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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.
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Attachment A-1
Excerpts from 2013 Design Report

Hydrology and Hydraulics
























Attachment A-2
2013 Report Appendix C

Hydrologic and Hydraulics Analysis
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Written by: William Steier Date: 2 October 2005 Reviewed by: Joo Chai Wong Dati
Client: AEP Project: Cardinal Power Plant Project/Proposal No.:CHE8126 Ta

Summary of Typical Runoff Curve Numbers

Table 2-2a  Runoff curve numbers for urban areasl

. o Curve numbers for
over ription hydroiogic soil gronp—

; Average percent
Cover type and hydrelsgle condition impervious area? A B D

Fully developed wrban arens fregetation satablished)

Oipen space (lawns, parks, golf courses, cemeteries,

ete P
Poor condition (grass cover < 50%) ...ovvvuvnnns, 68 7 86 20
_Eﬂa;ﬂunditinn(grmtwerﬁﬂ%tu?ﬁ%}l........... 49 50 79 54
—tn condition {grazs cover > T5%) .. .vvrvnnneens [ ]
Impervions areas: ’ . % o m ®
Paved parking lots, roofs, driveways, ete.
(exeluding Hght-0fFwayh «vvreeeriniiiiiiininnn. o]
Streets and roads: 98 * 98‘-
Paved; eurbs and storm sewers (excluding
L 98 58 98 88
Paved; open ditches (including right-of-way) ....... . B3 & a2 93
Gravel (including right-ofway) ...voviainrnnnnn... 76 & 89 a1
Dirt. (including right-af-way) ...oovvvrniinnnnn... 72
Western desert urban areas: = = ®
Natural desert landseaping (pervious areas only}... &3 7 &5 &8
Artificlal desert landseaping (impervious weed
barrier, desert shrub with 1- to 2-inch sand
or gravel mulch and basin borders). .............. 96 o8
Urban districts: % %
- Commereial and business..... 85 89 ) b2 95
lnﬂmztna[ .......... 72 21 28 81 93
Residential districts by average lot slze:
1/8 aere or less {town house 65 ki 5] 80 82
L £ et YN 38 61 T 83 &7
30 a7 72 B1 B8
25 54 ] 80 85
20 51 68 79 84
12 46 63 T &2
Developing urban areas
Naw}yg-nﬂe‘d areas (pervious areas only,
= N0 vegetabion ..., .uiiiiiiiiaeniiiiaiaa. .. bl 86 ELJ o4

Idle lands (CN's are determined using cover t.ypes ’
similar to those in table 2-2¢).

;?mv:nga Tumolf condition, and I, = stb.n“

Bverige percent impervious wrea s wus ured to develop the ite CN's. Other assumptions are as follows: impervi

are direetly connected to the druinage syatem, imporvious areas have a CN of 38, und pervious mﬁ are ponsiderad equivalent h??p:::m

Bpace in goos] hydrologie conditivn, C's for other combinutions of conditives inay be winputed using figure 239 or 24,

SCN's shown re equivalent to thmal uf_p-angrt. Composite CN'a muy be computed for other combinutions of apen spuce cover Lype.

“Compagite CN's for natural desert sheald be computed using figures 23 or 24 bused 'on the impervious wreu perventage (CN

= 34) und the an'v[nua area CN. The pervious ares CN's are assumed equivalent to desert shrub in pour hydrologic candition.

;C-u ite CN'a to use for the design of temporary measures during grading and construetion should ke compated wsing firre 2.3 or 24,
on the degree of development (impervious rea parezntage) and the CN's for the newly graded pervious aress.

CHE8126\HYDROLOGIC MODEL.WMS.DOC
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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 | 050 47
Q=Cg,LH ? 97350 | 100 133
974.00 1.50 245
’ 974.50 2.00 37.7
975.00 2.50 52.7
Cow =3.27+0. H 975.50 3.00 69.2
c 976.00 3.50 87.2

for H/H, < 0.3, Coayy becomes 3.33

L= 4.00
g= 32.2
Crest Elevation= 972.5

ik

B e s T H, S
4 Weir Crest \ (it 1,
/‘_“"-.. % g f=
( % UK
g N o 7 o
H- LT AR \ ;
GOSN -
| o
77 7 . PITTTT
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

Q=CA,/2gh,

for C=0.62 orifice equation becomes:

Q=3.91D%/h,
d= 54.000
Invert Elevation = 910.33
Headwater Orifice

Elevation | Discharge| Velocity

(ft.) (cfs) (ft/s)
972.50 612.9 0.0
973.00 615.4 38.7
973.50 618.0 38.9
974.00 620.5 39.0
974.50 623.0 39.2
975.00 625.6 39.4
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 Kyy= 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?

