

RK 6560 0.0009 0.06 TRAP 80 1

KKPATASK

KO 1 2 o 0 22

BA 13.2

BF 10 0 1.3

PB 11.6

IN 15 1AUGY6 0

* HOURLY PRECIPITATIO

PC 0 0.2175 0.435 0.6525 0.6343 0,7497 0.935 1.0957 1.2687 1.4417
PC1.7877 2.1913 2.9987 4.205 6.84 10.4377 11.5333 10.726 7.64 5.405
PC3.5177 2.7175 2.265 1.8125 1.36 1.02 0.68 0.34 0

LS 0.667 75 0

uUD 9.8

KKJERSEY

KO 1 2 0 0 22

BA 16.6

BF 10 0 1.3

PB 11.7



IN 15 1AUG96 0
* HOURLY PRECIPITATIO

PC 0 0.2175 0.435
PC1.7877 2.1913 2.9987
PC3.5177 2.7175 2.265

LS 0.667 75 0
Ub 12.2

KKLICKS0 CNAME 90TOS80
KO 0 0 0
HC 2

KK90TO80 CNAME LICKS0
KO 0 0 0
RK 6560 0.0009 0.06
KKHARRIS

KO 1 2 0
BA 16.7

BF 10 Q 1.3
PB 22

IN 15 1AUGY96 0
* HOURLY PRECIPITATIO
PC 0 0.2175 0.435

PC1.7877 2.1913 2.9987
PC3.5177 2.7175 2.265

LS 0.632 76 0
UD 8.9

KKLICK80 CNAME 80TO30
KO 0 0 0
HC 2

KK80TO30 CNAME LICK80
KO 0 0 0
RK 6560 0.0009 0.06
KKLIBERT

KO 0 0 0
BA 11

BF 10 0 1S
PB 22.3

IN 15 1AUG96 0
* HOURLY PRECIPITATIO
PC 0 0.2175 0.435

PC1.7877 2.1913 2.9987
PC3.5177 2.7175 2.265

LS 0.5 80 3}
UD 11.2

KKKIRKER

KO 1 2 0
BA 9.3

BF 10 0 1.3
PB 22.8

IN 15 1AUG96 0
* HOURLY PRECIPITATIO
PC 0 0.2175 0.435

PC1.7877 2.1913 2.9987
PC3.5177 2.7175 2.265

LS 0.597 77 0
UD 8.2

KKWATERG

KO 1 2 0
BA 9.6

BF 10 0 1.3
PB 22.5

IN 15 1AUGY96 0
* HOURLY PRECIPITATIO
PC 0 0.2175 0.435

PC1.7877 2.1913 2.9987
PC3.5177 2.7175 2.265

LS 0.564 78 0
uD 6.3

KKLICK30 CNAME 30T020
KO 0 0 0
HC 4

KK30T020 CNAME LICK30
KO 0 0 0

RK 6560 0.0009 0.06
KKLAKESI

KO il 2 0
BA 7.8
BF 10 0 1.3
PB 21.7
IN 15 1AUGS6 0

* HOURLY PRECIPITATIO
PC 0 0.2175 0.435

0.6525
4.205
1.8125

0.6525
4.205
1.8125

0.6525
4.205
1.8125

0.6525
4.205
1.8125

0.6525
4.205
1.8125

0.6525

0.6343
6.84
1.36

22

22

22

0.6343
6.84
1.36

22
22
TRAP

22

0.6343
6.84
1.36

22

0.6343
6.84
1.36

22

0.6343
6.84
1.36

22

22

22

0.6343

0.7497
10.4377
1.02

80

0.7497
10,4377
1.02

80

0.7497
10,4377
1.02

0.7497
10.4377
1.02

0.7497
10.4377
1.02

80

0.7497

0.935
11.5333
0.68

0.935
11.5333
0.68

0.935
11.5333
0.68

0.935
11.5333
0.68

0,935
11.5333
0.68

0.935

1.0957
10.72¢6
0.34

1.0957
10.726
0.34

1.0957
10.726
0.34

1.0957
10,726
0.34

1.0957
10.726
0.34

1.0957

1.2687
7.64
0

1.2687
7.64
0

1.2687
7.64
0

1.2687
7.64

1.2687
7.64
0

1.2687

1.4417
5,405

1.4417
5,405

1.4417
5.405

1.4417
5,405

1,4417



PC1.7877 2.1913 2.9987 4.205 6.84 10.4377 11.5333 10.726 7.64 5.405

PC3.5177 2.7175 2.265 1.8125 1.36 1.02 0.68 0.34 0
Ls 0.5 80 10

uD 9

KKLICK20 CNAME 20TO10

KO 0 0 0 1 22

HC 3

KK20TO10 CNAME LICK20

KO o 0 0 1 22

RK 6560 0.0009 0.06 TRAP 80 1

KKHEBRON

KO 3 2 1000 0 22

BA 7.1

BF 10 0 13

PB 18.1

IN 15 1AUGY96 0

* HOURLY PRECIPITATIO

PC 0 0.2175 0.435 0.6525 0.6343 0.7497 0.935 1.0957 1.2687 1.4417
PC1.7877 2.1913 2,9987 4.205 6.84 10.4377 11.5333 10.726 7.64 5.405
PC3.5177 2.7175 2.265 11,8125 1.36 1.02 0.68 0.34 0
LS 0.41 83 5

up 10.1

KKLICK10 CNAME GA.ST.

