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Abstract

The Snyder's Unit Hydrograph Method is applied to simulate the November 1985
Flood of the Cheat River Basin, which is located in the North-East region of West
Virginia in United States. The entire basin is divided into many subareas according to
the hydrologic and geologic characteristics. The overland flows are computed on
each subarea and combined together along the streams. The flows are also routed
by the Normal Depth Storage and Outflow Method in Modified Pulse option. The sev-
eral structural flood control aiternatives are examined. The study shows the OPTION
Il which has the three moderately sized dam is ultimately suitable to control the
fiood. The HEC—-1 computer model is used to analyze the flood.
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1. Introduction

The subject engineering study evolved from
the aftermath of the November 4-5, 1985 cata-
strophic flood on the Cheat subbasin of the Mo-
nongahela River Basin as shown in Fig. 1, here-
after referred to as the November flood.

Motivated by the November flood, the study
1s to formulate hydrologic model for the estab-
lishment of flood control scheme.

Since the upper half of the basin is more
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(a) Location

mountainous than lower half and has long nar-
row watershed as shown in Fig. 1, the Snyder’s
Synthetic  Method of Unit
(Viessman et al., 1977) was applied to deter-

Hydrograph

mine hydrographs of the basin above Parsons,
while the SCS Method of Unit Hydrograph was
used for the area downstream of Parsons. Also,
the methods were tested by computing the
hydrographs at Davis on Blackwater River,
Parsons on Shavers Fork and Rockville Big
Sandy Creek and by comparing these to corre-
sponding observed hydrographs.

(c) Upstream of Parsons

Fig. 1. Location Map and Subbasins {Dept. of Natural Resources, 1973)
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The Snyder’s Unit Hydrograph, intially, is
based on the method developed by Snyder
(1938) and expanded by Taylor and Schwartz
(1952). Dalrymple (1965) relates the Snyder
method to the flood peak and precipitation. U.S.
Army Corps. of Engr. (1959) compares the SCS
and Snyder’s method. There are also a number
of versions of the SCS model described in publi-
cations (Chow and Kulandaiswamy, 1982;
Richard, 1984; Robert, 1980; SCS, U.S. Dept.
of Agriculture, 1974).

According to the study, the installation of
three moderately sized dam of option M is se-
lected as final plan.

2. Basin Descriptions

Consisting of 7 subbasins, the total area of
the Cheat Basin is 3,630.2 km?; 1,848.1 km®
above Parsons and 1,782.1 km* below Parsons.
The main stem is 193.1 km in length from
Harper Knob, Randolph County to the Cheat
Lake Dam site, Monongalia County; 62.0 km on
Dry Fork, 6.0 km on Black Fork, and 125.2 km
on Cheat River, respectively. The flow charts of
the subareas and their connecting streams of
the Cheat basin are included in Fig. 2. The
slopes of subbasins and streambed are steeper
upstream than downstream of Parsons. The

subbasin areas and stream lengths of principal
tributaries are shown in Table 1.

The pattern of stream drainage above Par-
sons Is substantially different from what it is
below. The upper half of the basin consists of
long narrow subwatersheds that drain the areas
between the parallel ridge lines that dominate
the topography above Parsons. Shavers Fork,
Glady Fork, Laurel Fork and Dry Fork can be
characterized in this manner. The slopes are
very steep, the soils are shallow and the drain-
age path to the main tributary channel is short.
Red Creek is an exception in terms of shape,

but identical in other respects. The Blackwater

Dry Fork
éfﬁ‘ Laurel
Creek
G
Blackwater] p’&"l
River
Hendricks ‘
Shavers
Fork
Cheat
Big v River
Creek
Cheat Lake
Bam

Fig. 2. Schematic Diagram of the Basin

Table 1. Subbasin Areas and Lengths

. . Areas Lengths Average
Tributaries
(km*) (km) Slopes( %)
Red Creek 159.0 27.7 1.8
Laurel Fork 155.7 54.0 0.9
Glady Fork 164.2 60.5 0.7
Otter Creek 75.1 20.9 —
Blackwater River 360.3 44.1 1.4
Shavers Fork 552.4 125.7 0.5
Big Sandy Creek 535.8 50.5 -
| MainStem & Othrs | 1,627.7 193.1 —

o AW 19954 8f]
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River s the ione excepuion from this overall de-
scription. It drains a high altitude plateau that
Is doiiiiated vy the Canaan Valley, which con-
talns unigue Liydrologic features in a selling of
snallow sioping terrain, with significant area

marsh land.

