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| _INT‘RODUCTION'
@ oo | . Thé géme is cailed "pick a Number." Any number of
people can piay it. Thebgame begins by one playér sayiﬁg,
Jinterstafe 35 will cfoss fhe Skunk Rivér,. What discharge
shéuld wevﬁse fof the design of the‘bridge?” The rest of
‘ jthe:piayers'come up with a variety of ;nswérs. Who is
‘right-and who‘is’erng?_lOr is anyone right? dr is anyone
';wiong?  Hydrélogy is'étill an art rather than a science.
T; o 5 ; - This paper carries fhe rathe# weighty titie of
.ﬁEvélutiothf Design Practice at thé iéwé State Highway
'Cqmmigéion forithe Detéfminatioﬁ-of Peak Diséharges at
;Bridges énd'éulverts," ﬁopefully, this évolving process
V Qillmiead tQ a %oré precise‘definifion of a peak réte of
‘runoff for a.selected pecﬁrrance interval at a particular
site.
In £his paper the author will relate where the
t -  __:.;,ﬁighway_cdﬁmiSSioh hés been, is now, and will be going in
r | ‘ this'art bf hyarolégyo _He will then.bffer some examples
étia few sites in-iowa to illustrate the use of the various
méthods. :Finéily, he will look ahead to some of the pit-
féils.sﬁill lying in Qait for us.
THE TALBOT FORMULA

When the author firsﬁ became aware of the Talbot ' .




Formula,‘hé thought-it crﬁde and at best, a bad approxima—_
tién. He looked ﬁpgn those who still used tﬁi$ formula és
the basis for sizing struétures as old—fashioned and.dut
of date.. Today we have modern and sophistiééted methoas
of determining structure size and shape using hydroldgic
and hydraulic principies.and techniques.

_Yet?; wheﬁ the author read énd reread‘Professor

Talbot's original paper, he was struck by the thought that

'yes, the method is old-fashioned and out of date. When

the paper was written.in 1887, almost a centwnry ago,‘the
art of hydrolon was barely into its infancy. Bﬁt>mo£éz
impértantly, the principles he enumerated then are those we
still live with today. The vériabies he listed then are
thé ones that still plague us today. The.data and recdrds
he asked for then are the data and records we are still
asking for today.

Most important of all, though, was his recognition of’

/

the basic problem facing the design engineer - the need to

make a decision, now. How large a structure shall be built
at this particulaf location. No time to study the problem
at length; no time for research. Now. Not too large - it
will be too expensive. Not too small - it méy wash out,
For this, the design engineer needs a tool which is quick,
easy to use, and yields good results. And what a tool

Professor Talbot gave us. a:C(A)O'75




Crude - yes, but consider this. On the primary and

éecoﬂdary road system in Iowa, more than a quarter million
Acuiverts and small bridges existing today were designed
us%ng the Talbot Formula. Most.are still serving us faith-
.fuily today.

This formula was the basi§~fqr desi gn of all the small
bridges and culverts at the Highway Commission until the
‘early 1950s. To this day, some of tﬁe County Engineers in
Towa use the Talbot Formula exclusively as the.basis for
design. Because of this, his paper is.a part of our history
" and has been respéctfully iﬁcluded‘invthis paper as

Appendix A.

a=‘C(A)O‘75
a = area of waterway in square feet
A = drainage area in acres

.C = A céefficient based upon land use, type of terrain,
and shape of watershedl
Professor Talbot's_cpmments on the value of C are to be
found on page 4 of his‘paper!- SubSequeﬁt useage has expanded
his qoﬁments to fhé values of C shown in Table 1. various
graphs and tables have also been developed to simplify the
use of the férmula. Figuré 1 and Table 2 are éxamples of

these.

1a.x. Talbot, "The Determination of Water-way for Bridges .
and Culverts, 1887, p-17.
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Middle West.

- "Hydraulic Informstion Circular No. 1.

, 4.

c = 1, for steep and rocky ground with
abrupt slopes

Cc = 2/3, for rough hill country of moderape
slopes
C = 1/2, for uneven valleys, very wide as .

o compared to length
C = 1/3, for rolling agricultural country
where the length of valley is
_ : . three or four times the width
- C = 1/5, for level district not affected by
o . - snow or severe floods. For still
milder conditions or for subdrained
‘lands, decrease C as much as 50%;
but increase C for steep side slopes
or where the upper part of the valley
has a much greater fall than the
channel of the culvert.

S | 5
Table 1. values of C in the Talbot Formula
Talbot's coefficients are baséd on a velocity of ten

feet per second and roughtly fit a 10-yr. flood in the
3

" IOWA CHART NO. 1

In August,l951, the Bureau of Public Roads published

4 Figﬁre 1 in this

" circular was entitled "Peak Rates of Runoff from Small
"Watersheds" and was based on statistical analyses of actual

'_records of runoff on small agficultural watersheds described

2Handbook’of Steel Drainage & Highway Construction Products

(New York: American Iron & Steel Institute, 1967), p-9l.

' 3Ray K. Llnsley, Max A Kohler and Joseph L. Paulhus,
‘ Applied Hydrology (New York: McGraw-Hill Book Co., Inc.,

1949), p-574.

‘Basic Principles of Highway Drainage: Hydraulic Information
Circular No. 1, Bureau of Public Roads, 1951.
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by Pdttér.5 This figﬁfe was subsequently published as

. figures 1021.10 and 1021.11 (See Figures 2_aﬁd 3).

This work by Potter was published in 1950 and outlined

the procedures used in deriving these peak runoff rates.

- The data was analyzed ﬁsing the theory of eXt:eme values

de&éloped by Gumbel and discharges were obtained for a

. 10-yr. recurrance interval.

'AASihce'thesé Qs were thained from short-term records,

_-Pbtter applied three normalcy tests to the rainfall data to

détefmine_if they were representative of a long term period.

The three fests of rainfall selected were:

© (1) comparisons of monthly and annual amounts of rainfall;

(2) comparisons of maximum average rainfall intensities for

Various time intervéls; and (3) comparisons of monthly and

- annual number of excessive storms.

If these tests proved the rainfall tb be abnormal, a

B cofrection was applied to the peak rate_fdr a 10-yr. recur-
'rance interval, These corrected peak rates were then plotted
‘against drainage area on log-log-paper. Using this curve in

_‘coﬁjunétion with the probability curves developed at each

étation yielded the péak rate for any size watershed for any

desired recurrance interval.

.- W. D. Potter, "Surface Runoff from Small Agricultural

Watersheds, "Research Report No. 11-B, Highway Research
Board, 1950. :
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'Since the Highway Commission normally designs on a
50-yr. recurrance ihtervai, the curve was changed to re-—

flect £his and the curve was also eXtended to 10,000 acres.

) This revised curve is referred to as Iowa Chart No. 1 (See

Figure 4) .

- BULLETIN No. 1

. Bulletin No. 1 was published in April, 1953.% This was

ﬁhe first attémpt to present this type of information for

large drainage areas in an easy to use form which was based

on a statistical analysis of streamflow records.

"7 58 gaging stations With drainage areas of over 100 sqguare

fmiles.were utilized in this study using a base period of 1918-

1950. Using Gumbel's Theory of Extreme Values, a frequency-

'digcharge'curve_was drawn on a special graph paper developed by

APowell.'.This curve, along with the basic data, was developed

for each station. A typical example is shown as Tables 3 and

4 and Figﬁre 5 for(the skunk River near Ames.

The data was_then used to formulate a series of regional

curves based on a method developed by Dalrymple. This method

‘will be deécribed in detail later in this paper but it con~

sists of four general steps.

, l,' Select a basé period applicable to the records of a region.

H.H. Schwob, Towa Floods, Magnitude and Frequency; Iowa
" . Highway Research Board Bulletin No. 1, 1953. .

St s,

-
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R 211 Skunk Rl\'c1 neax Amcs, To“a .
_ “Location. -Lat 42° 04/ 06”, long. 93 30 37/ OZ” in S\\’% sec. 23,"T. 84 N, R. 24 W,

on left bank 214 miles north of Ames, 3/2 miles doA\\-nztrcam from Keigley'
_Branch, and 5 miles upstream ‘1 om Squaw C‘rn.cl -

Dxam'wc arca.—320 sq. mi. ) . o
F'wc —Watersstage recorder. and concrctc control ?t prcscn.. 51tc since Julv 21,
1934, Datum of gage is 893.6 {t. above mean sca level, datumn of 1929 (onn
= ... Highway Commission bench mark). July 28, 1920, to Aug. 24, 1921, inclincd
' - staff gage at same site and datum. ~Aug. 25, 1921, to- Aug. 5, 1927, March 31,

1933, to"July 20 1934, water-stage recorder at same site and datum.