KO 0 0 0 1 22

HC 2

KKGA . ST. CNAME LICK10

KO 0 0 0 1 22

RK 6560 0.0009 0.06 TRAP 80 1

ZZ



174 RK

KINEMATIC WAVE STREAM ROUTING

ECONOMIC COMPUTATIONS

+

+

+

+

+

+

+

+

OPERATION

HYDROGRAPH AT

HYDROGRAPH AT

HYDROGRAPH AT

3 COMBINED AT

ROUTED TO

ROUTED TO

HYDROGRAPH AT

HYDROGRAPH AT

2 COMBINED AT

ROUTED TO

HYDROGRAPH AT

2 COMBINED AT

ROUTED TO

HYDROGRAPH AT

STATION

WALNUT

HONEY

HARBOR

DAM40

DAM40

40TO20

PATASK

JERSEY

LICK90

30TO80

HARRIS

LICKS80

80TO30

LIBERT

AREA

26.

26.

26.

13.

16.

29.

29.

16,

46.

46,

11.

.70

.50

.90

10

10

10

20

60

80

70

00

6560, CHANNEL LE
0.0009 SLOPE
0.060 CHANNEL RO

0.00 CONTRIBUTI

NGTH

UGHNESS COEFFICIENT
NG AREA

TRAP CHANNEL SHAPE
80.00 BOTTOM WIDTH OR DIAMETER

1.00 SIDE SLOPE

2 MINIMUM NUMBER OF DX INTERVALS

FLOWS IN CUBIC FEET

w W W

PEAK FLOW AND STAGE (END-OF-PERIOD) SUMMARY FOR MULTIPLE PLAN-RATIO

PER SECOND, AREA IN SQUARE MILES

TIME TO PEAK IN HOURS

PLAN
1 FLOW
TIME
1 FLOW
TIME
1 FLOW
TIME
1 FLOW
TIME
1 FLOW
TIME

¥* PEAK STAGES
1 STAGE
TIME
1 FLOW
TIME
1 FLOW
TIME
1 FLOW
TIME
1 FLOW
TIME
1 FLOW
TIME
1 FLOW
TIME
1 FLOW
TIME
1 FLOW
TIME
1 FLOW

RATIOS APPLIED TO PRECIPITATION
RATIO 1 RATIO 2

1.00 0.75
13215, 9503.
9.00 9.00
5680. 3990.

12.00 12.00

7458, 5360,
9.00 9.00

24348, 17429,
9.00 9.50

10961. 8297,
13.00 12.50

IN FEET **
894,08 893.34
13.00 12.50

10956. 8291,
13.00 13.00

5092. 3449,
16.00 16.00

5314. 3603.
18.50 18.50
10182, 6907.

17.50 17.50

10179, 6902,
17.50 17.50

15548, 11053,
15.00 15.00

25190. 17572,
16.00 16.00

25171, 17553,
16.00 16.00

8776. 6312.



TIME 17.50 17.50
HYDROGRAPH AT
+ KIRKER 9.30 FLOW 9767. 6979,
TIME 14.50 14,50
HYDROGRAPH AT
+ WATERG 9.60 FLOW 12410, 8885,
TIME 12.50 12.50
4 COMBINED AT
+ LICK30 76. 40 FLOW 52475. 37124,
TIME 15.00 15.00
ROUTED TO
+ 30T020 76.40 FLOW 52460,  37104.
TIME 15.00 15.00
HYDROGRAPH AT
+ LAKEST 7.80 FLOW 7419, 5354,
TIME 15.00 15.00
3 COMBINED AT
+ LICK20 110,30 FLOW 70303. 50346,
TIME 15.00 15.00
ROUTED TO
+ 20TO10 110.30 FLOW 70297. 50331,
TIME 15.00 15.00
HYDROGRAPH AT
+ HEBRON 7.10 FLOW 5072, 3653,
TIME 16.00 16.00
2 COMBINED AT
+ LICK10 117.40 FLOW 75209. 53862,
TIME 15.00 15.00
ROUTED TO
+ GA.ST. 117.40 FLOW 75168, 53818,
TIME 15.00 15.00
1
SUMMARY OF KINEMATIC WAVE - MUSKINGUM-CUNGE
ROUTING
(FLOW IS DIRECT RUNOFF WITHOUT BASE FLOW)
INTERPOLATED TO
COMPUTATION INTERVAL
ISTAQ  ELEMENT DT PEAK  TIME TO VOLUME DT PEAK
TIME TO VOLUME }
PEAK
PEAK
(MIN) (CFS) {MIN) (IN) (MIN) (CFS)
(MIN) (IN)
FOR PLAN = 1 RATIO= 1.00
40TO20 MANE 4.29 10959.95 788,68 12.60 30,00 10956.27
780.00 12.41

