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1.0 Introduction

The Cardinal Power Plant (Plant) is located in Wells Township, Jefferson County, near the town
of Brilliant in eastern Ohio. The Plant is owned by Buckeye Power and AEP Generation
Resources (GENCO). Cardinal Operating Company operates the Plant. The Plant utilizes the
Fly Ash Reservoir Il (FAR 1l) surface impoundment for storing coal combustion residuals (CCR).
The FAR Il is subject to the requirements of the United States Environmental Protection Agency’s
(USEPA) final CCR rule Title 40 Code of Federal Regulations (40 CFR) Part 257 SubpartD -
“Standards for the Disposal of Coal Combustion Residuals in Landfills and Surface
Impoundments.” The Initial Inflow Design Flood Control System Plan was completed and placed
into the Plant’s operating record on October 9, 2016. A periodic Inflow Design Flood Control
System Plan is required every 5 years pursuant to 40 CFR 257.82(c)(4).

The FAR Il is impounded behind a dam that is approximately 250-feet high with a 30-foot-wide
crest. The most recent dam modification was in 2013 where it was raised to its current height
using back-to-back mechanically stabilized earth walls. The dam has had no major modifications
since 2016, and conditions evaluated in the Initial Inflow Design Flood Control System Plan are
representative of current conditions.

Federal Regulations

An owner or operator of an existing or new CCR surface impoundment or any lateral expansion
must design, construct, operate, and maintain an inflow design flood control system for the CCR
surface impoundment to:

(1) adequately manage flow into the CCR surface impoundment during and following the peak
discharge of the inflow design flood;

(2) adequately manage flow from the CCR unit to collect and control the peak discharge
resulting from the inflow design flood. The inflow design flood is based on the hazard
potential classification of the unit as required by 40 CFR 257.73. The inflow design floods
for specific hazard potential classifications are as follows:

i. The probable maximum flood for high hazard potential CCR surface impoundments,
ii. The 1,000-year flood for significant hazard potential CCR surface impoundments,
iii. The 100-year flood for low hazard potential CCR surface impoundments, or

iv. The 25-year flood for incised CCR surface impoundments; and

(3) discharge from the CCR unit must be handled in accordance with the surface water
requirements of 40 CFR 257.3-3.

Cardinal Operating Company — Fly Ash Reservoir I, Brilliant, OH Final October 2021
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2.0 Objective

This report was prepared by TRC Engineers, Inc. (TRC) to fulfill requirements for the periodic
Inflow Design Flood Control System Plan documenting how the inflow design flood control system
has been designed and constructed to meet the requirements of 40 CFR 257.82. This is the first
5-year periodic assessment as required per 40 CFR 257.82(c)(3).

To develop the periodic assessment TRC performed the following scope:

e Reviewed historical documents including:

— Inflow Design Flood Control Plan, September 2016, prepared by AEP Geotechnical
Engineering Services (refer to Attachment A)

— Components of the FAR Il Dam Permit Modification Application (S&ME, 2012)
o0 Appendix C: Hydrologic and Hydraulic Analysis
— 2016-2021 Annual FAR 1l Dam Inspection Reports
¢ Performed a site visit on September 1, 2021 to observe current conditions, and

e Developed a 5-year periodic Inflow Design Flood Control System Plan.
3.0 Design Storm

The FAR Il is classified as a high hazard potential Dam (TRC, 2021); therefore, the FAR Il must
adequately manage peak discharges from the probable maximum flood (PMF). The FAR Il dam
was designed for a PMF event of 26.5 inches of precipitation for a 6-hour period based on
Hydrometeorological Report 51 by the National Weather Service.

4.0 Inflow Design Flood Control System

4.1 Inflow Management

The FAR Il dam acts as the primary inflow control by impounding the drainage area and regulating
outflow through the service spillway. At the maximum design pool elevation, 974 feet National
Geodetic Vertical Datum 1929 (NGVD 29), the impoundment has a surface area of approximately
161 acres. There is sufficient storage above the operating pool elevations to manage discharge
though the service spillway during storm events up to the 24-hour, 50-year storm event without
activating the emergency spillway.

4.2  Outflow Management

The FAR Il has two designed outlets: the service spillway and the emergency spillway. The
service spillway allows management of the operating pool elevation and allows discharge from
the FAR II. The inlet to the service spillway is a rectangular weir with stoplogs that can be added
or removed to control water elevations in FAR Il. The rectangular weir connects to a sloping
concrete shaft on the upstream dam face which discharges into a 54-inch diameter pre-stressed
concrete cylinder pipe. The concrete pipe transitions to a steel pipe where it daylights on the

Cardinal Operating Company — Fly Ash Reservoir I, Brilliant, OH Final October 2021
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5 TRC

downstream face of the dam. Discharge from the service spillway occurs at an energy dissipator
into Blockhouse Run.

The emergency spillway is an open channel spillway provided to manage flood events. The
spillway has been designed to pass the PMF without overtopping the dam. Refer to Appendix A
for additional detail on the outlet features.

4.3 Hydraulic Evaluation

FAR Il was designed and constructed with a service spillway and an emergency spillway to control
outflow.

Under the current conditions, the top of dam elevation is 983.0 feet (NGVD 29), and the maximum
operating pool elevation is 974 feet NGVD 29. During the PMF, the estimated peak impounded
water elevation is 981.9feet NGVD 29. The existing configuration provides 1.1 ft of freeboard
during the PMF. See Appendix A for more details. A summary of the hydraulic analysis of FAR I
during the PMF is presented below:

Parameter Current Conditions
Contributing Drainage Area 1,352 acres
Composite Runoff Curve Number, East Watershed 71
Composite Runoff Curve Number, West Watershed 75
Design Peak Inflow, Probable Maximum Flood 15,988 cubic feet per second (cfs)
Peak Discharge from Probable Maximum Flood 5,502 cfs
Top of Dam Elevation 983 feet NGVD 29
Pool Elevation, assuming probable maximum flood 981.9 feet NGVD 29

4.4  Discharge

Discharge from FAR Il is regulated in accordance with an NPDES permit issued by the Ohio
Environmental Protection Agency. The permit grants the Plant permission to discharge from the
facility to Blockhouse Run in accordance with effluent limitations, monitoring requirements, and
other conditions. The NPDES permit is issued in accordance with the provisions of the Federal
Clean Water Act. Therefore, by complying with the NPDES permit, the discharge from FAR Il is
also being handled in accordance with the applicable surface water requirements.

5.0 Site Visit

TRC performed a site visit on September 1, 2021 to observe the current conditions of the FAR II.
Based on the observations made during the site visit, the conditions modeled in Initial Inflow
Design Flood Control Plan (AEP, 2016) accurately reflect the current conditions of the FAR II.
The outlet features for the FAR Il appeared to in good working order and functioning as designed.

Cardinal Operating Company — Fly Ash Reservoir I, Brilliant, OH Final October 2021
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6.0 Conclusions

The FAR Il meets the requirements of 40 CFR 257.82 of adequately controlling the inflows and
outflows of peak discharge for the following reasons:

¢ FAR Il can adequately receive and store inflows for the PMF,

e The service spillway and emergency spillway were designed and constructed to collect
and control peak outflow associated with the PMF in a controlled manner.

e The discharge from FAR Il is permitted under a NPDES permit which was issued in
accordance with the provisions of the Federal Clean Water Act.

This plan has been completed in compliance with the requirements set forth in 40 CFR 257.82.
This document will be placed in the Plant's CCR operating record, and posted to the publicly
accessible CCR website, and government notifications will be provided.

A periodic inflow design flood control system plan must be prepared every 5 years from the
completion date of this Plan. The next Plan update is required by October 2026.

The Plan must be amended whenever the periodic review period is reached, or if changes in site
conditions occur that will substantially affect the current written Plan.

7.0 Limitations

The observations, assessment, and recommendations presented in this Report are based on our
limited scope of work and on information disclosed by our visual observations, the conditions of
the site at the time of the September 1, 2021 inspection, the design information available at the
time of this investigation, and only apply to the Cardinal FAR Il Dam. This work has been
performed in accordance with our authorized scope of work and is based on the level of effort and
investigative techniques using that degree of care and skill ordinarily exercised under similar
conditions by reputable members of the profession practicing in the same or similar locality at the
time of service. No other warranties, expressed or implied, are made or intended by this Report.
These services were intended to provide an indication of the current, observable conditions of the
dam at the time of the visual observations on the date indicated in this Report. Such a limited
visual review does not account for other non-visible, hidden, subsurface or material condition
analyses, and the professional services rendered are not guaranteed to be a representation by
TRC of inaccessible and unobservable site conditions or actual conditions subsequent to the date
of TRC'’s site visit. Therefore, the evaluations, conclusions, recommendations and opinions
provided in this Report are subject to change as a result of future natural or manmade processes
and as a result of an additional comprehensive, intrusive investigation and engineering analyses
beyond TRC's visual observations. TRC is not responsible for any conclusions or opinions drawn
by others from the data included herein, nor are the recommendations specifically presented in
this Report intended for use or reliance as construction specifications.

Cardinal Operating Company — Fly Ash Reservoir I, Brilliant, OH Final October 2021
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8.0 Certification

I, the undersigned Ohio Professional Engineer, hereby certify that | am familiar with the technical
requirements of 40 CFR 257 Subpart D. | also certify that it is my professional opinion that, to the
best of my knowledge, information, and belief, that the information in this demonstration is in
accordance with current good and accepted engineering practice(s) and standard(s) and meets

the requirements of 40 CFR 257.82(c).

For the purpose of this document, “certify” and “certification” shall be interpreted and construed
to be a “statement of professional opinion.” The certification is understood and intended to be an
expression of my professional opinion as a Licensed Professional Engineer, based upon
knowledge, information, and belief. The statement(s) of professional opinion are not and shall
not be interpreted or construed to be a guarantee or a warranty of the analysis herein.

Shawn D. McGee, P.E. PE.68761
Name Engineer License Number
/T-Z/
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-
10/8/2021
Signature of Professional Engineer Date
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Appendix A: Initial Inflow Flood Control Plan

Cardinal Operating Company — Fly Ash Reservoir I, Brilliant, OH Final October 2021
Five-Year Periodic Inflow Design Flood Control System Plan

\\madison-vfp\Records\-\WPMSN\PJT2\440620\0000\000005\R4406200000PH5-001.docx



INFLOW DESIGN FLOOD CONTROL PLAN

CFR 257.82

Fly Ash Reservoir II

Cardinal Plant
Brilliant, Ohio

September, 2016

Prepared for: Cardinal Operating Company - Cardinal Plant

Brilliant, Ohio

Prepared by: Geotechnical Engineering Services
American Electric Power Service Corporation
1 Riverside Plaza

Columbus, OH 43215

13y AMERICAN®
ELECTRIC
POWER

GERS-16-061



INFLOW DESIGN FLOOD CONTROL PLAN

CFR 257.82
FLY AsH POND FARII

CARDINAL PLANT

GERS-16-061

PREPARED BY

/)/L\/ //\/ | . DATE

ohammad A. Ajlduni, Ph.D.,P.E.

REVIEWED BY - - DATE
Ll b ek

("MAilah Sasdr E.LT.

APPROVED BY DATE
Gary F,gych,. jé,ﬁ

8/26/2016

A/l

Ysfocse

Manager - AEP Geotechnical Engineering

<

2
t% ............ N . \

| certify to the best of my knowledge, information, and belief that the information contained in inflow

design flood control plan meets the requirements of 40 CFR § 257.82




Table of CONTENTS
1.0 OBJECTIVE....

2.0 DESCRIPTION OF THE CCR UNIT

3.0 INFLOW DESIGN FLOOD 257.82(a)(3)
4.0 FLOOD CONTROL PLAN 257.82(c)

iii

S S WY



1.0 OBJECTIVE

This report was prepared by AEP- Geotechnical Engineering Services (GES) section to fulfill requirements
of CFR 257.82 for the hydrologic and hydraulic evaluation of CCR surface impoundments.

2.0 DESCRIPTION OF THE CCR UNIT

The Cardinal Power Plant in Wells Township, Jefferson County, near the town of Brilliant in eastern Ohio.
It is owned by Buckeye Power and AEP Generation Resources (GENCO) and is operated by Cardinal
Operating Company. The facility operates two surface impoundments for storing CCR; the Bottom Ash
Complex and Cardinal Fly Ash Reservoir Il (FAR Il) Dam. This report deals with the hydrologic and
hydraulic evaluation for the Fly Ash Pond FAR II.

The FAR Il Dam is a valley filled dam with a unique structure whose current configuration is the result of
the original earth fill dam and two separate raisings. The original earth fill dam (Stage 1) consisted of a
180 feet high arched earth embankment incorporating a zoned cross section. At 925 feet NGVD, the
dam featured a 70-foot wide by 1,055-feet long crest. The maximum operating pool that could be
achieved with the original configuration was El. 913. In 1997, the original dam was raised, referred to
as Stage 2. Following this raising, the dam was 237 feet high with a 30-foot wide crest. In 2013, the
dam was raised 13 feet using back-to-back MSE walls, bringing the dam into its current, Stage 3
configuration. The principal features of the typical section are the MSE wall themselves and a vinyl sheet
pile wall extending from the existing clay core to the top of the PMF flood level for seepage cutoff
purposes. The FAR Il Dam received sluiced fly ash and waste water from the plant via the bottom ash
pond.

3.0 INFLOW DESIGN FLOOD 257.82(a)(3)

The facility is classified as a High Hazard Potential Dam. The Inflow Design Flood is the Probable
Maximum Flood (PMF).

4.0 FLOOD CONTROL PLAN 257.82(c)

All storm water runoff from the watershed drains into the reservoir created by the Fly Ash Pond Dam.
The design spillway system has enough capacity to pass the probable maximum flood without
overtopping the dam. The design is based on the normal pool being at maximum normal operating pool
and utilizing only the emergency spillway to handle the PMF without overtopping the crest of the dam.
The water discharged through the emergency spillway is directed away from the dam such that it causes
no threat to the stability of the structure.

The analysis in Attachment A includes excerpts of the 2013 design report and the associated report
Appendix C that provides the description of the spillway system, flood storage capacity, inflow peak

discharge and volume, peak discharge from the facility and maximum pool elevation.

The calculations show that the facility has the capacity to manage the inflow design flood.

Page 1 of 1
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Excerpts of @013 FAR II Dam Raising Design Report

FAR II Dam Raising Design Report S&ME No. 011-11497-042/1176-11-004A
Cardinal Plant, Brilliant, OH January 2013

4. HYDROLOGIC AND HYDRAULIC ANALYSIS

4.1 Introduction

The existing hydrologic conditions at the proposed dam site are described herein. Blockhouse
Run, the major drainage feature in the project area, drains directly into the Ohio River.
Approximately one mile upstream of the Ohio River, Blockhouse Run splits into two branches,

designated as the East Branch and the West Branch.

The East Branch drains the eastern watershed as delineated in the Watershed Map on Plate 2 of
Appendix C. The active fly ash dam II inundates the East Branch. The West Branch has been
dammed to form the old Fly Ash Reservoir I (FAR I).

The location of the dam is shown on the drawings. Extension of the dam will inundate
approximately 161 acres, or 24 percent of the area in the eastern watershed. Since the location of
the dam is situated downstream of the discharge points of the old dam, runoff from the western
watershed drains into the existing reservoir. Therefore, the spillway system of the proposed dam
raising has been designed to meet ODNR Class I design criteria based on the runoff from both
watersheds. The following sections present the hydrologic considerations and analyses performed

during the design phase of this project.

4.2 Basin Characteristics
Figure 3.1 shows the limits of the watershed boundary for the existing Fly Ash Reservoir I[I(FAR
II). The total drainage area above the dam has been divided into two watersheds, East and West,

for analysis of the storm runoff entering the reservoir, as shown on Plate 2 of Appendix C.

A review of available topographic maps and aerial photos was made to determine essential basin
characteristics for each watershed. Such characteristics include the drainage boundaries, areas,
slopes, soil types, ground cover, land use and the time of concentration. The time of
concentration is defined as the elapsed time for runoff to travel from the hydraulically most

distant part of the watershed to some reference point downstream.

The old fly ash dam is located in the western watershed. Present land use within the drainage area
is limited to reclaimed strip mine areas, some woodlands, and the inactive FAR I. Reclamation of
the reservoir area is actively in progress in the form of a residual waste landfill above the level of
the ponded fly ash. A built-out landfill condition was also analyzed for the western watershed,
using the 2005 FAR I PTI. The PTI listed a Curve Number (CN) of 74, therefore the composite

CN of the current FAR I condition of 75 was used. See Plates 4 through 6 of Appendix C.
11
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January 2013

Woodlands and scattered reclaimed strip mines constitute the existing land use in the East
watershed. Construction of the proposed fly ash dam raising will inundate approximately 161

acres at Elevation 974.0 feet NGVD, the maximum operating pool elevation.

Soil types in the areas have been identified by the Soil Conservation Service (SCS) of the U.S.
Department of Agriculture and classified into hydrologic soil groups. Within the study area, all
soils fall under the hydrologic soil group B. Table 4.2.1, below, lists the basin characteristics for

the Western and Eastern watersheds.

Table 4.2.1 Basin Characteristics

BASIN WATERSHED
CHARACTERISTICS WEST EAST
Woods Landfill Woods Reservoir
Drainage area (acres) 519 158 514 161
Average land slope % 30 n/a 25 n/a
Hydrologic soil group C C C n/a
SCS curve number (CN) 70 91 70 100
Composite CN 75 n/a
Time of concentration (hours) 0.87 0.57 0.1
TOTAL AREA (acres) 677 675

4.3 Characteristics of Proposed Reservoir

A previously referenced, Drawing No. 2 shows the location of the existing dam. Based on this

layout, the reservoir will have the following surface areas and storage capacities - as shown below

in Table 4.3.1.

Table 4.3.1 Surface Areas and Storage Capacities

ELEVATION (Ft. NGVD) AREA (AC) STORAGE (AC-FT)
Maximum Pool 974.0 161 11,868
Emerg. Spillway 975.5 165 12,200
Top of Dam 983.0 184 13,500

The area-capacity-elevation curve developed for this dam is shown on Plate 3 of Appendix C.

12
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4.4 Design and Assumptions

Rainfall - runoff data was not available for the site because the streams flow intermittently.
Therefore, runoff hydrographs were generated using the U.S. Army Corps of Engineers HEC-1
computer program. The SCS dimensionless unit hydrograph method was employed in the
calculation of the hydrographs. For each watershed, separate runoff hydrographs were computed

and then later combined to form a single inflow hydrograph for the proposed reservoir.

Runoff from the West watershed was analyzed based on current landfill construction activity.
The landfill area was assumed to be in a disturbed (unvegetated) condition. A composite curve
number was used to represent the unvegetated landfill and surrounding wooded areas. This is

shown on Plate 4 of Appendix C.

In the East watershed, the reservoir surface is modeled as a subbasin to convert direct rainfall into
a runoff hydrograph. The ash sluice water of 13.3 mgd (20.6 cfs) is represented as a base flow in
the East watershed.

Once computed, the runoff hydrographs from the three subbasin watersheds are combined and

routed through the reservoir.

4.4.1 Service Spillway

According to OAC 1501:21-13-04, design of the principal (service) spillway for class I dams must
be such that the average frequency use of the emergency spillway is predicted to be less than once
in fifty years. The estimated precipitation for a 50-year storm was obtained from the NOAA Atlas
14. For a 6-hour storm, the precipitation is 3.43 inches, whereas the 24-hour storm amount is 4.51

inches, as shown on Plate 9 of Appendix C.

Both 6-hour and 24-hour storm durations with average soil moisture conditions were checked.
The 24-hour storm resulted in a higher maximum water surface, therefore this storm duration was

used for developing the 50-year storm inflow hydrograph.

4.4.2 Emergency Spillway

OAC 1501:21-13-02 specifies that for class 1 dams, the spillway system shall safely pass the
design flood equal to the probable maximum flood (PMF) without any overtopping of the dam.
The PMF is the result of the probable maximum precipitation (PMP), defined as the greatest depth
of precipitation for a given duration that is meteorologically possible for a given basin at a

particular time of year. Generalized estimates of the PMP have been published by the
13
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Hydrometerological branch of the National Weather Service, as shown on Plates 11 and 12 of
Appendix C. For the study area, a 6-hour PMP of 26.5 inches was used as the design rainfall

event. The antecedent moisture conditions of the soil cover were assumed to be average.

The layout of the control section and outlet channel for the emergency spillway is shown on the

Emergency Spillway Plan.

The emergency spillway control section will be a section of mass concrete at Elevation 975.5. It
will have a bottom length of 108 feet and side slopes consisting of access ramps at 2 to 15%
grades. Downstream of the access ramps and control section, vertical concrete retaining walls
wrap into the spillway and guide flow down the channel. The width of the control section along
the flow direction will be 15 feet. The downstream channel of the spillway will be stepped. Steps
will be formed of the mass concrete beginning at the downstream end of the control section and
tying-in to the existing RCC steps. The calculations show that flow downstream of the control
section becomes supercritical. The spillway channel transitions from an approximate 3.5H:2V

slope along the proposed concrete steps to a SH:2V slope along the existing RCC steps..

4.5 Analysis
All reservoir flood routings were conducted using the HEC-1 computer program. The program
routes floods through the reservoir by the modified Puls method. In general, reservoir storage

data and either spillway dimensions or discharge-rating curves are supplied by the user.

4.5.1 Service Spillway

Analysis of the service spillway system consisted of routing the 50-year storm to establish the
invert of the emergency spillway. A design for the service spillway was determined and a stage-
discharge curve was computed. A maximum operating level of elevation 974 was predetermined
based on the projected life of the dam raising. Reservoir routings of the 50-year storm were

performed using the maximum operating level of the reservoir.

Inflow was calculated as weir flow over the 4-foot stop log. Above Elevation 976, flow will enter
through the top of the vertical service spillway structure. This flow was analyzed as both weir
and orifice flow. Rating calculations for the service spillway are included on Plates 13 through 19

of Appendix C.

14
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4.5.2 Emergency Spillway

Hydrologic reservoir routings were conducted to analyze the emergency spillway and its ability to
pass the probable maximum flood without overtopping the dam. A flat rectangular control section
was designed with a width of 15 feet and length of 108 feet. Discharge over the spillway was
rated based on calculations of critical depth using the Corps of Engineers HEC-RAS computer
program. Cross sections were taken at changes in geometry, slope or surface roughness.
Manning's n roughness coefficients were input based on the expected channel surface conditions.
Based on literature (see Plates 40 through 42 of Appendix C), a relatively high Manning’s
roughness coefficient of n=0.07 was used to model the stepped spillway surface. As shown on the
drawings, proposed reinforced concrete training walls extend from the crest of the dam to a point
approximately 3 feet beyond the proposed stepped channel transitions into the existing steps.
Downstream from the training walls section, the spillway width becomes 110 feet, consistent with

the current configuration.

The calculated relationship between stage and discharge was then used in the routing process to
determine the maximum discharge and pool elevation. This information was used as the

emergency spillway rating and input into HEC-1.

Discharges from the emergency spillway are routed away from the dam through an existing outlet

channel.