Staac discharge relation.—Defined by current-meter mcasvrumcnts below 6 000
- ¢fs; extended above by logarithmic plotting. oo

o Rcmarl\s ——B’ISC for partial-duration series, 1, DOO cfs.

CTsble 3.

s . S, = .. o " Flood magnitude and frequency- d=ta
. N N ‘ - . " Annual floods . P’arlial-dilration series
<, . |Gageheight] Discharge - :
) Date (feet) (cfs) Recurrence’ Recurrgnee
. T - . Order interval Order interval
I k (M) (years) (M) . (years)
. +11921 Sept. 17 ooz | L zse 6 | 450 6 437
©. 1922 Feb. 2 " 90 - 3,370 9. | 300 S0 250
- Apr. 12 6.0 1,640 - : .42 £0
-~ July 16 6.1 - 1,690 4 62
1923 Mar. 26 T 62 1,670 24 112 4 £
.. Sept. 28 6.0 1640, . | . - 43 58
e '1924 Mar. 30 6.3 1,800 : -38 £6
- "2 June 28 82 3,010 12 225 14 179
. fAug9 6.0 1,610 : - 44 51-
" 1925 Aug. 1 " 50 273,180 26 1.0
S 11926 Sept, 8 765 £ 1,900 o -85 Ji
: Sept. 19 | .83 © 3120 10 - 2.70 "1 221
. 1927 Feb. 5 14 . 2,460 18 1.50 g 104
1930 Nov. 24 1.2 5,230 -3 | - 900
1933 Apr.1 65 © 1,990 - 23 117
1934 Jan. 22 | 54 11,300 25 108 _
. 1935 Feb. 15 2,490 N 23 100
S Mern S 9.0 3.490 7 . 386 7 357
- June 19 65 1.500° . : 36 £9
~Junc 25 84 2,950 15 1.67
July 24 . 10 2,190 . 29 86
© 1936 Mar. 10 - gX 2520 | 16 169" 21 119
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s

: " ‘. ..' 12 ) i '.‘ ) ‘.,
3 . Flood magnitud.c and frc_q:ucncy data—econtinued \
: . - : Annual floods Partial-duration scries
I Gage height{ ' Discharge '_
.- Date (feet) (cfs) : Recurrence -} Recurrence
. T ’ Order . intervel Order interval
ezl - ) (M)~ (years) {M) " (years)
R T < : .
= 71937 Mar. 6 2,000 22 1.23 31 0.61
.. 1938 May 4 83 2,890 13 2.08 16 156
LT May 1 65 1,280 - 37 £8
S June 297 58 1,540 A . 50 50
11939 Mar. 13 2,800 14 193 18 | 139
1940 Aug. 13 73 2,320 20 | 135 91 .93
"-1941 Sept. 8 &6 3,050 n 246 13 1.92
- 1941 Nov. 1 ‘59 ] 1630 ) 46 | 51
. 1942 Sept. 14 8.1 2530 P 1 159 22 | -114
"I 1943 June 16 65 1910 R Y 4
ST July 31 10.3 4,500 4. 6.5 . 4 6.25
73044 May 20 1B 1 .soe0 . | 1 .| 2100 1] 2500
T June 12 ' 8.0: 7840 k4 : 17 . 147
-7 1945 Mar. 16 63 - | 1g000 |- 39 54
- - “May 22 21 2620 . | | ' 20 1.25
_ 7 Jung 2 91 4,010 5 5.40 5 5.00
C+ 1946 Feb. 5 7.1 2,270 21 129 28 89 .
" Mar. 6 59 1,600 3 -'48 52
T y-Mer. 13 59 1,610, 41 53
e -1947 June ) 8.2 3,480 8 312
S Yude 4 8.2 3110 12 2.03
Do June 13 12.0 5.900 2 1350 2 1250
ST June 23 10.8 4,920 - 3 | 833 .
- =% June 30 .64 1,950 = 33 a6
777 1948 Feb, .2 58 1,590 : 49 51
e T Mar. 19 14 2:400 19 1.42 25 . 1.00
S0 M 21 73 2380 |. - : . 26 96
.. 1949 Mar. 4 2,700 15 1£0 19 132
T.. 21950 Mar. 7 8.9 3,420 g - 3.38 o | 21
T May 5 60 1,640 : & 56
‘37 - May 9 7.0 2,190 30 83
S June 9 5.8 1,540 51 49
- 2. Junc 18 6.6 1,960 32 a8
“ Lt " - B .
. . .- ---J._-_.aé/e._ 6/' --- -
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2. ‘Test the homogeneity of the records to be used.

3. Combine the homogeneous records to produce‘a composite

40

_/frequency curve.
Correlate the mean annual flood with a characteristic of

-//the region.

The results of the regionalization are shown in Figures

6, 7, and 8.

_The bulletin then outlines five steps necessary to obtain

a discharge for a particular recurrance interval and drainage

1.

area.
Determine the drainage area for the selected site from the
best map available.

Determine from the map of Figuré 6 the lettered region

(A-H) within which the site lies.

From Figure 8, using the curve lettered the same as thé

region determined in 2, obtain the mean annual flood for

the drainage area that has been measured.

,

From the composite curve of Figure 7, select the ratio

corresponding to the desired recurrance interval.

Multiply the values obtainedin 3 and 4 - this is the £flood

soﬁght.

BULLETIN No. 7

In December of 1957,'BulletinvNo.,7 was published. The

need for this information is expressed quite well in the intro-

duction to this bulietin.
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Qhe of the most important factors in the hydrologic

computation for the design of structures on or over water-

courses is the drainage area upstream from the point under

consideration. Other hydrologic studies such as low-flow,

flood—frequency analysis, rainfall-runoff correlations,

‘Stream density, and area-distance make use. of this factor as
vé basic prémisé fqr computation. In order thétvthe drainage
‘afea information of-the interior streams éfIIowa be of uni;
_férm aécuracy'aqd avaiiable to all users ofﬁthese data, this
_ﬁéport”has beeh‘compiled, énd the_drainége aréas of all
»éﬁreams in excess of 5 squaré miles a?e listed. For the

‘larger streams, drainage areas have been determined at num-

e%bus ihtermediate pbints.

‘These indiVidual drainaée.areas were éalculated in the
folloWing ﬁanher. Fifs£ thé area of‘the entire state was
Very_daréfully detefmiﬁed to be 56,239'square‘miles. This

figure was independently checked by a summation of the areas

fof the 99 counties. Drainage areas were outlined on county

soil maps using aérial photos, quadrangle sheets, and county

'dfainage maps. - These maps were then checked by the county
_‘éhgineers.and all changes made by them were incorporated into

"the‘final'outlines on the soil maps.

Drainage areas were computed on a county basis. The

0. J. Larimexr, Drainage Areas of State Streams: Iowa Highway
' Research Board Bulletin No. 7, 1957.




18
.laréé drainage basins were planimetered and adjustéd to the
area of the county. The smaller areas within'the larger

. drainage basins were thenimeasﬁréd and adjusted so that the
sumxof all the smali areas equalled the larger area.

_//These individual drainage areas in eagﬁ county were then
-indexed and tabulafed as shown for Story County in Figure 9
‘and Table 9. |
US GS INTERIM REPORT-

The Interim Report is based upon a method outlined in a
paper written by Tate Dalrymple iﬁ:1949. In ﬁhis papér'he
presents a method whereby gaging sfatioh records are analyzed
and the rssults.presented in suchva way that the point data
at the gagihg station is adapted to.apply overva.basin or a
:regién..This determination of regionél flood frequencies is
“based upon a iSlstep procedure which is as ﬁdilows.

'Step 1. Tabulaté flood data for all gagingvstations in the
region having a record of about fi&e years.or more,
List the maximum annual flood.

This tabulation is contained in Part II of Bulletin No.

28.8 it contains the recdrds of.l47 gaging stations in

Iowa, listing them as a partiai duration serieé. From

this listing the maximum annual floods can be obtained. The

8Harlan H. Schwob, Magnitude and Frequency of Towa Floods:
'~ Iowa Highway Research Board Bulletin No. 28, Part II,
1966. : A
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drainage areas range in size from 0.3 to 14,000 square
miles.
‘Step 2. Review the station history and make a careful  study

of the stage-discharge relationship.

o
|

i The goal here is to make each record consistent within
itself and as accurate as all available data permit. A
common cause of inconsistency which requires earlier dis-
charges to be recomputed is due ro more recent high Water
discharge measurements which indicate that the originally
used rating curve was in error:

hStep 3. Select the base period for the study. Usually .this

| Will be the period of the 1cngeet record. '

For.this Interim Report, the period used was 1916-1965.