CONTINUITY SUMMARY (AC-FT) - INFLOW=0.1744E+05 EXCESS=0.0000E+00 OUTFLOW=0
STORAGE=-.7580E+02 PERCENT ERROR= -0.2

FOR PLAN = 1 RATIO= 0.75
40TO20 MANE 4.63
780.00 9.93

8296.26

CONTINUITY SUMMARY (AC-FT) - INFLOW=0.1403E+05 EXCESS=0.0000E+00 OUTFLOW=0
STORAGE=-.5652E+02 PERCENT ERROR= -0.6

FOR PLAN = 1 RATIO= 1.00
90TO80 MANE 4,32
1050.00 8.16

10181.25

760.52 10.18 30,

1057.61 8.16 30.

.1754E+05 BASIN

00 8290.65

.1417E+05 BASIN

00 10179.34



CONTINUITY SUMMARY (AC-FT) - INFLOW=0.1300E+05 EXCESS=0.0000E+00

STORAGE=0.3009E+02 PERCENT ERROR= 0.0
FOR PLAN = 1 RATIO= 0.75
90TO80 MANE 5.11 6905.67 1061.86 5r:
1050.00 5.53

CONTINUITY SUMMARY (AC-FT) - INFLOW=0.8810E+04 EXCESS=0.0000E+00

STORAGE=0.2261E+02 PERCENT ERROR= 0.0
FOR PLAN = 1 RATIO= 1.00
80TO30 MANE 3.07 25184.98 964.58 11.
960.00 11.84
CONTINUITY SUMMARY (AC-FT) - INFLOW=0.2942E+05 EXCESS=0.0000E+00
STORAGE=0.3866E+02 PERCENT ERROR= 0.0
FOR PLAN = 1 RATIO= 0.75
80TO30 MANE 3.62 17571.15 967.08 8.

960,00 8.24

CONTINUITY SUMMARY (AC-FT) - INFLOW=0,2048E+05 EXCESS=0,0000E+00

STORAGE=0.2969E+02 PERCENT ERROR= 0.0
FOR PLAN = 1 RATIO= 1.00
30T020 MANE 2.36 52469.81 903.42 14
900.00 14.75

CONTINUITY SUMMARY (AC-FT) - INFLOW=0.6015E+05 EXCESS=0.0000E+00

STORAGE=0.5205E+02 PERCENT ERROR= 0.0
FOR PLAN = 1 RATIO= 0.75
30T020 MANE 2.72 37118.34 904 .14 10.
900.00 10.42

CONTINUITY SUMMARY (AC-FT) - INFLOW=0.4249E+05 EXCESS=0.0000E+00

STORAGE=0.4002E+02 PERCENT ERROR= 0.0
FOR PLAN = 1 RATIO= 1.00
20TO10 MANE 2.18 70298.91 901.44 14,
900.00 14.50

CONTINUITY SUMMARY (AC-FT) - INFLOW=0.8531E+05 EXCESS=0.0000E+00

STORAGE=-.6563E+02 PERCENT ERROR= 0.0
FOR PLAN = 1 RATIO= 0.75
20TO10 MANE 2.34 50344.00 904.28 10,
900.00 10.54

CONTINUITY SUMMARY (AC-FT) - INFLOW=0.6200E+05 EXCESS=0.0000E+00

STORAGE=-, 7356E+02 PERCENT ERROR= 0.1
FOR PLAN = 1 RATIO= 1.00
GA.ST. MANE 2.03 75200.21 903.29 14.
900.00 14.58

CONTINUITY SUMMARY {AC-FT) - INFLOW=0.9128E+05 EXCESS=0.0000E+00

STORAGE=-~.5957E+02 PERCENT ERRCR= 0.1
FOR PLAN = 1 RATIO= 0.75
GA.ST. MANE 2.28 53860.86 904.67 10.
900.00 10.59

.75

QUTFLOW=0 .

53

OUTFLOW=0.

84

OUTFLOW=0

24

QUTFLOW=0.

OUTFLOW=0.

42

OUTFLOW=0 .

51

OUTFLOW=0.

54

QUTFLOW=0 .

58

OUTFLOW=0

59

30.

30.

30.

30.

30.

30.

30.

30.

30.

1296E+05 BASIN

00 63902.06

8785E+04 BASIN

00 25171.42

.2937E+05 BASIN

00 17552.98

2044E+05 BASIN

00 52459.74

6010E+05 BASIN

00 37104.00

4245E+05 BASIN

00 70296.74

8535E+05 BASIN

00 50331.22

6202E+05 BASIN

00 75168.08

.9127E+05 BASIN

00 53817.87



Third Scenario

Maximum PMF outflow at the USGS gaging station near
Hebron
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ID

BUCKEYE RESERVOIR
ID  MAXIMUM PMF DUE TO PMP STORM ALONG 120 DEGREE AXIS ( N 70 W)