4.6 Results
4.6.1 Service Spillway-Hydraulic Capacity

The proposed new principal spillway is a vertical concrete shaft structure with a 4-foot wide
opening on one side. The spillway shaft will tie into the existing inclined spillway structure. The
existing structure drains into a 54-inch diameter Prestressed Concrete Cylinder Pipe (P.C.C.P.),
which then ties into a 42-inch steel pipe extending down the dam. The existing energy dissipator
at the outlet of the steel pipe will be utilized. During most of the operating conditions, discharge
through the service spillway will be controlled by weir flow over the stop logs in the opening of
the shaft. The maximum operating level is set at elevation 974.0 feet. This corresponds to a

maximum stop log elevation of 972.5 based on the base inflow of 20.6 cfs.

The peak inflow during the 50-year, 24-hour storm is 486 cfs, which results from 4.51 inches of
rainfall according to NOAA Atlas 14. The reservoir level will rise to elevation 975.2 feet based

15
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on an initial pool level of elevation 974. The peak outflow from the dam will be 58 cfs. The

HEC-1 output for the reservoir routings are contained on Plates 44 through 75 of Appendix C.

4.6.2 Service Spillway-Structural Capacity

The 54-inch P.C.C.P. portion of the service spillway was also analyzed for additional internal and
external pressures due to the 13-foot dam raising. The pipe is installed under the dam
embankment and was trenched into bedrock. Pipe crushing calculations were performed to
analyze the additional loading on the pipe from the raised dam. Previous calculations (see 2000
As-Built Drawing No. 13-30043-5) indicate that the pipe was designed to handle 80 feet of
overburden material at 125 pcf. The proposed top of dam will be 74.6 feet above the pipe,
therefore the existing concrete pipe will be suitable to handle the additional load. Additional
information on as-built drawing 13-30043-5 also indicates that the pipe is capable of handling
internal pressure up to 35 psi. It is possible that at high headwater elevations, the spillway pipe
could become pressurized. Under the maximum pool elevation of 983.0, the maximum static
head on the downstream portion of the pipe would be 80.5 feet, or 34.9 psi. As the water will be
flowing through the pipe, the actual pressure on the pipe will be less than this value; therefore the
pressure should not exceed the pipe rating of 36 psi. See Plates 20 and 21 of Appendix C.

4.6.3 Emergency Spillway

The development of the PMF hydrograph indicates a peak inflow to the reservoir equal to 16,329
cfs. This value represents the combined hydrographs from the West and East watersheds. Values

of the runoff from each watershed and the combined runoff are shown in Appendix C.

Based on the flood routing, the calculated peak discharge from the dam is 5,409 cfs at a maximum
pool elevation of 981.9 feet NGVD. The PMF routing was also checked with the service spillway

blocked, which resulted in a maximum pool elevation of 982.8 and 0.2 feet of freeboard.

Both 6-hour and 24-hour storm durations were checked. The 6-hour storm resulted in a higher
maximum water surface, therefore this storm duration was used for developing the PMF inflow

hydrograph.

Depth of flow in the spillway was determined based on the HEC-RAS analysis. In the proposed
spillway section, the training walls were kept a minimum of 1 foot above the critical water surface
depth of 4.5 feet, as shown on Plates 23 and 32 of Appendix C. The training wall height

downstream of the steps transition was kept to a minimum of 1 foot above the resultant water
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surface depth during the PMF event (2 to 2.5 feet). The existing wall height of 4 feet meets this
requirement. The HEC-RAS output is presented as Plates 25 through 36 of Appendix C. The

structural analysis of the raised emergency spillway is presented elsewhere in this report.

4.7 Summary and Conclusions

The hydrologic/hydraulic studies for the proposed dam raising included estimating the PMF and
50-year flood hydrographs and designing the emergency and service spillways. The U.S. Army
Corps of Engineers computer programs HEC-1 and HEC-RAS were used in the analyses. The
Hydrograph presented on Plate 43 of Appendix C displays the resultant inflow and outflow
hydrographs from HEC-1 based on the PMF event. Table 4.7.1, gives a complete summary of the
study.

The proposed spillway system has enough capacity to pass the probable maximum flood without
overtopping the dam. The water discharged through the emergency spillway is directed away

from the dam such that it causes no threat to the stability of the structure.

Table 4.7.1 Hydrologic/Hydraulic Summary for Proposed Raising Of Dam

HYDROLOGIC AND HYDRAULIC SUMMARY

Drainage Area | AREA (AC) 2.2 Sq. Mi.
Design Floods (Inflow)

PMF Peak 16,329 cfs

50-Yr Peak 547 cfs
Peak Discharge

PMF 5,409 cfs

50-Yr 58 cfs
Maximum Pool Elevations, NVGD

PMF 981.9 ft

50-Yr 975.2 ft
Emergency Spillway - Overflow Control Section - Concrete

Crest Elevation, NGVD 975.5 ft

Bottom Width 105.0 ft

Side Slopes Vertical
Service Spillway - Size

Top of Vertical Concrete Structure 976.0 ft

Stop Log Width 4.0 ft

Conduit Size 54" & 42"

Maximum Operating Pool Level, NGVD 974.0 ft
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Storage Volume Calc

Cardinal Plant - Fly Ash Reservoir No. 2 Raising

Stage-storage for a dam raising design with a proposed crest at EI. 983

Area calcuations above El. 870 (present crest) based on ground surface elevation contours

Ground surface elevations taken from 2-foot contour interval base map from aerial photo dated 3-5-2009

Elev area (fth2) area ave area height vol (ft*3) Vol Cum Vol Total Vol
{ftr2) (ac) (ftr2) (t) (ft*3) {ac-ft) {ac-ft) (ac-ft)
ex, pook 980 5,903,719 135.5 0 9,800
5,973,619 2 11,947,238 274
962 6,043,519 138.7 274 10,074
6,114,867 2 12,229,735 281
954 6,186,216 142.0 556 10,355
6,269,072 2 12,518,144 287
966 6,331,928 145.4 842 10,642
8,500,135 4 26,000,539 597
ex. crast 970 6,668,342 153.1 1,439 11,239
6,850,086 4 27,400,345 629
prop. pool 974 7,031,831 161.4 2,068 11,868
7,109,159 2 14,218,319 326
prop. E.S. §755 7,186,488 165.0 2,395 12,195
{inferpolated) 7,212,264 0.5 3,606,132 83
976 7,238,040 166.2 2,478 12,278
7,434,667 4 29,738,670 683
980 7,631,205 175.2 3,160 12,960
7,820,348 3 23,461,043 539
prop. crest 983 8,009,400 183.9 3,699 13,499
(interpolated; 8,198,450 3 24,595,349 565
986 8,387,500 192.6 4,263 14,063
Cardinal FAD 2 - Stage-Storage Curves
Surface Area (acres)
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CARDINAL FAD 2

CALCULATE COMPOSITE CN - WEST WATERSHED

Based off of Worksheet 2 in Appendix D of 210-VI-TR-55, Second Ed., June 1986

Soil Name/ Cover Description CN Area | Product of CN x
Hydrologic Group P (ac) Area
C Newly graded areas 91 158.0 14,378
(no vegetation)
C Woods, good 70 519.0 36,330
Totals | 677.0 | 50,708 |
Composite CN 74.9
Use CN= 75

Check FAR 1 Landfill Post-Development conditions:

From 2005 FAR 1 PTI by GeoSyntec, Post-Development
conditions for the final cover system is a CN of 74.
(see attached)

Therefore, use current landfill construction condition of CN = 75.

PLATE 4



(from FAR 1 PTI)

GEOSYNTEC CONSULTANTS PAGE_Z _ OF 14
Written by: William Steier Date:_2 October 2005 Reviewed by: Joo Chai Wong Date:
Client: AEP Project: Cardinal Power Plant Project/Proposal No.:CHE8126 Task No.:

Hydrologic Soil Groups:
Interim Conditions — Interim site conditions will include exposed temporary waste
slopes. FGD waste material is assumed to exhibit similar characteristics to soils of
Hydrologic Soils Group C.

Post-Development - Soil used to construct the final cover system will consist of low
permeability material, which will exhibit characteristics of Hydrologic Soils Group C.

Curve Number (CN):
Interim Conditions — For interim slopes, a CN of 91 is selected, the value
recommended by SCS for hydrologic soil group C for “newly graded areas”.

Post-Development - For the final cover system, a curve number (CN) of 74 is used, the
value recommended by SCS for hydrologic soil group C for “open spaces in good
condition (grass cover > 75%)”. A summary of runoff CN values provided by SCS
[SCS, 1986] are provided in Table 2.

Time of Concentration 7.: The 7. value represents the total time for stormwater
runoff to travel from the hydraulically most distant point of a watershed or drainage area
to a point of interest. Factors affecting 7, include surface roughness, channel shape and
flow patterns, and slope. For this analysis the calculation of 7, evaluates the impact of
three different types of stormwater runoff flow:

> sheet flow — flow over plane surfaces, which is limited to a maximum length of
150 ft.;

> shallow concentrated flow — after about 150 ft., sheet flow will begin to
concentrate, but not necessarily defined in a specific channel; and

> channel flow — flow that is confined to a defined channel section.

The T, value for a drainage area is the sum of the individual various travel time (7;)
values of the above flow types. The equations for calculating the 7, are presented below

> Sheet Flow: T,=0.007 (nL)"*
( P2)0'5 04

> Shallow Concentrated Flow: T, = L
3,600 V

CHE8126\HYDROLOGIC MODEL.WMS.DOC



(from FAR 1 PTI)

GEOSYNTEC CONSULTANTS PAGE_ ]

Written by: William Steier Date:_2 October 2005 Reviewed by: Joo Chai Wong Dat

Client: AEP Project: Cardinal Power Plant Project/Proposal No.:CHE8126 Ta
TABLE 2

Summary of Typical Runoff Curve Numbers

Table 2-2a  Runoff curve nimbers for urban areast

o Curve numbers for
Cover description hydrologie seil grovp—
] Average percent
Cover type and hydrelegie condition impervious area? A B D
Fully developed wrban arsas fegetation eatablizhed)
Open space (lawns, parks, golf courses, cematerles,
ateP
Poor condition (grass cover < B0%) v.ovvvnnvns it [} 79 86 20
Fair condition (grass cover 50% to T5%). ....ec.... 49 &8 79 84
—=Bm Good condition (grass cover > T5%).............. 29 61 B0
Impervions areas: :
Paved parking lots, roofs, driveways, ete.
(exeluding right-ofway) ...ooovvinine i, o8
Streets-and roads: * * .
Paved; eurbs and storm sewers (excluding
nght-ofwa:,r) a8 88 a8 a8
Paved; open ditches (including right-of-way) ....... . B3 &8 ] a3
Gravel (including right-af-way) ...o.covvnvnnnnnnn, (] & ] a1
Dirt. (including Hght-ofsway) . .ooovverirnnnnnnnen, 72 g 87 g
Western desert urban areas:
Natural desert landseaping (pervious areas enly... (from FAR 1 PTI 63 ki 85
Artificial desert landseaping (impervious wead ( ) r 8
barrier, desert shrub with 1- to 2-inch sand
or gravel muleh &nd basin borders), .............. 96 2 96 96
Urban districts:
- Commersial and business.......oovvvuinnnnnnann,, 85 2] 82 a4 a3
lnﬁtmtriat..........; ........... S Foa sl T2 81 g8 81 a3
Residential districts by average lot slze:
L8 acre or less (bown houses) 65 T -1 20 92
17 BT Ly L 28 61 kit 83 &7
LR ool iiareshens ;i 30 57 72 81 86
B BT yvi v St ey o i e A e 25 54 0 80 85
1 acre..... R T e ot - 20 51 68 70 B4
2 acres .. aa i anreaaina 12 48 [ 7 &2
Developing urban areas
Newly gnded areas (pervious areas only, P |
= 10 VOZRtION . . s vanirantren i eae e paa s e i 86 E;__J o4

Idle lands (CN's are determined using eover types 3
gimilar to these in table 2:2c).

;#:nga Tumalf eondition, and I, = Msh'wn

averuge percent impervious wrea 3| wus used to develop the ite CN's. Other assumptions. ure as follows: i

are direetly connected to the druinage system, Impervious aress have u CN of 98, und pervicus mmp are ponsidared equtrﬁmm?:ug:ﬂp:::m
spuce in goel hydrolugie condition. CN's for other combinations of conditiuns may be winputed using figure 24 or 24,

SON"s shown are equivalent to these of pesture. Composite CN'a muy ba computed for other cmblnuticns of apen spuce cover Lype.
*Comgpagite CN's for natural desert, | should be computed using figures 249 or 24 bused on the impervious ureu percentage (CN
= 94) und the ervious area CN. The pervious ares CN's are assumed equivalent to desert shrub in pour hydrologie candition.

;Cu ite CH's to use for the design of temporary mewsures during grading and construetion should be compated wsing fimare 23 or 24,
on the degree of development (impervious urea percentage) and the CN'a for the newly graded pervious aress.

CHES8126\HYDROLOGIC MODEL.WMS.DOC



Chapter 2 Estimating Runoff

Technical Release 55

Urban Hydrology for Small Watersheds

Table 2-2a  Runoff curve numbers for urban areas ¥/

——
Curve numbers for
Cover description ———hydrologic soil group -
Average percent
Cover type and hydrologic condition impervious area ¥ A B C D
Fully developed urban areas (vegetation established)
Open space (lawns, parks, golf courses, cemeteries, etc.) 3+
Poor condition {grass cover < B0%) ..o eoromire e 68 79 36 89
Fair condition {grass cover 50% to 75%) ... 49 69 79 84
Good condition (grass cover > T5%) ......oooeeeinreseeeeeeaenes 39 61 74 30
Impervious areas:
Paved parking lots, roofs, driveways, etc.
(excluding right-0f-Way) .....cccoooceviieevceree e 98 98 a5 98
Streets and roads:
Paved; curbs and storm sewers (excluding
TIEIE-OF-WAY) oo 93 98 o8 98
Paved; open ditches (including right-of-way) ..o 83 89 92 93
Gravel (including right-of-Way) .....cooioninen e 76 85 89 91
Dirt (including right-0f-way) ..o 72 82 87 89
Western desert urban areas:
Natural desert landscaping (pervious areas only) 4 ..o 63 7 85 88
Artificial desert landscaping (impervious weed barrier,
desert shrub with I-to 2-inch sand or gravel mulch
and basin borders) ... s 96 96 96 96
Urban districts:
Commercial and business .. - 86 89 92 94 95
Industrial ........ocormreviciiinninins 72 81 88 91 93
Residential districts by average lot size:
1/8 acre or less (town houses) 1159 77 86 90 92
174 ACYe oo 38 61 75 83 87
1/3aCre .t 30 57 72 81 26
12 8CTE e 25 54 T0 80 86
I acre 20 51 68 79 84
2 acres 12 46 G5 (i 82
Developing urban areas
Newly graded areas g
{pervious areas only, no vegetation) & 77 86 @ 94

Idle lands (CN’s are determined using cover types
similar to those in table 2-2¢).

1 Average runoff condition, and I, = 0.2S,

2 The average percent impervious area shown was used to develop the composite CN's, Other assumptions are as follows: impervious areas are
directly connected to the drainage system, impervious areas have a CN of 98, and pervious areas are considered equivalent to open space in
good hydrologic condition. CN’s for other combinations of conditions may be computed using figure 2-3 or 2-4.

3 CN’s shown are equivalent to those of pasture. Composite CN’s may be computed for other combinations of open space

cover type.

4 Composite CN’s for natural desert landscaping should be computed using figures 2-3 or 2-4 based on the impervious area percentage
(CN = 98} and the pervious area CN. The pervious area CN's are assumed equivalent to desert shrub in poor hydrologic condition.
5 Composite CN's to use for the design of temporary measures during grading and construction should be computed using figure 2-3 or 2-4

based on the degree of development (impervious area percentage) and the CN’s for the newly graded pervious areas.

(210-VI-TR-55, Second Ed., June 1956}

PLATE 7
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Chapter 2 Estimating Runoff

Technical Release 55
Urban Hydrology for Small Watersheds

Table 2-2¢  Runoff curve numbers for other agricultural lands

|
Curve numbers for
Cover description —-——— hydrologic soil group —
Hydrologic

Cover type condition A B C D
Pasture, grassland, or range—continuous Poor 68 79 86 89
forage for grazing. 2 Fair 49 69 79 84
Good 39 61 4 80
Meadow—continuous grass, protected from — 30 58 71 78

grazing and generally mowed for hay.
Brush—brush-weed-grass mixture with brush Poor 48 67 il 83
the major element. ¥ Fair 35 56 70 Kii
Good 304 48 65 73
Woods—grass combination (orchard Poor 57 73 82 56
or tree farm). & Fair 43 65 76 82
Good 32 58 72 79
~ Woods, & Poor 45 66 77 83
Fair 36 60 73 79
Good 30 ¥ 55 @ 77
Farmsteads—buildings, lanes, driveways, — 59 74 82 86

and surrounding fots.

! Average runoff condition, and I, = 0.25.

2 Poor: <500t ground cover or heavily grazed with no muich.
Fair: 50to 75% ground cover and not heavily grazed.
Good: > T56% ground cover and lightly or only occasionally grazed.

3 Poor:  <50% ground cover.
Fair: 50 to T6% ground cover.
Good:  >75% ground cover.

4 Actual curve number is less than 30; use CN = 30 for runoff computations.
% CN’s shown were computed for areas with 50% woods and 50% grass (pasture) cover. Other combinations of conditions may be computed

from the CN’s for woods and pasture.

& Poor: Forestlitter, small trees, and brush are destroyed by heavy grazing or regular burning.
Fair: Woods are grazed but not burned, and some forest litter covers the soil.

Geod: Woods are protected from grazing, and litter and brush adequately cover the soil.

(210-VI-TR-55, Second Ed., June 1936)
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Precipitation Frequency Data Server

NOAA Atlas 14, Volume 2, Version 3

Coordinates: 40.2666, -80.6517
Elevation: 1001ft*

* source; Google Maps

POINT PRECIPITATION FREQUENCY ESTIMATES

G.M. Bonnin, D. Martin, B. Lin, T. Parzybok, M.Yekta, and D. Riley

NOAA, National Weather Service, Silver Spring, Maryland

PF_tabular | PF_graphical | Maps_&_aerials

Location name: Mingo Junction, Ohio, US* fwx
E B
i“f

Page 1 of 4

PF tabular 'xlf
l PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)'| \
. | Average recurmence interval(years) ]
LT
T 5 || 10 || 25 | _s0 | 1oo | 200 500 || 1oo0
5.t 0.320 0.383 0.463 0.524 0.603 0.663 0.720 0.780 0.859 0.916
N |5 283-0.363)||(0.339-0.435){(0.409-0.526)||(0.462-0.594)||(0.530-0.688)(|(0.561-0.750)| (0.628-0.814) |{0.678-0.880} |(0.742-0.969)| (0.789-1.03)
10-mi 0.497 0.598 0.720 0.809 0.922 1.01 1.09 1.16 1.26 1.33
M (|0_440-0.565)||(0.529-0.680)||(0.636-0.817)||(0.713-0.916)|| (0.811-1.04) || (0.881-1.14) || (0.946-1.23) || (1.01-1.31) || (1.09-142) || (1.15-1.50)
15-mi 0.610 0.731 0.883 0.995 1.14 1.24 1.35 1.45 1.58 1.67
AMIN |\ g 540-0.692)(|(0.647-0.831)|| (0.781-1.00} || (0.877-1.13) || (1.00-1.29) || (1.09-1.41) || (1.18-1.52) || (1.26-1.64) || (1.36-1.78) || (1.44-1.86)
30-mi 0.807 0.979 1.21 1.38 1.61 1.78 1.95 2.11 2.34 2.50
AN\ 714-0.916)|| (0.866-1.11) || (1.07-1.37) || (1.22-1.57) || (1.41-1.82) || (1.58-2.01) || (1.70-2.20) || (1.84-2.89) || (2.02-2.63) || (2.15-2.82)
60-mi 0.985 1.20 1.52 1.76 2.09 2.34 2.60 2.87 3.23 3.51
M | 0872 1.42) || (1.08-1.37) || (1.34-1.72) || (1.55-1.99) || (1.83-2.36) || (2.05-2.65) || (2.27-2.94) || (249-3.24) || (279-3.64) || (3.02-3.96)
2h 1.13 1.37 1.74 2.02 241 272 3.05 3.39 3.85 4.22
- 0.992-1.31) || (1.20-1.58) || (1.52-2.00) || (1.76-2.32) || (2.10-2.786) || (2.37-3.12) || (2.63-3.48) || (2.91-3.86) || (3.28-4.38) || (3.58-4.80)
3h 1.21 1.46 1.84 2.14 2.56 2.90 3.26 3.63 4.15 4.56
A 4 07-1.40) || (1.29-1.89) || (1.62-2.14) || (1.88-2.48) || (2.24-2.96) || (2.53-3.34) || (2.83-3.75) || (3.13-4.18) || (3.55-4.77) || (3.87-5.25)
&h 1.44 1.73 2.17 2.52 3.02 (3437 3.86 432 4.96 5.49
T (1.28-1.65) || (1.54-1.98) || (1.93-2.47) || (2.24-2.87) || (2.67-3.43) || (3.01-3.88) || (3.37-4.37) || (8.75-4.87) || (4.26-5.59) || (4.67-6.17)
12-h 1.70 2.04 2.52 291 3.49 3.97 4.47 5.01 5.79 6.42
SN (1.53-1.90) || (1.83-2.28) || (2.26-2.82) || (2.61-3.25) || (3.11-3.88) || (3.52-4.39) || (3.94-4.93) || (4.39-551) || (5.01-6.35) || (5.51-7.01)
Sk 2.02 2.41 2.94 3.39 4.00 (451~ 5.04 5.59 6.37 6.99
U | (1.87-2.18) || (2.24-2.61) || (274-3.18) || (3.14-3.65) || (3.70-4.31) || (4.15-4.85) || (4.62-5.40) || (5.10-5.98) || (5.77-6.81) | (8.30-746)
24 237 2.82 3.42 3.90 4.57 5.11 5.67 6.24 7.04 7.66
8Y || (2.21-2.55) || (263-3.03) || (3.19-3.67) || (3.63-4.19) || (4.24-4.90) || (4.73-5.47) || (5.22-6.08) || (5.73-6.67) || (6.42-7.51) || (6.95-8.18)
3d 2.53 3.01 3.63 4.12 4.81 5.36 5.92 6.50 7.29 7.92
8Y |[ 2.38-271) || (2.83-3.22) || (3.40-3.88) || (3.86-4.41) || (4.49-5.13) || (4.98-5.71) || (5.49-6.31) || (6.00-6.92) || (6.89-7.76) || (7.22-8.42)
ad 2.70 3.21 3.84 4.35 5.05 5.61 6.18 6.76 7.55 8.17
Y || (255-287) || (3.02-3.41) || (3.62-4.08) || (4.09-4.62) || (4.74-5.36) || (5.24-5.95) || (5.76-6.55) || (6.27-7.18) || (6.97-8.01) || (7.50-8.67)
7d 3.25 3.84 4.55 5.12 5.88 6.48 7.09 7.7 8.52 9.14
Y || (3.08-3.44) || (3.63-4.06) || (4.31-4.82) || (4.83-5.41) || (5.54-6.22) || (8.09-6.85) || (6:65-7.49) || (7.20-8.14) || (7.92-9.00) || (8.45-9.67)
104 3.74 4.41 5.18 5.78 6.59 7.22 7.85 8.47 9.29 9.91
8Y || (3.55-3.94) || (4.19-4.66) || (4.92-547) || (5.49-6.10) || (6.24-6.95) || (5.83-7.81) || (7.40-8.27) || (7.96-8.94) || (8.69-8.80) || (9.23-10.5)
20-d 5.24 6.16 7.13 7.89 8.89 9.64 10.4 1.1 12.0 12.7
8Y || (5.00-551) || (5.87-6.48) || (6.79-7.50) || (7.51-8.29) || (8.45-9.33) || (9.15-10.1) || (9.83-10.9) || (10.5-11.7) || (11.3-12.7) || (11.9-134)
30-d 6.58 7.70 8.83 9.72 10.9 1.7 12.6 13.4 14.4 15.2
Y || (5.26-6.93) || (7.33-8.12) || (8.41-9.30) || (9.25-10.2) || (10.3-11.4) || (11.1-12.4) || (11.9-13.2) || (127-14.1) || (13.6-15.2) || (14.3-16.0)
45-d 8.42 9.82 11.1 12.1 13.4 14.4 15.3 16.1 17.2 17.9
8Y | (8.04-8.81) || (9.38-10.3) || (106-11.7) || (11.6-12.7) || (12.8-14.0) || (13.7-15.0) || (14.5-18.0) || (15.3-16.9) || (16.2-18.0) || (16.9-18.8)
g0-d 10.1 11.8 13.3 14.4 15.8 16.8 17.7 18.6 19.6 20.3
Ay || (9.73-10.6) || (11.3-12.3) || (127-13.8) || (13.8-15.0) || (15.1-16.4) || (16.0-17.5) || (16.9-18.5) || (17.7-19.4) || (18.7-20.5) || (19.3-21.3)
1 precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).
Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval, The probability that precipitation frequency estimates (for a
given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 56%. Estimates at upper bounds are not
checked against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP values.
Please refer to NOAA Atlas 14 document for more information.