. Step 4. Compute the discharge figures for the missing years

for each station. |
This can be done hy means of a cerrelation curve based cn

flood peaks. The peak discharge for a floodpeak at a

short-term starion is plothed against the peak discharge

for the correspondrng flocd at the long-term station.

This curve cah then be used to‘com?ute a discharge for

each of the missing years of record (See Figure 10).

Step 5. Number the floods for each station in ordér of magni-
tude; numbering the greatest}flood 1.

Step 6. Compute the recurrence intervals using the formula:

9Tate Dalrymple, "Regional Flood Frequency, " Research Report
No. 11-B, Highway Research Board, 1950.




2
R.I. ;j(N+l)/M whére N»ié the number oflfears of record
and M is tﬁe-orde£ numbera |
;.'Step 7. ~?lét fhe diséhérge versus the'recurfence interval and

draw the frequehcy curve to get the 2.33 and 10-yr. floods.

'.AThé>p§iﬁts are ploﬁﬁed on a form déveléped-by Powéll for
é  , | '5 o i .énalyéis of flood‘frequehcies by the.Gﬁmbel Method. A
- beét fit,by‘éye line is drawn'spanhing_theﬂfrequencies
from 2 tﬁru‘lO years (see figurg li).
Llsﬁep 8;:’iest for homogeneity.
| This requires a'étﬁdy of the'lO—yro_Flooa fo£ eachvstation,
TfAf o . The rééurrencéiﬁtervél for an éveraged floéd (the calcula;.

tions'fox this area shown on Table 6).are plotted. against

vthé_length of record at éach‘station as shown on Figure 12.
. Dalrymple describes the reason for this test as follows:

~ Tentatively assume that each station represents a
different sample from a single homogeneous record.
If this is so, then the recurrence intervals will
not differ-among themselves by an amount greater

- than can be attributed to change. A figure has

. been set up to test this supposition. It shows
within what range of recurrence intervals we can
expect an estimate of a 10-yr. flood to be. The
range, of course, is rather great with short records
and as one would expect, the range narrows down with
long records. If all points as listed above plot
_withih the limits, we may reasonably conclude that
the records are acceptably homogeneous.l0

| w0
L © T1pid., p-13.

T
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Step

Step

Step

Step

Step

Step

AStep
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9°"List the'annual floodé in é.block table for homoge~-
neous stations, and record the mean énnual{ or 2.33
year flood (See Table 7). |

10. Compute thé'ratio of the annuai fiood to the

mean annual flood for. each year of actual record.

,Thisvratio is shown on the fourth line of data for each

'station in Table 7.

11. Tabulate the flood ratios, listing the ratios for
each order nﬁmber on one line or in one Column.

These ratios are shown in Table 8.

12, betefmine the median flood rétio for each.order

number' and record the corresponding recurrénce intérvals.

(See Taﬁle»S). |

13. Plot the median flood ratios recurrence iﬁtefvals

and'draw the composite freguency curve. In genéral,

do not extrapolate above the 50-=yr. freqﬁency qufve.

14. Plot the mean -annual floods versus drainage area.

Draw a curve, or curves, to show the relation applicable

for the region.
15. Determine the f£lood frequency for any place in the
region from the curves of steps 13 and 14.

In the Interim Report, Step 13 has been shown as a table

in Figure 13. Step 14 has been drawn as a family of
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straight lines in Figure 13, Figure 14 gives the type of;
terrain at the site to be used in determining the MAF.
Figure 15 gives the region to be used for the desired

recurrance interval.

BULLETIN NO. 28

Bulletin No. 28, which was publishéd in July of 1965,

is the Interim Report carried one step further.ll 1Instead

-0f correlating the MAF to one watqrshed‘charactéristic,

drainage area, a regression equation using multiple corre-

. lations was developed using a computer.

_ Three independeht variébles were finally selectgd:
area, slope, and precipitation.
A - Drainagé area in square miles
S — The main channel slope in feet pef mile betwéeﬁ<
pbints 10 and 85 percent above the'point'of
A‘:interest. I is the length ih ﬁiles méasu;ed al@ng
"the main channel, and the upstream tributary with>
the largest drainage area; to the divide.
P - The nérmal annual precipitation in inches évef
the'basin for'the 1931 - 1960 period.
The'regression equation using all 147'étations was

MAF = O.OOO377A'819S'7llP2'982.‘ The multiple correlation

llgarlan H. Schwob, Magnitude and Frequenct of Icowa Floods:

Iowa Highway Research Board Bulletin No. 28, Part I,
1966. - ' -

R PR
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éoefficienﬁ was 0.92 and the standard error of estimate for
thé dé;endent variable was 41.4 percent. The above equatién
did hbt predict the MAF equally well for the'entire state.
Two regions seemed to ha?e differgnt relations.

These two regions yielded.thé foilowing equations.

(A) MAF = 0.0000098563856g-806p3.926

(B) MAF = 50.22a°/07g-367.

For area A, the multiple_correlation éoefficient was 0.94
and the standard error of estimate was 37.é percent. Fof
-aréa B, these statistics were 0.94 aﬁd 30.4 pefcent.

Several tables and graphé_havé been-déveloped to aid in
tﬁe’sqlution of these equations.  Fi§ure 16 shows in which
regions éf.the state that équafiqns A'and B should be used.
'This figure also shoﬁs which region (I or II)'is applicable
in determining thé ratio to the MAF (see Figure 17). Figuré

18 is used to determine the annual precipitation at the site.

Table 9 gives the solution to 0.000009856p3:92% Fpigures 19
thru 22 gi&e the solution to the other variables in the
equations. For drainagé areas over 700 sguare milés, graphs
similaf to Figure 23 have been developed to determine P and
S. For areas under 700 sguare miles, S has to be determined

from a‘quadrangle map.

BULLETIN NO. 13
The purpose of Bulletin No. 13 was to describe the .

various flow frequency methods most commonly used by federal
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. TABLE B9, Vélu_es of 0..0000098'5'0 P3-9:.°: in the l'egi'esision ecluﬁtioh for area A .
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A ageﬁcies at the presgnt thﬁe.

This was accomplished by first reviewing Basic statis~

: ticdé princiﬁles. Ihe.applicafibnvof these principles to
floy frequency analysis was shown by tracing the historical
de%elopment of the various methpds in use.todayn Procedures
 anE_items common to the several metﬂods were discussed and

" included types of data, time élemeﬁts, probability papef,
tfansformation of data, plotting—position formulas, fitting'
of frequency lines, outliers, historical events, disconfihu—
ous records and estimation of misé;ng record{:compénsation for
changed physical conditioné( zero items of data, statis—.
'tical test of significance, conﬁidénce limits and applica-
ti@ns of fregquency analysis.

.Fife methods currently in use were then described in the
following maﬁner. In the following descriptions each methéd
is presented in the words of its originator-if he is knqwn or a
typical proponent if the originator is not known. This is
done to‘give an idea of the réasdning used to justify the épproéch
takén in developing the meéthod. Eaéh description is followed
by a summary of current uéage;lz The five methods described
were-the Hazen, Pearson Type III, Gumbel, gammé, énd graphical

distribution-free methods.

12Methods of Flow Frequency Analysis: Bulletin No. 13,
Subcommittee on Hydrology, Inter-Agency Committee on
‘'Water Resources, 1966. ' :
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BULLETIN NO., 15

The-pﬁrpose'of this bulletin was stated in the forward
1 by Stewart L. Udalll.chairman of the Water Resources Council
as follows:

wWith the growing need for improved flood plain
management, desireability of a basic, uniform method
of establishing flood frequencies for general use
throughout the Nation is manifest. A consistent
approach to the estimation of the average annual

: flood losses - a major analytical component in de-

J - termination of the best measure, or best combina-

' tion of measures, in flood plain management - is
dependent upon equable analysis of flood frequenc1esA
whether determined by federal, state, local govern-
ment or private engineers.l3 ' ' S

Wwith this in mina; the Hydrology Commitﬁéé studied éix'
%1 o ﬁethods. ‘Three fitted the data well and showed no'biaéL Thé.
recommended method is one of the three, Based oh their
- studies, the Committee made the féllowing recommendations;

1. They agreed that the state of the art was such that
complete standardization was not feasible oxr ap-
propriate. A base method should be adopted with
the provision that other methods can be used where
justification is presented.

2. Based upon several items, the log-Pearson Type III
distribution (with the log-normal as a special case)
~is recommended for adoption as a base method for
" flood freqguencies.