1

D?

f =

The Energy Equation is:

v P, Vi
—+—+Z=—=4+=+2+
Yy “ Yy 29 %+2h

Where:

2
ZhL:V—(f L Ke+Ko+Kb)
29\ D

Because p,, v; and p, all are equal to O the
energy equation becomes:

VoV

L
-z, =—+—| f—+K_ +K +K
21 ZZ 29+2g( D+ e+ o+ b)

Solving for v gives:

29(z,-2,)

[1+(f ||5+Ke +K, +ijj

Determine flow rate Q by:

Q=VA
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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

Q =C cw LH 976.89 0.89 73.6
977.70 1.70 194.3
H 978.37 2.37 319.8
978.98 2.98 450.9
CSCW =3.27+0. H 980.06 4.06 717.0
c 981.02 5.02 085.8
981.90 5.90 1256.1
for H/H, < 0.3, Cqoyy becomes 3.33 982.32 6.32 1392.5
982.73 6.73 1530.2
Size= 5'-8" x 7'-6" inddedimensions 983.00 7.00 1623.2

L= 26.3

g= 32.2

Crest Elevation= 976.0

ik

Lz, Weir Crest \ :
4 Weik Grasl

TR N
LA
77T

)

7
\/

A3

)
7

'

s
c. Section

Figure 8-13. Sharp crested weirs,

Reference:

FHWA-SA-96-078

Urban Drainage Design Manual
Hydraulic Engineering Circular 22
November, 1996

PLATE 17



Cardinal FAD 2 Vertical Box Structure Overflow Rating

Orifice Flow

Q=CA,/2gn,

Size=5-8" x 7'-6" ingdedimensions

A= 425

Grating % Open Area 60
Orifice Centroid Elevation = 976.0

Headwater Orifice
Elevation | Discharge | Velocity
(ft.) (cfs) (ft/s)
976.00 0.0
976.27 63.7 15
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 75
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 0.630 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 bottonm 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 vniform 0.025 0.035 0.040
w3 b, Jagged and irregular 0.035 /0040 0.050
S
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
=% 3 Trowel finish 0.011 fﬁf@z;:) 0.015
b. Float Finish 0.013 0.015 0.016
¢. Finished, with gravel bottom 0.015 0.017 0.020
d. Unfinished 0014 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
¢. 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
2. Smooth steel surfaces 0.011 0.012 0.014
b. Corrugated metal 0.021 0.025 0.030
6. Asphalt
2. 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 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 Kada(996), Yildiz and Kas
(1998, Chamani and Rajaratnati999 have indicated that the
step heighs affects the energy dissipation over stepped spillway.

Eq. (24) includesK, the roughness height perpendicular to the
pseudobottom, which can be considered to be a representative
term for step heighs. 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 rafibl,o/ Hmayl- 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 equivalentfor a stepped
spillway. In this plotH” 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 hegghffecting
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 Eq24) appears to be a tedious
process. As indicated by the authors in RifR), the variation in
relative residual energy head ratio f&=40° and 50° is not ap-
preciable; hence a simpler relationship for relative residual energy
can be presented eliminatinl as a variable. The resulting rela-
tionship would be applicable fob greater than 40°. Without a
properly designed energy dissipation system on the downstream

The authors are to be complimented for presenting extensive ex-sige, the hydraulic design of a stepped spillway system would be
perimental data on characteristics of aerated skimming flow over jncomplete. The discussers would like to know the opinion of the
stepped spillways along with hydraulic design aspects of steppedauthors regarding the applicability of the conventional conjugate
spillways. The authors have focused their attention on various depth relationship for stilling basin design in case of a stepped
aspects, including onset of skimming flow, aeration characteris- spillway where highly aerated flow near the toe of the spillway is
tics, residual energy, and training wall design. encountered.