(SOUTH FORK LICKING RIVER DRAI

ID PMP STCRM OVER DRAINAGE AREA CENTER OF GRAVITY

*DIAGRAM

*LISTING

IT 30 1AUG96 1200 80

I0 4

JD 0

PH 10 0 0.87 1.87 3.45 15.56 18.72 20

JR PREC 1 0.75 0 0 0 0

KKWALNUT

KO 1 2 0 0 22

BA 9.7

BF 10 0 1.3

PB 20.3

IN 15 1AUG96 0

* HOURLY PRECIPITATIO

PC 0 0.2175 0.435 0.6525 0.6343 0.7497 0.935 1.0957 1.2687 1.4417
PC1.7877 2.1913 2.9987 4.205 6.84 10.4377 11.5333 10.726 7.64 5.405
PC3.5177 2.7175 2.265 1.8125 1.36 1.02 0.68 0.34 0

LS 0.42 82 10

uD 2.5

KK HONEY

KO 1 2 0 0 22

BA 9.5

BF 10 0 1.3

PB 18.8

IN 15 1AUGS%6 0

* HOURLY PRECIPITATIO

PC 0 0.2175 0.435 0.6525 0.6343 0.7497 0.935 1.0957 1.2687 1.4417
PC1.7877 2.1913 2.9987 4.205 6.84 10.4377 11,5333 10.726 7.64 5.405
PC3.5177 2.7175 2.265 1.8125 1.36 1.02 0.68 0.34 0

LS 0.469 81 16

upD 5.4

KKHARBOR

KO 1 2 0 0 22

BA 6.9

BF 10 0 1.3

PB 18.8

IN 15 1AUG9s 0

* HOURLY PRECIPITATIO

PC 0 0.2175 0.435 0.6525 0.6343 0,7497 0.935 1.0857 1.2687 1.4417
PC1.7877 2.1913 12,9987 4.205 6.84 10.4377 11.5333 10.726 7.64 5.405
PC3.5177 2.7175 2.265 1.8125 1.36 1.02 0.68 0.34 0

LS 0.42 82 23

uD 2.4

KK DAM40 CNAME 40TO20

KO 0 0 0 1 22

HC 3

KK DAM40

* RESERVOIR STORAGE "
KO 0 0 0 1 22

RS 1 ELEV 891 0

* DAM40 SURFACE AREA

SA 2758 2800 2925 3093 3260 3427 3762 4096

* DAM40 ELEVATION

SE 892 892.25 893 893.875 894.75 895,625 896.5 897,375 898.25 899.125
SE 900

SS 891.8 472 3.3 1.5

SL 886 340 0.7 0.5

ST 896.5 21700 2 a5

KK40TO20 CNAME DAM40

KO 0 0 0 1 22

RK 6560 0.0009 0.06 TRAP 80 1

KKPATASK

KO 1 2 0 0 22

BA 13.2

BF 10 0 1.3

PB 19.8

IN 15 1AUGY96 0

* HOURLY PRECIPITATIO

PC 0 0.2175 0.435 0.6525 0.6343 10,7497 0.935 1.0957 1.2687 11,4417
PC1.7877 2.1913 2.9987 4.205 6.84 10.4377 11.5333 10.726 7.64 5.405
PC3.5177 2.7175 2.265 1.8125 1.36 1.02 0.68 0.34 0