3. Because of the importance of flood flow frequency
estimates in the field of water resources develop-
. ment and programs for managing flood losses,
member agencies are encouraged to 1mprove technlques
and procedures in this field.

13A Uniform Technique for Determining Flood Flow Frequencies:

Bulletin No. 15, Hydrology Committee, Water Resources
Council, 1967. '

e A B Pt g e . e e
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The bulletin concluded by discussing several additional
: / . ' - . '
considerations in flow-frequent analysis. These were short

record of flood flows, determining discharges for ungaged

- basins, outliers, zero items of data, and the variability of

ﬁhe;skew coefficient.

On the following pages is a desé¢ription of the base method.
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' .The Cutline'o'f v."ork is,' as folloWs:
:Y, Transform thc llst O.L N annual ﬂood lnacrmtudes Yl, ) g

‘.'Yz, P .‘.', YN to a hs’c of correspondlno ].OO'd.I‘thl'I‘llc o .
o . XN. D :
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CE currence mtcrvals or percent ch'mcc . :
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Take K from Tablell or Table12 for the computed value
. -0f g and the selected recurrence interval or percent chance.
iLog Q is . the logarlthm of a flood dlscharge having the same
recurrence interval or percent chance.

o - BN
- 6. Findsthe antilog of log Q to'get the flood discharge Q.E?

/
/

Tables of K Values

"Tables 11 and 12 were made from larger and more complete
tables prepared by H. Leon Harter (Mathematical Statistician,
Wright-Patterson Air Force Base) and the U.S. Soil
Conservation Service. Copies of those tables are available,
free of charge, from the Central Technical Unit, 8011 '
Conservation Service, 269 Federal Center Bulldlng,
Hyattsville, Md. 20782.

= arithmetic magnitude of an annual flood event
logarithmic magnitude of V¥

number of events in the record being used

mean of the X's

X - M :

standard dev1atlon of the X's

skew coefficient

= Pearson Type III coordinates expressed in number

- of standard deviations from the mean for various
recurrence intervals or percent chance

Q = .computed flood flow for a selected recurrence interval

-or precent. chance

o

|

R K BN
| ” |

Table 10, Symbols used in logePearson Type III Method
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EXAMPLES

The following examples will demonstrate the use of each

- of the methods discussed to this point. These particular

ex?ﬁples have been chosen because they illustrate the

!

.problems listed in Bulletin No. 15: outliers, short record

of flood flow, determination of diécharges for ungaged

basins, and the variability of the skew coefficient. The US
Geological Survey in Iowa is currently conducting a.study'
which hopefully will produce'some‘guidelines to handle ﬁhese
problems. |

The Talbot Formula and‘Iowa Chart ﬁo. 1 Methods have

been omitted in those problems which have a drainage area

" larger than 30 square miles since these two methods are

intended for use on smaller drainage areas only. In other .

"~ examples the Bulletin No. 1 Method has been omitted because

the lower limit on its use is 100 square miles.

MAF}is used as the abbreviation for the mean annual
flood. ﬁ.is £he number .of years of record at the gaging
station. |

‘The computer outpu£ for determining Qs in each of.the

examples using the log-Pearson Type III Method are presented

- . in Appendices B thru G.
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Example 1
"Normal
- Name: , - Cedar River
:Location:” Cedar Rapids
Drainage Areas 6,510 sg. mi.
»Character:. ‘Rolling

 Bulletin No. 1 : Region C’
MAF - 27,000 cfs
Ratio to MAF = 2.8
05, = (27,000) (2.8) = 75,600 cfs
Interim Report : Region X-III

MAF = 24,000 cfs

» -RatioAto MAF = 3.34

Q50 = (24,000) (3.34) = 80,200 cfs

'_Builetih No. 28: Region A-I

S =2.34 ft./mi. P = 31.3 in..

:

(7.343) (1,840) (1.98)

= 26,700 cfs
.Ratio to'MAF = 3.10

= 82,800 cfs

log-Pearson : N = 67

Q5o = 77,600 cfs (See Appendix B)
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~ Example 2
~ - Outlier
Name: x _Pine Creek
‘Tocation:. Buchanan Co., near Winthrop
' Drainage Area: 28.6 sg. mi.

. Character: Steeply Rolling

_Télbot-Formula

~a = (0.5)(18,300)°-7° = 800 sq. ft.

Q= 800 x 10 = 8000 cfs

- Towa Chart No. 1

Qo = (0.7) (1.0) (8,200) = 5,700 cfs
Interim Report : Region Z-IV
-~ MAF = l,600‘¢fs

Ratio to MAF = 2.61

0 4 = (1,600) (2.61) = 4,180 cfs

" Bulletin No. 28 : Region A-I
S = 14.0 ft./mi. P = 32.5 in.

(8,510)(17.7)(8;40)

:

= 1,270 cfs

Ratio to MAF = 3.10

0., = (1,270) (3.10) = 3,940 cfs




log-Pearson

: .
- 20
"- i9
18

17

Question?

Can we have 3 outliers in 20 years

.51

Example 2

outl
(see

Max. O

24,200

14,500

10,600

5,030

of record?

- cont.

ier

Appendix C)

BT
32,000
18,200
10,800

5,600
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Exanmple 3

Short Period of Record

Name:. v | - Skunk River’
Location: . Story Co., near Ames
Drainage Area: 556 sq.'mi,
Character: Rolling

Bulletin No. 1 : Region C
MAF = 4,400 cfs
‘'Ratio té.MAF = 2{8
O = (4,400) (2.8) = 12,300 cfs

Interim Report : Region W-III

| MAF = 5,300 cfs

Ratio to MAF = 2,97

0 (5,300) (2.97) = 15,800 cfs

50

Bulletin No. 28 : Region A-I
S = 6.63 ft./mi. P = 30.6 in.

MAF

It

(6.719)(225)(4.6) = 6,900 éfs

Ratio to MAF = 3.10
Qcp = (6,900 (3.10) = 21,400 cfs

- log-Pearson : N = 17

Qgg = 9,600 cfs '(see Appendix D)

-




Example 4

Long Record but no Major Floods

Name: ' Skunk River

-//Location: ‘Story Co., near Ames
Drainage A ea: 315 sq. mi.
Character: " Rolling

Bulletin No. 1 : Region C
MAF = 2,500 cfs
Ratio to MAF = 2.8

0y, = (2,500)(2.8) = 7,000 cfs

Intefim~Report: Region W-III
MAF = 3,900 cfs
Ratio to MAF = 2.97

(3,900) (2.97)

Q

11,600 cfs
50 :

‘Bulletin No. 28

s = 7.34 ft./mi. P = 30.0 in.

:

(6.204) (137) (5.0)
= 4,250 cfs
Ratio to MAF = 3.10

Qg = (4,250) (3.10). = 13,200 cfs

log-Pearson : N = 45

QSO = 7;100 cfs = (see Appendix E)




‘ Example 5

Lehgth of Record

__Name:A 7- "Eig Sioux River
 Locétion;‘ Woédbury Co., at Akron
braiﬂage Area: 9,030 sg. mi.
~Chéréc£ef:i v -Gently Roliiﬁg

Bulletin No. 1 : Region E
 MAF = 10,500 cfs
Ratio to MAF = 2.8

"st = (10,500) (2.8) = 30,200 cfs

}.iﬁterim'RePort': Region Q—Ii
MAF = 18,000 cfs .

_ Ratio to MAF = 3.81

(18,000) (3.81) = 68,500 cfs

"‘Bullétih No. 28 : Region B-II
‘MAF = 12,500 cfs

Ratio to MAF = 4.50

.

Qs = (12,500) (4.50) = 56,300 cfs
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- Example 5 - cont.

Length of Record

loé—Péarson ‘ ' (sée Appendix F)
N Thru  Max. O f 5o y;.' 100 yr. 200 yr.
24 1952 33,000 31,700 34,406 36,800
e ;32 1950 ': 49,500 41,900 47,200 52,000
34  1962 N 54,360 49,0000 56,500 63,800
40 1965_ 54,300 49,400 57,200 64,600
41 1969 80,800 - 62,000 74,600 87,400

Thé.dual bridéés Qh Interstate é9 bvér the Big Sioux
fRi&er_were.Cghstrucﬁed'in 1959. The 196é flood
aestroyéa the nor thbound bfidge. Total cost of ﬁhe'
.6fi§iﬁal‘bridgéf thé replacemeﬁt bridge, and other
remediai:wbrk now appfoaches one million dbllars.
The'l969 fiood.rose,to an elevation four feet lower

than.the 1952 floqdp
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Example 6

Ungaged Basin

- Name: ' o Brewer Creek
L.ocation: ) Hamilton Co., in Webster-city:
Draipage Area: 22;5 sq,-mif
Character:. .Flat

Talbot Formula

4
it

(0.167) (14,400) = 216 sqg. ft.