3. Modeling of the River Basin

The method that can predict the effoctiveness
of a given stracture design s to condu~t 4 mod
eling study ro test it against historical or
hunothetioad flosds of a sulficlent severny to
meet the design cequirements, in the study, the
US. Army Corns of Enginecrs (00 1 waner
shed hydrology model (HEC-1, 1985) is chosen
16 meet the modeling noeds.

HEC-1 is wused ¢ simulate the “ovombae
flood event on the (heat Basin. The HiC
model enabled viver discharge versus :me o oo
simulated for the November flooa an mai

peints along the tnbutares and man o o

the Cheat Fiver where there apre msaorfivene ms
torical data available 10 decrease: the fiova wo
the extent required for a design stuc s ais
accomplished by subdi=-Jug e i e
sasin into several small subareas. ‘Vhe ramiall
and infiltration were assumed to be umiferm
over subareas. The resulting rainfall excesses
were then routed by the option to the outlet of

the sublasin producing a r.ncit byvdrogeapt.

3.1 Subarea and Stream wNetwork Develop-
ment

The first important ster in fitting the t{EC -1
computer model to the Cheat River Basin s to
subdivide the entire basiri intc relativeiv cmall
homogeneous areas, and to select shesc sunare-
as and stream segments so that they are of suf-
ficient resolution accurately Lo reproduce the de-

tatied varizuon of the ramnfail-runol. orociss.
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The rainfall and other necessary data are deter-
mined for each subareas. The model is capable
of computing a separate discharge versus time
record for each of these subareas. It then accu-
mulated these flows as it proceeded down-
streant.

The Normal Depth Storage and Outflow
Method in Modified Pulse option (Viessman et
al,, 1977; HEC-1, 1985) was used for flood
routing. In the option, the outflow rate in stor-

age 1s computed as follows:

O=CYH* (1)

wlere O=outllow rute] Y =length of the spill-
way or cross-section; H=depth above spillway
or (russ-seciion) C=discharge coefficient; and
x = xnonent.

The input Lariables for thus option are the
hvdraulic and geometric data of each section of
the tenting swream, Manmug's o values, reach
Teng, Slopes o crergy erade ane, and the coor
dinates for un % pouit 2muss section which repre
sents the snapes of the routing reach. Storage s
cros. »ectional area umes reacn lengi. fhe owt

W ! wral Clepth using
Manning ecuation and then are added to the

tlow of the subharea downstream.

3.2 Storm Cesigr Jsed 1 e Meael

The Nove. St L e e o
ceeding the 500-year flood is selected for use as
the design flood because of its extreme rarity.
Actual hase:i on the

Irequency  calculations

avallable nstorical r=cord vield reiirn pericds

values much greater than 3 vears at many

e

points along Chear River, The decision 1s made
Aol to use these values because of we poternic
srge crrors resulung oo avy computed fre

qeney value s exceeding the H00—ear fluod.
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Fig. 3. Accumulated Rainfall for the Period Novermber 1--6, 1985 (SCS, Agricultural Dept., 1987)

Table 2. Rainfall Accumulations of Recording Sta-

tions
ACCUMULA-
STATIONS PERIODS
TIONS (mm)
Elkins 165 Nov. 1-6,1985
\ Valley Head 144 same
[ Lake Lynn 102 same
" Terra Alta 111 same
f Canaan Valley 213 same

Therefore, the decision is made to label this
flood simply as one “exceeding the 500-year
flood”. The discharge peak at the Rowlesburg
Dam site exceeds the original Standard Project
Flood (SPF) used in the design of the dam.
This is another good indication that the Novem-
ber flood is a sufficiently severe test of any pro-
posed structural flood control design.