Back to Top

PF graphical
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Cardinal FAD 2 Stop Logs Weir Rating

Weir Flow
Elevation H Q
972.50 0.00 0.0
3 973.00 0.50 47
_ 2
Q — CSCW LH 973.50 1.00 13.3
974.00 1.50 245
" 974.50 2.00 37.7
975.00 2.50 52.7
Coep =3.27+0.4 T 97550 | 3.00 692
¢ 976.00 3.50 87.2

for H/H, < 0.3, Cgcyw becomes 3.33

L= 4.00
g= 32.2
Crest Elevation= 972.5

v
e == == — =7
— g - -~ :‘ 1
Weir Crest ! (TR H,
l/“-\_ | ]
\ﬂ»?-\ T H.
S
I i Prd
c. Section d. Section

Figure 8-13. Sharp crested weirs.

Reference:

FHWA-SA-96-078

Urban Drainage Design Manual
Hydraulic Engineering Circular 22
November, 1996
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Cardinal FAD 2 Existing Spillway Pipe Rating
Pipe Inlet Control

O = CA\[2gh,

for C=0.62 orifice equation becomes:

0 =391D%/h,

d=54.000

Invert Elevation = 910.33

Headwater Orrifice
Elevation | Discharge | Velocity
(ft.) (cfs) (ft/s)
972.50 612.9 0.0
973.00 6154 38.7
973.50 618.0 38.9
974.00 620.5 39.0
974.50 623.0 39.2
975.00 625.6 394
975.50 628.1 39.5
976.27 631.9 39.8
976.89 635.0 39.9
977.70 638.9 40.2
978.37 642.2 40.4
978.98 645.2 40.6
980.06 650.4 40.9
981.02 655.0 41.2
981.90 659.2 41.5
982.32 661.2 41.6
982.73 663.2 41.7
983.00 664.4 41.8
Reference:

FHWA-SA-96-078
Urban Drainage Design Manual

Hydraulic Engineering Circular 22
November, 1996

INCHES

54" PCCP
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Cardinal FAD 2 Existing Spillway Pipe Rating
Pressure Pipe Flow Computed with the Energy Equation

Manning's n= 0.015
Inlet Invert: 910
Outlet Invert (z,): 736

Entrance Coefficent K.= 0.9
Outlet Coefficent K,= 1.0
MH Coefficent Ky,y= 0.5

Bends Coefficent K,=

0.8

Pipe Diameter in inches= 42
Pipe Diameter in feet (D)= 3.50
Pipe Eq. Length in feet (L)= 852
Darcy-Weisbach f= 0.027

Assuming Free Outlet (TW=EI. 739.5):

Headwater
Elevation (z,)
(ft)
972.50
973.00
973.50
974.00
974.50
975.00
975.50
976.27
976.89
977.70
978.37
978.98
980.06
981.02
981.90
982.32
982.73
983.00

Outlet
Velocity

(ft/s)
37.1
37.2
37.2
37.3
37.3
37.3
37.4
37.4
37.5
37.6
37.6
37.7
37.7
37.8
37.9
37.9
38.0
38.0

Outlet
Flow Rate
(ft’/s)
357.4
357.8
358.2
358.6
358.9
359.3
359.7
360.3
360.8
361.4
361.9
362.3
363.2
363.9
364.5
364.9
365.2
365.4

(from inlet to outlet)

The Darcy-Weisbach friction factor is
related to Manning's n through the following
equation:

185 n?
f=

D3
The Energy Equation is:

2
L I +—+z2 +>
y 28 y

2

Xh=s,

Because p,, v4 and p, all are equal to 0 the
energy equation becomes:

(f +K,+K, +KJ

2
v

Zy =2, =—+— +K,+K, +K
LT % 2g(fD j

Solving for v gives:

Zg(zl _Zz)

(l+(flL)+Ke +K, +KbD

Determine flow rate Q by:

0 =4
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Cardinal FAD 2 Vertical Box Structure Overflow Rating

Weir Flow
Elevation H Q
976.00 0.00 0.0
3 97627 | 027 123
_ 2
Q = CSCW LH 976.89 0.89 73.6
977.70 1.70 194.3
I 978.37 2.37 319.8
978.98 2.98 450.9
Coew =3.27+0.4 I 980.06 | 4.06 717.0
¢ 981.02 5.02 985.8
981.90 5.90 1256.1
for H/H, < 0.3, Cgcw becomes 3.33 982.32 6.32 1392.5
982.73 6.73 1530.2
Size=  5'-8" x 7'-6 " inside dimensions 983.00 7.00 1623.2
L= 263
g= 322
Crest Elevation= 976.0
e = ; B 4
Weir Cfr/eksi\\ 2 1 ,\?"‘f’.‘:‘:_\ﬁ '._2
l \‘."'& o N/ H
R A
¢. Section d. Section

Figure 8-13. Sharp crested weirs.

Reference:

FHWA-SA-96-078

Urban Drainage Design Manual
Hydraulic Engineering Circular 22
November, 1996
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Cardinal FAD 2 Vertical Box Structure Overflow Rating

Orifice Flow

O = CA+2gh,

Size= 5'-8" x 7'-6 " inside dimensions

A= 425

Grating % Open Area 60
Orifice Centroid Elevation = 976.0

Headwater Orrifice
Elevation Discharge Velocity
(ft.) (cfs) (ft/s)
976.00 0.0
976.27 63.7 1.5
976.89 115.7 2.7
977.70 159.9 3.8
978.37 188.8 4.4
978.98 211.7 5.0
980.06 247.1 5.8
981.02 274.8 6.5
981.90 297.9 7.0
982.32 308.3 7.3
982.73 318.1 7.5
983.00 324.5 7.6
Reference:

FHWA-SA-96-078
Urban Drainage Design Manual

Hydraulic Engineering Circular 22
November, 1996
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Chapter 3- Basic Data Requirements

Table 3-1 (Continued) Manning's ‘n’' Values

Type of Channel and Description Minimum Normal Maximum
C. Excavated or Dredged Channels
1. Earth, straight and uniform
a. Clean, recently completed 0.016 0.018 0.020
b. Clean, after weathering 0.018 0.022 0.025
¢. Gravel, uniform section, clean 0.022 0.025 0.030
d. With short grass, few weeds 0.022 0.027 0.033
2. Earth, winding and sluggish
a. No vegetation 0.023 0.025 0.030
b. Grass, some weeds 0.025 0.030 0.033
¢. Dense weeds or aquatic plants in deep channels 0.030 0.035 0.040
d. Earth bottom and rubble side 0.028 0.030 0.035
e. Stony bottom and weedy banks 0.025 0.035 0.040
f.  Cobble bottom and clean sides 0.030 0.040 0.050
3. Dragline-excavated or dredged
a.  No vegetation 0.025 0.028 0.033
b. Light brush on banks 0.035 0.050 0.060
4, Rock cuts
a. Smooth and uniform 0.025 0.035 0.040
-3 b. Jagged and irregular 0.035 £ 0.040 0.050
e
5. Channels not maintained, weeds and brush
a. Clean bottom, brush on sides 0.040 0.050 0.080
b. Same as above, highest stage of flow 0.045 0.070 0.110
c. Dense weeds, high as flow depth 0.050 0.080 0.120
d. Dense brush, high stage 0.080 0.100 0.140

Other sources that include pictures of selected streams as a guide to n

value determination are available (Fasken, 1963; Barnes, 1967; and
Hicks and Mason, 1991). In general, these references provide color
photos with tables of calibrated n values for a range of flows.

Although there are many factors that affect the selection of the n value

for the channel, some of the most important factors are the type and
size of materials that compose the bed and banks of a channel, and
the shape of the channel. Cowan (1956) developed a procedure for

estimating the effects of these factors to determine the value of

Manning’s n of a channel. In Cowan's procedure, the value of n is

computed by the following equation:

3-16
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Chapter 3~ Basic Data Requirements

Table 3-1 (Continued) Manning's 'n" Values

Type of Channel and Description Minimum Normal Maximum
B. Lined or Buili-Up Channels
1. Concrete
~—% a_ Trowel finish 0.011 ﬁz} 0.015
b. Float Finish 0013 0.015 0.016
¢. Finished, with gravel bottom 0.015 0.017 0.020
d. Unfinished 0.014 0.017 0.020
e. Gunite, good section 0.016 0.019 0.023
f. Gunite, wavy section 0.018 0.022 0.025
g. On good excavated rock 0017 0.020
h. On irregular excavated rock 0.022 0.027
2. Concrete bottom float finished with sides of:
a. Dressed stone in mortar 0.015 0.017 0.020
b. Random stone in mortar 0.017 0.020 0.024
¢. Cement rubble masonry, plastered 0.01¢6 0.020 0.024
d. Cement rubble masonry 0.020 0.025 0.030
e. Dry rubble on riprap 0.020 0.030 0.035
3. Gravel bottom with sides of:
a, Formed concrete 0.017 0.020 0.025
b. Random stone in mortar 0.020 0.023 0.026
¢. Dry rubble or riprap 0.023 0.033 0.036
4. Brick
a. Glazed 0.011 0.013 0.015
b. In cement mortar 0.012 0.015 0.018
5. Metal
a. Smooth steel surfaces 0.011 0.012 0.014
b. Corrugated metal 0.021 0.025 0.030
6. Asphalt
a. Smooth 0.013 0.013
b. Rough 0.016 0.016
7. Vegetal lining 0.030 0.500
3-15
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The authors are to be complimented for presenting extensive ex-
perimental data on characteristics of aerated skimming flow over
stepped spillways along with hydraulic design aspects of stepped
spillways. The authors have focused their attention on various
aspects, including onset of skimming flow, aeration characteris-
tics, residual energy, and training wall design.

Considering the applicability of the design guidelines, the dis-
cussers would like to know the height of stepped spillway in the
experimental setup for all 3 cases. Further, the authors may clarify
regarding the limiting height of prototype stepped spillways up to
which the design guidelines presented in this paper could be ap-
plied.
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Fig. 1. Variation of Manning’s n for different /* values

The discussers would also like to know the number of steps
provided in each case and the location of first step along the
spillway profile. Can the authors suggest any readily usable ex-
plicit guidelines from hydraulic considerations for deciding on the
step height, apart from the given RCC lift thickness? Some other
investigators, including Rice and Kadavy (1996), Yildiz and Kas
(1998), Chamani and Rajaratnam (1999) have indicated that the
step height s affects the energy dissipation over stepped spillway.

Eq. (24) includes K, the roughness height perpendicular to the
pseudobottom, which can be considered to be a representative
term for step height s. In the last paragraph on energy dissipation,
it is mentioned that Fig. 12 gives an idea of main parameters
involved in the expression of relative residual energy. However,
Fig. 12 does not indicate effect of any step height parameter on
relative residual energy head ratio [H,./ H . Fig. (1) shows a
plot compiled by discussers based on experimental data obtained
by Ghare (2003) and Yildiz and Kas (1998), which show the
effect of step height on Manning’s equivalent n for a stepped
spillway. In this plot /" is considered a ratio of spillway height to
step height. Can authors provide any other dimensionless plot that
covers all the main parameters including step height s affecting
the performance of the stepped spillway under skimming flow
regime?

Proposed Eq. (24) is based on the results obtained from Egs.
(20) and (21). Hence the use of Eq. (24) appears to be a tedious
process. As indicated by the authors in Fig. (12), the variation in
relative residual energy head ratio for ®=40° and 50° is not ap-
preciable; hence a simpler relationship for relative residual energy
can be presented eliminating ® as a variable. The resulting rela-
tionship would be applicable for ® greater than 40°. Without a
properly designed energy dissipation system on the downstream
side, the hydraulic design of a stepped spillway system would be
incomplete. The discussers would like to know the opinion of the
authors regarding the applicability of the conventional conjugate
depth relationship for stilling basin design in case of a stepped
spillway where highly aerated flow near the toe of the spillway is
encountered.
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=(y o1+ 2)/2=0.87m in the continuity equation yields a ter-
minal velocity of v, ,=q,/h,, ,=20/0.87~23 m/s.

If the chute was long enough for the attainment of uniform
flow, ie., Hyyn=Hgym,~70m, the normalized residual head
would read H,./H,,,=0.36 according to Eq. (24b), with f}
=0.067 from Eq. (21), D, ,, ,~4h, ,=4-0.80=3.20m and 0.1
<K/Dy.,,,=0.23<1.0. In this case, 64% of the flow energy of
H ,,x~75.2 m would be dissipated on the spillway, and the termi-
nal velocity would amount to v,, ,~20/0.80=25 m/s.

Training Wall Design

With m=1.2 for concrete dams, the required sidewall height from
Eq. (25) is 7,=2.09 m, with /gy, =1.74m from Eq. (5). A side-
wall height of 2.1 m is proposed. If the downstream dam face
were prone to erosion, and if it were essential to avoid overtop-
ping of the training walls, distinction should be made about
whether the crest profile above the point of tangency is smooth or
stepped. In the latter case, the required wall height should be at
least /1,=1.5hg,,=2.61 m, whereas for a smooth crest profile,
the wall height should be h,=h,,,,,=4s=4X1.2=4.8m over
about L=255=25X1.2=30m from the crest to allow for the
spray resulting from nappe impact on the first steps below the
smooth crest (Boes and Minor 2002).

Conclusions

The following findings of the present experimental study apply:

1. The onset of skimming flow is expressed by the ratio of
critical depth to step height and follows a linear function as
expressed in Eq. (1).

2. The uniform equivalent clear water depth #,, , on stepped
spillways depends on the chute angle and unit discharge
only, as given in Eq. (4).

3. The characteristic uniform mixture depth /4y, according to
Eq. (5) is a function of step height, unit discharge and chute
angle.

4. The drawdown length to the approximate location of uni-
form flow attainment as given in Eq. (13) depends on chute
angle and unit discharge only.

5 The bottom roughness friction factor is approximated for a
wide range of spillway angles and relative roughness by Eq.
(20) or (21).

6. The significant effect of aeration on the reduction of fric-
tion factors is illustrated by the ratio f,,/f,, as function of
the mean air concentration, Eq. (22), where f,, and f,, are
friction factors with and without consideration of flow aera-
tion, respectively.

7. A general expression of residual energy head along stepped
chutes is given in Eq. (24), with distinction between devel-
oping and uniform flow regions.

8. Stepped spillway training walls should be designed accord-
ing to Eq. (25), taking into account the erosion potential of
the downstream dam face.

These conclusions in conjunction with the results of Boes and
Hager (2003) allow for the hydraulic design of stepped spillways
for a wide range of boundary conditions including typical appli-
cations both for embankment and gravity dams.
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Notation

The following symbols are used in this paper:
b = spillway or river width;
= depth-averaged air concentration;
= depth-averaged air concentration at inception
point;
C, = uniform depth-averaged air concentration;
C(y) = local air concentration;
Dy, = 4R, hydraulic diameter;
Dy o = wD,,,, effective hydraulic diameter;
F = u/(gh)"? local Froude number;
Fo = ¢,,/(ghy)"? approach Froude number at jetbox;
Fe = g,/(gsin ¢s*)? roughness Froude number;
f = Darcy—Weisbach friction factor of unaerated flow;
fp = friction factor of bottom roughness;
fn = Darcy—Weisbach friction factor in two-phase flow
without consideration of aeration;
fs = skin friction factor of sidewall roughness;
f,» = Darcy—Weisbach friction factor in two-phase flow
with consideration of aeration;
g = gravitational acceleration;
Hgy,, = vertical spillway or dam height;
H gam,, = vertical distance from spillway crest to close
uniform equivalent clear water flow;
H,,. = maximum reservoir energy head;
H,, = residual energy head;
h = local flow depth;
h, = critical depth;
h, = training wall design height;

c
c,

h,, = mixture depth;
h,,; = mixture depth at inception point;
hspray = spray height resulting from nappe impact on steps;
h, = uniform flow depth;

hy = (1—=C)hg, equivalent clear water depth;
h,, . = clear water depth at chute end;
h,,; = clear water depth at inception point;
h = uniform equivalent clear water depth;
hgy = h(C=0.90) characteristic mixture depth with local
air concentration of C=0.90;
h, = approach flow depth at jetbox;

hgy, = uniform characteristic mixture depth;
K = s-cos ¢ roughness height perpendicular to
pseudobottom;

L; = black water length from spillway crest to
inception point;
L, = s/sin =K/(sin ¢ cos ¢)=2K/sin(2¢) distance
between step edges, roughness spacing;
0, = design discharge;
Q,, = water discharge;
q, = design discharge per unit width;
q,, = water discharge per unit width;
R = uD, /v Reynolds number;
Ry, = hydraulic radius;
Sy = friction slope;
s = step height;
u = flow velocity in x direction;
v,,,; = mixture velocity at inception point;
v, = clear water velocity at chute end;
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v,,; = clear water velocity at inception point;
w = shape correction coefficient;
x = streamwise coordinate originating at spillway
crest;
Xy = hi/(hi,’u sin ¢) scaling length;
x, = drawdown length from spillway crest to close

uniform equivalent clear water flow;
Y = h/h, normalized local flow depth;
h,/h, normalized critical depth;
transverse coordinate originating at pseudobottom;
z; = vertical black water length from spillway crest to
inception point;
energy correction coefficient;
safety factor;
v = kinematic viscosity of water
0.5—0.42 sin(2¢) function taking into account
roughness spacing;
11, = (K/D h’w)o.z function taking into account relative
chute roughness;
o = factor originating from
Gauckler—Manning—Strickler formula;
chute angle from horizontal; and
X = x/x, normalized streamwise coordinate.
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1 0112 7 .56 .31 .25 280, * 1 1312 7 .09 .00 .00 0.
1 a124 a .61 .28 .33 454 . * L 1324 a8 .00 .00 -00 0.
1 0136 9 .55 W25 S41 643 . * 3 1336 69 .00 -00 N 0.
1 0148 10 .87 27 .61 871. * 1 1248 70 .00 .00 LCo Q.
1 0200 11 1.32 31 1.01 12865, * 1 1400 7 W00 Laa GO a.
1 0212 12 3.97 57 3.41 2563, * 1 141z 72 LG0 .00 .00 a.
T 0224 13 3.97 31 3.687 4%66. * 1 1424 73 .co .aa .00 0.
1 0238 14 2.5z 13 2.39 a527. * 1 1436 74 .oc .ao .00 0.
1 Cz48 15 1.19 L5 1.14 207%. * 1 1448 75 .00 .00 .00 M
1 G300 16 L33 .c4 LBE 4601, * 1 1500 76 -0G GO .00 c
1 31z 17 B2 .C3 .18 3361, * 1 1512 77 .00 R .00 G
1 0324 1B .74 .c3 32 2811, * 1 1524 78 -00 .00 .00 C.
1 0338 12 .65 .02 L67 2157, * 1 1536 Te .00 .ot .00 0.
1 0348 20 .8 .02 .62 1371, * 1 1548 80 .00 .00 .a0 0.
1 o4co 21 .58 .02 .57 1670, = 1 1600 81 .00 .00 .00 0.
1 0412 22 .53 L0l .52 15C6. = 1 i6l2 B2 00 .00 .00 a.
1 0424 23 .50 .01 .49 1371. * 1 1624 B3 .00 .00 0o 0.
1 043¢ 24 JEB -0l LET 1270, * 1 1638 B4 .00 .00 .CC a.
1 0448 25 .46 .01 .44 11%5. * 1 1&48 K] ) .00 .G a.
1 0500 28 L432 .01 LA2 1132, * i 1700 24 LCo .00 .CO 0.
1 0512 27 .41 W01 L40 1075, * i 1712 87 .oo Bl Y q.
1 0524 28 .40 .01 .39 1024, + 1 1724 85 ] .00 .00 0.
1 Ca36 Z9 .35 L0l .38 981. * 1 1738 38 .oc o0 .00 0
i G548 30 .38 .01 W37 946. * 1 1748 90 .00 Al .00 o
1 Cedo 31 .37 .CL .36 e17. * 1 18C0 a1 .00 .G0 .00 C.
1 0glz 3z .00 LCC .00 77T, * 1 1812 92 L00 LG Laa 0.
1 Qezd 33 .Co LGG .00 469. * 1 1e24 a3 ele] -GG ) 0.
1 Q&3E 54 .CO .00 .00 222, * 1 1E36 94 .00 .00 .o 0.
1 0548 35 GG .00 .co 106. = 1 1648 25 .00 L00 00 Q.
1 atoc 26 -00 .00 OO 0. = 1 1500 26 .00 .00 L0 0.
1 071z EX SO0 .00 fele] 23. = 1 1912 27 .00 ] Lo 0.
1 0724 38 .00 .a0 .00 10, * I 1524 L] .00 .aa .oe a.
1 0738 33 .00 Mslel .00 4. * 1 1338 EE] W00 Laa .Co a.
1 0749 40 .09 .00 .00 i. * 1 1%48 1060 GO .00 .co 0.
1 0g00 41 .00 .00 .00 C. * 1 2000 101 .Co L0 .00 0.
1 0812 42 .00 00 .00 0. * 1 2012 102 .CC ) Blel 0.
1 0e24 43 L00 W00 .00 0. * 1 2024 103 .oc .oo .00 G
1 CE36 44 L4040 .00 .00 0. * 1 203e 104 -0 -Go .00 C
1 CB48 45 .00 .00 .aa 0. * 1 z048 105 .00 N .00 C.
1 ceod 46 .00 .Co .aa 0. * 1 21c0 106 .00 .00 .00 G.
1 0812 47 .00 -GC .00 Q. * 1 2112 107 .00 oo .00 o
1 0924 48 oo iy W00 9. * 1 2124 108 .aa e .00 0.
1 0936 49 .Go .00 .00 0. = 1 2138 10%& .00 .00 .00 0.
1 0o4d 50 L0 .00 LCC 0. = 1 2148 110 i) .00 .00 0.
1 1000 51 .00 .00 .CC 0. = 1 2200 111 .00 .00 oo 0.
1 1012 52 .00 -00 .00 0. " 1 2212 11z .00 .00 .00 a.
1 1024 53 .00 .00 .00 0. * 1 2224 113 Lo0 .00 .CD a.
1 1035 54 .00 .00 .00 c. * 1 2236 1i4 LGO .00 .CO a.
1 1048 35 .00 -Q0 .00 G. * i 22498 115 -co .00 .00 0.
1 1100 36 La0 L0 .00 G. * 1 2300 1le .oc .00 .00 0
1 111z 57 .00 .00 .00 0. * 1 2312 117 .oo .00 .00 G
1 11z4 S8 00 Loa .00 . * 1 2324 118 LG L0 .00 c
1 1136 29 .00 .oo .00 0. * 1 2336 112 .00 .C0 LQQ o,
1 1148 &0 .00 .00 L0 0. * 1 2348 120 .00 .CC .aa 0.
*