(216) (10) = 2,160 cfs

0
I

Iowa Chart No. 1

Oco = (0.4)(1.0) (7,100) = 2,850 cfs

Interim ReporE : Region T-IT
MAF = 500 cfs
Ratio to MAF = 3.01

(500) (3.01) = 1,500 cfs

Q50

Bulletin No. 28 : Regioﬁ A-T

§ = 9.8 ft./mi. P = 29.0 in.

(5.433) (14.4) (6.3)

5

490 cfs

Ratio to MAF = 3.10

05, = (490) (3.10) = 1,520 cfs




57
‘Example 6 - cont.

-Ungaged Basin
log - Pearson

Since this is.an ungaged site, several gaged sitéé
‘bffﬁafious‘drainage areas in the same regioﬁ with

f.Simiiar baéin‘chafacteristics were used to define

:a~regi6nal cufveifor QSO’ These results are shown
 in?Appenaix Q-énd Figure 24.

,950 ~ 17080.7

= (170(22.5)0:7

= 1,500 cfs

S



-
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Example 7

variability of Skew Coefficient

Site

Pine Creek

. Pine Creek

Pine Creek

East Branch Iowa River
Pine Creek

Hardin Creek

Hardin Creek

East Branch Iowa River

-Eést Branch Iowa River

L.izard Creek
Big Sioux River

Cedar River

Boone River

Big Sioux River

Big Sioux River

'Big Sioux River

East Fork Hardin Cree€k

Big Sioux River

skunk River

Big Cedar Creek

skunk River

28,3
28. 3

133

28.3

43.7

101

257

9030

6510

844
9030
9030
9030
24.0
9030

315

80.0

556

19
18
23
17
18
19
18

17

30
41
67

- 30

34
40
32

18

24

45

10

17

Cs
0.697
0.578
0.408
0.216

-0.063
~0.065
-0.177
-0.220
~0.490
~0.492"
~-0.533
-0.552
~0.575
-0.622
-0.701
-0.764
~0.817
-0.886
-0.985
~-1.251

~1.908
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Example 7 -~ cont,.

Variability of Skew Coefficient

From the list on-the previous page, it can be seen that
the erw coefficient displays great variability and is very
sensgtive to the sample size and the Qariability in the
items of data themselves. Pine'Creek is a good example of
thisf Eliminating each outlier in turn changes\the_skew

coefficient from 0.697 to -0.063.

Sevéral writers have commented on the use of the skew

‘coefficient.as a regional factor and!on its use at all when

thé‘sample size is small. 1In Eostéris_original work he
stated that "as the coefficient of skew, computed from a

short'reéord, has a tendency to be too small, a value of

coefficient of skew = 0.60 was adopted as typical of streams.

of New York State;"14

In 1936, J. J. Slade, Jr. tested the significance of

these skew coefficients and showed conclusively that skewness

is never a truly significant characteristic when the sample

from which it is computed has less than about 140 items . .

‘and that it is quite meaningless to use this measure when

there are 50 or fewer items.15

14H.A. Foster, "Theoretical Frequency Curves," Amer. Soc.
-Civil Engr., Trans., v. 87, 1924, p-168.

15 W.D. Potter, "Surface Runoff from Small Agricultural Water- .
sheds," Research Report No. 11-B, Highway Research
© Board, 1950, p-27. '
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_ Curréhf usage of the Pearson Type III Méthod discouréges
chputation of the skew coefficient whenifhe sample size is-
less than 100 events. However, a predetermined value of skew
based on ﬁational oxr régional statistics may.be selected when
the use of a skew coefficient appears justified.l®

Praséd acknpwledges Slade's work and then states that
this implies‘thét the log-Pearson modél may not be used for
most frequency analysis at present because for most étafions
less than 60 years'of data are_availéble; it is‘trﬁe_fhét
the coefficien£ 6f skewness is a more sensitive parameter-
than the mean or the sténdard aeviation, The present stddy,'
hOWeQer, shows that'the use of the coefficient of skeWneés
improves the fit of the frequency line in the case of maximﬁm

annual flood peaks regardless of the number of years of

.record.l7

CONCLUSION
We appear to have come a long way from the Talbot
Formula to the log-Pearson Method. Today we have a wealth

of records (but never enough and never at the right place),

l6Methods of Flow Freguency Analysis: Bulletin No. 13,
Subcommittee on Hydrology, Inter-Agency Committee on

Water Resources, 1966, p-22.

l7Ramanand»Prasad, "Frequency Analysis of Hydrologic Infor-
mation," a paper presented at Annual Conference of the

Hydrauldécs Division, Amer. Soc. Civil Engr., 1970, p—lO..

e e L
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'électronic computers, and a better understanding of the
précegSes involved in the hydrologic cycle.

But - the basic premise of statistical hydrology is that

' the‘Fecords of past events are the results of natural |
f .
pfoéesses which are unchanging. Clouds_form; rain falls;
iﬁterception, retention, infiltratioh, and runbff occur;
' evapotranspiration takes place; and then the cycle begins ali'
over again. A never.ending cycle - or-is it?

Clouds are seeded to bring rain. Other experiments are
‘performed to dissipate clouds. 'que;té are cuf down to be re-
placed by farms and cities. fotﬁoles,are filled to reduce
ponding and incrgase crop yield. -Hiilsides are terraced and
contour fafmed to reduce sdil erqsion and increase crop
.yield. 'A corn field gives way to a shbpping center and é
parking lpt. Channels are straightened agd obstructions
removed in the name of flood control. We have Coralville,
Red Rock, Saylorville, Rafhbun, Hickory Grove, Don Williams,
and hundreds, if oot thousands, of farm ponds.

From the.standpoiné of hyarology; hpwever, there has
been a widespreaﬁ-déstruction of the hyarologic character of
the observed water data. The U.S. Geological Survey has
advertised this fact widely by requesting the establishment
of_hydfologic benchmafks fhroughout the country. A hydro-
logic benchmark is an area, untoﬁched by man, in which the

water data collected can be expected to depict reliably the




st it £ AR A e ST

.62

effects of natural conditions on the flow of streams and the

fiucﬁhations in ground-water levels. 1In short, as water
/
/

data have been changed in character due to water-development

proﬁects, The Survey has found it increasingly difficult to

/

.acﬁ as an observer and interpreter of hydrologic fact and

‘has been forced to devise and advocate heroic measures in

order to maintain its identity as a scientific agency and

perform the services required of it by law,18

The name of the game is still "Pick a Number."

i

l8Raphael G. Kazman, Modern Hydrology (New Yor, Harper &
Row, Publishers, 1965), pp. 257-258.
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. THE DETERMINATION OF VATER-VAY FOR .
b . BRIDGES AND CULVERTS

Lo e Tt By Ae Mo TALBOT o
T 8ss't - Profescor of Englucering and Mathematics

% .0 ‘In general, little consideration has been given to-the
- proportioning of tha span of culverts and bridgess Boxes, pipes, and
" small bridges aze guessed off by the subordinate englneer. Too often a
. mistoKen size causez a washout of great magnitude, entailing cost of
. ' xepaivs and loos of traffic, Nearly as frequently extravagant ideas of
- vrequivements cause greatly inereased cogt of construction, . Indeterminata
though the preblem ba,. it demands an intelligent treatment. Any one can
make a eulveri oz bridge lazge enough;.it ig the province of the dnglnaaw

to desigd ens of sufficlent but not oxcessive shze. Perhaps in tho majors B

Lty of bmidge locatione, Lluffs o a wellemarked chamnel detcrmings the
width of %ho bridgo opening, eo that the amount of water ia a subordinata
fecturae, o@ the glza of the opening can be docided upon by fnspoction of
- the profile. Very often, howaver, thers is no such guide and no good -
“evidence of ths hefight of the stream at the opening. This paper will conm

. sider such cacan. What 7 hava to offer %s not univérsally applicable e~ - o
 end no rule of thumd will £it the case.  ~ .~ =~ 7 ¥t oot Tt oo
Here lot me warn you that the question is not-one which canbe

deternindd with mathematical exactness, ‘The problem is more ox lcss _
indotoriinnts = desimal places do not givae accurate results with tncexs
" tain datd, Do not then.bo troubled because similar-conditions givd varye ..
“+ ing ‘vesulLs. e T ST
-4 Inithe construction of a new railroad, considerations of fivsv
coot, time, and a iack of knowledge of the snount of future traffic, as
" well as ignorance of the physical features of the country, usually require
that temporary structures ba flrst put in, to be replaced by masonry and