g%k B4 1995% 8A

Having made the decision to utilization the
November flood as SPF for this flood control
feasibility study, it is useful to examine the pre-
cipitation which lead to the flood. As shown in
Fig. 3, the accumulated rainfall depth for the
total storm event is highest in the ridge and val-
ley mountain topography of the upper water-
shed. The storm is obviously influenced by the
elevation of the ridges in the upper reaches of
the drainage basin. Although the lines of equal
rainfall depth indicate maximum at the 28 cm
depth level, it is known that local depths exceed-
ed 35 cm at several points along the ridges on
both sides of the West Virginia border. Overall,
the depth decreases in the northwest direction,
receding to approximately the 10 ¢cm level near
the outlet of the watershed at Lake Lynn. This
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pattern is consistent with many storms that
result from moist air from the south meeting
cooler dry air from the north. This latter colli-
sion 1s sufficient within itself to produce large
depths of rainfall over a short time period. The
ridge lines intensify the effect by acting as a
lifting mechanism, forcing the moist air to
higher levels, resulting in a greater rate of con-
densation, and hence havier rainfall. Historical
rainfall data, averaged over time, reflects the
same general distributions shown in Fig. 3.
Therefore, it appears that the rainfall accumula-
tion pattern resulting in the November flood is
consistent with storms that have occurred in the
past, and might again occur in the future.

The rainfall records, during the flood period,
of 4 stations located in Elkins, Valley Head of
Randolph Co., Terra Alta of Preston Co., Lake
Lynn of Monongalia Co., respectively, are used
to provide rainfall distribution data from which
the storm’s total precipitation for each subareas
could be interpolated. Table 2 shows the accu-
mulated precipitation. It should be noted that
the rainfall distribution for Canaan Valley in
Fig. 3 is simulated on the basis of discharge re-
cords at Davis on the Blackwater River, and
the Canaan Valley total precipitation accumula-
tion. The Canaan Valley 1s too far from other
available recording station to apply their distri-
bution records.

3.3 Applied Unit Hydrograph

For the Snyder’s Method (Snyder, 1938; Tay-
lor and Schwartz., 1952), the two main parame-
ters, Tp and Cp, are input to the model. By as-
suming the coefficient, C, the basin lag, Tp, in
hours can be expressed by

T,=0.75C(LLc)*? (2)

where L.=length of main stream from outlet to
divide (km); L.=distance from outlet to a point
on the stream nearest the centoid of the basin
(km); and C,=coefficient; function of basin

slope (lower value for steeper slope). C, i1s the

coefficient ~ which  influences the  unit-
hydrograph peak, q,, given by

q,(cms) =2.75C,A/T, (3)
where A=drainage area (km?), and C,=

corfficient; function of basin slope (higher val-
ues for steeper slope).

The empirical coefficients, C,, and C, are cali-
brated on the Blackwater River and Shavers
Fork,
subbasins according to their similarity and

respectively, and applied to other
steepness. The discharge computed by applica-

tions of these assumed coefficients is also com-

Table 3. The Parameters for the Snyder’s Method in the Model

Subareas C L(km) L(km) T,(hrs) C, A (km?)
Red Creek 2.21 10.98 5.25 8.90 0.82 159.0
Laural Fork 2.01 14.91 6.89 9.82 0.82 156.0
Glady Fork 1.84 12.70 6.63 5.18 0.83 164.0
Otter Creek 2.00 12.50 5.53 5.30 0.83 75.0
Blackkw R. 2.66 10.81 5.24 6.74 0.70 360.0
Shavers Fork 1.96 12.80 6.20 5.28 0.83 552.0
Dry Fork 1.88 7.74 3.54 3.74 0.83 381.0
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pared with observed flow rate at the mouth of
Cheat River. The parameters applied to the
model for Snyder’s Method are as shown in
Table 3.

For SCS Unit Hydrograph Method, the lag
times, Ti, and SCS curve numbers are input to
the model for the computation of peak times,

Tp, and peak discharges expressed by

T,(hrs)=0.54t + Ty, (4)
Q,=2.08A/T, (5)

where T, =0.6T.; T.=time of concentration; 4
t=the duration of effective rainfall; and A=
drainage area (km?).

The lag times and curve numbers applied to
the subareas are shown in Table 4. The SCS
curve numbers were calibrated in the Big
Sandy Creek on the basis of rainfall and ob-
served discharge and applied to other subareas
according to their cover condition.

Table 4. Lag Times and SCS Curve Nos.