LS 0.667 75 0

uD 9.8

KKJERSEY

KO 1 2 0 0 22

BA 16.6

BF 10 0 1.3

PB 19.5



IN 15 1AUGY96 0
* HOURLY PRECIPITATIO

PC 0 0.2175 0.435
PC1.7877 2.1913 2.9987
PC3.5177 2.7175 2.265

LS 0,667 75 0
UuD 12.2

KKLICK90 CNAME 90TO80
KO 0 0 0
HC 2

KK90TO80 CNAME LICKS90
KO 0 0 0

RK 6560 0.0009 0.06
KKHARRIS

KO 1 2 0
BA 16.7

BF 10 0 1.3
PB 22.5

IN 15 1AUG96 0
* HOURLY PRECIPITATIO
PC 0 0.2175 0.435

PC1.7877 2.1913 2.9987
PC3.5177 2.7175 2.265

LS 0.632 76 0
uD 8.9

KKLICK80 CNAME 80TQ30
KO 0 0 0
HC 2

KK80TO30 CNAME LICK80
KO 0 0 0

RK 6560 0.0009 0.06
KKLIBERT

KO 0 0 0
BA 11

BF 10 0 1.3
PB 22.3

IN 15 1AUG9Y96 0
* HOURLY PRECIPITATIO
PC 0 0.2175 0.435

PC1.7877 2.1913 2.9987
PC3.5177 2.7175 2.265

Ls 0.5 80 0
up 11.2

KKKIRKER

KO 1 2 0
BA 9.3

BF 10 0 1.3
PB 23

IN 15 1AUGSY6 0
* HOURLY PRECIPITATIO
PC 0 0.2175 0.435

PC1.7877 2.1913 2.9987
PC3.5177 2.7175 2.265

LS 0.597 77 0
uD 8.2

KKWATERG

KO 1 2 0
BA 9.6

BF 10 0 1.3
PB 22.4

IN 15 1AUG96 0
* HOURLY PRECIPITATIO
PC 0 0.2175 0.435

PC1.7877 2.1913 2.9987
PC3.5177 2.7175 2,265

LS 0.564 78 0
uD 6.3

KKLICK30 CNAME 30T020
KO 0 0
HC 4

KK30T020 CNAME LICK30
KO 0 0 0

RK 6560 0,0009 0.06
KKLAKESTI

KO 1 2 0
BA 7.8
BF 10 0 1.3
PB 22

IN 15 1AUGY96
* HOURLY PRECIPITATIO
PC 0 0.2175 0.435

0.6525
4.205
1.8125

0.6525
4,205
1.8125

0.6525
4,205
1.8125

0.6525
4.205
1.8125

0.6525
4,205
1.8125

0.6525

0.6343
6.84
1.36

22

22

22

0.6343
6.84
1.36

22

22

22

0.6343
6.84
1.36

22

0.6343
6.84
1.36

22

0.6343
6.84
1.36

22

22

22

0.6343

0.7497
10,4377
1.02

80

0.7497
10.4377
1.02

80

0.7497
10.4377
1.02

0.7497
10,4377
1.02

0.7497
10,4377
1.02

80

0.7497

0,935
11.5333
0.68

0.935
11.5333
0.68

0.935
11.5333
0.68

0.935
11.5333
0.68

0.935
11.5333
0.68

0.935

1.0957
10.726
0.34

1.0957
10.726
0.34

1.0957
10.726
0.34

1.0957
10.726
0.34

1.0957
10.726
0.34

1.0957

1.2687
7.64
0

1.2687
7.64
0

1.2687
7.64
0

1.2687
7.64
0

1.2687
7.64
0

1.2687

1.4417
5.405

1.4417
5.405

1.4417
5.405

1.4417

5.405

1.4417
5.405

1.4417



PC1.7877 2.1913 2,9987
PC3.5177 2.7175 2.265

LS 0.5 80 10
unD 9

KKLICK20 CNAME 20TO10
KO 0 0 0
HC 3

KK20TO10 CNAME LICK20
KO 0 0 0

RK 6560 0.0009 0.06
KKHEBRON

KO 3 2 1000
BA T

BF 10 0 1.3
PB  20.4

IN 15 1AUGSY6 0
* HOURLY PRECIPITATIO
PC 0 0.2175 0.435

PC1.7877 2.1913 2.9987
PC3.5177 2.7175 2.265

LS 0.41 83 5
up 10.1

KKLICK10 CNAME GA.ST.
KO 0 0 0
HC 2

KKGA.ST. CNAME LICK10
KO 0 0 0

RK 6560 0.0009 0.06
ZZ

4.205
1.8125

0.6525
4,205
1.8125

6.84 10.4377 11.5333

1.36
22
22

22

.6343

6.84
1.36

22

22

1.02 0.68

80 1

0,7497 0.935
10.4377 11.5333
1.02 0.68

80 1

10.726
0.34

1.0957
10,726
0.34

7.64
0

1.2687
7.64
0

5.405

1.4417
5.405



174 RK

6560,

s 0.0009

N 0,060

CA 0.00
SHAPE TRAP
WD 80.00

4 1.00
NDXMIN 2

KINEMATIC WAVE STREAM ROUTING

CHANNEL LENGTH
SLOPE

CHANNEL ROUGHNESS COEFFICIENT
CONTRIBUTING AREA

CHANNEL SHAPE

BOTTOM WIDTH OR DIAMETER

SIDE SLOPE

MINIMUM NUMBER OF DX INTERVALS

ww W

PEAK FLOW AND STAGE {END-OF-PERIOD) SUMMARY FOR MULTIPLE PLAN-RATIO

ECONOMIC COMPUTATIONS

FLOWS IN CUBIC FEET PER SECOND, AREA IN SQUARE MILES
TIME TO PEAK IN HOURS

RATIOS APPLIED TO PRECIPITATION

OPERATION STATION AREA PLAN RATIO 1 RATIO 2
1.00 0.75
HYDROGRAPH AT
+ WALNUT 9.70 1 FLOW 19449, 14176.
TIME 9,00 9.00
HYDROGRAPH AT
+ HONEY 9.50 1 FLOW 11777, 8502,
TIME 11.50 11.50
HYDROGRAPH AT
+ HARBOR 6.90 i FLOW 13008, 9457,
TIME 8.50 8.50
3 COMBINED AT
+ DAM40 26.10 1 FLOW 40320, 29366,
TIME 9.00 9.50
ROUTED TO
+ DAM40 26.10 1 FLOW 18018. 13113.
TIME 13.00 13.00
*» PEAK STAGES IN FEET **
1 STAGE 895.72 894 .65
TIME 13.00 13.00
ROUTED TCO
+ 40T020 26.10 1 FLOW 17996, 13101,
TIME 13.50 13.50
HYDROGRAPH AT
+ PATASK 13.20 1 FLOW 9302, 6980,
TIME 16.00 16.00
HYDROGRAPH AT
+ JERSEY 16.60 ! FLOW 10031. 7066.
TIME 18.50 18.50
2 COMBINED AT
+ LICKS0 29.80 1 FLOW 19497, 13735.
TIME 17.00 17.00
ROUTED TO
+ 90TO80 29.80 1 FLOW 19478, 13732.
TIME 17.50 17.50
HYDROGRAPH AT
+ HARRIS 16.70 il FLOW 15959, 11358.
TIME 15.00 15.00
2 COMBINED AT
+ LICK80 46 .50 1 FLOW 34768, 24597.
¥ TIME 16.00 16.50
ROUTED TO
+ 80TO30 46 .50 ol FLOW 34741, 24596,
TIME 16.50 16.50
HYDROGRAPH AT
+ LIBERT 11.00 1 FLOW 8776. 6312.



