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I, INTRODUCTION

A. Purpose and Objective

The Skunk River and its tributaries occupy a long narrow
basin that lies wholly within the State of Iowa. Below the
City of Ames, Iowa, Skunk River is jolned bj Squaw"Creek, one
of the ma jor tributaries in the upper portion of this basin,
The runoff from the 565 square miles of basin area above the
confluence of the two streams can greatly Influence the river
flow for a considerable distance downstream, This is the area
that will be considered in this thesis. A map showing the
location of this area with respect to the entire Skunk River
Basin ;s shown in Filgure 1.

The Skuhk River and 1ts trlbutarles cause an estimated
average annual flood damage of $1,810,380 based on 1950
prices (1).. Damages to crops aﬁd pastures account for
$1,660,260 wﬁile the remaining $150,120 is due to property
damage. Thus, this 1s a basin fhat 1s accustomed to experi-
encing regular flood”damage_of sizable magnitude,

Flood damage varies with the drea,'depth? and duration
of flooding. These. factors are in turn a function of the
quantity of flow in the stream and of the duration of a flow
capable of producing flooding for the given valley cross-
section. The flood potentlality of a basin 1s thus deter-

mined by the maximum quantlity of Flow that the baslin might
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be expected to produce in the river at the point considered
and the period of time which this flow would exceed flood
stage.

In addition to the potential for causing flocods below
the Squaw Creek confluence, these two streams cause flooding
in the area around the City of Ames. Of particular interest
1s the low flat area between the main section of Ames and
Towa State College. If the college were to expand in the
future, this would be a probable area for expansion; however,
this area is part of the Squaw Creek flood plain and is sub-
Ject to inundation. ”

The mos£ generally used and perhaps most logical method
of determining the flood potentlality of a basin is that of
transposing ;torms of record over the basin In such a way
as to produce maximum rainfall over the basin., In doing
this, all rules governing transposition of storms must be
followed as will be outlined later in the paper. The objec-
tive of this thesis is to determine the flood potehtiality
of the Skunk River and Squaw Creek Basins at thelr confluence

below Ames, Iowa by transposition of storms of record.
B. TRecord of Past Floods

Three gaging stations operated by the U. S. Geological
Survey have been used to measure streamflow in(the area con-
sidered (2). The first station was placed on Squaw Creek
1700 feet above the Chicago and Northwestern Railroad bridge
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in Ameé. Discharge records from this staff-gage station
which operated from May 1919 to March 1925 are rated as good,
From March 1925 to April 1927, the station was located at

the Lincoln Highway bridge over Squaw Creek in Ames, two miles
above the junction with the Skunk River. Readings at this
location were taken with a chain gage and the discharge
records are rated as fair., Since April 1927, a record of

the flow in Squaw Creek has not been maintained,

The second gaging station is on the Skunk River two and
& half miles north of Ames and five miles north of its junc-
tion with Squaw Creek. This station, installed in July 1920,
operated with a staff-gage until August 1921 and with a water
stage recorder thereafter. Between August 1927 and March
1933 the station was not operated; but it has been in contin-
uous operatién éince that time. In July 193, a concrete
control was installed at the site.

The thifd gaging station is located on the right bank of
the Skunk River one quarter of a mile downstream from Squaw
Creek and abéut fifteen feet downstream from a highway bridge.
This station, which was established in Octoper, 1952, uses
a water stage recorder and a concrete control. The period
of record is too short to be of much use in this‘study,

Streamflows necessary to produce damaging floods in the
two flood plains above theilr Jjunction and in the flood plain
below the Jjunction have been detefmined (1}, Damage occurs

in the Skunk River flood plain above theﬁjﬁnction, when the



flow 1is greater than 3490 cfs. Damage occurs in the Squaw
Creek flood plain, when the flow is greater than BMOO cfs,
The Skunk River channel capacity below the mouth of Squaw
Creek is only 2400 cfs. Greater flows cause some inundation
of unprotected areas,

Tables 1 and 2 show all flood flows recorded at the
first two gaging stations. All flows greater than 200 cfs
are recorded since they are of sufficient magnitude to pro-
duce flooding in the area below the intersection.,

Table 1. Damaging floods on the 3Squaw Creek at Ames, Iowa,
1919 to 1927 (2)

Maximum Maximum observed Maximum

mean daily discharge observed
Flood discharge cfs per stage
Year period cfs Date cfs sq ¢t ft
1918 6/ 6,900 32,9 14.5
1922 1/17 3,220 7/17 3,920 18.7 10.4

During fhé spring and summer of 195l, record streamflow
occurred In the area considered. Table 2 shows that the maxi-
mum flow on éﬁé'Skﬁnk'River was 8,630 cfs., As would be
expected, this flow caused the river to overtop 1lts banks
both above and below Ames.

Flooding of the Squaw Creek in the Ames area also
occurred in May and August of 195l . The heaviest flooding
occurred during the period of 26 August to 28 August. Areas

in Ames that were flooded during this period included Brook-
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Table 2. Damaging floods on the Skunk River at Ames, Iowa,
1920-1927, 1933-present (2) ) _

Maximum Maximum observed Maximum
mean dally dischargse observed
- Flood discharge ‘ cfs per stage
Year vperiod cfs Date cfs sq mi ft
1921 9/17 2,910 9/17 3,540 11.1 9,20
943 7/31 2,490 7/31 4,500 1).0 10.33
1944 5/19- 5,650 5/20 8,060 25.0 13,90
5/20
1945 6/2 3,070 6/2 L,010 12.4 9.71
947 6/13 5,450 6/13 5,900 18.3 11.95
1947  6/23 4,350  6/23 4,920 15.3 - -
1949 3/4 1,700 3/ 2,700 8.4 10,52%
1951 3/29 li,600 3/29 5,320 16.5 10.90
1951 6/2 L, 360 6/2 1,920 15.3 10.35
1954 6/1 2,380 6/1 3,180 9.9 7.84
195} 6/10- 5,760 6/10 8,630 26,8 13.66
6/11
1954 7/27 2,120 7/27 3,520 10.9 8.27

#Stage discharge relation affected by ice.

side Park and the area around South Maple Street. Some over-
topping of the stream banks occurred in the area between the -
City of Ames and Iowa State College., Although the flow was
not measured in Squaw Creek at this time, a rough estimate

of the magnitude of the flow can be made from readings taken

on the Skunk River gages. The gage above Ames recorded a



peak of 3,520 cfs at 6:30 P.M. on 27 August while the gage
below Ames recorded a peak of 8,700 cfs at 2:30 A.M. on 28
August. These readings would indicate that the flow from
Squaw Creek contributing to the gage reading below Ames

was between 5,000 and 6,000 cfs. Although this estimate is
not accurate, it does give a reasonable basis for future

comparisons,
C. Storms Considered

Storms that are useful in determining the flood potenti-
ality of a river basin of this size must have certain charac-
teristics, éhe transposition of the storm must be feasible.
In other words, the area over which the storm occurred and
the area to which the storm 1s to be transposed must be
meteorologically homogenious., A storm caused by moist air
rising over the Cascade Mountains in the Pacific Northwest
would have little significance transposed over Iowa. The
Hydrometeorological Section of the U. S. Weather Bureau sets
1limits of transposition for various ma jor storms of record
and will calculate estimates of the percent of the original
precipitation that would have occurred in the new location.
This will be discussed further in a later section of the
thesis.

The storm must be one that will produce unusually heavy
precipitation over the area considered. As the area of a

basin increases, the average precipitation over the entire
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aréa decreases., The 565 square mile area used in this study
represents a comparatively small basin, so relatively high
values of average storm precipitation could be expected.

The storm should also have a high average intensity. A
storm that spreads ten inches of rainfall over five days
would produce less flooding than one in which ten inches of
rainfall fell in one day. During the longer duration, the
channel would carry away some of thé runoff before the later
precipitation arrived.

With these factors in mind, five storms were chosen for
transposition over the basin (3). These storms are desig-
nated as Storms MR 4-2l, UMV 1-22, UMV 2-5, MR 7-2B, and MR
6-15. Theserdesignations are those used by the U. S. Army
Corps of Engineers. MR storms occurred over the Missouri
River Valley. UMV sﬁorms occurred over the Upper Mississippi
Valley.

The first storm, MR [j-2li, occurred in September, 1926
with centers near Boyden and Maurice, Iowa. Figure 2a shows
the area of this storm inclosed by the four-inch isohyet.
This storm had a effective duration of twenty-four hours,
lasting from eight o'clock in the morning on 17 September
until eight o'clock in the morning on 18'September, Trans-
posed over thé Skunk River and Squaw Creek Basins, this storm
produced an average total rainfall of 13.9 inches,

The second storm, UMV 1-22, occurred in August, 191

with centers at Haywood and Moose Lake, Wisconsin. Figure 2b
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shows the area inclosed by the two-inch isohyet of this storm.
Precipitation continued for seventy-eight hours. More than
half of the rainfall, however, occurred in a twelve hour
period from six o'clock in the afternoon on 29 August to six
o'clock in the morning on 30 August. The total storm period.
was from six o'clock in the morning on 28 August to 12 o'clock
noon on 31 August. This storm, when transposed, produceé an
average total rainfall of 13.6 inches over the basin,

The third storm, UMV 2-5, occurred in June, 1905 with a
- center near Bonapart, Iowa. Figure 2c shows the area inclosed
by the two-inch isohyet of this storm. The storm lasted
twelve hours from eight o'clock in the e%ening on § June to
eight o'clock in the morning on 10 June. When transﬁosed,
it prodﬁced an avefage total rainfall of 9.9 inches over the
basin.