" 4ron later. An exccssive size for these temporary structures may nol be

very objeétionable -~ often a trestle will for the time be cheaper than :
an ombenkment. With increased resources, permanent improvements will be
“made, In the meantime an incidental but very important duty of the-engis
neorl.is to make & tareful study of the voquirements of the road. Upon
the judgmant end ability displayed in this depends most of the economical
value of culveris, sbutments and pilers, and the supexvision of the con=
struction iz not difficult, Bigh-water mark of stxeams and tha offect of
floods aven in water~courses »rdinarily dry should be racowded and notes

of xoquirad wator~way taken. With these data the propax proportioning of l.a.A

¢hé pormenent structures bacomes an easy tasle
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“ha difficul by of dcdnang o rational fo*mula to detornino the

._Ef ncceasary span or Waaeﬁnwav of a culvart draining a glvon avoa will bo -
‘- eppraciated ea ex unmng tha ﬁol‘oving condihioqg whﬁch entey inco tho
"1problem; : . o . o

1y Ths Varéat4on of the rare oﬁ rainfull in dszerenr

(2) Praucity of dafg, sincc r°co”ds axs generallv given as 80

. . much por day end warely per housx, uhile tha qura 501‘05 tha cavexe atomm

- feadars

T s
L .

.48 not recordeds o o ﬁ:,< e

- 1(3) Tha m°1t*no of snow ,itn a h;avy Tain, .
(4) Ths permsability of tha surface of the gcound, deponding

“upon aha kind of soil, condition of vegotation and cultivation, etc. .

+(5) Tha dagree of sa&Lz“&icx oﬁ the g round and the amounc of

'evapowatio“o :

(6) Tha chﬂraﬂze? and hnclinmtion ou Lhe surfaﬂe to- the point '

»:éwhara the water eccumulates in the vat@~~COU~ue PrOpPeX.

(7) Tha inclination or alo?e c£ the watarchL*oe to tbe point

>“ chﬁ8iduLede s

v (8) 'The shepe of the area dr ained and the poaition of thu S

The iﬂforthnce of thn 1aet itom will be seen in comparﬁng a

-',epoon»shaped grea, chown at (b) in the accompanying cut, where the main
- wiltex- cburse is fed by branches from both sides, so arranged that watexr
from the whole area reaches the culvert at the same time, with a-long
‘narrov basin, chowa at (a), in vhich before the water fyom the uppcr

.1][paic veaches Lhc openino tha rainfall from the lower portion hag bepw

S carnied ovey and Cha povere parh of the stowrm is pests In laxge areas
"{Lhis is an imooc&ant censiaerationv" s Sl e

"o
ot i . R ] -
In consiructing such a formula, Lhen we should have to

_.docide between 1 and 3 inches of rainfall per hour; upon tha proportion

of the rainfell reaching the stream, which is given in reliable data as

xvarying from 15 to 50 percent, and In case of spow to a quantity even

greatexr than the rainfall; to estimate the time required to find its =~
way through grass and bru"h, over flat and steep, until the water-
course 1s roached, and then with the impexfect. formula for f£low in
channels to corzect for retardation by bends and brush and grass; and
finolly to decide ‘upon what propertion of the water carried down the

gtream vould raach tho opening at tha same tima. As any of thesc Outi“

€act that any formula will be approwimatc that the estimation of the

relmost wholly

mates might ba in errox 200 or 300 percenc, the final rcsulL would not.

V. ,b@ 'rﬁli&blao . e r:_.

S' Befora ueciding upon a nethod, K deaire to emphaolze the.

values of the difforent conditions cntering into the subject will be.
o thLQ@ 92 quﬁman, 80 that tha ﬁormula must be ’




m—td

e .,

,_;.considered méte 28 a gu*aa to the chgﬁan than 88 ‘a Wkaln yule, - e
. Mathematical exactness is nelther warrvanted by nor rbquxve4 by the probe
.o lems The qnerbxon i6-not ona of 10 ox 20 perceat of imcreape., If a ‘
2 =foot pipe is insufficlent, a 3- fOOu pipa will phobakly ba the next
. 8lza, en increass of 225 percent, & G6~=foot arch culvert proves too

= emall, an 8-foot will be used. Tha reél question 48 whether we want an
. - . . B=foot culvert oy a 2-foct pipa. Approximation ig all we can hope for,
' . and £o:tunately is nt] we requ{re. T e

SN At firse thﬁuOht 1t would appear that the amount of water to
._;'pass rhr0ug% an opening,- other thinge being equal, will be d*rectly pro-

-portional to the area dxained° For small areas this is nearly true, but
, as we hava seen in the case of the long, narrov dralngge arec there wili
o7 be a variatiod from the direct preportion as the size pf the basin” '
G? " increases. o LT R AL

l . ’ ‘ . -t | .
S The sloce of the culvcrt is not conside ed nox Ls tbe increased
. dischaxge of large openings per square foot of area, as n arlj the .same
) Propouio wlll bo found as in the channel above. ,
- o S i

Maj. Eo Do To Myers formu};~is the only one in general usc.,

"jr:It is

o ‘Axea oﬁ va ermway in aquare ft. = C \/bvainave Area iu Ac&e
‘-where C 15 a variable coefficienu foz which 1 is used iIn ordznary,
. _ - slightly rolling pralrie or agricultural land, 1.5 in hilly ground, the
v - 77 .- wvalue pising to & in mountainous and rocly glound. This givas values -
© - which are ample for small drainage arasas, in fact too large. Por 1arée
. areas the results are too small. The defect for Sﬁ&lx'areés dgtappan+
. - ent f£rom the fact that the discharge will be then nearly proporitional:
ito the'acreage, while the formula makes 40 acres require only twice as
“mech an 10 acxes. With judicious use, this forxmula has done good serve
o deeo, but 4t has many defects. e S e

It has been suggested that 'observations be made at the culvert
to find the depth of water there for a known rainfall. A maximum rate
.of rajinfell could then.be assumed; and the maximum wataer-way calculated
by simple proportion. The objection to this method is the fact. that a
double .amount of rainfall will give more than double the discharge, '
since the ground has becoms saturated and since obstructions will have
71638 effect on the flow, Do T o _-~5 . P

: The only formula for finding the discharge foxr a givcn rain= - . .
' £all over a given area approaching to rellability is that of the Swiss
 hydraulician, Mr. Burkli~Ziegler, which was derived from observations ,
- on heavy stoyxms In Zurich, together with informat¢0n from other Europcan-"
_localiaiaae For fest measure it is : e e :

: f Qvantity 0£ dieshcsga por scte 4n cubic feea pef aecond =6 a /wma ;
) S A

R
. . ..

T sty




.»,gﬁljff.fAﬁé"of ﬁataf»wéy in'ené £e, w 0‘3/ (Drainage arca)”

'é-fdr which tha'coaf£ic$ent ¢ must be detérminéd;--

7 'fall than the channel at the culvert.

LT

"¢ $8 a coefficient depending upon .the character d%fthé"gfbuhd'ahd_hgvingﬁ e

7031 for an avewage valugy a ths wainfall o cuble feet per sccond pew
‘acra, which roughly may be usced as.l cublc foot 'per second pew acre forx
~eech 1 inch of rainfallj s the fall per 1,000, and A the area {n acres.
~ Propar substistutione in this would give the voluma ¢f flow, from which

- “the necessary water-way could be caleulated, but it will ba bstter to -

‘wso only deductious f£yom thig..
: " Since by this formula the quantity discharged par acro varies’
inversely as the fourth pover of the area dralned, the volume of dis-

<charge‘£:om the whole erasn will very as _ A ’ or‘A3 ; end, assuming

L e X
A s .

YA
‘the same veloelty through the culvert as in the strean abova, the open=
© dng will vary likewisc. This assumpticn will be trus when the grade of
“the culvert is tho some as that of tha stream above ond when tha smaller
cocfficient of fxictlen in the culvart over that of the chamnel “itself 1s
counteracted by tho reslstancs to, entexing the culvert. We mey.then wwlke .