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 clarifyReferences
regarding the limiting height of prototype stepped spillways up to
which the design guidelines presented in this paper could be ap-Chamani, M. R., and Rajaratnam, KL999. “Characteristics of skim-
plied. ming flows over stepped spillways)! Hydr. Engrg.1254), 361-367.
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=(hwethye)/2=0.87 m in the continuity equation yields a ter-
minal velocity ofv,, .=04/h,, ,=20/0.8723 m/s.

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

Training Wall Design

With n=1.2 for concrete dams, the required sidewall height from
Eqg. (25 is hg=2.09 m, withhgy,=1.74 m 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

Y. Yasuda, Nihon University, Tokyo, in providing experimental
data is also gratefully acknowledged.

Notation

The following symbols are used in this paper:

b = spillway or river width;

C = depth-averaged air concentration;

C; = depth-averaged air concentration at inception
. point;

C, = uniform depth-averaged air concentration;

u
C(y) = local air concentration;
Dy w = 4Ry, hydraulic diameter;
Dy et = WDy, effective hydraulic diameter;
F = u/(gh)*? local Froude number;
Fo = qu/(gh3)¥? approach Froude number at jetbox;
F, = q,/(gsin$s’)*? roughness Froude number;

Stepped. In the latter case, the required wall helght should be at *f = Darcy_Weisbach friction factor of unaerated ﬂOW,

leasthy=1.5ngo,=2.61 m, whereas for a smooth crest profile,

the wall height should bég=hgpay=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 crestBoes 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 Eql).
2. The uniform equivalent clear water degtly , on stepped

spillways depends on the chute angle and unit discharge

only, as given in Eq(4).

3. The characteristic uniform mixture deftl,, 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 E¢L3) 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 ratify,/f,, as function of
the mean air concentration, EQ2), wheref,, andf, 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 Eq24), 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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vw,; = clear water velocity at inception point;
w = shape correction coefficient;
X = streamwise coordinate originating at spillway
crest;
Xs = h3/(hi,,sind) scaling length;
X, = drawdown length from spillway crest to close
uniform equivalent clear water flow;
Y = h/h, normalized local flow depth;
Y. = h¢/h, normalized critical depth;
y = transverse coordinate originating at pseudobottom;
z, = vertical black water length from spillway crest to
inception point;
a« = energy correction coefficient;
m = safety factor;
v = kinematic viscosity of water
I, = 0.5-0.42sif2¢) function taking into account
roughness spacing;
I, = (K/Dy,,)%?function taking into account relative
chute roughness;
o = factor originating from
Gauckler—Manning—Strickler formula;
¢ = chute angle from horizontal; and
X = XI/Xg normalized streamwise coordinate.
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By a, * 1 2212 112 .00 -Q0 .CO U
.00 c. * i 2224 11Z2 .00 .00 .oo C.
.00 C. * 1 22346 114 .00 LaG pele] G
.00 0. = 1 2248 115 .00 .oc .00 0.
La0 0. * 1 2300 116 W00 .o .00 0.
.00 0. * 1 2312 117 .00 .GOo .00 a.
.00 0. * 1 Z324 118 .00 .00 00 Q.
.0a 0. * 1 2338 113 .GC Lol .00 a.
.oo a. * 1 2348 120 .00 .00 od a.
*