B L R R R R R R R R R R R R R R R R L e e
ke

TOTAT, RATNFALL = 26.50, TOTAL LOSS = 4.53, TOTAL EXCESS = 21.9%7
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
i—HR 24-HR 72-HR 23.8C0-HR
+ {CF3) {HR)
(CF8)
+ 6527, Z2.60 1767. 447, £47, 447,
{INCHES) 21,5802 21.971 21.371 21.871
{AC-FT) 876, 479, 879, 879.
CUMULATIVE ARER = .75 50 Ml

bk Fhk khd hkh mAkm hwk Ahkk FEk FAd wEE wmm khd Abd dws Ahd bk kww wdk kkdk ckkdk EhF hdh kwd hwd dhwm kkw whd Gkd khR kkd kww wkd

vk
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28

31

36

KK

BE

BT
PR

PR
PR

L3

D

WARNING

Wkkk kR ok Ak kot %

® ¥
- LRKE * TRETENTANE
= *
FR ok ko ok R Rk Kk

LAKE ONLY

STUBBASIN RUNOFF DATA

SUBBASIN CHARRACTERISTICS
TAREA .30

BASE FLOW CHARACTERISTICS

STRTQ 20.60
QRCSN il
RTICR 1.00GGG

PRECTPITATION DATA

OUS RUNOEFE

SUBBA

in

FROM LAKE SURIACE

IN RREA

INITIAL FLOW

BEGIN BASE

INITIAL ABSTRACTION

TLOW RECESSION
RECESSION CONSTANT

FERCENT IMPEEVIOUS ARER

TOTAL STORM STATIONS 10
WETGHTS 1.00
RECORDING STATICNS 10
ELGHTS 1.4ac
2C5 LOSS RATE
STRTL .o
CRVNER 100.00 CURVE NIMBER
RTIMP .00
8C3 DIMENSIONIESS UNITGRAFH
TLAG 10 LAG

PRECTPITATION STETION DATA

STATION
10

TOTAL
26,50

TEMPORAL DISTRIBUTIONS

AVEG. ANNUAL

.00

STATICK 10, WEIGHT
.01 LGl
.15 .15
-Gz .02
.00 .00
QG .00
.00 .00
.00 .00
.00 .00
il .00
il 00
.00 .00
.00 oo

+#+ TIME INTERVAL I35

T19.

20%.

= 1.00

.01
.10
.c2
.00
.00
.00
.00
.00
.00
.00
s
-ac

GREATER THREN .25*LAG

.02
.05
.0z
-Go
LGG
LC0
.00
.00
.00
.00
.00
.00

UNIT HYDROGRAPH

WEIGHT
1.00

.Gz
.03
02
LQ0
.00
.00
.00
.aa
.00
il
.00
.ao

.02
-0
.02
.aa
Laa
.00
.00
-oe
GG
N4
N
.oo

S END-COF-PERIOD CRDINATES

c.

.02
.03
.01
.4o
-C0
.C0
GO
.00
.oc
. 0C
.00
.00

-0z
.03
.01
W00
.00
.co

.oo
.00
.00
.00
LQ0

.03
.0z
L0l
.cn

.0
.00
.00
.00
.00
.00
L0

.05
L0z
.01
Lco
.Co
.00
.o
L0
LUG
.00
.00

B R L L R R R R R R R R R e R R R L R R R S AL LS

ket

HYDROGRAPH AT STATION

LEXE

L T L L Ll R LR R R e A e e R e AL AL AL LR

ok

DA MOM HRMI  CRD
1 0000 1
1 001z 2
1 Q0z4 3
1 Q036 3
1 f048 5
1 0100 &
1 011z 7
1 0124 ]
1 0136 El
1 G148 10
1 czoo 11
1 0212 1z
1 0224 13
1 D236 14
1 0248 15
) 0300 16
1 0312 17
1 0324 18
1 0336 19
1 0348 20

RAIN

oo
.34
.37
LED
.45
.50
.56
.61
LBE
LBT
1.32
3.97
3.87
2.52
1.19

LOSS EXCESS

.aa
.00
.00
i)
-Go
.o
LGG
Y
.00
.on
.00
.00
.00
La0
.00
.00
.00
oo
.00
.Co

Laa
.34
.37
.40
.45
.5
.5
.6l
-G8
.87
1.32
3.97
3.97
2,52
1.15
.93
.82
.74
LEG

1)

COME O

20.
284,
3%6.
354,
441,
491.
543.
594.
645.
811.

1180.
3185,
3738,
2755,
1573,
1658,
445,
65,
705,
652.

P

T

DA MOK HRMN

N e e T B R e e R N e e

1240
1212
1224
1236
1z48
1300
1312
1324
1336
1348
1400
1412
1424
1436
1448

1200
1512
1524
153¢
1548

ORD

iy
S0
.00
.00
.00
.00
.00

EXCESS

.00
.00
Bl
il
b
.0a
.00
.G0
.Cco
.ce
-0
Rily
SO0
.00
.00
.Q0
.00
.00
00
.00

CoME Q

20.
20,
20,
z0.
20.
20.
20,
20.
20.
20.
20,
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1 qL00 21 ) .00 .58 80 . * 1 lact Bl .00 0o .Gk
1 0412 22 .53 L0 .53 549, * 1 le1z2 B2 .00 .00 LG
1 0424 23 .50 .00 .50 517. * 1 1624 83 ] .00 LO0
1 0438 24 .48 .00 .48 492, * 1 1634 84 LCo -0 LGG
1 0448 25 .46 La0 .48 4568, * 1 1648 85 ] -CQ .00
1 0500 28 L43 .00 W43 447, * 1 1700 86 .20 L0 felel
1 £512 27 .41 00 .41 4z27. * 1 1712 87 .00 .00 .00
1 G524 28 .44 .00 .40 410. * 1 1724 88 Nl .00 .00
1 538 29 .32 .00 .39 398. * 1 17386 89 .00 .00 .00
1 0548 30 .38 .0g .38 3B8. = 1 1743 N .oC .00 .00
1 0&00 31 .37 .00 .37 379, * 1 1500 91 La0 .00 LQ0
1 0812 32 .o .00 .00 1z, = 1 1812 92 .00 .00 .00
1 0624 33 .00 .00 .00 38. * 1 1624 93 La0 W00 00
1 0836 34 LGo sl GO 23. = 1 1836 34 .00 .0g .00
i 0648 3z A ..0 .00 20. ® 1 1648 95 .00 Lao .00
1 alee 3E .00 .ca .co 20. * i 1200 95 .00 .ac .00
1 0712 37 sls) -co .co 20. * i 1212 97 .00 .ao .00
1 0724 38 .00 .oC .Go 20. * 1 1924 a8 .oy 00 .Go
1 0738 39 .00 .00 .00 20. * 1 1583g 29 .ao 00 LCG
1 0748 40 .00 L0G L0G an, * 1 1348 100 .C0 .00 LG
1 0800 a1 .00 .00 .00 20, * 1 2000 101 -Co W00 L0
1 0glz 42 00 .00 .00 20. * 1 2012 102 ..o .CD .Co
1 GBz4 43 .00 .00 .00 20. * 1 2024 103 .Co LCD .GOD
1 B35 44 .00 .00 .00 20. * 1 2036 104 .co .00 .00
1 Cede 45 .00 .00 SO0 20. * 1 2043 105 .00 .00 .00
1 200 46 .40 .00 .00 20. * 1 2100 106 .00 .00 .00
1 0212 47 By .00 .00 20. * 1 2112 107 -0C .00 .00
1 0824 48 L0c .00 .00 20. ® 1 2124 10§ LQC el L0
1 0536 42 06 .00 .0g 20. = 1 2136 108 .00 .00 .00
1 0948 50 .00 .00 .0a 20. - 1 2148 11cC .00 sl .00
1 lace N .Co .00 .00 20. * T 2200 111 .00 .00 .00
1 101z 52 GO .00 .oo 20. * 3 2212 112 .00 L0e .00
1 1024 S3 .Co .co .o 20. ¥ 1 2224 113 .00 06 .00
1 1038 &4 .00 ] .G0 20, * 1 2236 114 L00 00 Loo
1 1048 85 L00 e .C0 20, * 1 2248 115 .00 00 .00
1 1100 1 .00 .oc .CC 20, * 1 Z3c0 118 .00 .ao .00
1 1112 57 .00 .00 .o 20. * 1 231z 117 .00 oo .oo
1 1124 58 .Qa .00 .o 26G. * 1 2324 118 .00 .0o LG
1 11386 53 .00 .00 S0 20. * 1 2336 119 .o Lo GG
1 Il4g 60 k) LS00 .00 20. * 1 2348 120 ] -C0 RHH
*

T N L L LR R L R R R R L R N L i A s R E A

ok ok
TOTAL RAINFALL = 26.50, TOTAL LOSS = .00, TOTAL EXCESS = 26,50
PERK FLOW TIME MAXIMUM AVERAGE FLOW
€-HR 24-HR T2Z-HR 23.80-HR
+ (CES) (HR)
{CFS)
+ 3738, 2.40 869, 236. 236. 236.
(INCHES} Z6.823 Z8.95% 28,859 28,858
LC-FT) 431, 463, 453, 463
CUMULATIVE AREA = W30 50 MI

BAE kkw kkw wEE kkk AEW FEA AAK EAA Ehd Aww AkE wwdk kkd whkd kddk kkdk kkd dkk Fokw kFF Fhk kdk Ehw AkE kwd hwd dEw kAw
P

B R R TR

- *
37 EK * oo COMBINE INFLOWS FROM WEST RAND BAST WATERSHEDS AND LAWKE SUREFACE
@ *

R e bk e e ek

38 HC HYDROGREPH COMBINATION
ICOME 3 XNWMBER OF HYDROGRAPHS TO COMRIKE

e

B L El EE R L R g L e s R i LR T e T T

* k%

HYDROGRAPH AT STATION g
SUM OF 3 HYDROGRAFPHS

B R L Rl R e R R R A 34

PR
* = +*
DR MON HRMM  GRD FLOW * DA MON HRMN  ORD FLOW = DA MON HRMN ORD FLOW * DA MON HERMI
FLOW
* % *
1 0eeo i 20. * 1 0600 31 2663, * 1 1200 E1 20C. * 1 1800
20,
1 0012 2 268. * 1 uelz 32 2148. * 1 121z &2 20, * 1 i§1z2
20,
1 0024 3 356, * 1 CEZL 33 1513. * 1 1224 €3 20, = 1 1824
20.

20.
20,
20.
20,
20.
20.
20.
20.
2G.
20.
20,

20,

Kok kkkkk kKT >

ok ke Ak

PR Ty

dk ko ko ke

GRD

91

9z
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0.

1 0048 S
20,

1 0100 [
20.

1 c11z 7
20.

1 0124 g
20.

1 0138 9
20,

1 0148 10
20.

1 G200 1
20.

1 0212 1z
20G.

i 0224 13
20,

1 0234 14
20.

1 cz4s 15
20.

1 D30C 1€
206,

1 0312 17
20.

1 0324 1g
20.

1 0336 15
20.

1 0348 20
20,

1 D4C0 21
20.

1 0412 232
20.

1 0424 23
Z0.

1 438 24
20.

1 D444d 25
26,

1 Q500 24
20.

1 0512 27
20,

1 524 28
20.

1 0536 25
20.

i 0548 30
20,

409,

13339,

18329,

15821.

13230,

10538,

8376.

C636 34 a31. =
GE48 35 539, *
Q7LD 36 211, *
o712 37 18& *
0724 EL:) 114 *
0736 39 73, =
0748 40 49, *
0BDO 41 3. *
0gl1z £2 29. *
;824 43 25. *
083¢ 44 22, *
0g48 45 20. *
Q%00 1€ 20 *
calz [ 20. *
D224 48 20. *
093¢ 49 20. *
0b4s 50 20, *
1000 51 20, *
i0lz 52 20. *
1024 53 20, *
1036 L1 20 *
1048 55 20, *
1100 58 20, *
1112 57 20, *
1124 SE 20, *
1134 5% 20. *
il4e &0 20. *

i 123é
1 1249
1 1300
1 131z
L 1324
1 1326
1 1348
1 1400
1 1412
1 1424
1 1438
1 1448
L 1500
1 1512
1 1524
1 1536
1 1548
i 1éc0
1 1612
1 1624
1 1636
1 1le48
1 17C0
1 1712
1 1724
1 1738
1 1748

o
B

71

7z

2

76

77

78

73

80

31

32

24

85

13

ay

g8

83

o

20. * 1
20. * i
a0. * 1
20. * 1
20. * 1
20. * 1

20, * 1

20. * 1

20. * 1

20. * 1

20, * 1

20, * 1
20, * 1
20. = 1
Z0. * 1
20. * 1
20. * 1
20. = 1
20. * 1
2C. * 1

20, - 1

1836

lg4e

12c60

1912

1924

1836

1548

2000

20lz

2024

2038

2048

2100

2112

2136

2148

2200

2z1z

2224

22386

2248

2300

2312

2336

2348

929
100

101

108
107
108
109
110
111
11z
113
114
115
11e

117

119

120

IV s eSS N e e L R R LR R e R L L e e e L L LR AR s

ok

PERK FLOW TIME MAXTMUM AVEREGE FLOW
§-HR 26-HR 72-HR
= (CFS) [HR}
ICFS)
+ 18328, 2.60 5184. 1340, 1340.
{INCHES) 22,843 23.422 23.422
[BC~FT} 2571. 2636, 2636.
CUMGLATIVE AREA = 2.11 Q0 MI
mE o REw kwR wokw FAE AFE kkd www kkk kdwm kkk kkk wwH Kkk hmE wwor =Rk
-
P
. N
3 KK E DM+ ROULE FLOOD HYDROGRAPHS THRU FADHZ
« .
EEEEEEE R R EE LR R
STARTING POCL I3 MAXIMUM OPERATING LEVEL
MAXTIEM TOP OF STOP LOG IS 972.5
STOP LOG WIDIH I5 4 FT
HYDROGRZPH ROUTING DLATA
43 B3 STORAGE ROUTING
¥STES 1 KUMBER OF SUERERCHES
ITYP TLOW TYPE OF INITIAL CONDITION
RSVRTE 2060 INITIAL CONDITION
b+ .0C WORKING R AND D COEFFIZIRXT
24 ZA HREZ 135.5 138.7 142.0 1£5.4

23.80-HR

ok d

dkkk

wkk ke

Rk

141.4

XL

Whk kkE mAE KRR

Fxt %

PR ok
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45 sE

26 EQ
1247.

50 35

51 ST

B I e R R L L LA e T ]

Wk

o 2 s R R R 22 TR LA ST A

h ok

ELEVATION
DISCHARGE
ELEVATION
SEILLWAY
CREL
SEWID
coom
EXEW
TOP OF DAM
TOPEL
DAMWED
LoD
EXPD
STORAGE .Co
ELEVATION 950G, C0
STORAGE .00
OUTFLOW L0C
ELEVATION 980,00

STORAGE 2230,7&
OUTFLOW 52.70
ELEVATICH 275,00

STORAGE 3258.¢4
QUTFLOW 4352.CC
ELEVATTION 991,02

260.00

4983.00
00
.00
.00

274.19
962.00

274.19
.00
362.00

2312.93
€9, 20
975,50

3416.47
5364.50
951.390

DA MON HRMY ORD QUTFLOW STORAGE STAGE

STRAGE

0000 1 Z1. 2040.1 973.8
a0lz 2 21. 2042.1 873.8
00z4 3 2z. 2046.8 273.5
(e 4 22. 2052.8 973,82

0048 5 23, 20 2 874.0
01a0 & 25. 2070.8 574.0
011z 7 28. Z086.5 $74.1
ciz4 8 31. 2108.9 974.,3
013 9 36. 2133.0 9744
0148 10 43. zl78.8 o747
0z00 11 53. 2233.4 975.0
cziz 12 106, 2333.3 375.6
0224 13 528 2508.¢ 878.7
022 14 1495. 2735.C 878.0
0248 15 2651, 2966.4 G7%. 4
0300 18 37353, 3155.5 98C0.4
031z 17 4529, 3284.7 931.2

03z4 18 5021, 3362.% 92l.6

962,00 984.00 86,00 970,00 974.00

5. 13, 25. 38. 53.
2299, 3334, 4362, L365. 5365,
873.00 973.50 974.00 974,50 375,00

578,38 380.06 a981.02 881,90 982.32

SPILLWAY CREST ELEVATION
SPILLWAY WIDTH

WEIR COEFFICIENT
EXPONENT OF HEAD

ELEVATICON AT TOP COF DAM
DiM WIDTH

WEIR COEFZICIENT
EXPONENT OF HEAD

CCMPUTED STORAGE-ELEVATION DATR

554.6% 842,28 1429.21 2068.14 2395.73
964.00 9BE.00 470,00 374.00 976,00

COMPUTED STORAGE-OUTKFLOW-ELEVETION DATA

(INCLUDING FLOW OVER DAM)

554.¢8 2342.28 1439.41 1828.40 1207.78
.Qa .00 .00 .00 4,70
564.00 966.00 %70.00 872.50 973.00

2385.73 2440.69 2544.83 2€81.48 2785659
21a8.74 293.50 560,80 1247.10 1776.00
978.00 976,27 978.8% 977.70 978,37

3492.58 3567.37 4161,44

S5864,50 6365.20 10355.89
B82.32 862.73 ©86,00

HYDROGRAPH AT STATION DAM

7. 00

69,

G365,

875.50

3076.45
980.G06

1987.70
13.30
973,50

2900, 33
2298.990
578.98

* DE MON HRMW ORD OUTFLOW STCRLGE STAGKE * DL KON HRMN

* 1 0500 £1 1568, 2B33.9 578.6 =
+* 1 0812 42 181z, 2803.2 973.4 *
* 1 cgzé 43 1a72. 2774.8 972 ¥
1 033e 44 1557, 27484 878,.1 *
1 0848 &5 1444, 2724.0 27,9
1 nzac  4s 1339. 2701.3 g7r.8 *
* 1 ceiz 47 1242, 2880.3 877,71 *
1 0az4 48 1159. 2560.38 377.8 *
* 1 0936 49 1oel. 2642.6 977.5 *
1 asde 50 16085, 2625.7 57,4 *
* 1 Q0D 51 941. 2602.92 977.3 *
1 g1z 52 B78. 2585,2 9772 *
o1 1024 33 £20. 2581.5 o771 %
1 1036 54 TE5. 2568.7 977.0 #
1 1048 55 Tid. 2556.8 977.0 *
= 1 1100 5e 666, 254%.9 976.9 *
1 1112 57 629, 2535.4 976.3 =
1 1124 54 595, Z525.4 576.8 *

18040

1612

1624

1636

17CC

171z

1724

1736

1748

1ea0

1elz

1824

133¢

1548

1900

980.00 934.00
300. 661,
576,27 276.89
4£181.44
966.00
zZose,14 2143.14
24.50 37.70
974.00 G74.50
3078.45 2088.97
3275.78 3334.30
%g80.00 88c.0e

e Y s e A L R R TR AT EE R R T AR S R A LA AR AL

P L R R R e e R e e R )

ORD OQUTFLOW STORAGE

31 225.
82 21s.
B3 213.
84 267.
83 202,
B6 196.
E7 Isl.
g3 ig6.
g9 181,
iy 177.
£33 172,
92 168,
93 153,
94 159,
=13 155

96 151

a7 147

98 143

2389.1
2385.7
2392.5
2389.4

2386.3

2364.9
2362.8

2360.3
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1 033 12 5280, 3403.1 981.8 * 1 1136 53 583, 2516.4 076.7 % 1 1936 5% 140, 2351.9

1 0348 20 5383, 3420.% 9681.3 * 1 1148 &0 533, 2507.8 g76.7 % 1 1843 100 13a. 2350.0
975i7 caco 21 5408, 3423.2 981.9 * 1 1200 €L 504, 240%.4 876.8 * 1 2000 141 133. 2348.1
B‘bi7 0412 22 5357. 3415.3 og1.2 * 1 1212 &2 477, 2491.¢ B76.6 * 1 2p1z 162 128, 2346.2
975i’ 0424 23 5263, 3400.4 %gl.8 * 1 lzzd 83 £51. 2484.3 97,5 * 1 2024 103 128. 2344.5
97517 436 24 5135, 338C.E 981.7 # 1 1236 64 427, 2477.3 976,.5 * 1 2035 104 123, 2342.7
o
/f5i7 0443 25 4537, 3258.4 981.6 * 1 1248 65 405, 2470.8 976.5 * 1 2048 10% 1z0. 2341.1
975i7 0500 Zé 4345, 3334.4 9g1.4 * 1 1300 98 383. 2464,8 876.4 * 1 2100 106 117, 2339.4

-

9‘5i7 ¢s1z 27 4e87, 3305.5 g82l.3 * 1 1312 67 3683. 2456.8 97¢.4 ¢ 1 2112 107 114. 2337.2
975i’ 0524 23 4527, 3z84.4 @41,z + 1 1324 &8 343. 24%3.3 978.3 1 2124 108 112, 2338.3
975i6 0535 29 4367. 3259.4 281.0 * 1 1326 &3 325. 2443.1 876.3 * 1 213¢ 1CS 109, 2334.8