The fourth storm, MR 7-2B, occurred with a center near
Collinsville, Illinois in August, 1946. The storm had a
thirty-six hour duration, lasting from nine o'clock in the
evening on 14 August to nine o'clock in the mérning on 16
August. The bouhdary,of the séorm as marked by the three-
inch isohyet is shown in Figure 2d. This storm, when trans-
posed, ylelded an average‘total rainfall of 11.9 inches over
the basin,

The last storm, MR 6-15, occurred in June, 194 with a
center near Stanton, Nebraska., Figure Z2e shows the area

covered by this storm inclosed within the three-inch isohyet,
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Effective rainfall lasted twelve hours from six ofclock in
the evening on 10 June until six o'clock in the mérning on
11 June. After transposition, thié storm produced an average
total rainfall of 9.5 inches over the basin.

Many people living in the Skunk River Basin in Iowa are
familiar with the Floyd River Storm of 8 June, 1953. This
storm caused heavy flooding in much of northwestern Iowa,
Damages were estimated to be nearly $50,000,000 (h).' The
damages were heavy due to the fact tﬁat the storm was well
oriented over the Floyd River Basin and was of heavy inten-
sity. The storm lasted sixteen hours from six o'clock in the
morning until ten o'clock at night. Figure 3 shows the total
storm isohyetal mapuof this storm trahsposed over the Skunk
River and Squaw Creek Basins. This transposition ylelds a
total average rainfall over the basin of only 7.9 inches.

This 1s less than that of any of the five storms considered.
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Figure 3. Transposition of the Floyd River Storm of 1953 over
the Skunk River Basin above the 3quaw Creek
Junction
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II. CHARACTERISTICS OF THE SKUNK RIVER BASIN

A. General

The Skunk River lies in a relatively long, narrow basin
that extends from north-central to southeastern Iowa. The
basin has an area of l;,325 square miles and is composed of
parts of twenty counties in the State of Iowa (1). The
basin is approximately 180 mlles long, has an averagé width
of 2 miles, and a maximum width of about 4O miles. A map
of the basin is shown in Figure 1. The basin lies between
the watershéds of the Des Moines River to the southwest and
the Iowa River to the northeast.

The source of the Skunk River is in northern Hamilton
County, Iowa., From here the river flows approximafely 26h
miles south and éoutheast to a point about nine miles below
Burlington, Towa where it discharges into the Mississippil
River. The river's total fall from its source to the
Mississippl River is about 680 feet. Avérage stream slopes
for the various reaches of the Skunk River are given in Table
3. At low water stage in the Skunk River, water from the
Mississippi River backs up the Skunk River about 6.l miles,
The river profile is shown in Figure .

The ma jor tributaries of the Skunk River are Big Creek,
Cedar Creek, Crooked Creek, North Skunk River, Indian Creek,

and Squaw Creek. The drainage areas of the Skuﬁk River and
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Table 3. Stream slopes in the Skunk River (1)

Length Average slope

Portion of river# in miles feet per mile
Miles 231.l; near Story City to mile
213.3, jet. Squaw Creek 18,1 5.0
Mile 213.3 to mile 179.5, ject.
Indian Creek 33.8 2.9
Mile 179.5 to mile 195;.8 2L.7 2,1
Mile 154.8 to mile 138.6,
Oskaloosa gage | 16.2 1.4

Mile 138.6 to mile 123.2, down-
stream end of straightened channel 15.} 2,1

Mile 123.2 to mile 38.3, tailwater,
Oakland Mills dam 8ly.9 1.3

Mile 38.3 to mile 6.l;, Mississippi
River backwater 31.9 1.1

#Distance given in miles above mouth.

1ts trlbutaries are shown in Table l;. Cross-sectional dimen-
sions and channel flow capacltlies at several polnts within
the SkunkkRiver Basin are given in Table 5. The bankful

flow was selected as the flow that occurs when the water
surface level reaches the adjacent bottom land elevation.

The Skunk River and Squaw Creek Basins above their con-
fluence are shown in Figure 5. This section of the Skunk
River Basin has an area of 333 square miles while the Squaw
Creek Basin has an area of 232 square miles. Both basins are
about three times as long as they are wide. Their combined

areas are roughly pear shaped with a maximum 1ength of 38
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Table . Drainage areas of Skunk River and tributaries (1)

Tributary Main-

River drainage stream
miles area drainage
above Description of - in area in
mouth point on river _Iributary sq. mi. sg. mi,
0 Jet. Mississippi River [ - - 4,325
12.2 U.3.G.S. gage, Augusta - - - - - 1,290
26.8 Below jct. Blg Creek Big Creek 162 L,207

3.1 Below jet. Cedar Creek Cedar Creek 5560 3,980
66.4 Below jct. Crooked Creek Crooked Creek 28B4 3,200
93.1 Below jot. North Skunk  North Skunk 860 2,715

10l .1 U.S.G.S. gage, Sigourney North Skunk 750 - - -
138.6 U.S.G.S. gage, Oskaloosa - - - - - 1,640
179.5 Below jct. Indian Creek Indian Creek 21 1,231
213.3 Below ject. Squaw Creek Squaw Creek 232 - 565
216.94# U.S.G.S. gage, Ames Squaw Creek 210 - - =
219.0 U.S5.G.S. gage, Ames - - = - - 322

#Gages located on tributaries,

miles and a maximum width of 25 miles., The two basins have a
good drainage net that is both natural and ﬁén made. With
this favorable shape and drainage net "flashy" runoff hydro-
graphs with quick, high peaks would be‘eXpect;d and do occur,
Two small areas where the drainage flows Into large depressions
have been excluded from the basin dralnage area since they do

not contribute to surface runoff.
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Table 5. Cross-sectional dimensions and
channel flow capacities (1)

“Cross Miles Bankful Cross-sectional Stream width Mean
section above flow area at bankful at bankful depth,
location mouth  (cfs)  flow, (sq ft) flow, (ft) (ft)

Augusta 12.2 17,000 L,610 L27 10.8
Oskaloosa 138.6 6,500 3,340 297 11.2
Polk Co. 195.8 14,000 1,480 180 8.2
Story Co. 206.8 2,400 960 143 6.7

B. Topography

From its source the Skunk River flows south in a nérrow
postglacial valley to a point a few miles north of Ames.
Although bluffs rise 75 to 100 feet above the river bed, in
the lower five miles of this valley, the remainder of the )
valley 1s shallow., The river then enters a preglacial
channel which widens below Ames and remains wide through
Story, Polk, Jasper, and Marion Counties. From near Ames to

Mahaska County, the river which formerly meandered in this
| reach flows through an artificlally straightened channel,
This improvement was undertaken plecemeal by local drainage
digstricts. In much of the straightened reach, the stream
has reestablished a meandering course within the bed of the
channel by undercutting banks and depositing bars. 1In

Keokuk, Washington, Jefferson, and Henry Counties the river

meanders through a narrow valley and near Rome enters a
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narrow, steep-walled, postglacial valley. This valley con-
tinues to a point a few miles below Augusta‘where it widens
and then merges with the flood plain of the Mississippi
River.

In the upper third of the basin, the topography is
gently rolling with shallow valleys except whers streams
cross morainal features. The natural drainage in this area
is poor, but runoff 1is accelerated by artificial drainage.,
In the lower two-thirds of the basin, the topography is
mature, characterized by gently sloping, interstream areas
and steep slopes near the watercourses, Relatively wide
flood plains have developed in the preglacial valleys;
whereas, the postglacial valleys are narrow and sometimes
rock-floored. The flood plain is widest and flood damages
are generally greatest in the reach between Ames and the
mouth of Indian Creek.