T R R L L R R T R e R T e R e e s A AL AL LR

-

wok

TOTAL RAINFALL =  26.50, TOTAL LOSS = 3.62, TOTAL EXCESS =  22.88
PERK FLGW TIME MAKIMUM AVERAGE FLOW
5-HR 24-HR 72~HR 23.80-HR
+ (CFs} (HR)
(CES}
+ 8174. 2.80 2588, 553 558. 658,
{THCHES ) 22.704 22.881 22,2891 22.881
(AC-FT) 1284. 1284. 1294. 1294,
CUMULATIVE RREZ = 1.06 S0 MI
dedkw kmd Rk Ak wkk kkk AFFE Fwe kkk wkw wwE kdkh khkm Fhd kkk kddk kkk FrEk Fhk Hmw kdk kdw ok wEE dhkF FmF khd kR khkd M kK KWk
i1
PP
N *
20 KK * EAST * RUNOFF FROM EAST WRTERSHED
N B
P
WOODS ONLY
SUBBASIN RUNOFF DATA
22 BA SUBBASTY CHARACTERISTICS
TARED ,75 SUBBASIN ARER
PRECIPITATION DATA
26 BT TOTAL STORM STATICHS 10
0 W WEIGHTS 1.00
24 TR RECORDING STATICNS 10
25 PW WEIGHTS 1.00
23 1S SCS 1OSS RATE
STRTL .86 IKTTIAL ABSTRACTICN
CRVNER 70.00 CURVE NUMBER
RTTMP .00 PERCENT IMPERVIOUS AREA
27 UD 505 DIMENSIONLESS UNITGREPH
TLAG .34 LAG
PRECIFPIIATION STATICK DATA
STATION TOTAL AVG. A¥NUAL WEIGHT
1c 26.50 .ce 1.00
TEMPOREL DISTRIBTTIONS
STATION 10, WEIGHT =  1.00
.ol .ol .01 .02 .02 .02 .02 L0z .03 .05
15 .15 .10 .05 .03 .03 .03 03 .02 .02
.02 .02 .02 .02 .02 .02 01 .01 .01 .ol
.00 .00 .00 LoD .00 .00 .00 L0 .00 .ot
00 .00 .00 .00 .00 il .00 .o .00 00
.00 .00 .00 .00 .00 co .00 .00 .00 .00
00 .00 .co L0 .00 .00 .0 .o .00 .00
L0 ,00 .ot .00 .o .00 .00 .00 .00 .00
.00 .o .00 .00 .o .00 .00 .00 .00 .00
.00 .00 .o .co .00 .00 .00 .00 .00 a0
.00 .o .00 .CC .00 .00 .00 .00 .COo .00
.Co .o .00 .00 .00 .00 .00 .00 .o
WARMIKG **+* TIME INTERVAL IS GREATER THEK .29*LAC
UNIT HYDROGRATH
10 END-OF-PERICD CRDINATES
323. 820. 569. 314, 153, 73, 34, 16. 8. 4
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ek

HYDROGRAPH ET STATION

EAST

N R R R R R R Rk R R R R e e R AL R R R A AR A AR R AR AR

sk

DA MCGN HRMHN ORD
1 cogg 1
i co1z 2
i Coz4 3
1 0036 4
1 OC48 5
1 0ico G
1 011z 7
1 0124 3
1 0136 G
1 0148 i0
1 0200 11
1 0212 1z
T 0zz4 13
1 0236 14
1 cz4s 15
1 300 16
1 31z 17
1 0324 18
1 0336 19
1 0248 20
1 oaco 2%
1 0412 22
1 0424 22
1 043¢ 24
1 0448 25
1 0500 28
1 0512 27
1 05z4 28
1 0536 23
i G548 30
1 Ge00 31
1 0612 32
1 0624 33
1 Q&3¢ 34
1 0&48 35
1 0760 38
1 0912 37
1 0724 38
1 0738 33
1 0748 40
1 08090 41
1 0812 42
1 0ez24 43
1 CB36 44
i Cedg 45
1 0900 46
1 0812 47
1 0924 a8
1 0936 49
1 oodg 50
1 1o0C 51
1 1012 52
1 1024 53
1 1038 54
1 1048 35
1 1140 56
1 1112 57
1 1124 58
1 1136 59
1 1148 &0

ok

TOTAL RAINFRLL =

PEAK FLOW TIME

+ {CF3) {HR)
+ 6527, Z.60

ek k Ehhk khk hkh mam

* ok

*

RAIN LOSS EXCESS COMP O :
.