TIME 17.50 17.50
HYDROGRAPH AT

+ KIRKER 9.30 1 FLOW 9866. 7052,
TIME 14.50 14.50
HYDROGRAPH AT
+ WATERG 9.60 1 FLOW 12347, 8838.
TIME 12.50 12.50
4 COMBINED AT
+ LICK30 76.40 1 FLOW 61592, 43800.
TIME 15.00 15.50
ROUTED TO
+ 30T020 76.40 1 FLOW 61553, 43797.
TIME 15.50 15.50
HYDROGRAPH AT
+ LAKESI 7.80 1 FLOW 7533, 5439.
TIME 15.00 15.00
3 COMBINED AT
+ LICK20 110.30 1 FLOW 86328, 61784,
TIME 15.00 15.00
ROUTED TO
+ 20TO10 1106.30 1 FLOW 86292, 61742,
TIME 15.00 15.00
HYDROGRAPH AT
+ HEBRON 7.10 1 FLOW 5796, 4193,
TIME 16.00 16.00
2 COMBINED AT
+ LICK10 117.40 1 FLOW 91908, 65798,
TIME 15.00 15.00
ROUTED TO
+ GA.ST. 117 .40 1 FLOW 91838, 65758,
TIME 15,00 15.50
1

SUMMARY OF KINEMATIC WAVE - MUSKINGUM-CUNGE
ROUTING
(FLOW IS DIRECT RUNOFF WITHOUT BASE FLOW)
INTERPOLATED TO

COMPUTATION INTERVAL

ISTAQ ELEMENT DT PEAK TIME TO VOLUME DT PEAK
TIME TO VOLUME ~
PEAK
PEAK
(MIN) (CFS) (MIN) (IN) {MIN) (CFS)
(MIN) (IN)
FOR PLAN = 1 RATIO= 1.00

40TO20 MANE 3.49 18015.51 789.70 18.98 30.00 17995.77

810.00 18.82

CONTINUITY SUMMARY (AC-FT) - INFLOW=0.2629E+05 EXCESS=0.0000E+00 OUTFLOW=0.2642E+05 BASIN

STORAGE=-,1169E+03 PERCENT ERROR= -0.1

FOR PLAN = 1 RATIO= 0.75
40TO20 MANE 3,95 13112.71 787.93 14.69 30.00 13100.83
810.00 14.49

CONTINUITY SUMMARY (AC-FT) -~ INFLOW=0.2031E+05 EXCESS=0.0000E+00 OUTFLOW=0.2044E+05 BASIN

STORAGE=~.1082E+03 PERCENT ERROR= -0.1

FOR PLAN = 1 RATIO= 1.00
90TO80 MANE 3.37 19496.32 1026.69 15.63 30.00 19478.26
1050.00 15.62



CONTINUITY SUMMARY (AC-FT) — INFLOW=0.2488E+05 EXCESS=0.0000E+00

STORAGE=0.4661E+02 PERCENT ERROR= 0.0
FOR PLAN = 1 RATIO= 0.75
90TO80 MANE 3.92 13734.91 1029,05 11,
1050.00 11.00
CONTINUITY SUMMARY (AC-FT) - INFLOW=0.1753E+05 EXCESS=0.0000E+00
STORAGE=0.3688E+02 PERCENT ERROR= 0.0
FOR PLAN = 1 RATIO= 1,00
80TO30 MANE 2.71 34767.65 965.99 16.

990.00 16.80

CONTINUITY SUMMARY (AC-FT) - INFLOW=0.4172E+05 EXCESS=0,0000E+00

STORAGE=0.5418E+02 PERCENT ERROR= a.a
FOR PLAN = 1 RATIO= 0.75
80TO30 MANE 3.13 24595.94 994,12 11,

990,00 11.88

CONTINUITY SUMMARY (AC-FT) - INFLOW=0.2950E+05 EXCESS=0.,0000E+00

STORAGE=0.4234E+02 PERCENT ERROR= 0.0
FOR PLAN = 1 RATIO= 1.00
30T020 MANE 2.19 61589.07 905.87 17.
930.00 17.77
CONTINUITY SUMMARY (AC-FT) - INFLOW=0,7248E+05 EXCESS=0.0000E+00
STORAGE=0.6577E+02 PERCENT ERROR= 0.0
FOR PLAN = 1 RATIO= 0.75
30T020 MANE 2.50 43798.75 933.40 12.