Squaw Creek flows in a southeastly direction from its
source in southwestern Hamilton County until it joins the
Skunk River below Ames. The upper valley 1s narrow and
shallow. In Story County the valley becomes somewhat deeper

and wider.
C. Geology

Bedrock beneath most of the Skunk River Basin is of the
Des Moines series of the Pennsylvanlan system which is chief-

ly shale but which contalns some sandstones, limestones, and
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coal. Limestones of the Mississippian system outcrop along
the valley walls of the Skunk River about Ames, as well as
at many places downstream,

Materials were deposited on the basin during three
glacial stages. Most of the basin is covered by Kansan
drift, which in the lower part of the basin 1s covered by
the Illinoisan glacigl deposits. The upper third of the
basin is covered by Cary and Mankato deposits. The Cary and
Mankato are substages of the youngest glacial stage, the
Wisconsin. The Kansan and Illinoisan drift 1is covered by a
blanket of loess,

Deposits from the Cary and Mankato cover both the Skunk
River and Squaw Creek Basins above the confluence of the two
waterways. In the uplands of this area, the thickness of the
Wisconsin and Kansan till varies considerably, reaching a
hundred feet or more. These tills consist of stiff, heavy
clay mixed with pebbles and boulders and with occasional
lenses of sand, Borings 1n'the postglacial valley of the
Skunk River above Ames reveal a few feet of silt, about 30
feet of sand and gravel, and then Mississippian limestone (1).
The Squaw Creek Valley is superimposed upon a pre-Wisconsiﬁ |
valley. Borings in this valley floor reveal a thin layer
of silt, about 4O feet of sand, about 60 feet of what 1is
apparently Kansan glacial till, and then another layer of

sand. No rock outcrops occur in this valley.
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Do Climatology

Table 6 shows precipitation data for Ames, Iowa. The
published monthly precipitation records for flve stations
in the area indicate that about 71 percent of the precipi-
tation occurs from April to September, 18 percent during
October, November, and March and 11 percent during December
through February. The records show that the record flow in
the Skunk River of 8630 cfs was caused by an average rain-
fall of 2.98 inches over the Skunk River Basin during a

twenty-four hour period.

Table 6. Precipitation in inches for Ames, Iowa

1876-1954 (5)

Maximum Maximum Maximum
Average Maximum 2 _year 3 year S _year
annual Depth Year Depth Year Depth Year Depth Year
31.1 51.9 1881 90.7 1943 124.3 1943 199.2 1940
to to to
194 19k5 1944

United States Weather Bureau records of average annual
snowfall for seven stations in or near the Skunk River Basin
show an average annual depth of snowfall over the basin of
about 26 inches. Table 7 lists temperature data for Ames,

Towa,
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Table 7. Temperatures in degrees Fahrenheit at
Amas, Iowa (5)

_Temperatures
Station Length of record Maximum Minimum _Average

Ames, Iowa 7l years 109° -370° 48.7°
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ITI. PROCEDURE

A. General

Determining flood potentiality of one of more basins
involves many considerations and the handiing of several
problems. Hydrologists have 1n some cases developed differ-
ent methods of coping with the same problem. The procedure
used by this paper 1s outlined in general terms in this
section and will be developed, step by step, in proceeding
sections. Storms MR -2, UMV 1-22, UMV 2-5, MR 7-2B, and
MR 6-15 were each treated in similiar manner. |

The first step was the development of unit hydrographs
for the Squaw Creek Basin and for the Skunk River Rasin
above the junction of the two streams. The unit hydrograph
has been defined by Sherman as: "the hydrograph of surface
runoff (not including groundwatef runoff) on a gilven basin, ]
due to an effective rain falling for a unit of time®" (6;p308)°
In this study, effective raln was assumed to be a rainfall ﬁ
sufficilent to produce one inch of rainfall excess or surface
runoff over the entire basin., The unit of time was assumed
to be six hours.

The second step was the development of a groundwater
hydrograph for each of the two basins. Water below the
water table in the soil is called groundwater (6). This

groundwater acts as a vast sub-surface reservoir from which
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streams, lakes, and swamps are fed between rainstorms when
no surface runoff is available (7). A groundwater hydro-
graph of a basin is a graphicalrpiot of stream discharge
derived ffom groundwater sources as ordinate and time inter-
vals as abscissa,

The next step was the transposition of each storm in
turn to a position over the two basins to produce maximum
average rainfall on the basins. Total-storm isohyetal
maps, which are maps of the original storms showing contours
of equal precipitation, were used for making the transposi-
tion (8). The total-storm lsohyetal map overlays were
rotated over a map of the two basins to a position of max-
imum average precipitation. The United States Weather
Bureau has determined that the major axis of a storm may be
rotated up to twenty degrees in either direction. The
geographic limits of the area over which a certain storm
could have occurred and the amount of precipitation that
would fall in a new storm location are affected by many
conditions. The possibility of thesé storms occurring over
the Squaw Creek and Skunk River Basins and the percentage of
origiral rainfall that would fall in the new location had to
be determined.

The fourth step was the determination of the average
precipitation that would fall 6n each of the two basins in
six-hour increments for the total length of the storm. This

was accomplished by placing a series of six-hour isohyetél
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maps over the two basins 1In the position determined pre-
viously using the total-storm isohyetal map. Average precip-
itation over the basin for each six-hour period was then
determined using the lsohyetal method. 1In cases where
precipitation was too light for thils method to be used
accurately, the Thlessen method was employed, This latter
me thod gives equal weight tc the areal distribution of the
various precipitation recording stations (8). Each of these
average precipitation values were modified using figures
obtained from the U. S. Weather Bureau to account for the
increase or decrease in rainfall due to the transposition.

The next step was the determination of the amount of
runoff from each basin during each time period using the
average precipitation values found above., BRunoff, in this
case, was the total runoff minus the groundwater flow. The
portion of the precipitation that reaches the stream as
runoff was calculated using a graph of rainfall-runoff
relations developed for this region.

As a last step, streamflow hydrographs observed at the
junction of the two streams were developed. Unit graph
ordinates were multiplied by the previously determined
values of rainfall excess for each period. This produced
~a series of hydrographs representing runoff from a six-hour
. increment of rainfall. These hydrographs were staggered with
respect fto time and summed along with the groundwater hydro-

graph to produce a total hydrograph for each stream. The
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ordinates of the two separate stream hydrographs were added

to produce a total hydrograph of flow at the stream junction.
B. Development of Unit Hydrographs

In studies of this type, the unit hydrograph is the
basic tool of the engineer. The unit hydrographs developed
for the Skunk River and Squaw Creek Basins are hydrographs
of surface runoff caﬁsed by a rainfall excess of one inch
over the respective basin during a six-hour period of precip-
itation. There are several methods of developing unit
hydrographs for small basins of this type. The bdst method
is to use available precipitation and runoff data of the
basin to derive the hydrograph directly. This is the method
that was used in this paper. Other methods which could have
been used include transferring a unit graph from a similiar
basin and deriving a synthetic graph by mathematical means,

In developing unit hydrographs for the basins, actual
hydrographs resulting from storms were obtained where possible,
Where such records were not readlly avallable, hydrographs
were developed from published values of mean daily flow (1).

The groundwater flow was then separated from the total
flow under the hydrograph. Since this is a difficult quan-
tity to estimate, many arbitrary methods of separation have
been developed (8). Most are satisfactory when used consis-
tently throughdut the study. One of the better methods

involves the development of a groundwater recession curve
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which 1s fitted to the recession limb of the observed hydro-
graph. This recession curve 1s extended back to & point
under the second point of Inflection of the observed hydro-
graph. From here a straight line is drawn to the point
where the hydrograph first begins to rise as a result of the
rainfall,

The area under the hydrograph éfter the groundwater
flow was excluded was next calculated. This area represents
the volume of runoff derived from three sources. These are
channel precipitation, surface runoff, and ihterflow°
Interflow is water that travels in the zone beneath the
surface of the earth and above the water table during some
period in i1ts movement to the stream. The volume of runoff
was next converted to inches of runoff over the basin,
‘Runof f ordinates of the hydrograph were divided by this figure
to produce a hydrograph resulting from one inch of runoff
over the entire basin.,

Precipitation records were examined to determine the
duration of rainfall that each graph represented. Unit
hydrographs representing like durations of rainfall were
averaged to provide the best unit graph. If no storms of
the duration desired were recorded, a unit'hydrograph for
another duration could be derived and converted to the
proper duration using an S-curve hydrograph (9). For example,
to convert a twelve-hour unit hydrograph to a six-hour unit

hydrograph, a series of twelve-hour unit hydrographs spaced
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twelve hours apart are added to form an S-curve. An S-curve
will rise to a point where inflow equals discharge and the
curve becomes horizontal. Ordinates of two twelve-hour
S-curves would then be lagged six hours and subtracted. The
new ordinates are those of a hydrograph caused by one half

of an inch of rainfall excess in six hours. Multiplying these
ordinates by two produces the desired six-hour unit hydrograph.

The derived unit hydrograph was then used to reproduce
the hydrographs resulting from past storms. Dlscrepancies in
the unit hydrograph indicated by comparing the observed and
reproduced hydrographs were then adjusted.