Subareas T, (hrs) CN’s
Cheat4 3.0 74
Cheat7 2.1 74
Cheat8 3.8 74

Big Sandy 4.5 73

The antecedent moisture condition for each
basin was assumed to correspond to full satura-

tion because of the rain which fell for 48-72
hours before the flood. This phenomenon tempo-
rarily reduced the basin’s ability to absorb the
rainfall; thus higher values of runoff and peak
discharge occurred above Parsons. The expo-
nential loss function option of HEC-1 model
was applied to estimate rainfall losses, and the
parameters for the option were obtained by em-
ploying the optimization option using observed
runoff data at Davis on the Blackwater River
and rainfall distribution at Canaan Valley.
These optimized parameters were then applied

to other subareas.

3.4 Stream Flow Analysis

The HEC-1 model requires a large number of
parameters to describe the watershed so that it
can accurately simulate the discharge along the
tributaries and main channel. Where possible
these parameters are fine-tuned to match exist-
ing records of the November flood. For exam-
ple, flood records for the Shavers Fork and the
Blackwater River are matched with computed
hydrographs as explained in previous section.
Table 5 illustrates the excellent agreement be-
tween the model and the actual flood records on
these basins. The A4’s in Fig. 4 mark the ob-
served hydrograph on Blackwater River and
Shavers Fork.

Table 5. The Comparison of the Computed and Observed Hydrograph

GAGE CLASS SUMS MEANS PEAVKS PEAK
(m?) (m?®) (m?) TIME(HRS)

Blckwater Cmptd 8,776 170 340 26 :00
River Obsvd 8,838 177 354 26100
Shavers Cmptd 21,289 424 1,302 25:00
Fork Obsvd 20,305 406 1,354 25:00

Big Sandy Cmptd 4,841 85 198 26 :00
Creek Obsvd 4,568 91 202 26 :00

284 H4% 19955 87 177
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Fig. 4. Natural Streamflows of Tributaries above Parsons

Table 6. The Characteristics of Hydrograph on Tributaries and Main Channel

PEAK PEAK BASIN
LOCATIONS REMARKS
DISHS.(m?*) TIMES(HRS.) AREAS((km?)

Blkw. R. 764 23:00 360

DryF. 2,887 24:00 898 Excluding Blk F. R.
Blk F.R. 3,708 24:00 1,296
Shvr. F. 1,302 25:00 552

Cheat River at Parsons 5,000 25:00 1,848 Including Shavers F.
Cheat R. at Rowlesburg 5,548 31:00 2,422
Big Sandy Cr. Rckvl. 198 26:00 536
Cheat R. at Lake Lynn 255 35:00 3,654
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All indications are that e sevuistoo oo s
an accurate representation of the actual flood
event, both In terms o discharge record ans
total volume of runoff.

The corrmuted disharge neaks of the 1 -buta
ws are shown in "able 6. 'L he Niew of Blackw:
ter River, Drv Fork. and Shavers fort at Par
sons, resulted in a total neak discharge of 5.000
m?.

"he town of Parsons nes crocisely at ¢ nati-
ral convergencs pont of all of the drainase i
the upper hal” of -he Chea: Basin, Al of the
stream and mive e s area s theT noant, on e
denced by the narrnw necl in the overait Chent.
drainage hasin saape. This natural “t:mnel” pro
duces a great flooding potennal for the town o
Parsons and pomn‘s downstream. This natura.
convergence «f the “rainags in the upper Chea:
basin 1s further enhance ! b an pparent equ
f58in lag time from eac! of the tributaries diz-
cussed above to the convergence point «! Par
sons. An equal basin lag time tor 1l of the
utaries 1o the Cheat ai Parsons suuply mean-
that the individual flood peaks nn each of the
tributaries tend o arrive ai aporoximatsly tro
same ume, ard ‘nersfore arc directly additio
at Persons as dhowyin Vig 4.

The combined :scharge at Porsors 5 the
passed down 1he Cheat River <vhile accumila
ing the remaining tributary runotl as it was ey
counterad an routed to the mouth of the Chea'
at Paint Marion, =#A.