75,

s 0548 20 4220. 3235.1 950,33 * 1 1348 70 308. 2443.2 7.2 < 1 2148 110 106. 2333.4
stiu CECO 31 4078, 3211.4 530.8 * 1 1400 71 286, 2438.5 976.3 * 1 2200 111 104. 2322.0
975i6 0812 32 3820. 3185.3 980.6 * 1 1412 72 288, 24340 976.2 * 1 2212 112 iC1. 2330.46
975i6 Q624 33 3720, 3152.4 660.4 * 1 14z4 T3 230. 2429.7 876.2 *+ I 2224 113 89. 2329.3
975in CE36 34 3481. 3111.1 380.2 * 1 1438 74 272, 2425.4 97¢.2 * 1 22345 114 87. 2328.C
975i6 0&48 35 3229, 3083.8 eac,0 » 1 1448 7% 265, 2421.3 976.2 * 1 2248 LB G4. 2326.8
Q’Bib 0700 26 2886. 3025.4 278,71 + 1 1500 78 258, 2417.3 576.1 * 1 2300 1186 82, 2325.8
9?5i6 07tz 37 2748, 2582.1 978.4 v 1 151z 77 251. 2413.5 67¢.1 1 2312 117 a0, 2324.4
9f5i° 0724 38 2521, 2621.1 g72.2 * 1 1524 78 244, 2409.7 976,1 * 1 2324 118 6B. 2323.3
975i6 o738 39 2309, 2a0z2.7 979.0 * 1 1538 7% 237. 2406.1 8976,1 * 1 2326 119 ae. 2322.2
97di6 0748 40 2131. z86e7.4a 876.8 * 1 1548 20 231. 2402.5 97e.0 = 1 z343 120 84, 2321.1
975.5

* *

T e TR L i e A LA R T L e L e R e R R R R R R A R R LR R A LA
Avw

PERK OUTFLOW IS 54C%. AT TIME 4.00 HOURS
PEAK FLOW TIME MANTMUM AVERACE FLOW
6-HR 24-HR T2~HR 23,80~-HR
+ (CFs) (HR)
[CFs)
+ 5402, £,00 3785. 1158. 1188, 119%,
(INCHES) 16.877 20.947 20.947 20.947
(BC-FT] 1877, 2357. 2357. 2357.
PEAK STORAGE TIME MEXTMUM AVERAGE STORAGE
G-HR 24-HR T2-HR 23.490-HR
+  [AC-FT) (HR}
2423, 4,00 3153, 2585, 2585, 25848,
FERK STAGE TIME MAXTMUM AVERAGE STAGE
6—HR 24-HR 12-HR 23.80-HR
+ (FEET} (HR)
081.94 4.00 380,41 977.19 977.10 377.10
CUMCLATIVE AREER = 2.11 EQ MI
1

RUNOFF SUMMARY
F¥LOW IN CUBIC FEET PER SECOND
TIME IN HCOURS, AREA IN SQUARE MILES

PEAK TIME CF AVERAGE FLOW FOR MAXIMUM PERICD BASTIN MAX TMUM TIME OF
OFERAT LON STATICN FLOW PEAK AREA STRAGE MEX STAGE
- &—HOUR 24-HOUR 7 Z2-HOUR
HYDROGREPH AT
+ WEST 8174, 2.80 2589. 658, &58 . 1.08
HYDROGRAPH AT
+ BAST 8927, 2.80 LIET. 447, 447, e
HYDROGRAPH AT
+ TAKE 3738 2.40 8E9 238. 238 30
3 COMBINED AT
+ IR 16322, 2,80 5184, 1340, 1240. 2.11
ROTTED TO
= DAM 505, 4.4040 3785, 1158, 115E. 2.11
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PLAN 1 tirresnananaans

RATIC
oF
PMF

1.00

##%* NORMAZ, END OF HEC-1 ***

SUMMARY OF DAM OVERTOPPING/BREACH ENATYSIS FOR STATION
(PEZKS SHOWH ARE FOR INTERNAL TIME STEE USED DURING BREACH FORMATION)

ELEVATION

STORRGE
QUTFLCW

MEX TMUM

RESERVOIR
W.5.ELEV
$81.%4

—

INITIAL VALUE
373,83

MARTMUM

DEFTH

OVER DAM

.00

-0

2040,
21,

MEXTHMIT
STORAGE
AC-FT

3423,

o
5J
o
s

81,94
DAM
SPILLWAY CREST TOP QF DAM
575,50 83,00
2313, 3617,
(=N 8695,

MAX TMUM DURATION TIME OF TIME OF
OUTFLOW OVER TOF MRX OUTFLOW FATILURE
CEFS HOURS HOURS HOURS
5403. .00 £.00 L00

G

4.00
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*  FLOOD HYDROGRAPH PACKAGE (HEC-1)  * F)f&ﬁ FZ e . % U.5. RRMY CORPS OF ENGINEERS
* f J Ao B
* T 1598 * *  HYDROLOGIC ENGINEERING CENTER
*
* VERSION 4.1 * * 6C% SECOND STREET
-
* * - DEVIS, CALIFORNIA 95616
+
*# RUN DRTE  22SBFlZ  TIME 16:46:48 & * {916) 756-1104
«
x % «
«
B KA A Rk kR Rk Rk R KR
EE R R R e
4 X OODNKN  KEXRX %
x % X % b3 v
% X X % X
KXKAKEE  KANK X HOOK X
% XX X %
% %X x X %
% ¥ OOOKKKK IEEX e
THIS PROGREM REPLLCES ALL PREVIOUS VERSIONS OF HEC-1 ENOWN A5 HECL (JAN 73}, HECIGS, HECHHB, AND BECLEW,

THE
THE
NE#®

DEFINITIONS OF VARTA

DEFIXITION OF —AMSKK- ON EM-CRRD WAS CHENGED WITH REVISIGNS DATED 28 SEP 31.

OPTICHS:

NAMBREAK OUIFLOW SUBMERGENCE ,
DSS:READ TIME SERIES AT DESIRED CALCULATICN

INTERVEL

KINEMATIC WAVE: NEW FINITE DIFFERENCE ASLGORITHM

LINE

w4k FREE ¥¥%

DWW o e e L e

-

2e
21
22
23
24
25
28
27

28

2

30
31
32
33

35
EL]

HEC~1 INPUT

P
o CARDINAL FLY ASH DAM #2
I THIRD RAISING - CREST OF 883 =
I DESIGN FLOOD PMP, &-HR
o FILE: FRDZ-PMP-105FT-noP3
T 12 M 0 120
10 1
e} 10 26.5
BC ] L0130 LC027 .04z L0583 .078 085 .12z
BC L23 .38 .53 LB25 .67 LT05 136 LT6d
BC -83¢ 856 L8715 LE931 L8103 L9287 L9423 L3573
PC 1.06
KK WEST RUNCFF FRCM FADH41 WATERSHED
K RECLAIMED PCND AND LANDFILL
BL 1.08&
LS [ 75
FR 10
EW 1
T 10
up 0.52
KK E&5T RUNOFF FROM EAST WATERSHED
s WOODS ONLY
BA 0.75
L3 0 in
FR 1c
PW i
BT 1o
D 0.34
EK LAKE INSTANTANELUS RIWOFF FROM LAKE SURFACE
KM LEKE CRLY
EA C.30
BE 20
LS il 10¢
FR 10
PH 1
PT 1o
uD 0.1
KK IN COMBINE INFLOWS FRCM WESET RAND EAST WATEREHEDE
HC El
KK LM ROUTE FLOOD HYDROGRAFHES THRUF ZAD#Z
K& STARTING FOOL 15 MAXIMUM OPERATING LEVEL

i RSSUME PRINCIPAL SPILLWAY IS BLOCEKED
RS 1 FLOW 20.6

—-RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1373-3TYLE IXPUT STRUCTURE.

THIS IS THE FORTRANTT VERSION

SINGLE EVENT DAMAGE CRTCULATION, DSS:WRITE STAGE FREQUENCY,
LOSS RATE:GREEN AND AMET INFILTRATION

PRCE 1

L1a7 .18
.79 .314
L9715 L9581

AND LAKE SURFATE
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42 Sh 135.5 136.7 14z2.0 145.4 153.1 161,4 166.2 175.2 182.6

44 SE 960 G962 964 966 970 874 378 2350 RELS
£5 sQ 0 1} ] Q C &} Q 200 500 1000
£6 80 ison 2CC0 3000 4000 5CGC 5500 €000
47 5B 872.5 973 273.5 974 874.5 875 275.5 976,27 976.83 a77.7
48 58 278.37 B78.38 920,08 581,02 B81.9 282.32 3982.73
49 55 375.5
1 HEC-1 INFUT BRGE 2
LIXE D ... . OV : PO PR £ 1]
e ST SE3
51 ZZ
TRk kA AR R kR h Ak Rk ko k kk ok kk ko kk ko E kR kR Rk ok
Sk kkkkkkkk kb Ak kR kA k kAL kA kR ok
*
* FLOCD HYDROGRAFH PACKRGE (EEC-1) * = J.5. ARMY CORPS OF ENGINEERS
*
* SN 1598 * * HYDROLOGIC ENGINEERING CENTER
* VERSION 4.1 * * 602 SECOND ETREET
*
* * * DAVIS, CALIFORNIA 95618
*
= RUN DATE 225EP12 TIME 16:4G:48 * * (91%) 756-1104

- - =
*
B R e R LR L R T T T L P E R

T IR i L LR TS

CARDINAL FLY ASH DAM #2

THIRD RAISING — CREST OF 983 FT
DESIGN FLOOD PMP, 6-HR
FILE: FAD2-PME-1G5FT-nucoPS

6 10 OUTPUT CONTROL VARIABLEES
TERNT 1 PRIXT CONTROL
TPLOT 0 PLOT CORTRAL
QSCAT, G. HYDROGRAPH PLOT SCALE
IT BYDROGRRPH TIME DATR
NEIN 12 MINUTES IN COMPUTATICN INTERVAL
ICATE 1 0 STARTING DATE
ITIKE G000  STARTING TIME
NG 120 NUMRER OF HYDROGRAPH ORDINATES

HDDATE 1 0 ENDING DATE

NDTIME 2348 ENDING TIME

ICENT 12 CENTTRY MRARK

CCMPUTATION INTERVAL .20 HOURS

TOTAL TIME BASE 23.90 HOURS

ENGLISH UNITS

DRAINASE ARER SQUARE MILES
PRECIPITATION DEFTH THCHES

LENGTH, ELEVATION FEET

FLOW CTBIC FEET PER SECOND
STORAGE VOLUME ACRE-ZEET

SURFACE ARER LCRES

TEMPERATURE DEGREES FAHREWHEIT

Mk ek khE khd mehk khd kkk kwd whE hhd wad bk kdw kkE ke khd khw wwk kkdk kkE kkk ARk kb wad khw Fdd ke ke kdk kww kkd khk

-k
Ak k ko k R kT
= *
12 KK * WEST * RUNOTE FROM FRDH#1 WATERSHED
+ *
bk k %ok ko k ok
REECIAIMED POND AND LANDFILL
SUEBASIN RINCFE DATR
14 BA SUBBRSIN CHARACTERISTICS
TAREA. 1.06 SUBBASIN AREA
PRECIPITATION DATA
18 PT TOTAL STORY STATIONS 19
0 PW WEIGHTS 1.00
1€ PR RECORDING STATIONS 10
17 P9 WEIGHTS 1.00
15 L3 SC5 LOSS RATE

STRTL .67 INITIEL ABSTRACTION

PLATE 56



WZRWING *** TIME INTERVAL

18 U

CRVIIER
RTIMP

75,00
.00

CURVE HUMEER
PERCENT IMPERVIOUS AREA

SCE DIMENSTONLESE UNITGRAPH

TLRG

.52

LEG

PRECIPITATICN STATION DATA

ok

WEEGHT
1.co

.02
.03
.02
Ble]
.00
.00
.00
.00
.0g
]
.co
.00

TNIT HYDROGRAPH
15 EWD-CGF-PERICD ORDINATES

STATLION TOTAL AVG. RINNUARL
10 28.50 SO0

TEMPORAL DISTRIBUTIONS

STATION 10, WEIGHT = 1,00
.01 0L .01 .02
.15 W15 .10 .05
.02 cz2 .0z .0z
.aa Sy .00 .00
.00 .00 .00 .00
.00 .00 i} .00
.co 00 ] .00
LG0o .00 .oo ]
LGe .00 -Go )
Ny .09 LGG .0
Y .o .00 .Go
.00 .00 B .00

IS GRERTER THAN .28*LAG
180. &07, 326. R 453,
19. 11 7. 4, 1.

259,

157.

.0z

03

.01

an

.oc
L0
Lo
LG

oo
09
[ola}
00

92.

.02
.03
0L
.00
-Q0
.00
.00
.00
.Go
Y
LD
sl

54.

.03
.0z
.01
.00
.0n

.COo
.oo
-0
L00
-00
.aa

.05
.02
L0l
.00
.00
.00
.00
.G0
.Co
Aty

R R R T LR R R R Rk e e e e A A R R R S L A A Rt

tew

HYDROGRAPH AT STATICN

WEST

e R R R R AR R R R e A A R A A AL A R R R e A R R R L]

*xk

DA MON HRMN

e e i e R e e e e e e I e e ]

coag
0a1z
00z4
0036
0048
o100
0112
0124
Gi3a
£14e
200
czlz
0zz4
0236
0246
030
0312
0324
0338
0248
G400
G412z
0424
0436
0448
Q500
0512
0524
15356
£548
Ce0o
celz
0624
0636
0648
a7ce
0712
a724
0736
0748
€aoo
CE1Z
0324
0836
PEEE:
gocce
qe1z

QRD

43

LOC
Msly
LuG

Log
.34
W27
.31
.28
.25
L22
.18
.20

EXZCESS

LG0
.oo
.00
.05
.1z
.22
.31
.38
47
.68
i.10
3.58
3.77
2.43
1.18%
.90
.80
LT3
.87
.82
.27
.52
.49
.47
L&D
S43
W41
.39
.38
.37
.36
.od
LGO
-00
S0G
L0
.00
.00
.00
i)
.00
.00
.00
.CO
.CC
.ot
.00

COME D

a,

0.

G.
1c.
57,
187,
343,
566.
815.
1100.
1504.
2516,
4635,
7003,
8174,
7871,
£310.
5000,
4045,
3384,
2915,
2566,
2292,
2077,
1808,
1771,
1657.
1562.
1484.
1419,
1364,
1258,
1c07,
EBE.
£13.
241,
143.
3.
£9.
23,
1l6.
=

.

2.

0.

G.

c.

T

E

I I I T T T T SR S S

El

2 MON HEMH

e e L e = R = e

e e T T S e e e o

1200
1212
1224
1236
1248
1300
1312
1324
1338
13448
1400
1412
1424
1436
1448
1500
1512
1524
1536
1548
1600
1glz
1624
1836
1646
17co
1712
1724
1738
1748
1800
1812
1324
1836
1348
1300
1912
1924
1936
13:8
200C
2012
2024
2035
2048
2100
2112

CRD

61
62
63
G4
3]
1]
@

68
59
70
71
72

=2

Ge
97
248

100
101
102
103
104
103
106
1c7

LGo

.00
.00
.an
Bily
Lo
.Ca
00
.00
.00
.00
.00
.00
.00
LQc
LA0
.oo
LCO
.Go
.00
.00
.00
.00
.0d
.0d
.00

LOSS

.00
L]
.00
.00
.00
GG
LGO
.00
Aelsl
.00
.00
.00
.00
00
.00
.o
. GO
.00
L00
.00
Q0
Laa
paili}
-0
.00
-GG
GO
.Co
.00
.00
.00
.00
Bsld]
.00
.00
oo
.ot
.o
L GO
L00
-0
L00
Q0
]
.Qa
.0a
.00

EXZESS

.00
i)
.00
L00
.00
oo
oo
L0
.00
.00
.00
.Q0
.00

.00
.00
Ril]
L0490

COMP @

0.
a.
a.
.
0.
a.

CooOoOoOCoCOMOOOoOoOOoooon

0.
0.
a.
a.
Q.
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1 cez4 48 .00 .00
1 [HexE) 45 ) .00
1 0243 5C -oa .oo
1 1000 E1 .00 LGo
1 1012 52 -4 .00
i 1024 53 .00 L0
1 1038 54 -a0 Y
1 1042 55 .GeC .00
1 1100 58 .CC .00
1 1112 57 .00 .00
1 1124 5B LGo LU0
1 1138 58 .00 .00
1 1rde 60 .00 .40

ok kk ke kkhkk Rk kA kR m bbb ke sk k wwd ek k kb hd ok

ke

ad
a0
09
09
0o
co
co
oo
oo
oo
00
oo
00

foun T o o e B e i Y e e [ - o s
*
I e N Y L =N =

T

2124
2138
2143
2200
2212
2224
2235
2248
2300
2312
2324
233¢
2348

103
109
110
111
11z
113
114
115
116
117
118
112
120

.oC
L0
.00
.00
.00
.00
.00
.00
.00
.00
.0D
GO
.GO

.00
SO0
.00
.00
il
.co
.co
Lot
.00
Lu0
.00
.00
.00

-0G
Qe
.ac
.Gc
.00
LGO
.00
L0
.00
.00
.00

el

I=1

TOoO0O0Da0 00

(==

P R  a R R R R R R T T T e

TOTEL RAINFALL = 26,50, TOTAL LOSS = 3.€2, TOTAL EXCESS = 22,88
FERK FLOW TIME MEX {MUM AVERREGE TLOW
6-HR 24-HR T2-HR 23, B0-HR
+  (CFS) {HR)
{CFS)
+ 8174. 2,80 2588. 558. 658. 658,
{INCHES) 22.704 22.881 22,881 22.881
[RC-FT} 1284. 1294. 1294. 1234.
COMULATIVE AREA = 1,06 8¢ MI
Fkw hkw kkk FFF wmAk kkdk Amwm FEE wwF wkdh bdd kb okl kdkd ke kFd kA ® Rhkh kA wm wwok
P
P
« *
26 EX * EAST * RUNOFF FROM ERST WATERSHED
« *
Kkhkhwkokwwah T h ok
WOODS ONLY
SUEBASIN RUNOFF DATA
22 EA SUBBASIN CHARRCIERISTICS
TARER .75 SUBBASIN AREA
PRECIPITATION DATA
26 PT TOTAL STORM STATIONS 10
0 PW WEIGHTS 1.00
24 PR RECCRDING STATIONS 10
25 W WEIGHTS 1.00
23 L§ 305 10SS BATE
STRTL .86 INITIAT ABSTRECTION
CRVNER 70.00 CURVE NUMBER
RTIME .00 PERCENT TMFERVIOUS AREA
27 UD $CE DIMENSIONLESS UNITGRAPH
TLAS .34 1RG
pes
PRECTEITATION STATION DATR
STRTION TOTAL  AVG, RN WEIGHT
10 26.50 .00 1.00
TEMPORAL DISTRIEUTIONS
STATION 10, WEIGHT = 1.00
.01 .01 .01 .02 .02 .02
.15 .15 .10 .05 .03 .03
.02 .0z .c2 .0z .0z .02
.00 .0 Nl .00 .00 .08
.00 .00 .00 .00 .00 .08
.00 .ao .00 a0 .co .00
.00 .00 .00 .ac .co .00
.oo .ca .00 .oc .co .08
.6e .COo .00 G0 .00 .00
.00 .00 .00 .co .00 .00
.00 .oc .00 .co .ot .co
.00 .oc .00 .oe .00 .co
WAENING *** TIME INIERVAL IS CREATER THEN .29+1AG
UNIT HYDROGRAFH
10 END~OF-PERICD ORDINATES
329. 820. 563, 314. 153. 73. 34,

e

wkk wkok kkE KT

o2

.03
.01

.02
.00
.00
.00

a0
a0
00
a0

.02
.03
.01

A
.ce
.CC

.00
.00
.00
.00

Tk mkw

.03
.0z
.Gl
Ay
.00

kb w

-C5
.02
L0l
L00
.00
.00
L00
.aa
.00
i)
]

wEk kwk
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HYDROGRAPH AT STATION EAST

e e R L LR R R LR L L L R A A AR E R I AR AR AR T s

s

DA MON HEMN

T e R R R R e e e e e e e e e il el S S

ORD
cooo 1
colz z
oz 3
0C36 4
OC48 5
0100 a
0112 T
0124 g
0136 g
0148 1c
0200 11
D21z 1z
0224 13
023& 14
0243 15
0300 16
0312 17
t3z4 18
G336 13
0348 20
0400 21
0412 22
0424 23
0436 24
0448 25
aLco 26
0512 27
as524 2§
05328 29
0543 30
0600 31
0612 32
Cezé 33
Ce3e 34
Cced8 35
o700 38
0712 a7
0724 38
0736 39
0748 40
03co a1
081z 42
agz4 432
0836 44
0848 45
020G 4%
0812 47
oz a8
C236 49
043 50
icoo £l
1012 52
1cz4 53
1034 54
1048 5%
iico hE
1112 57
1124 58
1136 59
1148 69

REIN LDSE
.oo .00
L34 .34
.37 .37
LJED .38
.4h .36
.50 .34
.56 .31
.61 .28
.85 W25
BT .27

1.32 .31

3.57 .57

3.97 .31

2.52 .13

1.19 .05
.93 .04
.82 .03
L1E .03
.69 .oz
.64 D2
.58 .0z
.53 .01
.50 .01
.48 L0l
.48 .01
.43 .01
.41 .01
.46 .01
.38 .01
.38 .01
.37 .01
e .ad0
.00 .00
.00 .00
.00 oo
.00 .00
.0Q oo
.04 .00
.00 .G
.40 .Co
.00 .00
.00 LS00
.00 .00
.00 .00
cc .00
GO .00
.00 .00
.00 .00
.00 .00
.00 .00
.00 .ao
.00 .oG
.aa .GC
.ag LG
.00 G0
.00 .Go
.00 .00
.ac .00
L.0C .00
.G .00

EX

"
CESS COMP O *
+

.00 0. *
.ce 0. .
Nl 0. *
o1 5. *
.09 40, *
.17 134, *
.25 280. ®
.33 454. *
.41 641. =
.61 871. *
1.01 1265. *
3.41 2563. *
3.67 4se6, *
2.38 6527. N
1.14 5074 *
.89 4801, *
1o 3361, *
72 2611. .
.67 2157, *
.62 1871. *
.57 1670, *
.52 1506. *
.49 1371. "
.47 1274, *
.44 1195. *
.42 1132, %
.40 1075, *
.39 1024. *
.38 281. A
.37 S4€. *
.36 517, *
.00 777, -
.00 469, *
.Co 222, *
.00 106. *
.oe 50. *
.00 23, *
.00 10. *
.00 4. *
.00 1. =
a0 a. *
.60 0. "
a0 0. *
.00 C. *
0o e. +
.00 c. *
.co 0. *
.oo 0. *
.ce 0. *
oo 0. +
.00 0. -
.00 0. «
LoD 0. *
.00 0. *
.00 0. -
.qo 0. #
.00 0. 4
00 0. *
080 0. *
00 a. *

“

DA MON HRMN

1zco
121z
1224
123&
1243
1300
1312
1324
13386
1348
1444
1412
1424
1436
1448
15C0
1512
1524
1538
1549
16800
1612
1624
16386
1648
1700
171z
1724
1736
1748
is8ce
1812
1924
1836
1848
1800
1912
1924
1536
1848
2000
201z
2024
2036
2648
2icc
2112
2124
2138
2148
2200
2212
2224
2236
2248
2300
2312
2324
2338
2248

s el e T e T e e e R e e e e e il

ORD

28
G2
€3
&l
€5

a1
gz
g3
34
35
26
&7
B8
]
=D

52

93

24

35

=13

97

98

39
100
101
102
103
104
105
1ce
1c7
ics
109
110
111
11z
113
114
115
116
117
11%
118
120

RATN

.00
bl
.40
By
L0
.CO
GO
.COo
L 00
.00
.00
-00
.0aQ
.00
.Qo
k]
.00
00
oo
LCC
.coe
.oo
.oo
.00
.00
.00
.00
.00
.00
.00
il
.00
.00
N
.G
.0G
.00
.00
SO0
00
.00
.00
LQaa
i)
-a0
a0
-00
LGO
.co
.o
.o
.00
W00
.00
.00
.00
.00
.00
.40
.00

LOSS  EXCESS LOME
.00 .60 a.
el Lo 0.
.00 Ny 0.
.00 Q0 0.
.00 .00 C.
.00 .09 C.
s .00 0.
.CCG .00 0.
.COo .00 0.
L0 L00 0.
.00 .ae 0.
.00 Lac o,
.00 .ace o.
.00 -ac a.
.00 .o a.
.00 .co a.
.00 co 0.
.00 GO J.
.ao .00 o,
.ao .00 o,
.oe .00 C.
-co .00 G.
LGG .00 0.
-co .00 o.
L0 .00 0.
.00 .00 0.
.00 .00 0.
.00 ac 0.
.00 oo 0.
.00 oo 0.
.00 co 0.
.00 co 0.
.00 .CO a,
oo LCOo C.
oo -00 C.