Six-hour unit hydrographs were developed for both basins
at their respective gages (1). Pigure 6 shows the observed
hydrograph of the flood of 19 to 20 May 194} at the Skunk
River gage and the hydrograph reproduced using the unit hydro-
graph. The Squaw Creek unit hydrograph was used to reproduce
the hydrograph observed during the storm of July 17, 1922
as shown in Figure 7. |

| To obtain unit hydrographs for each stream at the
Junction, the ordinates of each unit hydrograph at the gage
had to be routed downstream and increased to allow for the
increased drainage area., The ordinates of each graph were
multiplied, therefore, by a ratio of the basin area above
the stream junction to the basin area above the gags. Since
the Increase in area is not large, the results are within

desired accuracy. Figure 8 shows the unit hydrographs at
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the gages and at the junction. The ordinates of the unit
hydrographs at the junction are shown in two-hour incre-

ments in Tables 8 and G.
C.. Development of a Groundwater Hydrograph

That water flowing in the soill below the water table
that emerges as streamflow 1is known as groundwater flow
or base flow. Precipltation infiltrating through the soil
to the water table can cause the water table level to rise
considerably. An increase in the water table level even-
tually causes an incrsase in groundwater flow although the
two do not vary directly. In developing a groundwater
hydrograph, the shape of the rising limb and the location
of the peak groundwater flow are largely indeterminate (8).
It follows that any assumptions made regarding the grouﬁd;
water hydrographs are arbltrary; however, the relative mag-
nitude of this portion of the total flow 1s small snough
that it should not introduce serious error in the runoff
computations.

A groundwater flow of one cublc foot per second per
square mile of basin area was assumed in each basin at the
beginning of each storm. The flow was then assumed to rise
at an increasing rate to a peak of two cublc feet per éecond
per square mile at the end of lj2 hours where it then remained
constant. An examination of streamflow records for these

streams during the months of May through Septembter revealed
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Table 8. Skunk River unit hydrograph crdinates in cfs
at the junction with Squaw Creek

Two hour Hydrograph Two hour Hydrograph Two hour Hydrograph
period ordinates period ordinates pq?iod ordlinates

0 0 2180 8 00
1 67 S% 2060 ﬁg 36
2 sl 26 1935 50 23
3 1141 27 1840 51 212
1731 28 173 52 176
% 2521 29 1% ; 5 1Z5
6 , 2920 30 1541 5 1ﬁ5
7 260 31 159 55 147
8 5350 32 1386 56 140
9 5710 3 1323 57 132
10 51490 3 1271 58 125
11 5000 35 1220 59 118
12 1720 36 - 1158 60 111
1 ﬁgao 37 1095 61 102
1 1,080 38 1023 62
15 3820 39 951 63 9
16 3570 1,0 87 6l 82
TS 1 2 7 o %
19 2958 L3 ggl 67 58
20 2790 7 68 9
21 2 go ﬁg 92 69 %a
22 24181 I ik 70 17
23 2315 L7 351 71 0
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Table 9. Squaw Creek unit hydrograph ordinates in cfs
at the junction with Skunk River

Two hour Hydrograph Two hour Hydrograph Two hour Hydrograph
period ordinates period ordinates period . ordinates

0 0 32 682 6 7
1 30 3 62 6% ﬁu
2 176 3ﬁ 57 66 o)
3 537 35 529 67 36
I 1173 36 1,86 68 33
g 2160 37 L6 69 33
3139 38 11 70 30
7 3900 39 377 71 27
8 310 0 346 72 23
- A
10 11390 L2 222 7 19
11 1,080 L3 208 75 17
12 3755 27 76 17
1 3h§2 ﬁ% 2%8 75 17
1 3160 L6 209 7 17
15 2900 L7 191 79 17
16 2681 L8 126 80 17
17 2Ll L9 162 81 1l
18 22413 50 149 82 11
19 2060 Sl 137 83 8
20 1890 52 126 8
21 ‘1725 [ 11 8% Z
22 1ﬁ22 5 10 86 6
23 1463 55 97 87 6
2 1343 56 90 88 6
2% 12%5 57 83 89 6
26 1133 58 76 90 6
27 10 59 71 91 6
28 56 60 6l 92 6
29 380 61 61 9 N
30 807 62 55 9 2
31 742 63 52 95 0
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that an assumption of a base flow of one cubic foot per

second per square mile prior to a stream rise was reasonable.
D. Transposition of Stormns

Transposition of a storm from one area to another gen-
erally involves three considerations. The first entails
determining whether the new area is within the areal limits
in which the storm may be transposed. The second entaills
determining whether any change in the shape or orientation
of the isohyetal pattern of the storm is permissible (8).
Finally, the change in the magnlitude of the storm that the
transposition might cause is determined,

The limits of transposition of a storm are generally
determined by an investigation of the type of storm involved.
The five storms considered in this thesis belong to the
class of wave-type cyclqnes that occur in the north-central
United States below the Great Lakes (10}, Due to a decrease
in the air-mass temperature contrast with movement of the
storm to the south, a general limit for occurrence of storms
of this type 1s set at the southern borders of Kansas and
Missouri. The area of occurrence is further bordered to
the west by the Rocky Mountains, to the east by the Appala-
chian Mountains, and to the north by the Great Lakes. The
U. S. Weather Bureau has verified the fact that these storms
could have occurred over the Skunk River Basin (1).

A change in the shape or orientation of a storm pattern
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could greatly affect the total amount of precipitation fall-

ing on a basin., All storms were transpcsed, however, without
altering theilr original shape., Rotation of the ma jor axes of
the storm patterns was limited to a twenty degree maximum in

either direction. This follows a general rule set by the

Weather Bureau,

Transposition of a storm can change the prcbable amount
of precipitation caused by the storm. If the dynamic features
of the storm are assumed to be unchanged, then the change
would be mainly due to a difference in available moisture
in the two localities (8). The Weather Bureau has developed
charts from which the amount of precipitable water available
in each locality can be estimated using representative sur-
face dewpoints as a parameter. Altitude is used as another
parameter in these charts since a difference in altitude
affects atmospheric pressure. These factors were taken into
account in calculating the relative magnitude of precipitation
from each storm over the basins considered (1). The relative
magnitude of each storm is expressed below as a percentage

of the original:

UMV 1-22 = = = = = - - - - - 119%
UMV 2-5 = = = = = = = = = = = 96%
MR 7-2B = = = = = = = = = = = 89%
MR 6-15 = = = = = = = = = = = 101%

Each of the five storms was transposed in turn to a
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position over the two basins. This position was chosen by
rotating an lsohyetal overlay of the total precipitation in
each storm over a map of the two basins to a position of
maximum precipitation over the total area. Figures 9 through
13 show the flve storms superimposed upon the two basins,

The number of degrees that each storm axls was rotated are

indicated below:

MR h-24 - - - - - - - - - - 20° counterclockwise
UMV 1-22 = = = = = = = = = 200 clockwise
UMV 2-5 = = = = = = = = = = 20° clockwise
MR 7-2B = = = = = = = =« = « 179 clockwise
MR 615 = = = = = = = - - - 20° clockwise

E. Determination of Average Rainfall

Average rainfall over the basins was determined using
two methods. The 1sohyetal method was used in all cases
except where the rainfall was very light. In this case,
the Thiessen method was used. Precipitation amounts were
determined for six-hour periods of rainfall for use with the
unit hydrographs. The positions of the isohyetai and
Thiessen short-period storm patterns were fixed by the
position of the total-storm.transposition°

Isohyets in an isohyetal pattern act as contours of
equal precipitation. The isohyet pattern is derived by
interpolation between points of known precipitation. Any

recording type of precipitation station will show how the
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precipitation varied with time. Data from all non-recording
sources 1s broken down into incremental periods by comparing
it with data from nearby recording stations.,

Six-hour isohyetal maps were obtained for the five
storms discussed in this thesis (1). Each isohyetal map
was converted to the same scale as that of & map of the two
basins, Each six-hour 1sohyetal map was positioned over
the two basins in the same position determined with the
total-storm isohyetal map described 1In the previous section.
Figure 1l shows the second six-hour period of Storm MR 6-15
placed over the two basins In the position determined by the
total-storm map in Figure 13,

FEach of the short-period isohyetal maps was used to
determlne a value of average rainfall for that period.
Table 10 shows an example of the determlination of average
rainfall over the Skunk River Basin using the same period-
that was i1llustrated in Figure 1}y, Individual areas
enclosed between ischyets were considered in turn. A plan-
imeter was used to determine areas between isohyets. Column
1 of the table shows the values of the emclosing isohyets,
and Column 2 shows the intial average planimeter reading
for each area. The Skunk River Basin area 1is equivalent
to 81.0 planimeter units so Column 3 represents the initial
planimeter readings adjusfed such that their total will
equal 81.0 units. The error in planimetering was divided

according to area., Column L lists the enclosed area in



www.manaraa.com

oz AJLb



L5

Table 10, Sample determination of average rainfall over the
Skunk River Basin using the second period of Storm MR 6-15

Planimeter readings Average Depth

Enclosing Area, rain, area
isohyets Initial Ad?usted sq mi in. in.- g mi

(1 (2) 3) (L) (5) (6)
13.9-13.0 25 .25 1.03 13.3 13.7
13.0-12.0 .30 .26 17.55 12.5 219.5
12.8-12.0 5.25 5.18 21.35 12.27 262.0
12.0-11.0 10.440 10.2 Lh2.23 11.5 1,86.0
11.,0-10.0 15,55 15.36 63,10 10,55 666,0
10.0- 9.5 E.os .99 20,50 9,75 189,5
10.0- 9.0 .75 .70 19,33 g,5 133.3
9.0- 8.0 ;.00 3.96 16.28 o5 138.2
8.0- Z'O 3.25 3.21 13.20 g,é 100,3
.0- 6.0 3.0 3.36 13.82 o5 89.9
.0- E.o 3.10 3,07 12,62 ﬁ°5 69,4
5.0- 1.0 5.60 5.50 22.77 o5 102.3
.0- 3.0 7.10 7.03 28,92 3. 10L.6
%.o- 2.1 9.90 9.80 40,30 2.25 106.9
Total 81.90 81.00 333,00 2741.6

square miles, using the relation that one planimeter unit
equals [ .12 square miles.