Th~ Jowar hall of tha Cheat Basin will most
often receive less raintall than e uprer -au
hecause of its lower elevation. Although siopes
are steep and soils are poor, their influsnce 15
less sever much o1 the drainage area above Par-
sons. The peak dischargz at Parsons s
creased by 18% as 1t traveled in the mouth ¢!
the Cheat River below iLake Lynn, as shown

Fig. 4. Therefore in the case or the INovemher

Fond B4 1005 aFl

oot 327, or e peak dischal ge exp=itenced al
the mouth of the Cheat River occurred at Par
sens, to which 50% of the total drainage are=
contrinutes.

e

the conrhisic s ot his portien of the swuay
supported by the above observations, are tha:
the hvdroingic response of ihe Chea! Rives
Basin to stormr rainfall input 1s sirongly aictate
bv its nnusua! basin shape and drainage charac
teristins. and that the severity of thie response
15 strengly praaed toware the npger halt «f in.
ihe -t Ba-ir. the soorm ramntal: pattern produc
g the Nevember |

santative of the moast iikely veiiern tor severe
storm events thar will 1n iurs produce ihe wours,
case lnoct wione the mamn stem .7 the Chea
River. I'nese ars additional reascns for selecting

the November tlooa as the dasign event.

4, Exarsina*tiors of Struzturs: Fiood Contro

=1

I this studv. the writerion o control the flood

was asstwed "0 be he 10-vear troquency flow.
These levels are &2 cms on Black Fork and
410 ¢ms o Shavers joork (118 Dept. ot Heusing
end Urnin Devearn.. 14725, These lows are sale
1o the extent that ihey minimize pessibie damn
age 10 all populated arezs by keeping the water
sturiace elevaons to 1ovels at/ - shghtyv abow
banktuli (.S,
197%8).

Hiver charnel improvements su-h as raahg:,

Army Engineer Dist  Hitis,

ments and enlargiments are auickly rejecied
trom consideraiion as a vrimary mesns ot fiood
control. The Nay waer flood, vrnssen as the de
sigr fiood, stimpy 15 Jar 11 excess of anv omuel
smaller flood lavel that could reasonably be har
dled bv these means.

"Ube final three alternatives as snown m Fig.
1 involve the use of various sizex and numbers

of sams. First, 1o provide the level of protecuor.
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deemed necessary, most of the drainage area
above Parsons has to be effectively controlled.
By use of the HEC-1 model, it is quickly deter-
mined that uplands SCS dams would provide in-
sufficient control of drainage area. At least 50
% or more of the area must be controlled in
order for there to be even a chance of success.
Second, the terrain and streambeds are so steep
as to require dam size that quickly rose above
those limits normally associated with SCS dams.
This latter situation resulted when an effort
was made to move dam into downstream loca-
tions where they could jointly control more
drainage area. The need for increased dam sizes
and a more downstream location precluded in-
volvement of the SCS in providing the major
component of flood protection.

Each of the major tributaries of the Cheat
above Parsons is examined for feasible dam
sites along their lower reaches, where at least
509% of the drainage area would be controlled.
Red Creek, Laurel Fork, and Glady Fork had
considerable discharge magnitude and subarea.
However it is impossible to find a dam site on
Red Creek because the slope is steep with popu-
lation areas around. Detailed examination of the
topographies and discharges of Laurel Fork and
Glady Fork also causes rejection of the possible
dam location on these streams, because both
streams have valleys that are too narrow and
slopes that are too steep. This problem resulted
In too little reservoir storage in comparison to
dam size. No suitable dam sites could be located
on the Blackwater River either since the chan-
nel slopes are very steep downstream of Davis
as on Laurel Fork and Glad Fork. The Blackwa-
ter’s hydrologic response to rainfall input is
more sluggish in comparison to the other tribu-
taries. In spite of the very heavy rainfall accu-
mulation during the November flood, the Black-
water peak discharge is only 764 cms, as indi-

180

cated in Table 6.

It is realized that full control of Dry Fork and
Shavers Fork might be sufficient for the flow of
the Blackwater to pass through Parsons and
into the Cheat without significant damage to
any populated areas. The watershed model late
showed that this could be accomplished. With
Blackwater to remain uncontrolled, it is all im-
portant to control the remaining tributaries to
the fullest extent possible. This was relatively
easy to accomplish on Shavers Fork, while Dry
Fork proved to be very difficult. Locating a sin-
gle moderately sized dam on the lower Dry
Fork proved to be impossible because of the ex-
cessive steepness of the river channel. These lat-
ter limitations do not permit sufficient reservoir
storage to contain the flood without an exces-
sively large dam. The ultimate solution is to lo-
cate two dams of moderate size In series, one
below the other such that they jointly created
enough storage to contain the November flood
fully. The most downstream dam is located just
upstream of the mouth of the Blackwater River,
above the town of Hendricks. The upstream
dam is located within a narrow bend in the
river at a point just upstream of the mouth of
the Glady Fork tributaries. Both of these latter
dams are able to work together to contain the
November flood on Dry Fork fully. Three main
options, which are examined by the HEC-1 com-
puter model to get optimum results above Par-

sons, are introduced below.