T P - - - s

Ll s s am o A yor

. in scresn, R

L4

By comparison with the formula of Burkli-Ziegler and with the

. lflood flow of stresme up to several of 77 square miles area, I conclude

" that for rolling agricultural countvy subject to floods at time of melte

1"@jihg'of snow, and with the length of valley three or four times the width,

- 1/3 L8 the pyopesn velue of €. If the styoesm ic longer in proportion to
- .the area, decreasc Co In dlstricta not affected by accumulated snow, -
end whera the leangth of the valley is several times the width, 1/5 or

1/6 or éven less may be used. " ¢ should be increasced for steep side ..

j»;Blopespﬂespecially 1f the upper part of the valley has a much greater

.7 . In any case, the judgment .must be the main dépendence, the
* formula being a guide to it. Oa a xoad already constructaed tho C may
" "be determinad fox the character of surface along that line by comparing
. the formula with high-water mark of a known drainage area. [Expexience
- and observation -on sinilar water-courses is the most valuable guida. - &
. knowledge of the action of streams of similar situations- in floods end
. . of the effects of péculiar formations and slopes is of fox more value
. ghan any extendad foxmula. T A

s

The drainagoe area may be obtained with sufficient accuracy

‘_j-5j£Eom‘a county map, br by walking up and across the basin. .~ v T




SR 3;.24&

o)

Co100 32
R0 kS
o 40 S 603
- 80 .. 8.9
U100 ¢ 20,0
1160 2.6

-4Accofding'ﬁo th@'ﬂyera formula a lzninch‘p;pa will

TG00 - 20,0 29,8
CLIB40 . 2503 A2
10000 316 59.3
2000 |- &hkl7 - 9907
6400 | 80,00 - 2

an acra, which is abourd on its face,

e Theldsntally, % may sey that I have found that for avarags ~ .
©- .slops in-emall Tlvers tha flood dischavge pex squara wmils is abouf .

1

500 ¢u, ft. peffsecond

&

'.'grédé line on either side 'determincs thé lengt

y - 1 - .
ﬂ/&rea_in Bge milog

- ridges”

. Ordinariif the distance bétveeﬁ'bénks:andﬂthe prevéiling iu ,
h of span and the amount = .

of water-vay. Large streams having well-established channels will not . =

f;fprepent_any difficulties == an inspecti ,
thing needed, With small rivers and creeks, especially in veglons sub-

A ject to floods and ‘having no well-defined ban

& more extendad investigation 15 TURCRIEATY .

. ghould ba determined bafore the peuman

R
“; In brief,

fg;dtb-méy be determined.

© ‘he flooddischarge

700 he best method is to find the sectional area of the high-
‘water etage, and in coanection with the slope calculate the flood

- "diechargeo .

.:: 7 7po this end select several se
- at pointe where the highewator marlk
- determinad and at distencoes epsrt depending upon

o the process ig to find,thehflood"dischafgo
stream and the average flood velocity at the bridge opening.
© 'quotient will glve the nescesgaxy are

s . ,can not
‘method of finding the average veloc
meter, for even if tha englneer wele pres

. water known, time and other clrcumstances Wou

-

S T g
Looae l&/ih and g » 3/3 AB',G 8 o in square feel in both cases:
“gﬁif11A¢f0&R5» Myers . Talbog - - Acreana  Myors - Talbof .

900 T . 1401 - 1707

38,5

son of the profile is the only-

ks and high-water channsl,
CRSRATY Tho. yoquisite water~way

ent iron bridges are constructede

of tﬁo'
© Their
a of the opening, fxom which the

‘be taken by the more eccurate

ity of.the section by the currcent’
ent at the time of the highest
1d not permit tha gauging.

ctions above or below the bridge
may be certainly and accurately . .
"thorsize of tho stream. - -

.. .7 - %he followlug teble ghows the veluca as ghven by tha Myozs' T




)’f 2 tri‘ou‘. ALY en

" dneld nALicﬂo - _"_";;"g ;,;ri‘ S R R

arly and applied. Select ag stxaight and uni--

ers
must b2 determi ned sin
ib for bends, croolis, obstructicons and other

' form a reach ag’ poso

irrvegulardties bill incr 1,e the axror of the vesuli. The stream itself

- may be sounded 4n a boat rowed in ranga ow securad to a rope pirotchod
8Cross tba stream, Ths vemainder of the crosg-section may be- ‘taken In.
the usyal way of levaling to secuxo a profile Care muct be taken that
the gection L5 at right angles to the cuxxent, "The height of high water
/18 the mosf diffilculs end unaatisFaCuory derafl to be foundv The posi~
tion of drift wood and. tho ovidendos of residents will ba the principal

- means. Divergence of opinion and jdyxreconcilablo evidence must be sorted

out by en exercisa ¢f ccmmon sense. In any casa high watex on one bank
or in the middle of the strzeam may Vary cons iJﬁ“ably from that on the

othay gide, From the acoepted notes the arca of the flood discn rge ls
CBl“UaBEGGo : : o

S Thﬂ slope 13.best determined by t aLﬁuo the elevu tion of two”
9e11=0ﬁ£5n>d highewatey marks, one above an d one below the section and
at least 1,000 feet. apzrt, provided the reach is ptraight and of nea r}y

“uniform section for that distaace; ox it may be found that the .slope of

- the skream at its uvual stage will give falr results. In case ©0f low

- ‘water dr nong, tha fall of the bottom of the channel will ngo the’

slope approxin jately. If the cross-seciion of the channel varies nuch
neithey the slope o£ tha bottom nox of high-water will give the proper

. VariOLs forﬂu]as have been proposcd for csmeatlnc the di
: ~charge nf & stream or open channsl., Most of thein ave of the forn "
V. ¢ RS, kaown as the Chezy formula,.- In this ¥V = velocity in fect

. per second, § = rate of fall ox sine of slope. R m hydraulic mean

radiug 'm area - c=a coefficient, form rly thought to. be
- % R wetted perimatex
constaﬂ:B bLL now known to bz va*lable and to deocnd -upon roughneos of
" channel ond changs of sostion of the styoam, upen dnptb slope and even
“upon’ tho valooityo in fact tha veloclty does not vary ag. the square
root of R and S.  The formula is based upon tha assumptilon that the
reaistc1ve to flow varies as the squaxe oi the velocity and as the
..proportion of the water. that s in contact with the wetted surface,
~nedthey of \7*@% 1g exactly trua.,. Fteley's formula for conduits,
Ve c kP2 a gives close r@sults ﬁor the kind of channels it was -
darivca\fromo - R . S
' r . .- S . T T
Y. owever, the form of the Cxezy formula is now gnnerally &LCGpted
and a modification is mado in ¢ according to the other conditionso :
Kutter'e formu!a for thie coefficient is S
St oo 41,6 4+ 1.811 4 00281

v

SR S L (41,6 + ;00201) __ n

e rtmaad

: whare n 4e & coefficiawc of rveslstance of the channel with valueo varys

ing £r0m 0030 Ln 0995 for rivcrao Hamilcon Saith, Jru, a late authority

between the section and the bridg , its discharge
i1
1’1




i“ hydraulic&, teJects Kﬂtter 8 fofﬂdl ‘ag untrustworthy. He further
_“says: “For condiits or canals with rough channel, we regard it as 7 o
" almost uceless to proposc any other formula than V = ¢ JRSY 4t is o

‘Ampoasible to gesign with any reagonable degree of accuy acy any humers C
4 R “4cal velue to the reoilstance of tha channel for streams, and as it ia R
2 . .',;,auch & centrolld ﬂg quaniity in any equation of which i€ forms a pavrs,
A ,:".uf;vk such Lnrerubincv nusr olways maka tho-equation aimply appro“umatco“

';“ f For oub purpose then i* will be best to use ths quzy fcnnf ’;“"
uigp using the judgment and conparing. Wibh Lnowq valuna of < for b
streans that have been gauged, : - . -

i o f'f”f-{;l Ihe Sollowiﬁg values havc been founa by eyp fimeﬁt: o A  }:f”

e swmw 7T,

Irrina%xno ditches with rsuOh Bhdﬂﬂp shnrn CL“VQu, fall of o
15 ko 20 foet to the nile and dhptn of 2 to & feet, g w 30 to 500 oo

e e
[

e f:-*f-‘t._ Crecks and small _8trooms, vith unoven che vnal and many
obst*kh&ions; & s 50 to 700 S : : .

i 7~;£  ia'5'-, ‘Strall rivers with depth of 10 feeh oz more-;nd widta of 100
' ko0 400 feat, g 60 ©o /Oo e R VJZ'h? -

s Rivers thh smooth banka and channel and stvaiﬂht coursa, I o
B'IOOQ' Yoz larga rivare thls nust ba increa ad. - Lo

ki

I -
. .