With reasonably parallel isohyets, an arithmetic average
~ of the two values was used to represent the average precip-
itation over the area between isohyets. Circular and other
irregular isohyetal patterns required that this procedure
be varied to give a more realistic value, Column 5 of
Table 10 lists the values of average rainfall used for the
respective areas. The depth-area product of Colums h and

5 is shown in Column 5, When the total of Column 6, 2,741.6
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inch-square miles, is divided by the total 333 square-mile
area, an average rainfall value over the basin of 8.23
inches is obtained. Other average rainfall values were
determined in a similiar manner.

During periods of very light precipitation, points of
precipitation records were transposed instead of isohyetal
patterns. Perpendicular bisectors of lines between these
points were joined to form a Thiessen pattern. Figure 15
1llustrates a Thiessen pattern that was used for the second
period of rainfall during Storm UMV 1-22, Average precipi-
tation equal to the station record was assumed to occur
over the area enclosed around each station by the perpen-
dicular bisectors. Here again, depth-area values were
calculated, summed, and divided by fhe total basin area to

provide a value of average precipitation over the basin.
F. Rainfall-Runoff Relationships

The volume of runoff from a bgsin produced by a rainfall
of given magnitude is affected by many variébles.; Satisfac-
tion of Interception, depression storage, and soll moisture
demands of the basin uses up much of the early rainfall and
some of the later rainfall. Since each of these sources of
loss is affected by many factors, a direct scientific deter-
mination of the amount of runoff from a basin of this size
is impossible at this time. For this reason many empirical

methods of estimating runoff have been devised. The best
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method to use for a certain basin depends on the records
avallable for that basin.

In the humid and subhumid basins of this country,
streamflow prior to a storm has been found to be a good
index to the moisture deficiency of the basin (8). Assuming
that runoff from previous rains has been discharged, this
streamflow would result from groundwater flow entirely. A
graph of rainfall-runoff relations that uses initlal ground-
water flow as a parameter has been developed for the Iowa
River Basin (11). This basin borders the Skunk River Basin
on its northeast side. Due to the similarity and proximity
of the two basins this graph was considered suitable for use
in this study. No other relationship between rainfall and
runoff for the basins under study was avallable or easily
determinable for use in this study. The relationshlip used
in the study is shown in Figure 16. Use of this graph is
limited to the months of April through October since freez-
ing temperatures alter any relation between precipitation
and runoff during other periods,

In a preyious section the groundwater flow at the start
of each of the tfansposed storms was assumed to be one cubic
foot per second per square mile,. This groundwater flow was
used as the index flow in the greph in Figure 16. The
graph was used by entering on the left hand side with a
value of average rainfall. By reading down from the point

where this value iIntersected the groundwater parameter, a
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véiue of rainfall loss was obtained. This graph was used to
determine rainfall loss resulting from the first seven‘inches
of rainfall, After seven inches of rain had fallen, ninety
percent of all additional rainfall was assumed to reach the
stream as runoff,

Tables 11 and 12 illustrate the method of determining
runoff from the two basins fcr each six-hcur pericd of the
five storms. The six=hour pericds of each storm were numbered
numerically beginning with the first period. These numbers
are shown in the first column of each table. The second
column lists the values of average six~hour rainfall that
were determined by the method described iIn the preceding
section of this thesis. The actual average rainfall values
in Column 2 were adjusted to the values listed in Column
3 by multiplying the actual rainfall by the percentage
increase or decrease in rainfall to be expected in the
transposed location. The percentages used for each storm
are listed on page 36, For example, values in the second
column for Storm MR j-2l; were multiplied by 1.0l to give the
valﬁes in the third column. The adjusted values are totaled
cumulatively in the fourth column.

Values from Column li were used to enter the graph on
Figure 15 to obtain values of total loss. The total loss
figures were entered in Column 5 of each table. The
values in Column 5 were subtracted from the valueé in

Column L} to give values of total runoff recorded in the
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Table 11. Calculation of runoff from the Skunk River Basin

Average Aajusted - - Incre-
-hour average Total Total Total mental
6-hour rain, rain, rain, 1loss, runoff, runoff,
period in, in. in, in, in, in.
(1) (2) (3) () (3) (6) (7)
Storm IR l-24
1 0.09 0.09 0.09 o,og 0.0 0.0
2 8.69 9.0% 9.13 1.9 7.15 7.15
3.35 3.4 12.61 2.3& 10.28 3.13
i 0.10 0.10 12,71 2.3 10.37 0.09
Storm UMV 1-22
1 0.029 0.035 0.035 0.035 0,000 0,00
2 0.06 0.077 0.112 0.100 0.012 0.01
o.ssﬁ 0.635 0.7L o.ﬁ7o n,ﬁ7 0.36
ﬁ 0.065 0.077 o,szﬁ 0.410 0. 1Z 0.0l
5 0,000 0.000 0.824 o0.h10 o0.L1k 0,00
6 0.819 0.975 1.799 0.720 1,079 0.66
7 5.040 5.990 7.789 1.860 5.929 u,sg
8 2.290 2.725 10.51 2.130 8,38% 2.0
9 0.203 0.242 10.765 2,150 8.60 0.22
10 0.919 1.093 11.849 2.260 9.589 0.98
11 0.770 0.916 12.765 2,350 10.415 0.83
12 0.350 0.416 13,181 2.390 10.791 0.38
13 o.oﬁs 0.057 13,238 2,400 10.838 0,05
Storm UMV 2-5
1 7.75 7o 7. 1.82  5.62 5,62
2 2.48 2,%5 9.82 2,06 7.76 2.1
Storm MR 7-2B
1 .09 3.6L 3.6 1.17 2. 2.47
2 1.93 1.72 5.3 1.50 3.%2 1.39
0.00 0,00 5.36 1.50 .86 0,00
ﬁ 1.12 1.00 6.36 1.67 .69 0.83
5 2.57 2.29 8.6 1.94 .71 2.02
6 1.90 1.69 10,3 2,11 8.23 1,52
Storm MR 6-15 |
0.55 0,56 0.56 0,30 0.26 0.26
2 8.23 8.32 8.88 1.97 6.91 6.65
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Table 12. Calculation of runoff from the 3quaw Creek Basin

Average Adjusted Incre-~
6-hour average Total Total Total mental
6-hour rain, rain, rain, loss, runoff, runoff,
period in. in. in,. in, in. in.
(1) (2) {3) (lu) (5) (6) (7)
Storm MR L-2|
1 1.49 1.55 1.5 .65 ,Zo .90
2 10.01 10.41 11.9 2.28 9.68 8.78
i 3.28 3. 15.&7 2.62 12.7 3.07
0.10 0.10 15.47 2.63 12.8 .09

Storm UMV 1-22

1 0.000 0.000 0,000 0,000 0,000 0.00

2 0.0l 0.05, 0,054 0.054 0,000 0.00

i 0.3 0.40 0.463 0.250 0.213 0.21

0.012 0,01 0.477 0.252 0,225 0.01

5 0.000 0.000 0.477 0.252 0,225 0.00

6 0.531 0.631 1.108 0.510 0,598 0.37

g 6.020 7.160 8.268 1.900 6.368 5.77

2.350 2.795 11,063 2,180 8.883 2,52

9 0.033 0.039 11.102 2.180 8,922 0.0k

10 0.975 1.160 12,262 2,300 9,962 1.0l

11 1.020 1.213 13.475 2.420 11,055 1.0

12 0.51 0.607 1i,%82 2°ﬁ90 11.592 o.sﬁ

13 0.01l 0.017 14.099 2.490 11.609 0.02
Storm UMV 25

1 8.50 8.16 8,16 1.90 6.26 6.26

2 2.02 1.9 10,10 2,09 8.01 1.75
Storm MR 7-2B

1 L.}3 3.94 3.9  1.23 2.71 2,71

2 1.%7 1.49 S.43 1.52 3.91 1.20

ﬁ 0.00 0.00 5.43 1.52 3.91 0.00

2.00 1.78 7.21 1.80 5,21 1.50

5 5.10 L5l 11.75 2.25 9.50 ;.09

6 2.58 2.30 14.05 2.4,8 11.57 2.07
Storm MR 6-15

1 1.34 1.35 1°ﬁﬁ 0.59 0.76 0.76

2 9.00 10, 2,12 8.32 7.56

9.09
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sixth column of each table, The total runoff in Column 6
was broken down into incremental values for each six-hour
period. Six-hour incremental values of runoff are shown in

the last column of each table,
G. Development of Total Hydrographs

The final step In a study of thils type Involves the de-
velopment of hydrographs of runoff from each storm considered.
All of the Informatlion that has been developed in previous
sections of the paper was used to produce flood hydrographs
for both streams. The ordinates of the two hydrographs
were then added to produce a total flood hydrograph.