930.00 12.63

CONTINUITY SUMMARY (AC-FT) - INFLOW=0.5153E+05 EXCESS=0.0000E+00

STORAGE=0.5131E+02 PERCENT ERROR= 0.0
FOR PLAN = 1 RATIO= 1.00
20TO10 MANE 1.96 86317.83 904.45 18.
900.00 18.13

CONTINUITY SUMMARY (AC-FT} - INFLOW=0.1067E+06 EXCESS=0.0000E+00

STORAGE=-,4432E+02 PERCENT ERROR= 0.0
FOR PLAN = 1 RATIO= 0.75
20TO10 MANE 2.20 61783.28 904.40 153}
200.00 13.17
CONTINUITY SUMMARY (AC-FT) — INFLOW=0.7747E+05 EXCESS=0.0000E+00
STORAGE=-.5604E+02 PERCENT ERROR= 0.0
FOR PLAN = 1 RATIO= 1.00
GA.ST. MANE 1.88 91898.58 905.08 18.
900.00 18.12
CONTINUITY SUMMARY (AC-FT) - INFLOW=0.1135E+06 EXCESS=0.0000E+00
STORAGE=-.4893E+02 PERCENT ERROR= 0.0
FOR PLAN = 1 RATIO= 0.75
GA.ST. MANE 2,17 65795.74 905,35 13

930.00 13.16

.16

OUTFLOW=0,

00

OUTFLOW=0 .

80

OUTFLOW=0,

88

OUTFLOW=0,

77

OUTFLOW=0.

64

QUTFLOW=0.

13

OUTFLOW=0,

17

QUTFLOW=0,

13

OUTFLOW=0.

30.

30.

30.

30.

30.

30,

30.

30,

30,

2484E+05 BASIN

00 13731.87

1748E+4+05 BASIN

00 34740.95

4166E+05 BASIN

00 24595,69

2946E+05 BASIN

00 61553.30

7241E+05 BASIN

00 43797.05

5149E+05 BASIN

00 86291.73

1067E+06 BASIN

00 61741.70

7749E+05 BASIN

00 91838.42

1135E+06 BASIN

00 65757.97



Appendix C - Comparison of Hydrologic Assessments
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Appendix D - Owner Information



B

NAME: BUCKEYE LAKE DAM FILE NO: 9723-004
NATIONAL #: Onvoa’4
RESFRVOTR: PERMIT NO: M)A

CLASSIFICATION: I

; " —~  OWNER TNPORMATTON i
OWNER: ODNR, Division of Parks & Recreation  OWNER TYPE: PUBLIC, BTATE

ADDRESS1: 1952 Balcher Drive PARCEL NC:

ADDRESSZ:

ADDRESSS

CITY: Columbus STATE: OH Zi1P: 43224

CONTACT PERSON: TELEPHONE: 614/467-2690
LOCATION INFORMATION - -

COUNTY: LICKING LATITUDE Deg: 39 Min: 5% <ec: 40

TOWNSHIP: UNION LONGITUDE Deg: 82 Min: 28 Sec: 18

STREAM: TRIBUTARY TO SOUTH FORK LICKING RIVER
NEAREST AFFECTED COMMUNITY: BUCKEYE LAXE
COMMUNITY 'S DISTANCE FROM DAM (ulles): 110

U8GS oUAD: THORNVILLE USGS BASIN NO: 05040006
DESIGN/CONSTRUCTION INFORMATION —

LES1IGNED RBY: STATE OF OHIO
CONSTRUCTED BY: STATE OF OHIO ]
COMPLETED: 1832 PLARS AVAYILABLE: YES  AT: ODNR, DIVISION OF WATER
FAILURE/ INCIDENT /BREACH:

S STRUCTURE INFORMATION = =
PURPOSE OF DAM: KRCREATION, PUBLIC

TYPE OF IMPOUNDMENT: DAM AND SPILLWAY
TYPE OF STRUCTURE: EARTHFILI,

DRAINAGE AREA {(sg.nmlles): 44.10 or (acres): 28224
EMBANKMENT DATA
LENGTH (LL) $21700 UPSTREAM SLOPE T O1F:1V
MAX, HEIGHT (ft): 14.5 DOWNSTREAM SIOPE T 2H:1V
TOP WIDTH {(ft) = 3 VOLUME OF FILL (cu.yds.): 375000

SPILLWAY & OUTLET WORKS DATA
LAKE DRAIN: TWO 60-INCH DIAMETER CONCERETR PIPES
PRINCIPAL: 33.5-FT WEIR WITH AMIL GATE

EMERGENCY: 472-FT CONCRETE OGEE WEIR
MAXTMUM TOTAL SPILLWAY DISCHARCE (cfs): 20700
DESIGN FLOOD: PMF FLOOD CAPACITY:

DAM & RESERVOIR DATA
- ELEVATION (£t-MSL) AREA({acres) STORAGE(acre-feet)

\

WOUNDAYION (CULUEY):