(1) OPTION 1

This plan involved controlling the design flood
by siting two medium sized dams; one on Dry
Fork and other on Shavers Fork. The Dry Fork
Dam is sited 1.12 km below the confluence of
Dry Fork and Laurel Fork where the streams
have a broad valley with a mild slope upstream.
The catchment area of the dam is 281 km? and
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On Shavers Fork, a dam was located near

Weese to protect population area downstream,

such as Boden and Faulkner. The selected dam

site has enough reservoir storage to mmpound
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most of the flow from upstream. The catchment
area is 353 km%. The controlled peak flow on
Shaves Fork at Parsons is 506 cms as compared
to the natural peak 1,303 cms. Thus the total
controlled discharge on Cheat River at Parsons
18 2,405 cms. The reduction ratio is 52%, which
is short of the ultimate goal of the study, even
though other secondary protection measures
could be taken. So, it is assumed that a more in-
tensive mitigation plan is necessary to control
the November flood.

(2) OPTION 1

To minimize the flow rate at Parsons, the
dam sites are selected at the lowest point possi-
ble on both streams, Black Fork and Shavers
Fork. A dam sited below Hambleton on the
Black Fork River controlled 1,258 km? of the
catchment area. The dam is able to reduce the
3,702 cms natural peak flow to 475 cms on the
Black Fork River at Parsons. By siting the two
dams as described above, the total controlled
flow at Parsons is 598 c¢ms as shown Fig. b.
However, the Option Il is rejected promptly be-
cause of conflicts with populated areas, and the
valuable properties that would be flooded by the

proposed dam.

(3) OPTION m

As explained in a previous part of the this
article, complete control of the flow on the Dry
Fork is absolutely necessary since suitable dam
sites do not exist on the Blackwater River.
Adding one more dam, named Hendricks Dam,
to Option [ is planned, locating it 1.6 km up-
stream of Blackwater River mouth. The Hen-
dricks Dam is able to improve the adverse
stream runoffs from Glady Fork and Otter
Creek which are released downstream without
any regulation and thus made the peak flow
rate at Parsons too high in Option 1. The popula-
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tion areas such as Hendricks and Hambleton, to
be flooded in Option II, would also be protected
from the floods. Even though the reservoir site
has steep slopes and a narrow valley, enough
storage is provided to impound the desired
amount of runoff, 1,093 cms, from the Dry
Fork Dam, Glady Fork subbasins, and Otter
Creek Subbasin. Using this medium sized dam,
the peak flow rate on Black Fork at Persons
was reduced to 926 cms; 75% reduction; 10
years frequency flow.

The controlled flow rate on Shavers Fork at
Parsons is 125 cms. Thus, the total controlled
flow at Parsons is 1,046 cms as compared to
the natural flow of 5,000 cms. Fig. 6 describes
the controlled flow of streams above Parsons.

5. Conclusions

The final design options are heavily influ-
enced by the constraints placed on the study by
the local citizens of Tucker County and sur-
rounding counties. The constraints required that
little or no homes or farms be displaced, hence
greatly limiting potential reservoir locations.
The town of Parsons and surrounding communi-
ties must be heavily protected.From the present
investigation, the following conclusions have
made:

(1) The computer model to analyze the Novem-
ber floods of Cheat River Basin is complet-
ed by HEC-1 model.

(2) Because of basin’s characteristics the
Snyder’s Unit Hydrograph is applied on the
upstream of Parsons while SCS method is
used for the lower half of the basin.

(3) The Snyder Method gives a more accurate
fit at Parsons and Davis.

(4) The results computed by the Snyder’s Unit
Hydrograph are also matched remarkably

well  with  those of the observed
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hydrographs on the upstream of Parsons.
These results are illustrating the Snyder’s
method 1is suitable in the areas of steeper
slopes and highlands.

(5) According to the analysis, the final pro-
posed plan to mitigate Cheat River Basin
flood hazard consists of the use of the three
moderately sized dams of Option 1.
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