In the preceding section, six-hour runoff values were
developed for each basin. These values were used with the
basin unit hydrographs and basin groundwater hydrographs
to produce stream hydrographs at the junction of the two
streams. Table 13 1llustrates the development of a hydro-
graph for the Skunk River from the runoff values calculated
for Storm MR 7-2B.

Values of the crdinates of the Skunk Rlver unit hydro-
graph were broken down into two-hour periods in Table 8,
These unit hydrograph values were used iIn the deﬁelopment of
all Skunk River hydrographs. Column 1 of Table 13 divldes
the streamflow into two-hour periods for the total length of
the rise to facillitate use of the unit hydregraph.

The ordinates of the unit hydrograph are those of a
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hydrograph of one inch of runoff over the basin, It was
determined in Table 11 that from the first six hours of Storm
MR 7-2B, 2.47 inches of runoff occurred. To get streamflow
ordinates for this period of runoff, the unit hydrograph
ordinates were multiplied by 2.447. These values wers entered
In Column 2 of Table 13,

It was determined that during the following six-hour
periods of the storm 1.39 inches, 0.0 inches, 0.83 inches,
2.02 inches, and 1.52 inches of runoff occurred, Streamflow
ordinates for each of these increment~ of runoff were calcu-
lated and entered iIn turn in Columns 3'through é of the table.
The ordinates from each runoff period were svaggered by
three, two-hour periods or six hours to allow for the
difference in time of occurrence. The zero inches of runoff
In the third period caused no streamflow so that column
was omitted.

A groundwater hydrograph was assumed earlier in the
paper. The ordinates of that hydrograph were entered in
Column 7 of Table 13, Columns 2 through 7 were totaled
across to give the ordinates of the total flood hydrograph.
These figures were entered in Column 8, ° Figure 17 illus-
trates this procedure graphically. 1In this figure, the
groundwater hydrograph, the five six-hour hydrographs,
and the total séream hydrograph are plotted.

The procedure outlined above was used to derive stream

hydrographs for both basins for all five storms. For each
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Table 13. Development of the Skunk River hydrograph
ordinates in cfs for Storm MR 7-2B

2 hr Period Period Period Period Period Base Total

per one two four five six flow flow
(1) (2) (31§ (L) (5] (6) (7) (8)
0 0 ' 333 333
1 165 333 98
2 1121 333 148}
ﬁ 2818 0 333 151
4276 93 333 702
51,86 631 333 6450
2 7237 1586 3 9%56
| e e 2
3 1
9 lﬁloﬁ a073 0 354 18531
10 13560 5921 g6 35, 19891
11 12350 7437 377 35& 28528
I B T SR
1 10078 ngo | 1§ﬁ3 917 igs 20213
15 35 6561 232 2305 0 21188
16 g 18 6005 4 6 gg 102 ﬁgé 2243
%g 3539 ngé h73$ 5919 1 gﬁ glg S 182
4 oL0
19 730 3962 4557 8205 2Z31 586 286)7
20 6891 4670 150 10807 376 626 30520
21 6L96 1385 3918 11534 §u5u 666 31,53
22 6128 112 3586 11090 475 666 32057
2 5718 3878 3386 10100 8132 666 31880
2 5385 3656 3171 9534 8679 666 31091
25 088 3 2963 8726 8345 666 292
26 779 3%%8 2289 gay2 76%0 666 2?23Z
27 L5L5 3080 2619 7716 glg% 666 25750
28 1,290 2863 2455 g211 5 2&051
29 4,038 2690 231 787 6202 22699

30 3806 2558 2183 6373 5806

32 3423 2273 1921 5636 E%g
3 3139 2028 1718 5012 L4 96
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Table 13, Continued

2 nr Period Period Period Period Period Base Total
per one two four five six flow flow

(1) (2) (3) () (5) (6) (0 __(8)

35 3013 1927 1606 676 2 666 1612
36 2860 18 9 15&; ﬁugh %9%5 666 1 293

37 2705 1g z 1 161 . 3771 666 1lm12
38 2527 199 1357 3909 3519 666 1367l
39 23,9 1610 1279 3717 3314 666 12935
0 2171 1522 1211 350 3131 666 12210

ﬁl 2016 1}22 1150 3302 2941 666 1198
h2 1815 1322 1098 3113 2797 666 10811
n 1633 1222 1055 - 2347 26L0 666 10163
1430 1134 - 1013 2800 2485 666 9528

5 1225 1022 961 2672 2342 666 8888

ﬁé 1023 919 909 2 g? 22%8 666 8302
L7 867 805 8%9 2L,6l 2107 666 7758
L8 g 1 689 789 2339 2011 666 235
49 L 575 730 2212 1932 666 6779

50 588 1,88 677 2066 185, 666 6338
L 60

610 1921 1g

35 374 5%9 166 666 L6l
1
383 295 12

177

1648 1 666 08

1&%5 1 g 666 ﬁ 2
55 362 245 34y 1335 1336 666 1289

56 3l 229 291 1170 12,0 666 3942
57 326 21 2L9 1002 1117 666 3575
58 309 20 223 836 1005 666 32,3
59 291 195 198 709 880 666 2939
60 27 18 176 606 5 666 265
61 zsﬁ 1 ﬁ 1&6 g3 Zz% 666 2&12
62 237 164 137 1 3 666 2219
6 220 154 129 28 5 666 2053
6 203 143 122 356 Log 666 1899
6 185 13 116 333 362 666 1795
6 163 12& 110 313 322 666 1698
67 143 114 10 ,227 268 666 1592
68 121 10l 9 283 251 666 1523
69 79 92 92 267 236 666 1L32
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Table 13, Continued

2 hr Period Period Period Period Period Base Total
per one two four five six flow flow

(1) (2) (3) (L) (5) (6) () __(8)

70 L2 81 85 253 223 666 1350
71 0 68 80 238 213 666 1265
72 i g% 22 201 666 120

7 2l 20 190 666 115

7 0 62 194 179 666 1101
75 5 180 169 666 1070
76 8 166 1 Z 666 1037
77 L1 152 1 666 1005
78 27 133 135 666 961
79 1l 117 125 666 922
80 0 9 11 666 87

81 2 10% 666 83?
82 3 88 666 788
8 0 7l 666 740
8 149 666 715
85 26 666 622
86 0 666 666

storm, the ordinates of the two stream hydrographs were
added with respect to time to produce a total hydrograph
at the junction of the two streams. Tables 1L through

18 in the Appendix list the ordinate values determined for
the stream and total hydrographs for each of the five
storms., The three hydrographs determined for each storm

are plotted in Figures 18 through 22,
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IV. RESULTS

Tables 1l through 18 in the Appendix and Figures 18
through 22 were used to compare runoff resulting from the
five storms considered. The peak discharges on the Skunk

River resulting from each of the five storms are as follows:

The length of time that flood stage, 3490 cfs, would

have been exceeded on the Skunk River for each of the storms

is as follows:

The peak discharges on Squaw Creek resulting from the

five storms are as follows:

53,106

39,573

cfs
cfs
cfs
cfs

cfs

98 hours

108 hours

90 hours

108 nours

88 hours

cfs
cfs
cfs
cfs

cfs
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Flood stage, 3400 cfs, would have been exceeded on

Squaw Creek for each of the five

periods of time:

The total peak discharges at

each of the five storms are as fo

The length of time that floo

sterms for the following

the junction resulting from
llows:
cfs
cfs
cfs
cfs
cfs

d stage, 2400 cfs or larger,

would have been exceeded below the junction for each of the

<five storms 1is as follows:

Storm MR l}-2}; produced the 1
Skunk River and on Squaw Creek.
flow in the Skunk River of 8,630

- e @ ao = s oo oo

130 hours
150 hours
120 hours
138 hours
120 hours
argest flood on both the
A comparison of the record

cfs with the flow of 53,106
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cfs shows how little of the flood potentiality of this river
has been experienced to date,

It was determined that flows in excess of 3400 cfs cause
the Squaw Creek to flood and that flows in the neighborhood
of 6,000 cfs cause considerable flooding in several areas
in the City of Ames. The transposition of Storm MR [-2)
produced a streamflow of 54,015 cfs in SqQuaw Creek which
would undoubtedly cause great damage in the City of Ames,

The effect of valley storage in the two flood plains
above the confluence has not beéen considered in this study.
This storage would tend to reduce the peak of each flood,

A stage-discharge relation has only been established for
flows of less than 9,000 cfs in either channel. Any
dependable prediction of the stage height that would be
reached at the crest of the flood caused by each of the
transposed storms would be impossible without a great deal

more data than 1s available at this time.
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V. CONCLUSIONS

Although serious flocding has occurred from flow in the
upper reaches of the Skunk River Basin, the flood potential
of this region has by no means been realized. After trans-
position of Storms MR l-2l, UMV 1-22, UMV 2-5, MR 7-2B, and
MR 6-15 to this area, the following conclusions afe drawn:

1. The five storms could have occurred over the Skunk
River Basin with some adjustment in thelr relative magnitudes.

2. If Storm UMV 2-5 had occurred only 150 miles north-
west of 1ts actual location in southeastern Iowa, and if
Storm MR [i-2l§ had occurred only 150 miles southeast of its
actual location 1n northwestern Iowa, the Skunk River could
have experienced flood discharges of about 75,000 cfs and.
107,000 cfs, respectively, below the confluence with Squaw
Creek. Such discharges are approximately eight to twelve
times greater than the present maximum discharge of 8700
cfs experienced in August 1954. Flood discharges resulting
from the other three storm transpositions ére likewise in
this general magnitude.