.00 .co .00 0. B
.34 .34 .00 0. «
.37 .37 .0c 0. *
.40 .38 N1 5. *
45 .36 .cs 40. *
5G .34 .17 134, =
.56 .31 .28 280. x
51 .28 .33 454. *
.66 .25 .21 B41. -
.87 .27 61 871. *
1.32 .31 1.01 1255, *
3,87 .57 3.41 2563, *
3.97 .31 3,67 1966, +
2.52 .13 2.39 6527 . +
1.19 .05 1014 5074. *
.83 .cd g2 4E0L. *
:H .03 i 3261. *
.74 .03 .72 2611, *
N .02 .67 2157. *
K- .02 .62 1871, *
.58 .02 .57 1670, w
.53 .01 .52 15G86. =
.50 .01 .49 1371, *
.48 .01 47 1270. *
.46 o1 L4t 1155, *
.43 01 ez 1132. *
.41 .01 .40 1075. +
.40 .01 .39 1024. +
.39 01 .38 281. :
.38 0L .37 945, -
.37 Noi .36 817 *
.00 .ce .00 777. «
.co .00 .00 469. *
GG .00 s 222, *
.oe .oe e 106. =
.00 .00 .co 50. -
.o .00 .G 23, =
00 .00 .00 10. *
.00 .00 .00 4. *
00 .00 00 i. *
.00 .00 .00 0. +
.00 .00 .00 0. *
.00 .00 .00 0. *
.00 .00 .00 0. *
.00 .00 .00 0. *
.00 .co .a0 a. l
.00 .00 .00 a. *
oo .06 .00 a. *
.o .00 .ce a. *
.00 LoD N a. *
.00 .00 .o a. *
00 .00 .00 0. =
.00 .00 00 0. *
00 .00 .00 0. *
.00 .00 00 o. +
.00 .00 .00 o. +
.00 .00 .00 0. +
.00 .00 .00 0. N
.04 .00 .00 0. «
.00 .co .00 o, *
«

oA MON HRMN

12c0
1212
1224
1236
1248
1300
1312
1324
1336
1343
1400
1412
1424
1436
1448
1500
1512
1524
15386
1548
1600
i6l2
1624
1638
1&48
1700
1712
1724
173¢
1748
18006
1812
1ez24
1E36
16842
19090
1912
1924
1536
1248
2000
anlz
2024
Z036
2048
21c0
2112
2124
2138
2148
2200
2212
2224
22386
2248
2300
2312
2324
2336
23438

T e e I e e S e e e e e e e R el el el e

26,50, TOTAL LOSS = 4.53, TOTRL EXCESS = 21.97
MAXIMUM AVERAGE FLOW
i—HR 24-HR 12-HR 23.80-HR
(CFS}
1767. 447, 247, 447,
{INCHES) 21,5802 21.9%71 21.971 21.871
{AC-TFT) 876, 479, 879, 879.
CUMULATIVE ARER = .75 5g Ml

% wkk EAk wmE dmw RhkE bk hwa khdk bk www v

dkk kkk kAR

QRD

ol

72
73
74
15

77
78
Te
80
81
B2
B3
B4
K]
24
87
33
35
a0

2z
93
24
95
28
o7
EE]

100
Lol
102
103
104
105
106
107
108
102
110
111
112
113
1i4
115
1is
117
118
112
120

R

.00
.00
.00
LGO
.Co
GG
.or
.00
.00
.00
.00
.00
.00
ROl
.00
.00
.00
il
.COo
.ot
.oc
-0
00
.00

Ehh hEm

LOES

4o
oo
H

00
20
o0

co

.00

Ak

GC
oc
oo
ole}
ols]
aQ
a0
Qa
pli]
a0
oo

co
ce

Hoh

EXCESE

00
ls}
a0
aa
a0
oli}
[ui]
oo
Go
co

.COo

co

.00
.00
.00
.00

ola]

.0a
.00
.a0
.00
.00
0o

oo

.CD

co

Y

00
00
88}
aa

aa
a0
00
e
[
oo
co
co

LGO
Belel

[¢1¢]

.00

Qo

.00

kil

.00
.00
.00
oo

fk ok

oo

co
o0
o0
00
00
0aQ
Qa

TS

CCHMP

OO0 O0OCoCO0 N oD DO o0 00O

0.

CoOO0OO0O0OoOMOOD 00O 0

0.