LG .00 G.
[HY .00 G.
oo .00 0.
00 .QQ 0.
L00 il 0.
.00 ) 0.
.00 -ao 0.
.00 -ac 0.
.00 06 0.
.00 LGo 0.
.00 LC0o a.
.00 co a.
.ao sls) a.
-ao o0 0.
-GG oo 0.
-coe .00 t.
-co .00 G.
L0 L0 0.
.o .00 0.
.0D .00 0.
L DD .00 0.
.00 .00 0.
.00 oo 0.
Ll oG 0.
.00 oo a.

O L f L R R R R R E L e e R T R i R e e R e R e L R

*kk

TOTAL RRINFALL = 26,50, TOTAL LOSS =
PEAK FLOW TIME
&-HR
+ {CF3} (HR}
(CFs)
+ 6227, 2.60 1787,
{TMCHES) 21.902
(AC-FT) 876,

Ak KEE TET

ke

CUMLETIVE ARER =

FEh kEk bk ok kv

Rww kdw bwe

EERS

4.53, TOTAL EXCESS =

MAXIMUM AVERAGE FLOW

24-HR 72-HR
447. £57.
21.971 21,971
879, 879,
W75 50 MT

FEE hkdh wmh hhw whE kAW

21.27

23.8C-HR

447.
21,971
879.

Gk kkk whkh wkk kwkk KFR mokk k% woEE kww KAk

wEw kkm mEE www
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28

30

31

33
34

32

EBA

BT

FR

EW

L3

up

B T T3

N .
* TAKE + TWSTANTANEOUS RUNOFE
N i
B ARk
LAKE OMZY
SUBBRSIN RIMNOFF TATA
SUBBLSTH CEARACTERISTICS
TAREA .30 SUBBASIN AREA

BASE FLOW CHARACTERISTIC
STRTD 2¢.00
QRTSN .00
RTIOR 1.00CGG0

PRECIPITATION DATA

TOTAL 3TORM STATIONS
WEIGHTS

RECORDING STATIONS

WEIGHTS
SCE LOSS RATE
STRTL .00
CRVNER icc.do

RTIHP .00

3

INITIAL FLOW

BEGIN BASE

FROM LAKE SURFACE

FLOW RECESSION

RECESSICH CONSTANT

INITIAL ABSTRACTION
CIRVE NUMBER
PERCENT IMFERVIOUS AREA

5C5 DIMENSTIONLESS TNITGRAPH

TLAG L10

PRECIPITATICN STATION DATA

STATION TOTAL
10 26,50

TEMEORAL DISTRIEUTIONS

STATION 10, WEIGH
.01 .01
.15 .15
.62 .02
LG L00
W00 sls)
pele] .40
.o .00
.00 .00
.00 .00
.a0 .00
.00 .00
.00 GO

LAG

AVG, ANNUAL

T =
-0l
.10
.02
L CC
.GG
.oo
.00
.00
.00
.00
el
.00

1

.00

Sco

.02

3
.Gz
.00
Ay
.00
L Q0
.00
.00
.00
.00
.00

WARNING ### TIME INTERVAL I35 GREATER THAN .Z8*IRG

UNIT HYDROGRAPH

WEIGHT
1.00

.0z
.03
0z
.00
Loe
.co
LD
.00
.00
.00
.00
.aa

.02
.03
L0z

.00
.00
.00
il
.00
oo
.CC

5 END-OF-PERIOD CORDINATES

0.

.02
.03
.01
.00
.00
LU0
.00
00
.00

,0D
LG

.02
.02
.01
.00
.00
.00
.00
.oo
.COo
-ca
SO0

S03
.0z
.01
.00
]
Laa
.0a
Lot
LG
oo
.G0
.00

.05
.02
.01
.00
.00
.00
.00
il
.00
W00
oo

B R Lt R R R R R L T R e e AL A L L SR L LR R s

*k

HYDROGRAPH AT STATION

LARE

A Y R R R R L e R R L R B R R L e e L R E L ]

hk

DA MOM HREMN

O el e e e e e e e e e o

ORD REIX LOES
ooGe 1 LG .0C
ociz 2 L34 .oc
oezd 3 .37 .00
CG36 4 .40 .00
e} 5 45 La0
0100 & .50 .00
0112 7 .56 L0
0124 3 .61 0o
0136 G V65 o0g
0148 1G .B7 .0g
0200 1 1.32 .00
Qz1z 12 3.97 Lo
0zz4 13 3.97 -G0
02326 14 2.52 .CC
nz4s 15 1.1¢% LCC
03006 16 .93 Lo
0212 17 .32 e
G224 1& Yy il
0236 1% .89 .00
0348 20 J64 .00

EXCESS

. GO
.24
.37
LEQ
LE5
.50
.BE
.61
.66
LB7
1.32
3,087
3.87
2.52
1.19
.93
.2z

7

.59
Ge

COP O

20.
2€8,
356,
384,
451,
431.
543,
594,
645,
811,

LIED.
3185,
2738.
2799,
1573,
1056,
885,
Teq,
Too.
652,

O

EIE

i«

T T S S

»

DA MON HHEMN

[ I e s L ]

1200
1212
1224
1238
1z4¢
1300
1312
1324
132¢
1348
r40C
1412

QRD

61
62
a3
L]
a5

=

77
78
79

BAIN

B¢
.00
.00
.00
.00
.00
kil
.00
L0
.an
.0

.CC
LGG
Lo
L0G
LOG
L0
.00
-Qo0

LOs3

-Q0

.00
.00
-oo
LGC
-G
GG
LC0

elel
L0

COMP

20,
20.
20.
20.
20.
20.
20,
20.
20,
20,
Z0.
20.
20.
24,
20.
20,
20.
z20.
20.
20,
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1 C4ann 21
1 Gal2 22
1 GL24 2

i 0438 24
1 n44g 25
1 0504 286
1 0512 27
1 0524 28
1 053¢ 29
1 0548 30
1 plavy 31
1 Cel2 32
1 t624 33
1 Ce36 EL|
1 [e22:3 35
1 0700 36
1 0712 37
1 07z4 28
1 0736 39
1 0748 £0
1 aeco a1
1 os1z 4z
1 0gz4 43
1 [H=E1) 44
1 [H:23:] 45
1 0900 46
1 0312 47
i 0824 48
1 0336 4G
1 Q3848 1
1 1400 51
1 101z 52
1 1024 53
1 1038 54
1 1048 55
1 1ioc 56
1 1ilz 57
1 1124 58
1 11345 52
1 1148 &0

.58 .00 .58 BC0. * 1
.53 .00 .53 549, * 1
.50 .00 1) 517. * 1
.48 .00 .28 482, * 1
.46 i) .46 453, * 1
.43 .00 .43 447. * 1
.41 Q6 .41 427 . * 1
.44 .ac .44 4140. * 1
L35 Lao .35 398. * 1
L38 e .38 388, * 1
.37 LCD ey 379. i 1
LCD G0 -Co 11z, * 1
.00 .00 -Go 34, * 1
.00 .00 Loo 23. * 1
.00 .00 .00 20. * 1
.00 .00 .00 20. * 1
.00 .00 .00 20. * 1
el .00 .00 20. ¥ 1
.00 .00 .00 20. * 1
.00 Lan Bl 20, * 1
.00 .0G .00 240. * 1
.oe L0 .00 20. * 1
L0G .COo oo 20, = 1
LCo .Co .CC 20. = 1
LCO .Co .COo 20, * 1
.00 .00 .Go 20. * 1
.00 .00 .00 20, * 1
.00 .00 .00 20. + 1
.00 -00 .00 20. * 1
.00 .04 .00 20. * 1
.0 uli} .00 20. * 1
ili} Lan .04 20. * 1
i} .ac i) 20. * 1
.0c .40 -00 20. * 1
.oc Le0 -Q0 20, * 1
Y .co .o 20. ® H
Lo .00 LCo 20. = 1
S00 .00 .co 20. * 1
.00 .00 .00 20. * 1
.00 .00 .00 20, * 1
*

lelC g1
1612 g2
1624 g3
1636 g4
1648 a5
1700 a4
1712 37
1724 83
1736 339
1748 90
1800 EX
181z az
1gz4 23
1836 24
reds 95
1300 L)
1g12 67
1524 33
1228 EE]
1343 100
2000 101
2012 102
2024 103
2036 104
2048 105
2100 106
2112 107
2124 108
2136 1Co
2148 11C
2200 111
221z 11z
2224 113
2238 112
2248 115
2300 116
231z 117
2324 118
2336 11%
2348 120

oG
o0
.00

-on

00
.00
.00
.00
.00
.G0
L Qe
.oC
.00
.ao0
.00
.00
.00
L0
]
.C0
.CO
.oC
.00
.00
.00
.00

00
.00
.00
e
.00
LCG
.00
.oo
.00
.00
-40
.00
.oa
.0a
.00
.00
Y

20.
20.
20,
20.
20.
2c.
Z20.
20.
20.
20.
20.
20,
20.
20,

20,

Z0.

T R R L Ll Rk L T A AR T SR R R R R e E S R e b L L

.

TOTAT, RAINFALL = 26.50, TOTAL LOSS = .0G, TOTAL EXCESS = 26.50
FEAK FLOW TIME MAXIMIM AVERRGE FLOW
6-HE 24-HR J2-HR 23.8C-HR
+ (CFS) (HE)
(CFS}

+ 3738, 2.40 F62, 236, 236. 236,
{INCBES) 26.923 28.595% 28,958 28.55¢
{AC-FT) 431. 483. 483, 483.
CIMULATIVE ARER = .30 80 MI

dewn kA khk kkk kddk dkkk bk dhwk khkm hak bk kwk k% kkk kEk KEF Ak AkA kw

kR

3

2

dk kR EE R kAR F R

w *

*

7 Ik
E *

Tk h ok kR

8 HC

ok hEE kAR

kkk Kk#H

COMBINE INTLOWS FROM WEST AND EAST WATERSHEDS AXD LRKE SURFACE

HYNIROGRAPH COMBIRATICH
TCOMF

3 NWUMBER OF HYDROGRAFHS TO COMBINE

s

wa

R

Ehk Ak

ke Ew e kwd

R R e LR R R R e A R R R R L e R R R AR D

LY

HYDROGRAPH AT STATION
S OF 3 HYDROGRAPHS

REN

e S R R L R A S R R R R R R AR L R

FEs

FLCW

61

&2

DA MOM HEMN  CRD FLOW * DA MOW HRMN ORD FLOW * 2B MON HRMN  ORD
* *
1 oceo 1 20, * 1 o600 31 26863, * 1 1200
1 colz Z ZE8. * 1 nelz a2 2144, * 1 1232
1 coz4a 3 356 - 1 0&Ezd 33 1512 * 1 iz224

€3

FLOW

2C.

20,

20.

A MOM HRMKN

o

1aco

1812

lez4

ORD

w
oo

w
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24,

20.

20,

20,

20,

20.

20.

20.

20.

20.

20.

20,

20.

20,

2C.

20.

20.

20.

20.

20.

a03d 4 409, * 1
no4g S 533. = i
Groo 3 TB3. ® 1
0112 7 11¢5. * 1
0124 8 1613, * 1
0138 G 2102. * 1
014z 10 2781, * 1
£2404d 11 3949 - 1
212 1z Bze4, * 1
0224 13 13339, * 1
0235 14 1632% * 1
0243 15 15821 * 1
0300 16 13330, * 1
c31z 17 10536, ® 1
0324 18 8376. * 1
0326 13 6907, * 1
0348 20 5309, * 1
0400 21 5188 * 1
041z 2z 4621, * 1
G424 23 4179, * 1
0436 24 3839, * 1
0443 25 3571. * 1
0500 Z8 3350, * 1
951z 27 3153. * 1
0524 28 2596, * 1
536 23 2863, * 1
0548 30 2753, * 1

0826 34 931, * 1 123% €4 20, = 3
0649 35 539, * i 1248 ) 20. ® 1
0700 36 311. * 1 1300 23] 20, * 1
C712 37 186. * 1 131z 67 20. * ]
o724 38 114, * 1 1324 58 20, * 1
0736 35 3. * 1 133@é 69 20. * 1
0748 40 49. * 1 1348 It 20. - i
0800 43 6. ® 1 1400 71 20. * 1
0812 42 28 * 1 1412 2 20, w 1
Gez4 43 25. * 1 1424 73 20, * 1
G228 44 2z * 1 1438 74 ZC. * 1
DB48 45 20, * 1 1448 15 20. * 3
090C 46 20. * 1 1500 e 20, ® 1
0812 47 20. - i 1512 77 20. * 1
0924 4g 20. * 1 1524 T8 20, * 1
(936 43 20, * 1 15386 T8 20. * 1
0948 50 20, * 1 1548 g0 2C. * 1
1000 51 20, * 1 16C0 8L 20. = 1
1012 52 20. * L 1812 gz 20, * 1
1024 53 20. - 1 1524 83 20. * 1
1036 54 20. * 1 1438 g4 20. * 1
ic4e 55 20. * 1 1648 85 20 * 1
1150 58 2C. * 1 17c0 Ed 2C, * 1
1112 =7 20. * 1 1712 37 20. * 1
1124 58 Z0. * 1 1724 38 20. * 1
1136 53 z0. * 1 17386 ] 20. * 1
1148 60 20, * 1 1748 20 20. * 1

*

1834

1%48

2000

2012

2024

203

a

z048

2160

211z

2124

2138

2148

2200

2212

2224

2312

2324

2336

2348

e}
wn

1CeC

101

102

11

111

112

113

114

1%

11¢

117

1ls

11ls

1z0

e R R T E E LR R E LRl R S e T R L A R R

EEEY

PEAK FLOW

+

¥
v

{CF5)

14323,

39

4z

S
-

EX a3

KK

RS

TIME MEXINMUM RVERAGE FLOW
¢~HR 24-HR 12-HR 22.B0-HR
(HR}
(CEFS)
2,860 Sles. 1340. 1340, 1344.
{ INCHES) 272,843 23.422 23.422 23.422
{BC-FT) 2571, 2636, 2636, 2636.
CUMULATIVE AREL = 2.11 sQ MI
ko dww b Ak e kwd vk kEE Kk bhm kkk vk wwk kK kAR AEA khwh wmA wwd kkk ke wwk kkk dkk Kkk
P A
* =
* DAM  * ROUTE FLOOD HYDROGRAPHS THRU FAN#2
B +
B S T I
STARTING POOL IS5 MAXIMUM OPERATING LEVEL
AS5IME PRINCIPRL SEILLWARY 15 BLOCEED
HYDROGREPH ROUTING DATA
STORZGE ROUTING
METPS 1 NUWEER OF SUEREACHES
ITYE FLOW TYPE OF [NITIAL CONDITION
RSVRIC 2G.60 INITIAL CONDITICH
x .00 WORKING R &XD D COEFFICIENT
ARER 135.5 138.7 142.0 145.4 153.1 161.4 166.2 175.2
ELEVATECHT 860.00 DEZ. DG 9¢4,00 966,00 970.Cc0 974,00 97¢,00 980.C0

ARk kA

G

ok sk kdk

152.¢6

36.00
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45 =0 DISCHARCGE 0.
1000,
1500,
47 SE ELEVATION 972.50
877.70
978.37
4% 33 SPTILIWAY
CREL 975,80
SPWID .co
COogW .Ce
EXPW 1.5¢
50 5T TOF QF DAM
TOPEL 983.00
DAMWID Qo
[stelen] 0a
EXPD 1]
STORAGE .00 ATE.19
ELEVATION 960.C0 962.00
STORAGE .00 274,19
QUTZZLOW Laa .co
ELEVATION 9g0.00 EL Y
STORAGE 2230.74 2312.%3
QUTFLOW ] .00
ELEVATION 975.G0 975,50
STORAGE 3258.64 3416.47
CUITFLOW 4000,00 5000.00
ELEVATION 981.02 581.90

0. 0. 0. 2. 0.
2000. 3000. 4000, 5000. 5500,
973,00 873.50 7400 974,50 975.00
578.98 980.06 981,02 581.50 982.32
IPTILWAY CREST ELEVATION
SPILLWAY WIDTH
WETR COEFFICIENT
EXPONENT GF HEAD
ELEVATION AT TOF OF DAM
D2 WIDTH
WEIR COEFTTICIENT
EXPONENT OF HEAD
e
COMPGTED STORAGE-ELEVATION DATA
554,89 842,28  1439.21  2068.14  2395,73
964.00 966,00 970.00 974.00 976.00
COMPUTED STORAGE~CUTFLOW-ELEVALTON DATA
[INCLUDING FLOW GVER DEM
554,88 §42,23  1439,21  1828.4C  1807.73
.60 .00 e .03 a0
964,00 366.00 57040 972.50 373.90
2395,73  244C.69  2544.53  26B1.4%  2755.69
129.87 265,00 560,00 1600.00  150C.G0
976.00 876.27 576.89 977.70 978,37
3432.58  3567.37  4181.44
5500.00  6000.G0  9999.0%
982,32 982.73 986.00

a.

&aoo.

875.5%0

382.73

30768.45
98C.00

1887.70
]
973.50

29C0.593
2C00.00
978.98

200. SC0.
976,27 976.882
4181.44
985,00
2088.14 2148.14
0o .co
974,00 974.5
3073.45 3088.897
25944 .45 3000.00
280.00 880,06

T R R R e R R R R T A ARt L R

s

HYDROGRRPH AT STATION DAM

e T LR L L R R e L R R A e R e R e A A AL e A A AR A AR

s

DA MON BEMN ORD OUTZLOW STORAGE STAGE
STRGE
1 ooco i 21. 2326.0 275.%
976.3
1 ooiz 2 2&. 2328.0 875.8
976.3
1 coza 3 31, 2352.7 75,6
974.3
0034 4 40, 2336.4 975.7
8762
I 0048 5 51, 2345.5 975.7
8976.2
1 0100 ) 67. 2355.5 975.8
976.2
1 011z 7 20, 2370.3 975.8
378,2
1 £124 8 123. 2391.4 976.0
376.2
1 0135 3 1e7. 2419.7 97a.1
876.2
1 0lag 140 246. 2456.5 gre.4
976.2
1 0200 11 381 2506.8 97¢.7
976.1
1 0212 12 6599. 2598.7 977.2
G7a.1
1 €224 13 1245. 2760.4 878.2
97a8.1
1 C238 14 2394, 28747 978.4
a76.1
1 0248 15 3802, 31sc.8 980,86
275.1
1 0300 1@ 4671. 3364.3 981,86
87¢.1
1 031z 17 2407, 3478.4 532.2
e7¢.1
1 G324 18 5823, 3841.8 ag2.4a
878.0
1 0226 18 608, 3570.1 agz.7
976.0

* DA MOX¥ HRMN CRD QUTEFLOW STCRAGE STAGE * DA MON HRMN ORZ OUTFLOW
* *

= 1 08CC 41 2015, 23803.7 979.0 * 1 1o Bl 217,
1 0812 42 18€3. 287%2.2 973,84 * 1 1812 82 207

* 1 Qg2& 43 1725. 2843.0 878,686 * 1 1624 83 199

* 1 0836 44 1586, 2815.9 378.5 * 1 le3e 84 195.
* 1 g4 45 1478, 2730.8 G78.3 * 1 led48 85 190,
* 1 Goc0 46 1377, Z767.6 978.2 * 1 170G B6 i86.
1 091z 47 lzgz2. 2745.59 273.1 * 1 1712 87 182,
1 09z4 48 1194, 2725.8 a97g.0 * 1 1724 88 178,
o1 0936 49 111%. 27c7.1 977.9 % 1 1736 89 174,
1 0548 40 10386. 2689.7 277.7 * 1 1746 90 170,
* 1 icoo 51 a7l 2673.4 e77.7 + 1 lgec 51 156.
1 1012 52 915, 2658.2 977.6 * 1 181z 52 162,
* 1 1024 53 8632 2643 .8 a77.0 ¢ 1 1824 93 159

ol 1335 54 414 263C.3 877.4 7 1 1836 B34 155,
o1 1048 55 TaT. 2617.5% 9773 v 1 1848 95 152,
* o1 1100 56 723, 2605.5 9773 x 1 1aco 88 143,
=1 111z 57 682 2594.2 977.2 % 1t 1912 97 145.
o1 11z4 5& €43, ZhE3. 8 297.1 ¢ 1 1924 &g 142,
o1 1138 5% &07. 2E73.6 917.1 + 1 19356 8% 138,

3T

2

2z

2

2

2

2

2

z

2

2

2

2

2

2

2

2

2

ORAGE

44c.2
437.3
434.4
431.7
42B.3
42€.3
423.7
421.2
418.8
£16.4
414.1
411.8
409. ¢
407.5
405.4
£03.4

A01.4
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1 0348

976,0

1 0400
576.0

1 041z
G760

1 n4z4
37¢6.0

1 Cc43e
976.0

1 D448
276.0

1 050¢C
97¢.0

1 0e1z2
975.8%

1 0524
575.8

1 05386
575.4

1 0548
975.%

1 Cato
875,35

1 081z
975.9

1 0624
97c.9

1 Le3e
275.9

1 0543
375,38

1 a70G
375.9

1 712
@75.8%

1 o724
975.9

1 0736
975.3

1 D748
G§75.8

20

22

23

24

25

26

23

2%

3c

a1

3z

34

35

36

37

38

38

40

00553,

6005,

5891.