3. Flows produced in both the Skunk River and Squaw
Creek near Ames were many times greater than any flows pre-
viously experienced in these streams during the period of
record.

i. Floods of this magnitude would cause severe overflow

above and below the confluence for a period of from three and
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one half to five and one half days with assoclated high

damage.
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Table 1. Hydrograph ordinates in cfs for Storm MR l-2}
2-hr Skunk  Squaw  Total 2-hr  Skunk  Squaw  Total
per. River Creek flow per. River Creek flow

0 333 333 565 35 15863 9736 25599

1 333 259 592 36 15119 8965 EEOBh

2 333 390 723 37 169 8292 22761

ﬁ 333 708 10%1 38 13870 7655 21525

811 1556 2367 39 13228 7065 20293
3575 3732 307 0 12606 6532 19138

g 8&80 7787 1Z26 ﬁl 11925 60 12373

7 1221ﬁ 14163 2707 L2 11210 5520 16800

8 1762 23647 L1271 ﬁi 101,96 168 1566}

9 2852 33510 58362 9811 791 14602
10 6196 209 78289 I 900° 37 13440
11 Sﬁgs ﬁagzg 93931 ug 82h§ ﬁ%lo 12%%&
12 50440 52843 103283 L7 Z%S 3819 11275
1 53106 54015 107121 18 06 355 10162
1 53103 52397 105500 L9 5776 5300 9076
15 2331 0001 102332 50 06l 3065 8129
16 is 29 681l 957@3 51 Eh 2 2860 2292
17 L5817 L3243 89060 52 9L7 2666 613
18 3065 39817 82882 5 3519 2,8 6002
19 ,0120 36808 76928 5 3167 232& sho1
20 37874 33668 7152 55 2773 2175  L9L8
21 3561% 30979 Zésgu 56 2 22 2013 u236
22 33381 2855 612g5 57 246 1907 4373
2 31@89 26172 57661 58 2291 1787 1,078
2 29692 2,083 53775 59 2205 1679 388
2 2797 22123 0097 60 2115 158 370
25 2225% 20362 6621 61 2037 1392 353%
27 2476 18733 L3499 62 IZ 3 12 338
28 2321 17163  Los8L 6 1888 131 320
29 22043 15870 37913 6 1807 1286 3093
30 20890 14626 35516 65 173 1213 2917
31 19760 1%&38 33198 66 126% 1162 23%3
32 18618 12422 31040 67 1586 110 2690
3 17588 11438 29026 68 1ﬁ%2 105 2570
3 16721 10550 27271 69 1 1011 237
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Table 1. Continued

2-hr  Skunk Squaw Total 2-hr Skunk Squaw Total

per . River Creek flow per. River Creek flow

70 1347 957 230 86 666 593 1259
71 12%0 918 217 87 666 575 12&1
72 1109 803 2012 88 666 558 122l
7 977 61 1838 89 666 sl 1215
7 827 823 1650 90 666 SL45 1211
7 772 786 1558 91 666 sh1 1207
7 2l 758 1482 92 666 sﬁl 120

77 gl 732 1403 9 666 Slio 120

78 6 goz 13;1 9 666 538 1204
79 66 96 1364 95 666 536 1202
80 666 68 1355 6 666 518 118

81 666 688 1346 37 666 01 116%
82 666 6717 1343 98 666 83 1149
8 666 674 13),0 99 666 477 1143
8 666 6ly7 1313 100 . 666 hgl 1137
85 666 620 1286 101 666 L6l 1130
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Table 15. Hydrograph ordinates in cfs for Storm UMV 1-22

2-hr  Skunk Squaw Total 2-hr  Skunk  Squaw  Total
per, River Creek flow DEr, River Creek flow

0 33 232 565 35 3556 28471 6L035
1 33§ 232 566 36 3 2LL 2zﬁ26 6%855
3 3 2 2 % b Ain WU
ﬁ 374 238 612 39 29945 22830 52775
5 518 26 787 0 28271 21120 391
6 773 32 1118 ﬁl 26598 19,98 lL2036
7 101 é 8 1501 2 25178 17954 L3132
8 121 98 191 N 23712 16522 023l
9 1512 906 2h1 uﬁ 22351 15219 37570

10 2012 108 3096 5 21122 1400 35127
11 22 118% 3689 ﬁé 19960 13 1E 3282%
12 259 1230 3824 L7 18873 11895 307

1 262 12 % 862 18 1788 10953 28842
1 2779 12 027 419 1701 10098 27112
15 3173 1336 hﬁ09 50 16236 319 25555
16 3763 1697 sh60 51 153 585 23927
17 5885  287L 8759 52 1Ls65 7926 22491
18 9609 5290 14899 5 13747 335 21082

19 13445 9298 22743 5 12939 773 19712

20 1742 15,91 2233 55 1212 6252 18324

21 22756 2209

22 22%32 28008 S7LL7 57 1057 E35
3661 3271 69330 58 978

2l 39999 36136 76135 59 9022 459l 13616

25 112060 32228 79388 60 8216 1,26 12,79
36031

26 l,261]; 79245 61 1,58 395 11412
27 12739 35526 78265 62 2770 3667 10437
28 1,0970 3060 75030 6 6132 3413 95@5
29 39453 3274l 72197 6 5591 3175 8766
30 38666 31751 70L17 6 5115 2953 8068
31 38066 3111& Zg&so 6 671 2352 Z 23
32 37811 30503 6 31% 2g ﬁo 2566 06

3 3716 30082 672l
3246% 29462 65930 69 3617 2239 585
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Table 15. Continued

2-hr  Skunk  Squaw  Total 2-hr  Skunk  Squaw  Total

per. River Creek flow per. River Creek flow
70 330 2091 5395 98 688 62 1312
71 307% 1ggﬁ EOZ 99 681 60& 128
72 28l2 1 68 100 675 58 126
7 263g 1730 11369 101 668 52 12l
7 2ly5 1637 L4095 102 668 569 1237
75 2296 1 3830 10 66 563 1230
76 2128 1&2% 3598 1oﬁ 66 562 1228
77 2018 1373 3391 105 666 558 122
78 1904 1307 3211 106 666 553 1219
79 1791 1210 3031 107 666 549 1215
80 1701 1178 287 108 666 533 1199
81 1598 112} 2722 109 666 518 118&
82 1500 1063 2567 110 666 ﬁ03 1169
8 1412 1017 2129 111 666 96 1162
8 1288 985 2273 112 666 1,38 1154
85 117 1 2115 11 666 81 1147
86 105ﬁ g%g 1953 11 666 ﬁel 11iz
87 99 861 185 115 1180 11}
88 93 828 126 116 666 1180 1146
89 381 797 1678 117 666 78 11l
0 85 76 1623 118 666 76 11
31 833 743 1585 119 666 ﬁ?h llﬁé
92 818 732 1550 120 666 L7l 1137
9 790 720 1510 121 666 469 - 1135
9 766 708 74 122 666 467 1133
3 6 1438 12 666 66 1132
32 ;28 632 1%96 12 666 ﬁé 1131
97 705 649 1354 125 666 L6 1130
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Table 16. Hydrograph ordinates in cfs for Starm UMV 2-5
2-hr  Skunk  Squaw  Total 2-hr  Skunk Squaw Total
per. River Creek flow per, River Creek flow