Wk kW WK
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R A

® *
28 KK - LRKE * INSTENTANEQUS RUNOTFEF FROM _AKE SURFACE
= *
Fa ok ko k R Rk kK
LAKE ONLY

SUBBASTN RUNOFF DATA

30 BR SUBBASIN CHRRACTERISTICS
TAREA .30 SUBBASTIN RRER
31 BF BASE FLOW CHRRACTERISTICS
STRTQ 20.00 INITIAL FLOW
QRCSH .0 BEGIN BASE FLOW RECESSION
RTICKR 1.00C0C RECESSION CONSTANT
PRECIPITATION DATA
35 PT TOTAL STORM STATIONS 10
0P WEIGHTS i.00
33 PR RECCRDING STATICNE 10
34 PR WEIGHTS 1.40
32 Ls SC5 LOSS RATE
STRTI. .00 TNITIAL ABSTRACTION
CRVNER 100.00 CURVE NIMBER
RTTMP .00 FPERCENT IMPERVIOUS AREA
36 UD 8C5 DIMENSIONIESS UNITGRAFH
TLAG 10 LAG
ok
PRECTEITATION STATION DATA
STATION TOTAL AVG. ANNUAL WEIGHT
10 26,50 .00 1.00
TEMPORRL DISTRIEBUTIONS
STATION 10, WEIGHT = 1.00
.aL .Ch .01 02 -Gz .02 .02 .02 .03 .05
.15 215 .10 .05 K] L03 .03 .03 .0z .02
.02 .02 .oz .02 .02 .0z .41 W01 .01 L01
Ry .00 .00 ] Y Laa .00 .00 .00 .Co
W00 .00 .00 LGG .00 it} G0 .00 .CC Lco
.00 .00 .00 Ny .00 .00 .COo .co .0C .00
.00 .00 .00 .00 .00 .00 G0 .cC .00 .00
.00 .00 -00 .00 .00 oo .00 .00 .00 Y
.00 .00 .00 .00 .a0 LGG .00 .00 SO0 .ac
.40 W00 .00 .00 .00 g .0C S0h .00 SO0
.00 .00 s .00 .00 N .00 .00 .00 .00
.00 .00 -ac .00 .00 .00 .00 .QQ Laa

WARNING **+ TIME INTERVAL IS GREATER THEN .25*LAG
UNIT H¥DROGRAPH

S END-CF-PERIOD ORDINATEZ
715, 201, £0. B. G.

R R R R L LR R R L R L e AL E R R R R A s R R R e L]

ket

HYDROGRBPH AT STATION LAKE

R h R R R R L R R A N R AR R A R T R A A A T A T e S R R R A R R

ok

DA KON HRMH ORD RAIN LG5S EXCESS COMP Q * DA MOK HRMMN ORD RATN LGSS  EXCESS CaoMP Q
1 0000 1 B+ i} ) 20, = 1 1200 61 LGO .00 .00 20.
1 0012 2 .34 Laa 234 268. * 1 1212 62 .00 LQ0 .00 20
1 Q024 3 .37 .00 .37 356, * 1 1224 63 .00 -Qo0 LU0 20.
1 0036 4 LED .00 .40 394, * 1 1236 &4 .00 -0o0 .00 20,
1 Qo4g 5 LE5 .go .45 4271, * 1 1248 &5 .00 -Qo .00 20,
1 01400 & .50 .o .20 491. + 1 1300 =13 .00 .00 .0a 20.
1 0Lz 7 .56 N .5 543. * 3 1312 €7 .00 -00 .00 z0
1 0124 i .61 Y .61 594. * 1 1324 &8 .00 .00 .G0 20
1 01286 G B8 .00 -G8 645. * 1 1336 &9 .04 .00 .Co 20
1 G148 10 .B7 .00 .87 B11. * 1 1348 70 -Q0 .Co .ce 20
1 czoo 11 1.32 .00 1.32 1180, * 1 1400 71l .ao .co -0 20
1 6212 1z 3.97 .00 3.97 3185, * 1 1412 s .oc .Co Rily 2¢
1 06224 13 3.%7 .00 3.97 3738, * 1 1424 73 Lo GG SO0 20
1 0236 14 2.52 .00 2,52 2755, * 1 1436 kS GG LG SO0 20
1 0248 15 1.1% .00 1.13 1572, = 1 1448 Th LCO .00 .00 20,
i 0300 18 .93 .00 L83 1658, = 1 1200 76 LCO W00 LQQ 20,
1 0312 17 .82 .00 .82 965, * 1 1512 7T .00 .00 .00 29.
1 0324 18 .74 -on .74 765, * 1 1524 ] .00 .00 .00 20.
1 0336 12 .62 .00 LES 705, * 1 152¢ E .00 .00 At 20.
1 0348 20 .64 .00 .64 652, * 1 1548 &0 .00 .00 .00 20
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0400 21
0412 22 .
0424 23
043 4
0448 25
0e0n0 24
g512 27
oS24 28
1535 29 .
0S4 30
nEnn 31
pelz 32
0Ez4 33
Dg3E 34
DE4E 35
oton 38 .
0Tz !
0724 38 .
0735 33 .
07&8 4D .
0gon 21 .
DB1z 42 .
0B24 43 .
GB36 44 .
0848 45 .
0e00 d4g .
051z 47 .
0924 4B .
023§ 4% .
0948 5D .
1000 Si .
1012 52 .
1024 53
1035 %4
1048 %%
1100 56
1112 57 .
1124 58
1136 59
1148 80