2394,

2197,

3353.8

3325.8

3298.9%

3270.C

3234.7

3183.1

3147.7

3101.7

3057.0

3014.5

Z974,7

2337.38

982.0

9481.9

981.7

981.6

981.4

93l.2

sgl.l

9E0.9

280.7

979.9

979.6

979.4

8782

*

-

=

*

1 1148 80 57z, 2564.2 ST7.0 *
1 12040 &1 540, 2555.4 877.0 *
1 1212 &2 L0890 2547.0 576,39 *
1 1224 63 484, 253%.1 G763 *+
1 1238 64 463, 2531.6 are.g *
1 1248 &% &4z, 2524.5 576.8 *
1 1300 &6 423. 25177 976.7 ™
1 131z &7 404. 2511.2 976.7 *
1 1324 &8 386, 2505.0 376.7 *
1 1336 &9 383, 2455.1 876.6 *
1 1348 70 353. 2433.4 976.6 *
1 1400 71 337. 2488.1 976.6 *
1 1412 72 322, 2482.9 976,5 *
1 1424 793 308. z2479.1 8978.5 *
1 143¢ 74 285, 2473.4 976.5 *
1 1445 75 282. 2469.0C 27¢.4 *
1 1500 7€ 270, 24¢4.7 876.,4 *
1 1512 77 253. 2460.7 576.4 *
1 1524 78 Z47 . 2456.9 276.4 *
1 1536 7% 23€, 2453.2 876.3 *
1 1548 80 228, 24497 578,3 *

-

1248

2000

2012

2024

2034

20438

2100

2112

2124

2136

2145

221z

2224

2238

2248

iao

101

102

103

1c4

105

106

07

103

108

114

111

112

113

114

127.

124.

122,

119.

117.

114.

112.

109,

107,

105,

91,

ga.

2332.2

23820.5

2388.8

238b. 9

2384.1

2382.6

2381.1

2379.7

2375.7

2374.4

2373.2

JE VPR IR S i s a e R R RS PR AL R LS A AR R AR AL LR

ok

PEAK QUTZLOW I35
PERAK FLOW TIME
+ (CFs) (HR]
+ &059. 3.80
PERK STORAGE TIME
+ {AC~FT} (HR]
3576. 3.80
PERK STAGE TIME
+ (FEET) (HR)
982.78 3.80
L
OPERATION
+
HYDROGRAPH
3
HYDROGRATH
+
HYDROCREPH A
+

+

3 CCMBINED

ROUTED TO

E0LHG. AT TIME

ICFs)

(INCHES)
(RC-FT)

3.80 HOURS

4139.
15.238
2052,

981.0%

CUMULATIVE ARER =

AT

AT

AT

STATION

EAST

naM

PERK
FLOW

8174.

6527,

16329.

055,

MAXIMUM AVERAGE FLOW

24~-HR 72-HR 23 ,B0-HR
1315, izle. 1319,
23.055 23.055 23.055
25594, 2594, 2594.
MAYIMOM AVERAGE STORAGE
Z4-HR TZ-HR 23.80~HR
2878, 2678, 2e78.
MAXIMUY AVERAGE STAGE
24-HR 72-HR 23,80-HR
97F7. 6L 977, 84 $F7.64
2,11 sO MI

RUHGEFF SUMMARY
FLOW IN CUBIC FERT PER SECOND

TIME IN HOURS, AREA IN ZQUARE MILES
TIME OF AVERLGE FLOW FOR MAXIMUM FERICD
PELK
o~HOTER Z4-HOUR T2-HOUR
2.80 2589, 658. E58.
2,60 17e7. 447, £47 .
2,40 g65G. 236, 236,
2.80 Slad, 1340, l13dc.
3.80 £13%. 1315. 1318,

SUMMERY OF DEM CVERTOPPING/BREACH ANALYSIS FOR STATION

BASIN
LRRER

.30

2.11

DAM

A TMULL

STARGE

982,78

TIME OF
MAX STAGE

3.80
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RATIO
oF
EMF

*%% NORMAL BND OF HEC-1 ***

(PERKS SHOWN

ELEVATICH
STORAGE
QOUTFLOW

MAX IMU
RESERVOIR
W.5.ELEV

952.748

o st

ARE FOR INTERNAL TIHE

INITIAL VALUE
975.5
2326.
21,

MAXIMUM
STORAGE
AC-TFT

MAXIMUM
DEPTH
CVER 2AM

La0 3576,

“4 g

STEF USED DURING EBREARCH FORMATION

SPILLWAY CREST TOF OF DAM
875,50 983,00
2213, 36l7.
0. 5329,
MAEX TWITH DURATICN TIME OF TIME OF
QUTFLQW OVER TOP MAX OUTFLOW TBILURE
ZF5 HOURS HOURS HCTRE
6059 . A0 3.30 .00
<,
e 4 5
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*  FLOCD HYDROGRAPH PACKAGE (HEC-1]  *
. S
* JUN 1998 = d% [V
M h &
N VERSION 4.1 -
.
«
% FRUN DRTE  225EP12 TIME 23:34:18 *
«
* *
IR AR R AR E T R E TR TR E T R R R R R
PO
X K OKKKAEER
X X X
€ € X x
MOEKNKE X X
X i X ¥
X XX %
X f KEEKEXK

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC~1 ENOWN RS HECI

WHHEA
X

X
EXKER

U.5, ARMY CORPE OF ENGINEERS

HYDROLOGIC ENGIKEERING CENTER
509 SECOND STREET
DAVIS, CALIFORNIZ

9561¢

{2le) 756-110C4

p0:4

pree.e4 ¢

o

XXX

[JAN 73}, HECIGS, HEC1oB, RND HECIKW.

PHE DEFINITIONS OF VARIABLES ~RTIMP- AXD —-RTIOR- HAVE CHRNGED FROM THOSE USED WITH THE 1973-5TYLE INPUT STRUCTURE.
PHE DEFIWITION OF -AMSEK- ON RM-CARD WAS CHANGED WITH REVISIONS DRTED 28 SEP 91i. THIS IS THE FORTRANTT VERSION
XEW OPTIONS: DAMBREAK ODUTFLOW SUBMERGENCE , SINGLE EVENT DEMAGE CALCULATION, DES:WRITE STAGE FREQUENCY,
DSS:RERD TIME SERIES AT DESIRED CALCULATION INTERVAL LOS5 RATE:GREEN AND AMFPT INFILTRATION
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM
L HEC-1 INPUT FAGE 1
LINE ID....... o.o..... 20000, T [ 5., 6., S S P
*%% FREE ##%
1 1D TARDINAL FLY ASH DAM £2
2 isa) THIRD RRISING - CREST OF 283 FT
3 o DESTIGK FLOOD 50 YR, Z4-HR
4 I FILE: FRD2-50YR
3 IT 49 0 0 100
& Ic 1
7 £t} 10 4.51
8 PC Q L0130 .027 .n4z L0588 LOTE L0588 L1122 .147 .18
9 C W23 .38 .53 -825 .7 L7058 L7368 a1 .78 L8114
i0 ¥C L8386 .356 -975 .9931 LJO103 L BEET L9423 .88732 -971% .9861
11 BC 1.0
1z KK WEST RUNOEFE FRCHM FAD#1 WATERSHED
13 EM RECLAIMED POND AND LANDFILL
14 Bh 1.06
15 LS a 75
16 ER 10
17 PW 1
18 FT 16
12 uD .52
26 KK EAST RINOFF FROM ERST WATERSHED
21 bl WOODS ONLY
22 BR 0.75
23 Ls 0 70
24 PR 140
25 Fw 1
286 FT 10
7 D 0.34
28 KK LAZKE INSTANTANEOUS RUN FROM LAKE SURFACE
29 E1£ LAKE ONLY
L Ba 0.30
31 BF 20
32 L C 100
33 FR 10
34 £ 1
35 BT 10
36 un 0.1
37 K® TN COMBINE INFLOWE fRCM WEST AND EAST WATERSHEDS AND LAKE SURFACE
a8 HC 3
3% KK D&M ROOTE FLOCT EYDROGRAFHS THRU FRD42
40 KM STARTING FOOL IS MAXIMUM OFERATING LEVEL
41 K MAXIMUM TOF GF STOF LOG IS 972.5
4 jusi STCOP L0G WIDTR 15 4 BT
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43 RS i FLOW 20.6
1z sk 135,5 138,7 142.0 145.4 153.1 161.4  166.2 175.2  18%2.§
45 SE EL 952 964 955 970 974 976 58C 986
16 S0 D &7 13.3 24.5 37.7 52.7 €8.2
47 SE 972.% 973 573.5 974 974,5 75 §75.5
48 85 575.5
E! ST 993
1 HEC-1 INFUT PASE 2
LINE TDeennnnn Toinn.. - 3o 4. - TN O
50 22
1**********JgJw-rseJes'esesei»w&w*wwwww**w*******i—&*
L R A e A R RS R
N . *
.
*  FLOGD HYDROGRAPH PRCKEGE (HEGC-1)  * * U.5. ARMY CORPS OF ENGINEERS
* g 1998 = = EYDROLOGIC ENGINERRING CENTER
*
= VERSTON 4.1 + * 509 SECOND STREET
"
* * * DEVIS, CALIFORNIA 85616
.
*+ RN DRTE  22S5EP12 TIME 23:34:le  * . (B18) 756-11C4
«
* + .
-
Bkl ke bk bk E Rk Rk Rk Ak d bk
B R R R
CERDTNAL FLY ASH DAM #2
THIRD RAISING — CKREST OF 983 FT
DESTGN FLOOD 50 YR, 24-ER
& 1o OUTFUT CONTROL VARIABLES
IBRNT 1 PRINT CONTROL
IPLOT 0 FPLOT CONROL
0SCRL 0. HYDROGRAPH PLOT SCALE
IT HYDROGRAFPH TIME DATA
HMIN 48 MINUTES IN COMPUTATION INTERVAL
IDATE 1 0 STIARTING DATE
TTIME 0000 STARTING TTME
Jids] 100 WUMBER OF HYDROGRAPH ORDINATES
NDDETE 4 0 ENDING DATE
HDTIME 0712  ENDING TIME
ICENT 19 CENTURY MARK

COMPUTATION INTERVAL
TOTAL TIME BASE

.80 HOURS
79,20 HOURS

EXGLISH UNITS

DRATNAGE AREA SQUARE MILES

PRECIFITATICK DEFPTH INCHES

LE¥GTH, ELEVATICHN FEET

FLOW CUBIC FEET PER SECONIT
STORAGE VOLUME ACRE~FEET

STURFACE ARER ACRES

TEMPERATURE DEGREES FAHRENHEIT
Uk Ak kdkk hwm Ek ok kwk kwdk kkh kkk AhF AkE kka bk hkh sk kkk kokk kkk kkw kwh wEm kkF hkk KKk REE KAEk KR REE RAE KKK KKK kAw
XY

dA o kh kF ok E Rk

* *
12 KK * WEST * RUHOFF FROM FRD#I WATERSHED

* =

Ahk ok dkwkkokkkd T

RECLAIMED POND AND LENDFITI
STUBBRSIN RUNOFF DATA
14 BR SUBEASIN CHARACTERISTICE
TEREA 1.08 SYBBASIN AREA
PRECIPITATION DATR
19 pT TOTAL STCRM 3TATIONS JR1]
0 W WELGHTS 1.00
15 FR RECORDING STATIONS 10
17 FW WEICHTES 1.ce
15 s SC5 LOSS RATE
STRTL LE7 INITIAL ABSTRECTION
CRVIER 75.00 CURVE NOMBER
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PERCENT IMPERVIOUS AREA

RTTHP .oo
13 UD SC3 DIMENSIONLESS UNITGRAFH
TLAG .52 LAG

FRECIFITATION STATION DATA

STATION
ic

TOTAL
4.51

TEMPCRAL DISTRIBUTIONS

STATION 1t, WEIGH
.0L .01
.15 1S
.02 .02
il els]
.00 .00
.00 .00
.co .00
.Go .og
.00 .Co
LU0 [els)

WARNING *##+* TIME INTERVAL IS GREATER THAN

539, 240, 53,

EVG. ANNUAL

T = 1.
.01
.10
)
.00
.00
Ml
i)
-ac
-co
.oo

L28*LAG

14.

WEIGHT
.00 1L.CC
oo
.0z .02
.05 .03
.02 02
.00 .Co
L04Q e
.00 SO0
L G0 -Q0
.Ge .Q0
.00 - 00
.00 LCo

UNIT HYDROGRAPH

.02
.03
.02
-Q0
.00
.oo
G0
.00
LG

5 END-OT-PERIC) ORDINATES

4.

.02
.02
.01
.00
.00
.00

0o

co
00

.0z
.03
.01
.0d
-co
LGG
SO0
LQ0
A0
.00

.02
.02
.01
La0
.oc
.o
.Go
.00
.00
.00

kA kA Ehkkkh r kA k ko h kR kR AR A A A bk bk k kR h ARk ARk kA Rk kAR A AR FEE Rk wkkkk kbR r A Tk Fam A AR b b vk k ke ko

ok

HYDROGRAPH AT STATION

WEST

.05
.02
.0l
L 00
L0G
il
.00
.0a
Lo

gk ke ko k

T T i i A R R R R L R R S A LSS A SR LA R R A AR AR AR R AR R

ke

DA MON HRMN ORD RATIN LGBS
1 o000 3 L0 .00
1 oG48 2 .06 .08
i 01386 3 .06 .06
1 0224 & La7 L07
1 0312 5 .oB LGB
1 04040 5 LG9 .02
1 G448 7 LG9 .09
1 0536 8 .10 .10
1 024 ] .11 -11
1 0712 10 .15 .14
1 agoa 11 .23 .19
1 DE4E 1z B -1
1 0%3€ 13 .68 .34
1 1024 14 .43 .17
1 1112 i:s L26G .07
1 1200 1lé .16 .05
i 1245 17 .18 .04
1 1338 18 .13 .04
1 1424 14 L1z .03
1 1512 20 JEL .03
1 1600 21 L10 .03
1 1648 22 .09 .02
1 1738 23 .08 .az2
1 18249 24 .08 .0z
1 1812 25 D .0z
1 20040 Za .07 v
1 2048 27 .07 .02
1 2136 28 -07 .02
1 222& 29 .07 .01
1 2312 ElY .08 LO1
2 Q000 31 .06 .01
2 oo4g 32 .00 Aei]
2 013e 33 .00 Ay
4 nzzd 34 .00 .oC
z G212 35 Log .00
Z G400 36 LG .00
2 OLLE 37 .00 il
2 PEEL] 33 .00 .00
2 aezd 29 .00 LC0
2 0712 4Q oo LG0
2 0BOOD 41 .Co L00
2 G848 4z LG0 L0
2 Cea2a 43 Ry Lao
2 1024 £4 .00 .00
2 1112 a5 -Q0 .00
2 1204 48 .00 .o
2 1248 a7 L0 ]
z 1336 4B .Co Lot
4 1424 45 .oo .oc
2 1212 50 .0C OC

EXCESS

SO0
LQ0
.00
.00
Laa
.Qo
-co
Loc
.00
.01
.03

.34
.26
213
J11
.10
.09
.oe
.08

-0C
.00
.00
ili}
.0o
.oo
.o
Lok

€

COMP O

* ok oE E N

co0o0oo

=1
PRI R S

<

235.
232,
155.
103.
9,
78,
N
£9.
&d.
59,
56,
53.
51,
49.
a7.
45.
44.
43,
42.

T I

S
[ S

H
*

<
P

<
F I |

DZ MON HRMN

T T S S SO S TVRN TN TCRPUY S SORUSURVTURN S RV TR SVRY LA UL BE U RN SURE IR VLIRS B VI FURU IRV YR BT QU A REFL IR IRV IR SRR PR BV S LSS

1800
le43d
1736
1824
1912
20C0
2048
2138
2224
2312
0000
co4s
CL3e
0224
0312
0400
0448
0536
Géz4
c7l12
0300
0343
0938
10z4
111z
1200
1248
1338
1424
1512
1600
le4s
1736
1824
1912
2000
2048
2136
2224
2312
oo
0048
0138
Q224
0312
0400
0448
G538
0824
0712

CRD

51
52

54
55
56
57
E8
59
60
81
62
63
G4
63
43
a7
LX)
53
7o
71
72
13
74
75
76

83

.00
,00
o
.00
.00
.00
.00
.00
La0
Rt
.00
.00
.00
.00
00
.oc
.60
.00
.00
.00
.00
.00
oo

.00
.00
.00
.00
.00
Lo
.00
.00
.00

LQa

LOEs

.00
.00
.00

Lo
.co
.00
.00
.00
L00
L0
.00
.00
.00
.00
.00
oo

G0

EXCEEE

.Co
.C0
.00
.00
.00
.00
.00
LG40
.ceo

.00
.00
.00
.00
.C0
.00
.00
.00
.ao
.00
.00
.00
Lol
.00
.00
.00
il
.0g
.00
-Co
-GOo
.00
.00
.00
.00
L0G
.00
W00
.00
00
.00
.00
Loe
.00
LGO
.00
.00
.00
.00

SOOOCCoCOoORNDOODOCO0000C0G
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L U S L A L L e T R R R S LR R A B AL AEEE AL AL AR

dkdk

TOTAL RAINFALL = 4,51, TOTEL LOSS = 2.45, TOTAL EXCESS = z.06
DERK FLOW TIME MAXIMUM EVEREGE FLOR
§-HR 24-HR 72-HR 78.20-HR
+  {CF8) [§iE:3)
[CF5)
+ 235. 3.80 142. 58, 240. 18.
{THCHES ) 1.168 2.058 2.058 z.058
(AC-FT; 6. 116. 1186. 116.
CTMULATIVE RREAR = 1.06 50 MI
ok hhk kot kkk Rt www kkF kEFr vak hkk kkk Arh dkd o whkdk kEw owAkk whk kA E LR
.
AddrEwkw kb kbR
. "
20 KK * EAST * RUNOFF FRCM EAST WATERSHED
« .
-
WOODS CONLY
SUEBASIH RUNOFF DATA
22 BR SUBBASIK CHARACTERISTICS
TRREL .75 SUBEASIN AREA
PRECIPITATION DATA
26 ¥T TOIAL STORM STATIONS 190
a FW WEIGHTS 1.00
24 PR RECORDING STATIONS it
25 FW WEIGHTS 1.00
23 Ls SCS LOSS BATE
STRIL .86 INITIAT ABSTRACTION
CRVNER 70.00 CURVE IUMBER
RTIMP .00 PERCENT TMPERVIOUS RREA
27 UD 5CE DIMENSICNLESS UNITGRAPH
TLEG .34 LAG
EEES
FRECIPITATION STATION DATA
STATTON ~ TOTAL  AVG. ANKUAL WEIGHT
10 4,51 .00 1.00
TEMPORAL DISTRIBUTICHS
STATION 10, WEIGRT = 1.00
.01 a1 .01 .0z .02 .02
15 .15 .10 .05 .e3 .03
.0z .02 .02 .oz .02 .c2
.Co .oe .00 .co .00 .00
.00 .00 .oc .00 .00 .00
.oe 00 .Co .00 .08 .00
oo .00 .00 .00 .00 00
.00 .09 .00 .00 .00 .00
.00 .00 .00 .60 .ot .00
.00 .Co .00 6o .00 .00
WARNING =+* TIME INTERVAL IS GREATER THAN .29*LaG
UNIT HYDROGRRPH
% END-OF-PERIOD CRDIHATES
445, 126. 25, 5. 0.

0z
03
o1
o0
[F}]
oo

.00

an

.Go
.00

hkk ok E

Wk

Kkk FAh www
.02 .03
.G3 .02
.01 .01
.00 .00
.00 )
.00 .Q0
.0a .o
.00 L G0
.60 .00
SO0 .00

ke

.05
.02
R
.00
.00
Loa
it}
-ae
LQ0

LTS

Ehw Rk

e ok kb ko ok kK kA h kA ek ek e sk ko kb bk Sk ko ko ko kR W R R R TRk ek R Rk Rk Rk kR Rk AR R

ok b

HYDROGRAFH AT STATION

EAST

J VST eSS R A S S e T A L AR R R R A R L R AR R AL AR AR LR il

A

DA MON HRMN OR2 RATH L0535
i [leles 1 Loo .00
1 0043 2 LGE W08
1 01386 3 .28 08
1 az24 4 .07 R
1 0312 5 .08 .0B

+
EXCEEE COMP O *
%

.Qo a. =
.oe 0. -
LG 0. *
.00 G. *
.00 G. *

DR MONM HRMH

[ENEN )

(SRS

16040
1446
173¢
1824
1512

ORD

51
5z
53

c

RAIN

LOES

00
.00
.Qa
LAt
.o

EXCESS

Lot
00
.co
.00
.0a

COME (3

coo oo
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B R RO I B3 R0 B0 R R B RO g B B DO RE B R BRI R ke b b R b R R B R ke b e e e e

0400 & .08 .09
0448 7 .09 .08
0536 8 L1G 10
0624 3 .11 .11
072 14 .15 W15
GBCO 11 .23 .2z
Gadn 1z .65 .54
G838 13 .68 .42
1024 14 .43 .22
1112 15 .20 .09
1200 1¢ .16 .o7
1248 17 .14 .08
1336 18 .13 .05
1424 13 .12 .04
151z 20 L1 .04
1600 21 L1c .04
1648 2z .09 .03
1736 23 k] .03
1324 24 .08 -0z
islz 25 .08 .03
2000 26 A7 .02
2048 27 LO7 .02
2136 28 .07 .0z
2224 25 .07 -0z
2312 390 e LQz
anoo 31 .Ge .0z
aon4e 3z By ]
0136 33 .00 .00
c224 34 .00 .Co
G212 35 .00 LCO
o4oc 36 .00 B
GLLE 37 .00 .00
0538 28 .00 .00
0624 39 .00 .00
0712 4n .00 .00
aggg 41 .ao .00
og4e 42 .co .00
Q834 43 .co .00
1024 44 -0 .00
1112 45 .00 |
1zco 46 .00 il
1248 47 .00 .GG
1338 48 .00 .00
1424 4% .00 .00
1512 5C .00 .00

.00
Lo
oo
oo
.00
.ol
.12
W26
.21
.11
.02
.08
.og
-G7
.67
.08
.08
.06
.05
.05
.a5
.05
05
.05
LGd

.ce
Bsld]
.00
.00
.00
.00
.00
il
00
W00
.oo
LGR
-GG
.00
.00
.00
.00
.00
.00

=3
¢ % E 4

[
ERE

135.
13z,
83.
61.
52.

4z7.