0 333 232 565 35 1047l hz7o 15LL),

1 710 1420 1130 36 9992 4600 14592

2 288 1334 L4218 37 9527  L26L 13791

67L 359% 10339 38 301 3963 12977
1020 762 17832 39 8ly7 3675 12153

5 13782 14062 278 0 7938 3411 113

6 19230 2%822 uoo%% ﬁl §31 3%75 106%2

7 27972 26709  5L681 L2 23 2952 9775

8 351%2 31003 66145 hﬁ 6253 2748 9001

9 38685 33905 72590 5658 25607 8225
10 0282 34559 748l 020 2l02 2
11 %9860 3%337 7%1%@ ﬁg 3%01 2%41 g 22
12 39062 3163l ZOé L7 3872 2092 596l
1 36367 29493 65860 L8 3408 13 37
1 34005 27205 61210 L9 3060 1 90
1 31977 25028 57005 50 2752 1731 83
1 29?50 23130 2880 51 21,96 1630 ﬁ%zé
17 28088 21165 9253 52 2228 1537 3765
18 26%1 19500 5913 5 2100 1432 3532
19 2481 18002 ;2816 5 1989 1368 3357
20 23463 16547 0010 55 1867 1292 3159
21 22%67 1 2%0 %7&17 56 180 1225 302
22 20910 1Lo31 3491 57 173 1170 290
2 12 19 12930 32549 58 1682 1110 2792
2 18520 11907 30427 59 1627 1066 2693
25 12 28 10919 28447 60 1571 1010 2581
26 16472 10117 26589 61 1511 979 21,90
27 15650 9331 24981 62 157 932 2389
28 14816 8598 231,09 6 1,02 902 230l
29 13977 7956 21933 6 1346 865 2211
30 132%5 338 20583 65 1292 835 2127
31 12566 782 19348 - 66 1227 805 2032
32 11938 6273 18211 67 1167 771 13 8
3 11383 5789 12172 68 1101 748 1 ﬁ
3 10917 5369 16286 69 987 741 172
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Table 16, Continued

2-hr  Skunk  squaw  Total 2-hr  Skunk  squaw  Total

per. River Creek flow per, River Creek flow
70 886 15 1601 85 666 521 1178
71 770 221 161 86 666 516 11%2
72 734 666 11,00 87 666 51l 1180
T 02 648 1350 88 666 513 1179
7& 66 630 1296 89 666 513 1179
75 666 610 1276 0 666 13 11
7% %6 G0 1a3 & ¢ a3 1%
77 666 603 12 92 666 513 11g2
78 666 600 126 9 666 00 11
79 666 600 1266 9 666 88 115l
80 666 600 1266 5 666 75 1141
81 666 582 12,8 36 666 ﬁzl 11%7
666 56 1229 97 666 1,68 113)

82
8 666 5 1210 98 666 6 1130
Bﬁ 666 5%% 1199 Lol
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Table 17. Hydrograph ordinates in cfs for Storm MR 7-2B
2=-hr Skunk Squaw Total 2-hr Skunk Squaw Total
ner, River Creek flow ner, River Creek flow

0 33 232 565 35 16129 1h312 3041

1 98 313 811 36 1&29& 13177 28471

2 145L 09 2163 37 1,512 12103 26615

a ilSl 1687 1,838 38 13674 11195 24869

702 3447 81h9 39 12935 10318 23253

5 61,50 6297 12747 0 12210 6 21706

6 9%56 9333 185%9 ﬁl 11,98 8%86 20284

7 13272 1221 25 21 L2 10811 8101 18912

8 16616 1%51 31160 ﬁﬁ 10163 7483 12 L6

9 18531 16204 34735 9528 65920 16448
10 19891 16875 36766 5 8888 6387 15275
11 20528 1égu6 37274 ﬁé 8302 5913 1 Is
12 20916 16 ag 37551 L7 7758 5&21 13229
1 20268 167 37010 18 235 063 12228
1 20213 17703 37916 L9 779 689 11468
15 21188 19573 0761 50 633 350 1068
16 223 22 ﬁ ﬁ4872 51 5892 ﬁo32 9938
17 21102 26%2 50526 52 shbl 3739 9203
18 26040 30 5668l 5 5089 3Z72 8561
19 28647 3417 62825 5 687 3231 7918
20 30520 3671 67234 55 1,289 3000 293
21 31453  3839L 698&7 56 392 2799 741
22 32057 3807 gOIBO 57 3575 2017 6122
2 31880 370l 8926 58 32,3 21439 5682
2 31091 35209 66300 59 2939 2280 5219
2 29237 32881 62113 60 265 2135
2 2729l 30322 57616 61 2412 2005 ﬁﬂ??
27 25750 27896 ﬁSéhé 62 2219 18%2 1,091
28 2[051 25705 2756 6 2053 12 5 3818
29 22699 23569 6268 6 1899 1660 3559
30 21392 21680 }43072 65 1795 155 33
31 201&% 19985 0129 66 1698 1 7% 31%2
32 1902 183%6 37372 67 1592 1390 2982
3 17994 16880 3437 68 1523 1315 2838
3 17051 15528 32579 69 132 1255 2687
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Table 17. Continued

2-hr Skunk Squaw Total 2 hr Skunk Squaw Total

per. River Creek flow per. River Creek flow
70 1350 1192 2sh2 91 666 609 1275
71 1265 1136 25%1 92 666 60l 1270
72 120 1078 2287 9 666 585 1251
7 115 103l 2180 9 666 565 1231
7 1101 985 2086 95 666 S48 121l
75 1070 oL3 201 96 666 536 1202
76 1037 %7 1g%i 97 666 523 1189
77 1005 77 1882 98 666 515 1181
78 961 852 1813 99 666 512 1178
79 922 819 1741 100 666 510 1176
80 879 797 1676 101 666 510 1176
81 831 77 1606 102 666 507 1173
82 788 7 1532 10 666 sol 1170
8 740 13 1453 10 666 01 1167
8 715 88 1,03 105 666 92 1158
85 692 667 135 106 666 8 1150
86 666 650 131 107 666 ﬁ? 11
87 6656 632 1298 108 666 72 1138
88 666 626 1222 109 666 1,68 1134
89 666 622 1288 110 666 L6L 1130

90 666 613 1279
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Table 18. Hydrograph ordinates in cfs for Storm MR 6-15
2-hr Skunk Squaw Total 2-hr Skunk Squaw Total
per. River Creek flow per. River Creek flow

0 333 232 565 35 10200 6022 16222

1 B0 255 605 36 9765 5558 1;323

2 o1 266 817 37 9L03 5158 1[561

i 30 1,0 1270 38 gou [775 13820

1229 1350 2579 39 61 W25 13039

5 392 3205 713 0 8177 0 12276

6 8282 6678 1536% ﬁl 7681 %822 11494

7 12963 120ﬁ% 25037 2 2181 3536 10717

8 1650 198 6353 tﬁ 683 328 9967

9 2132, 27393 48717 6243 305 9299
10 30110 33073 63183 L5 5683 285 8528
11 3722 35938 73180 L6 170 26&2 7819
12 39573 32127 76700 Iy 607 247 ZOB
1 3802 36067 Zgozg 1,8 ol 2 2322 36§
1 34736 33530 2 49 3489 2167 565
15 32836 30895 63731 50 3062 2021 083
16 30131 28383 5852l 51 2716 1889 iéls
17 28521 26099 54620 52 2501 1785 1,286
18 26768 24,013 E0781 5 2292 1676 3968
19 25096 2228 7344 [ 2116 1581 3697
20 23695 203ﬁh LLo29 55 1874 1491 3365
21 22331 187,40 L1071 56 1799 1386 3185
22 20982 172%8 38230 57 1731 1328 3059
2 12 22 1&8 L, 35686 58 1677 1255 2832
2 18723 1602 33325 59 1628 1198 2826
2! 17701 13431 31132 60 157 1140 271
2 1256& 12h85 28919 61 122@ 1085 2 03
27 15641 11,08 270%2 62 147 1043 2519
28 1,816 10Lh52 252 6 127 988 15
29 13959 9698 23657 6 1372 961 2333
30 1330 89Li7 22250 65 132 13 22
31 12592 82%5 20851 66 1271L gsg 21 Z
32 1189 7635 1953 67 122 8l 2072
3 1125 oo 1829 68 1178 822 2000
3 10698 512 17210 69 1113 791 190}
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Table 18, Continued

2-hr  Skunk Squaw  Total 2-hr  Skunk  dquaw  Total

per . River Cresk flow per, River Creek flow
0 1056 75 1815 8 666 552 1218
;1 992 73 1726 82 666 529 1195
72 879 730 160 87 666 522 1188
7 ZZZ 07 18 88 666 S1)y 1180
7 82 1348 89 666 51l 1180
75 666 651 131 0 666 1 1180
76 666 636 1305 31 666 §1ﬁ 1180
77 666 621 1287 92 666 51l 1180
78 666 606 1272 9 666 512 1178
79 666 606 1272 9 666 511 1177
80 666 606 1272 5 666 0 11
81 666 6ol 1270 36 666 E9Z 11 g
82 666 601 1267 97 666 ugg 1145
8 666 599 1265 98 666 L6l 1130

8 666 575 121




	Flood potentiality of the Skunk River and Squaw Creek basins at their confluence below Ames, Iowa
	Recommended Citation

	Flood potentiality of the Skunk River and Squaw Creek basins at their confluence below Ames, Iowa