.58

B3

.50
.48
LE6
W43
.41
.40

358

.38
.37
.o
.o
.60
.Co

co

.o

oo
oo
00
00
00
0aQ
00
ada
ag
il
ac
e
oo
co
Co

.C0o
.00

.00

on

.0a
pels]
.04q

.58 o,
.53 54G.
.50 517.
.48 482,
33 468,
.43 a47.
.41 427 .
.40 410.
.39 398,
38 389,
37 3738,
049 1z,
00 38
.00 23
oo 20
.Co 20
co 20
co 20.
on 20,
oc 20.
L0G 20,
.00 20.
.00 20.
.00 20.
.00 20,
.00 20,
.40 20.
. 0a 20.
.0g 20.
.0a 20.
.00 20,
.oo 20.
.o 20,
.G0 20,
.C0 20,
.CC 2c.
.o 20.
.o 2G.
S0 20.
.00 20,

X E E A x A F R F

B L T T T

*

S S

T I R I e e e e e

18C0
1612
1624
1634
1648
1700
1712
1724
17386
1748
1500
1812
1624
1836
1548
1800
1312
1824
1336
1348
20006
2012
2024
2038
2043
2100
2112
2124
21386
2148
2200
2212
2224
2236
2248
23c0
2312
2324
2336
2348

.on
.oa
.G0
Lo
-C0
.00

W00

.00
ls]
.00
.00
.00
.00
.00
-0¢
.ag
-0G
LQ0

.ao
.20
G0
Lo

.00
LG
LO0
LGG
.00
Melel
.00
.00
.00
.00
LQ0
.08
00

.00
.00
.on
Lo
LG
Ay
.CD
.CO
.CO
.00
.00
.00
00
jasls]
.00
.00
.00
.00
.00
ppili]
.00
.oo
LG
GG
LG0

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

20,

B e e R R R L R R R R e T

ok

PERK ¥LOW
+ (CF3)
+ 3738.

e

P

TOTAL RAINFELL =  26.50,
TIME
(HR]

{CF.
2.40

[ INCHE.

[RC-F

hokkw Rk

37 EK

33 HC

TOTATL LOSS

S}

S
T)

€-HR

569,
26.923
431,

CUMULATIVE AREA

W owwh kkk wkE xEk %

2 R R

* .
. o
. -

Sk kk ok ok ko ko

%

wEE

i

COMBINE

HYDROGRAZPH COMBINATION

ICOMF

www kA

TNFLOWS

NIMEER OF HYDROGRAPHS TO

.00, TOTAL EXCESS

MAXIMUM AVERAGE EFLOW
Z4-HR 72-HR
238, Z36.
28.95% 28.958
463, 463,

30 50 M1

wwk kbw ke

Wk ko kkd ok Eo

26.50

23.B0-HR

28,

w

W g

ok

COMBINE

LTS

dhkk kiR

LR}

FROM WE3ST AND EAST WATERSHEDS AND LAKE SURFACE

P

o

woom

ok kR

B L L R R E L R R R L R R L R T L R R L R T e s

ko

HYDROGRAPH AT STATION IN

SUM GF

3 HYDROGRAFHS

B R Rk R R R L R R R L L L e 2 AL

e

DR MON HRMI

FLOW

1
20,

1
20,

1
20

CRD FLow
O0Co 1 20.
0012 2 268.
0024 3 356.

-

DA MON HRIN

ORD FLOW
0600 31 2683,
uelz 32 2148.
Cezi 33 1513.

+

+

DA MON HRMN

1 1200
1 121z
1 1224

ORD

E1

&2

63

DA MON HEM

1

1

1800

i812

1824

GRD

91

9z
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