E ok ok F ok F F o+ 4 4 ¥

wow
[
£

[ R R e R R B B BN K K
[ S S S SRS

PoE F E k& o+ % K%

[=1
"

N S S S SN S S VI A IO IR VLRF U SR TR BT R U TSR PR PO VR R IR VU CSTUI OISR SC PR YR TUN PRSIV RU S AU R

2000
2048
213%
2224
2312
0000
0pda
0136
C£z24
c312
o400
0448
0536
0624
0712
080G
al: ;]
03838
1024
1112
1200
1z4%
1336
1424
1512
1&C0
1548
1738
1824
1212
2000
2048
2136
2224
231z
coan
GL48
0136
0224
0312
Q400G
0448
0535
D624
0712

E&
57
S5a
53
60
6l
€2
63
&4
&5
1]
&7

59
T
71
72
73
74
75
76
77
e

ac
81
a2
a3
84
&5
[i13)
a7
g8
89
o0
91
92
93
24
@5
96
a7
bg
a9
100

.CC .00 .00
L GO Ble] .00
.00 LQ0 W00
.00 .00 il
.00 .00 00
.00 oo .ao
.00 oo .GC
-aa Ay SCG
.aa LG -GG
.00 SGO L00
-GG .00 .00
L GG LQ0 .00
-co LQ0 .00
.00 .00 .00
.00 .aa .00
.00 -0 i)
.00 -00 -00
.00 .00 L0
.00 .oo .00
.00 .00 LCC
.00 .co .0C
o .00 .00
.CC .00 .00
.CO .00 .00
. GO .00 .00
.00 .00 Rl
.00 .a0 L0a
L 00 .00 .00
.00 .00 .00
.00 .00 .60
-aa LG LCO
.00 -GG LG
-ao S00 .00
-0c .00 .00
L0 .00 .00
.Co -00 .00
pelel .00 .00
.00 .00 .00
.00 -Q0 .00
.00 .00 i}
.a0 Q0 i}
.00 .oe .COo
.00 .ce Lol
.00 e .00
iy .00 .00

coooood

e R R R R R R R R e L Ll L L L]

TOTAT. RATNFALL =

PEAK FLOW
+ {CFs)
+ 135.

ek
ok

KK

34a

EBF

BT
0 FW

PR
BY

LE

ok hwk Ak kkk

4,51, TOTAL LOSE =
TIKE
6—HR
(HR]
(C¥Fs)
3.80 20.
[INCHES) .931
{AC~TFT) 37.

CTMULATIVE AREA =

Wk wmk kkw kkt KkE ke k

Wk hwm ek ko

*

*

LRKE *
*

Ak ko kER AR RE TR

LAKE OMLY

SUBBRSIN RUNOFE DATA

SUEEASIN CHARACTERISTICS
TAREA .30

EASE FLOW CHARARCTERISTICE

INSTANTANEQUS R

2.

MAX

§3, TOTAL EXCESS = 1.68
TMUM BVERAGE FLOR
Z4-HR 72-HR 79.20-HR
34, 11. 10.
1.681 1.681 1.881
57, 57. 87.
75 50 MIT
GEE ek kR RER kAR hAE AkE

NOFF FROM LAKE SURFACE

SUBBASIN AREA

STRTQ 20.00 IKITIAL rFLOW
QRCSN .00 BEGIN ERSE FLOW REUESSION
RTICR 1.C000C RECEESSION CONSTANT

PRECIPITATICH DATA

TOTAL STORM STATIONS
WE1GHTS

RECOREING STATIONS
WEIGHTS

3C5 LOSE BATE

10
1.00

10
1.00

WAk R

Wk ki dkkw kkh kxk Fd

hw wk ok kkd
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STRTL .00 INITIAL ABSTRACTION

CRVNBR 100,00 CURVE NUMBER
RIIMP .C0 PERCENT IMFERVICUS ARER
2¢ UD 5CS DIMENSICNLESS UNITGRAFH
TLAG 10 LAG

PRECIPITATION STATION DATA

STATION TOTAL AVG. ANNUAL WEIGAT
10 4.51 .00 1.00

TEXPORATL DISTRIBUTIONS

STATION 10, WEICHT = 1.00

Lol L0l .01 .02 .02 .02 .0z .02 .03 .05
.15 .15 .10 ) ] .03 .03 -03 .02 .02
L0z .02 .02 .0z .02 .02 .01 .01 -01 -01
.ao .eo .00 .00 .00 .00 .00 .00 .00 .00
.CO oo .GC .to L00 Lo .00 L0a .00 .o
.CC L0G .C0 .oo .00 Loo -0 .oo .Co Loo
.00 .o Y .00 .00 .co -00 .CC -Co oo
.00 .00 -0 .00 .00 LDG .ao .00 il .00
.00 .40 .00 .00 .00 W00 Loo .00 Lo .00
.00 -9 .Qa Lan .ot .00 .ce .00 Lao

WARNING *** TIME INTERVAL IS GREARTER THAN ,2Z9*LAG

UNIT HYDROGRAPH
5 ERKD-CF-PERTOD ORDIXATES
180. 50. 1G. 2. 0.

PP SR R e pepegogungn e S g SR A A R R R A A e R R R R R S A R R LR A AR R

s

HYDROGREPH AT STATION LAKE

T R L e R L L L R e LS L R LR R R LR R SR A AR R AR S R bl

ok

DA MON HREMN  ORD RAIN LOss EXCESS COMPE Q * DA MON HRMN ORD RAIN LO53 EXCEES COMP Q
1 oGee 1 .00 L00 .00 20. ® 2 1800 51 LGE .00 L0 20.
1 a04g 2 LG .00 .06 3. * 2 1648 52 .00 .00 -0 20,
1 0138 3 .0e .C0 .08 34. * 2 1736 53 LQ0 .00 .Q0 20.
1 0224 4 .07 .00 .07 36. * 2 1824 54 .0 .00 .aa 20.
1 0312 5 .08 Lac 0B 38. * 2 1212 55 ) .00 L0g 20.
1 ca0d 3 .08 .00 ) ac, * 4 2000 5é kil .00 .co 20
1 cdde T .09 .00 LG5 4z, * 2 2048 57 .00 .Co ] 20
1 053¢ 8 .14 .00 10 L4, * z 2138 58 .G . 0C .00 20
1 0624 9 LIl .o L1 47. * 2 2224 53 .00 .00 .00 20,
1 0712 10 .15 .Go .15 54, * 2 2312 60 .00 .00 .00 Z0.
1 [ok:Tol4] 11 .22 W00 .23 B9, * 3 0000 61 .og .40 .00 20.
1 PEEE 12 .68 .00 .68 155, * 3 0048 62 .00 .00 .00 20.
1 G838 13 .65 .00 W68 178. * 3 0136 [ .a0 .00 . of 20
i 1024 14 .42 .00 .43 138. = 3 D224 [ .00 .00 .COD 20
1 1112 15 .20 .00 .20 46, " 3 G312 85 .00 .00 .00 20
1 1zc0 16 .1le L00 .18 04. * 3 0400 68 .G0 .o iy 20
1 1248 17 14 .co .14 58, * 3 0448 67 L0C -00 -0 20.
1 1338 18 .13 .co .13 52, + 3 0636 og .00 .00 Lao Z0
1 1424 19 .12 .00 .12 49, * 3 0624 (=323 .00 .00 .aa 20.
1 1512 20 -1 .00 .11 a7. * 3 0712 70 .00 .00 .00 20.
i 1s00 z .10 .00 .10 45, * 3 0aco 11 .09 .00 .o 20.
1 1648 22 .09 .00 WG9 43. * 3 0843 1z .00 .co Lo 20
1 1736 23 .09 .00 .03 1. = 3 Co3s i3 Lo .00 .00 20
1 1824 24 g oo .08 L0, = 3 i0z4 T4 oo Ry L0% 2.
1 1912 25 .08 .COo .03 33, * 2 111z 75 . 0O .00 .00 20.
1 2000 28 07 .00 .07 34. * 3 1200 7e .00 LQ0 .00 20.
1 2048 27 .07 .00 .07 37. * 3 1248 77 .00 .00 .00 20.
1 2136 28 .07 .00 S07 37. * 3 133e Te .40 L 0a .00 20.
1 2224 29 .07 W00 .07 3e. * 3 1424 79 00 .co L00 20,
1 231z 30 .06 .00 .te 36, * 3 1512 ac .00 GO -Co 20
2 o0Go 31 .06 00 .08 35, - 3 1500 81 . GO0 .00 | 20
2 0C4s 32 .00 .co .00 24, = 3 1628 g2 .co .00 Loc 2G
2 0138 33 L0 .co .00 21. * 3 1736 a3 .oC .00 L a0 20.
2 0224 34 .00 .c0 .a0 20, * 3 lez4 84 .00 .00 Lao 20.
z 031z 35 .oC .06 .00 20, * 3 1512 25 .00 .00 .00 20,
2 04040 36 L0 .00 oo 20, * 3 z2oce 86 .00 . 0o .00 2Q.
2z G148 37 Lao .00 .co 20. * 3 2C48 a7 .00 .oa .00 20.
2 053¢ 39 .00 .00 co 20, = 3 2138 g5 .00 .co ] 20
2 ne24 39 .00 .00 .00 ac. = 3 2224 89 .Co .co ] 20
2 0712 a0 .00 ] SO0 20. * 3 2312 90 .Co S0 .oC 20
2 Q800 4l ] LC0 .00 20. * 4 0000 al .oo J00 L 00 20
2 06458 4z ey .oo i) 20. * 4 0048 3z el .00 .Qo 2.
2 03836 £3 L0C .00 Laa 20. * < Qlle =X ] .00 Lao .00 20.
2 1024 44 .00 .00 LGo 20. * & 0224 24 .00 .00 .00 z0
2 1112 45 00 .o .LC 20. * 4 2312 25 .00 .00 .aa 2Q.
2 izco 45 ple] .oa .oC 20, - 4 Cacn 21 .00 GO 00 20.
2 1248 47 .00 .00 LGo 20, * 4 0449 a7 .00 L0 .00 20.
2 1336 48 .oo il L0 20. * 4 0538 k] .Co .00 ] 20
2 1424 48 .00 -co .00 20. * 4 0624 a3 LG0 .00 Lo 20
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1512 50 .00 GO

.o 20.

4

97tz

100

.o

SO0 pRili] 20.

R T R e R R R R R L e e A R R A AR LR RS AR LR R R R R AR R R

T

ok
TOTAL RAINFALL = 4.5%1, TOTAL L0OSS = .00, TOTAL EXCESS =
PEAK FLOW TIME MAXIMOM AVERRGE FLOW
&-HR 24~-HR T2-HR
+ [CFS) [HR)
(C¥3)
+ 178. 9. 80 i07. De. 3z,
(INCHES) 3.c81 6,358 11.848
[AC~FT) 49, 111. 181.
CUMULATIVE AREAR = 230 850 MI
Fhh hkw mwE REk kkk kkk kA kRt Fhk hkd kkk kdkok kkh khk khd kkk
ok
bk kAR
* *
37 KK * N * COMBINE INFLOWS FROM WEST AND EAS
* *
Sk ok Kk ok kA
38 HC HYDROGRAPH COMBINATION

ICOMP

3

4.51

T9.20-HR

31.
12.692
203.

dA wh A

NUMBER OF HYDROGRAPHS TO COMEINE

o

[

WATERSHEDS AND LAKE

Sk

Fhk

RFACE

A

ek kM wkk RNA kA wFH

Ak ks b bk kk bk ki kdk ok kb hhh A r R AR AR R AR AR A F A AR A A I A AR A kARG w kR kb ko h E ok ARk Rk Rk kR h ki kR hhr bk m sk ko kA AR F R A mh ke

HYDROGRAFH AT STATION
3 HYDROGRAPHS

S OF

I

e N R R R R R R AR R e L R A R LA R AR R R R e RS

e

DA MON HRMXN ORD FLOW ® DA MON HEMN ORD FLCW
FLOW
+

1 Q000 1 20. * 1 2000 28 118,
z20.

1 a048 2 31. * 1 2048 27 114.
20,

1 0136 3 34, * 1 213% 28 111.
2G.

1 0224 4 36. * 1 2224 28 108.
20.

1 06312 3 38. * 1 231z 30 108,
20.

1 0400 6 40. * Z Cood 31 105.
2.

1 0448 i 42. * 2 [HeL 3 3z 4€.
20.

1 0538 8 44, * 2 0128 33 26.
20.

s 0624 E] 47. # z 0224 34 21.
20.

1 c712 ic 57. * 2 031z 35 20.
29.

I 0800 11 o1. * 2 caon 36 20.
20.

1 ogde 12 339, * 2 0448 37 20.
z0.

1 0236 13 547, * 2 0538 L) 20.
20,

1 1624 14 502, * 2 D624 35 20.
20,

1 111z 15 3z4. * 2 0712 40 za,
23.

1 1200 14 234, ¥ 2 CBoo 41 20.
20.

1 1248 17 187, * 2 na4g 42 2¢
zZ0,

1 1338 1% 175. i 2 0338 43 20,
20

1 1424 19 1e7. - 2 1024 44 20
20.

1 1512 20 158, * 2 111z 4% 20.
20.

¥ 1800 21 148, * 2 iz00 i@ 20
20.

i 1848 22 138. * 2 1248 a7 20,
z20.

*

*

A MON HRMN

2 1600
2 leds
2 17386
2 1824
2 121z
2 2000
2 2048
2 21338
2 2224
2 231z
3 OGCG
3 0048
3 01386
3 0zz24
3 G331z
3 oace
3 0448
3 0538
3 0624
3 71z
3 C3cc
3 0349

ORD

X

53

54

55

58

S7

58

60

61

62

63

FLOW

z0.

20.

20.

20,

20,

20,

24.

20,

20,

20,

20.

20.

20.

20.

*

DR MON HEMN ORD

3 12co 76
3 1z48 17
3 1336 73
3 1424 79
3 i512 &80
3 1&C0 61
3 1648 82
3 1736 a3
3 1824 84
3 1912 BS
3 20060 g
3 20448 87
3 Z1346 fedc)
3 2224 29
3 2312 20
4 QOCG 91
4 00448 52
4 0138 33
4 0224 94
& L3212 %5
4 04cg GE
4 0248 97
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1 1736 22 1z2. * 2 1336 48 Z0. * 3 0836 73 20. = 4 0536 EE]
20.
1 1824 24 127. = 2 1424 45 20. * 3 1024 T4 20. * 4 D624 oo
20.
1 191z 25 122. * 2 1512 50 20, * 3 111z 75 20. * 4 c7iz  ice
20.
* “ =

PR T 2 L L e A R T R R R e e R R LRSS S A A AL A LSRR AL AR EEE AR Ak A

o
PERK FLOW TIME MEYTMUM AVERAGE FLOW
&-HR 24-HR 12-HR 78.2C-ER
+ (CFS) (HE}
ICFS)
+ 547, 3,60 3z8. 148. 63, EEN
{ INCHES) 1.329 2.612 3.330 3.43€
(AC-FT) 151. 294, 375. 387.
CIMULATIVE AREA = Z.11 sg MI
ok Akd widk k4 Ak khd WAk kkok mwk hdk kkk Fkik moek kkk kkk kkh mhd Sww kkd kkk owks kRE kAR AEm kwk dkd ook ke
P
swwkk kbt ktkE AR
32 FK * DRI * ROUTE FLOCD HYDROGRZPHS THRU FAD#Z
* *
ek ko ko ko
STARTING POOL IS MAXIMUM QPERATING LEVEL
MAXIMUM TOP OF STOP LOG IS 272.5
STOP LOG WIDTH IS 4 KT
HYDROGREPH ROUTING DATR
42 RS STORAGE ROUTING
NETES 1 NUMBER OF SUBREACHES
ITYP FLOW TY¥PE OF INITIAL CONDITION
REVRIC 20.60 IWITIAL CONDITION
X .00 WORKING R BND D COEFFICIENT
44 SR AREA 135.5 138.7 142.0 145.4 153.1 161.4 166.2 175,22
45 SE ELEVATION 960,00 9E2.00 964.00 9¢46.00 a70.00 97£.00 67¢. 00 980.00
46 30 DISCHARGE a. 5. 13. 25. 3B 53, 62
47 EZE ELEVATION 372.450 973.00 973.50 574.00 974,50 975.00 975,50
48 55 SPILLWAY
CREL 375.50 SPILLWAY CREST ELEVATION
SEWID .00 SPILLWAY WIDTH
COOM .00 WEIR COEFFICIENT
EXPW 1,50 EXPONENT 0F HERD
4% 5T TOP CF DAM
TOPEL 953,00 ELEVATION RT TOP OF DAM
DAMHID 00 DEM WIDTH
COoon .00 WEIR COEFFICIENT
EXPD .G0 EXPONENT OF HERD
ko
COMPUTED STORARGE-ELEVATION DATA
STORAGE .00 276,19 554,89 342.28 1432.21 2068.14 2395.73 3078.4% 4191.44
ELEVATION 980.00 962.C0 964.00 96¢.00 97C.CC 974.00 876,00 G80.00 9#6.00
COMPUTED STORAGE-OUTFLOW-ELEVATION DATR
(INCLUDING FLOW OVER DEM)
STCRAGE .00 274,19 554.8% B42.28 14392.,21 18zg.40 1207.78 1987.70 Z066.14
OUTEFLOW LQQ -G0 .co .CO0 LG oo 4.70 12.30 24.50
ELEVATION 2a80.00 262.00 364,00 %ee. 00 EXI 972,50 @73.00 973,50 o74,cC
STORAGE 2230.,74 2312.93 23385.73 3CTB.45 4181.44
GTTFLOW 22,70 $9.20 BE.TO 217.70 415,70
ELEVATION 578,00 375.50 97E.00 980.00 986.00

waw ko kkk R

192.8

986,00

2145.14
371G
974 .50

[P U R R et s R R a R R TR R SRR S A AL S SRR AR R AL AR AR AR

*k

e A e R e e s E e L R R R e e R R L AR EE R R L AR LA SRR A AR

ok

HYPROGRAFH AT STATTON A

O Y 2 2 LR A R ]
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DA MON HRMN ORD

STRGE

0136

Dzz4

£312

04C0

1024

1112

1200

1248

164¢

1738

1824

1912

2000

2048

21326

2224

2312

coeG

Goas

0136
0224

QUTFLOW

1 21.
z 21.
3 21,
4 Z.
5 21.
6 21.
7 21.
8 2z,
9 22,
10 22.
11 23.
1z 24
13 29.
14 34.
15 33.
14 41.
17 43,
18 45,
13 46.
20 48,
z1 4.
22 5C,
23 B1.
24 52,
25 53.
28 Id
27 55.
28 56,
22 5.
2c 57
31 5¢.
3z 52,
33 7.
34 57,

ETORAGE

2z44.8

2248.3

2251.6

2256.0

2254.53
Z252.3

STRGE

975.0

975.0

875.0

+

%

DA MON HEMN ORD

2 031z
2 G4co
2 443
2 05386
2 0624
2 071z
z 0800
2 cede
2 093¢
2 1024
2 1112
2 12440
2 1248
2 1336
2 1424
2 1512
2 1600
2 le4s
2 1736
z 1624
2 1812
2 2000
2 2043
2 2138
2 2224
Z 2312
3 ceoo
3 0048
3 0l3s
2 0224
3 0312
3 0400
3 Cd4E
] CE3g

38

9

40

43

50

51

53

54

S5

56

57

58

k]

6z

63

&4

53

af

&7
&8

CGUTFLOW

57,

51.

51.

50.

0.

49.

49,

£9.

48.

48,

47

a7.

46.

46.

46,

45.

45.
44,

STORRGE

2225.3

2223.2

2221.2

2213.2

221L.3

2209.4

2207.5

2205.6

2203.8

2202.0

2200.2

2198.4

2195.6

219£.9

2193.2

2181.5

23169.8

21868.2

2186.5
21a4.8

975.1

975.1

975.1

75,1

275.0

975.0

975,06

5T5.0

275.0

875.0

875.0

975.0

974.9

074.%2

S74.9

974.9

974.9

97£.5

974.9

974.%

874.8

a74.48

374.9

G74.8

974.8

974.8

a74.7

9747

Errey)
874.7

*

#

%

DA MON HRMN ORD

=

i~

0624

Q712

ag00

G848

0%36

1024

1112

1200

1248

1336

1424

1512

2048

2138

2224

2312

coog

0312

G400

Ccade

0536

0824

0712

69

7o

11

T4

75

T

e

8

73

a0

81

B2

g7

BE

E]

a0

31

8z

83

94

2]

98

OUTFLOW

43,

43,

43.

a1,

41.

49.

STORRGE

2183.3

2181.8

2180.2

2165.7

2164.32

2163.0

2161.7

Z1€0.4

2155%.1

2146.2

z145.8

2144.7

2143.6

R T L iR R R L T R R AR L L L e e L AR AR R R R

*k

PEAK

CQUTELOW

PERK FLOW

- {

PEAK

+ (A

CFZ)

5%,

STORAGE

C~TFT)
2256,

FEAK. STAGE

T t

9

FEEY)
75.15

1z

TTHE

[HR)
24,80

TIME

(HRG
24.80

58.

AT TIME

{CFS}

(INCHES)
(AC-TT)

24,80 HOURS

6-HR

&~HR

2252,

6-HE

975.13

MAXIMUM AVERAGE FLOW

24-HR

24-HR

2236.

MAXTMUM AVERAGE

8

T2-HR

i

6.
2.412
271,

STORAGE
J2-HR

[

1¢1.

MAXIMUM AVERRGE STAGEL

24-HR

975,03

9

72-HR

74,76

79.20~HR

43

2.524

Z84.

79.20-ER

2178,

79.20-0R

974,68
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COMULATIVE ARER =

2,11 80 MI

RUNCFF SUMMARY
FLOW IN CUEBIC FEET PER SECOND
TIME IN HOURS, BAREA IN SQUARE MILES

FE2K TIME OF AVERAGE FLOW FOR MAXTIMIM FERIOD BASIN
OPERATION STATION FLOW PERK LRER
6-HOUR 24-HOUR 12-HOUR
HYDROGRAPH AT
WEST 235. 5.6D 142. 59, 20. 1.08
HYDROGRAPH AT
EAST 135. 9,60 30, 34. 11. .75
HYDROGRAPH BT
ZAKE 178, 9,60 107. 55. 32, .30
3 CCMBINED AT
i 547, 9, 6C 325. 148. €3, 2.11
ROUTED TO
TRM 53. 24.80 57, S4. 4. 2.11
SUMMARY OF DEM OVERTOPPING/BRERCH ANELYSIS FOR STATION DAM
{PEAKS SHOWN ARE FOR INTERNAT, TIME STEP USK} DURING BRERCH FORMATION]
PLAN 1 ivvvncnnnnnnnn INITEAL SPILLWAY CREST TOP OF DAM
ELEVATION G73.82 575.59 883,00
3TORAGE 2040, 2313. 26l7.
OUTFLOW 21. 2, 317.
RATIC MAY THUM TARX TMITM MAY TMUM MAY TMTM DUBATICH TEME OF
OF RESERVOIR DEFTH STORAGE QUTFLOW OVER TOF MaX OUTFLOW
FMF W.5.5ELEV COVER DAM AC-FT CFs HOURS HOURS
1.00 575.15 .00 2256. 55. .00 24,80
[
++w WMORMAL END OF HEC-1 *++
g e, -p“‘ﬁ"
L. & N Py
- E e N

MY TMUM
STAGE

TIME QF
MAX STAGE

975,15 24.80

TIME OF
F2ILURE
HOURZ

W00
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