ETREAMBED i 879.9
RINCIPAL SPILLWAY : 891.8 : 2800.0 : 14000.0
ERGENCY SPILLWAY :  892.2 : :
TOP OF DAM :  894.4 ¢ 3030.0 : 20000.0
: INSPECTION INFORMATION — s
LAST INSPECTION (mon/day/yr): 6/06/86 INSPECTOR:
PRASE Yy 7/07/78
PRIOR INSPECTIONS: : : :
OTHER SITE VISITS:
i OPERATION IHFORMATION/REMARKS:
EMERGENCY ACTION PLAN: NEDEP 1INCIDENT 1D:

ANNUAL FEE: § 74.040 LAST DATA ENTRY: 9/08/94



Appendix B - HEC-RAS Printouts and Graphs

First Scenario

Maximum PMF peak inflow into Buckeye lake

Second Scenario

Homogeneous distribution throughout the watershed

Third Scenario

Maximum PMF outflow at the USGS gaging station near Hebron
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First Scenario

Maximum PMF peak inflow into Buckeye lake

30
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Second Scenario

Homogeneous distribution throughout the watershed
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Third Scenario

Maximum PMF outflow at the USGS gaging station near
ek} Hebron |
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Appendix E

Excerpt from Embankment Stability Review



- o AN A B

~ BUCKEYE LAKE DAM
REVIEW OF EMBANKMENT STABILITY

Prepared For

BUCKEYE LAKE ASSOCYATION
Buckeye Lake, Ohio

Submined By

W.S. GARDNER AND ASSOCIATES
Plymouth Meeting, Pennsylvania



W. S. Gardner and Associates
Consuftants in Geo—-Engineering

-6-

Earth dams subject to seismicity may causc significant horizontal displacements of the
embankment which may lead to a dam breach. The amount of displacement depends on the
yield acceleration (k,) and the maximum horizontal acceleration (A..J) of the earthquake.
Following Hynes and Franklin (1984), the data required for the displacement analysis is the
maximum horizontal acceleration (0.10 g) and the yield accelerations calculated previously.
The displacement relationship, given by Figure 8, conservatively utilizes the mean + o of
the curve. The results of the displacement calculations are included in Table 4, As
anticipated, the largest permanent embankiment displacement is 34 cm which will likely fail
the dam when the pool elevation is 896.5. A 21 cm displacement of the embankment with
the pool at 895 would also likely be sufficient to fail the dam. With the pool at an elevation
of 892, the embankment is stable and there is no displacement during the maximum
earthquake. v '

8. CONCLUSIONS AND RECOMMENDATIONS

Based on review of the DLLA report, observations at the dam site, and independent analysis,
it is clear that Buckeye Lake Dam has some serious defects other than the extreme age of
the dam. These deficiencies include: (1) a current inability to accommodate the PMF; (2)
a leaky, uncompacted embankment; and (3) a potential instability of dam slopes if pool
elevations significantly exceed about 892. At significantly higher pool elevations than 892,
instability of the embankment is likely. In addition, seismic occurrences have the potential
to induce rapid failures by large embankment displacements and/or progressive sliding
downstream of the order predicted in Table 4. '

In summary, analysis of Buckeye Lake Dam indicates that the embankment is unsafe at pool
elevations much above 892. At this elevation, the factor of safety against failure is
essentially 1.5 which mects conventional safety standards, and is strongly recommended.
It is also prudent to provide the dam a freeboard of at least 3 ft. (to elevation 895) and is
also a recommended safety pravision. The plan by ODNR to construct a parapet wall
around the dam to accommodate the PMF is unsafe as a temporary raise in the pool
elevation to 896.5 would most likely induce an embankment failure. Consequently, it is
recommended that the PMF be accommodated by other means, such as adding an additional

spillway.

YOI [ Buckeye Lake D»



e S —

W. S. Gardner and Associates
Conauttants in Geo—Engineering

7-

The recommendations of DLA concerning a staged removal over time of selected trees
implanted in the embankment appear to be a reasonable procedure. Further, the width of
the embankment may be deficient at some locations and should be investigated and
remediated if verified.

34031 / Buckeye Lake Dam



11.0 EXHIBITS

1. General Location Map

2. Watershed Boundaries

3. Buckeye Lake Plan

4. Sheet Pile Protection

S. Parapet Extensions

6. Riprap Zones

7. PMP Depth and Duration Curves

8. PMP Precipitation Distribution

9. Storm Isohyets over Center of Lake

10. Storm Isohyets over Center of Drainage Area

11. Best Storm Isohyets fit over Center of Drainage Area
12. HEC-1 Topological Three

13. Hydrographs for PMP over Center of Lake

14. Hydrographs for PMP over Center of Drainage Area
15. Hydrographs for PMP Best Fit over Center of Drainage Area
16. Lower SFLR Reach Flooding

17. Effective Fetch- Locations A and B

18. Effective Fetch- Locations C and D

19. Effective Fetch- Location E

20. Photograph of the 1992 Emergency Spillway

21. Photograph of the Gated Outflow Structure
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EXHIBIT 21
Photograph of the Gated Outtlow Structure
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