I

i

Yortunutely, for our purpose thL abso’ute volume of dxschagg
is not ngcesssary, since we shall finally divide the discharge by the
velccity'at the bridge to get thc requirved area of water~way, and a ;:
difference in coeificientu will not show a great discrepa1c1¢__ o

Lo e Uaving cmxvulateh hh vLTuciLy, multiply it bv tha area of
S ' =;'lcrOSS°SQUtLOW to determine the volume of. dlscharge"average the guan- -
i . tities found from the different sections and get the average velocity.
' 1 I1f tha situation admits it, one of the sections should be at the biridge
opening. - By divliding the tOCBl discharge (using.the average of the
'diiﬁercnt calculatione) by the calculated oz an assumed veloc*ty at tha -
bridgep the necessary erea of water-way is obtalned;. then, from the
depth end c¢rossesection ¢f the channel, the necessary length and
‘hesght of the opening is found, Large discrepancies may ba expectad '
. in the res ults fox. tha dix*eﬁenc sectionsu Lo

i




L “;'Average vo!wna of gt schazgea 63 179

16995 sqefte D
- " SECTION GH |

/619 eq.fte fn 1600 ft. width
4376 eq.fte dn 450 £r. width

4000 £,
abovs bridga

10 ebove bridge
S W 3545 aq.ft. in 1500 £t. width
Lb . ! e oto () ' 1 . - A . , ) .1 ‘ 1 '..,;’...-J..- .’

- : .. 1000 e 2000

A5 an {11ucﬁraL¢01 of what I mean, I give the record of

' surveys of Apighapa River in Coloradd, Two cross-sections of the stream,f

one 4,000 feat and the othéxr 18,000 feet.-'2bova the bridge, are given.

1._The,ban!s wares cverflowed and bhe shal]ovnfss of the outer sections

reqiircd ‘a smaller &y 50 in the calculat;ons the cross-sections are
divided into two compavtments, a shallow and a deep one, the latté:r™

) t'-includino the portion or the gection within the principal banks of the

stream. - Then separate computations are made for each compartment The

E“'hydﬁéulfc masn depth, R, 48 found by dividing the avea of eilther portloq

of the section by its widthe The coefficilent ¢ is asav?ed to ba 80 in

N _; Seotion ¢H o - R -lﬁf L
- _ © - Avea N - ‘ R ; ) B
L - oo e . imsqefE. - R T8 V Volume
. Deep Comp. 90 4,376 9,72 .0018 11.88 51,986
© Shellow Compe 70 © 2,619 - 1.64 L0018 . 3.78 9,900
© o motal L E99s o T 61,806

- Ayaxaga veloc*ty, 8 85 feet per second

Sect;on IJ

' Desp Comp. 90 3,600 12,00 L0018 13.23 47,628

.. Shallow Comp, 70 3 646 2,43 (0018 4,62 16,844
Tmetal i, 246 R YWY
 Average’ ve10ﬂiay, 8.90 feaL pex second ' LT e

e N ot N e e e e .
20 . N T e
L 18 ooB”EET\\%M\ SECTION LI

3600 gq.fte in 300 £t. wxdth

‘the deop pﬁrcﬁﬁ end 70 in the ghallow. The zesults ave shown as follows: =

89 Orit o ot 1 S YO e by S 8§ iy ne A




Using the geme alovc for the serti on at the bridée'cpbnin

"%3 tha veloﬂity there would bs nearly 16. Since at this point there cexe
: tainiy wauld ba back-water from the river, -thils value was thrown out,

and .tha average of the velocities in ‘the deep compartmént of the othcr
sections, 12,5 fcet pey second, wag taken as the average velocity at
the bridge cpening. Dividing 03 179, the average volume of discharga,

| by thie velocl Ly, gives & ne'eesary wate reway of 5055 square feeto

. An exami nation of the proflle at the b idge will" deternine the
1ength of span neceseary o secura that water-way., However, in the case
"xeferred to, it was decided to excavate the channel from abutment to
abutment to the depth of the bottom of the stream.” The resulting uni=
form depth was 25 feet. The arca of watev-way, 5055, divided by this
depuh givea 202 ea the necessary width, The. span nuat be’ inc7ca°ed .
&o allow fﬂv tha. emount taken up by the plere, Qth SR

Not enough. impo"tance 1s attached to the shaoe of the chonnnl
at end below the bridge opening. Even whan the channsl is cxcavated to

Cthe . full width of the opening undcr the bridge, the full capacity. Qf the"

© bridge opening will. nut be utilizad ualess the enlarged channel is

" exténded “down stream until the flood water has a chance to escape dﬁer o
the £lat below without a veduction in velonity and a’ consequewt oberuc=m_ )

tion to the water that {s at that tilme coming through the opening. In’
fact, thd' ghiape of the channel just balow the bridge has as much to do-
witH the 'tapacity as the opaning itself, ' Above the bridge, whatever
may be tlie shape of thae opening, the pressure of ths water on all sides
and tha tbndnnc; to dam up tends to, force the water through the opening.
with, incveased velositys Below it, any decreased section or turn-in the
“couvac obatructs the current and grcatly iﬂpedos the valocity of water
~at that tims £lowlng thirough the Openlnba The principle is similar to
“tha &jutuge with curvad Lomm uged in the cxpordmeonts in Fhyslcs. o Many

bridgew kave comas under my observation whose efficlency could be doubled '

wign 15ttla expensa by modi fying tha channal in this way.

; I¢ waa wny in ntion ta treat the amount'of backnvater caused
by the contraction oz tha channgl at the bridge and by the obstruction
of the paaxsp but the length ¢f this artfclo requzes Lh“t thac subjocL
be vivag in a sepaxﬁho papoxs S - R R

- USCOMM-PR-DC
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, ‘Appendix B

Cedar River
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'5~4645." Cedar RJver at Cedar Rapldg, Towa

' deaﬁién.——Lat;4l deg.58 min. 20 sequ,'long S1 deg.40 rin.05 sec.,
"1ﬁ SEYNWY sec.28, T.83 N.,R.7 W., on right bank 500 ft upstream
from Eighth Avenue Bridge in Cedar Rapids, 2.7 miles upstream
from Prairie Creek, ond at mlle 112.7 above mou*h of lowa River,

" prainage area.--6,510 sq mi

Géée;éwNonrecording prior_té Aug. 20, 1920; re»ordlng LhereaLpe-.'
“Datum of gage is 700.47 ft above mean sea level, datuw of 1929.

A l:Stégéédischargé_relation;m?Defined by‘curfenf;meter measurements.
55 I Co R R : S "  cL e S
i ~ ‘Remarks.--Base for.partialwduration series, 'l_5,OOO;Cfs°
e Pea? sbaqes and dlscharces

. Water : T - Gage . " Discharge
.yeaxr D Date:A S “height - " (cFs) -
B e . L . (feet) : i o -
1851 . June L %20 “65,000

" a%03 - May 31, 1903 16.85 53,600

1604 - Mar. 26, 1904 6.45 ">11 800

& ST L - . - . - . - .
4 Cages © Mar. 23, 1905 - 9.05 23, ooo@*~
e ‘May 20, 1905 M » 19,000

: . 1%06 .- Feb. 28, 1906 8.4 - 19,400
S - - Mar. 30, 1906 17.6 55,700 <—

19,800

3907 .. July 20, 1907 .
NEEN o 18, 600

- Aug. 17, 1907

oo -
[\)U1'

21,000
17,800

J 08 . “May 30, 1908
1..-"q_']'. - . June 26, 1908

0
o

22,1004
15,400
17,800
15,400
19,400

S ko . Mar. 30, 1909
weel Apr. 22, 1909
—=1ei0- . . 7 Nov. 19, 1909

' . .. . Dec. 2, 1909
ﬁ' S ﬁ:}‘_A’ . Dec., 11, 1909

ONOONw
B O

3930 Mar. 14, 1910 9.6 24,100

I T8 ’ "Feb. 16; 1911 IS T 14,300

2 -
o

CApr. 1, 1912 17.2 54,000

PO ot




5»4645°' Cedaf-Rivéfiat~Cédar Répids,'Iowawe(Continued)J

" peak stages and discharges

' @:.Water

- .year

- Date

Gage

,;'height'

- (feet)

Discharge
(cfs)

.jilgig.'

. Mar,
“June

" Feb.
Mar.

_ . June
 Sept.

Mar.
_Apr.

June

- Mar.

- June |

.

-~ June

. Mar,
-, Apr:

l Mar.
i_Jﬁne
;»Feb.

. Apr.
q{ Au9f
-» duhe
‘-E;Sépﬁ.

oy
;.Feb; 

. Aug.

Mar?
'v_ Apr'

| Feb.i

25,

29,

18,
20,

24,

9.2

22,500

17,000

26,800
33,600
31,600
23,300

25,700<
15,400

-.-18,200

- 54,900 -
19,000 -

28,200,
'29,70064'
21,800
;14;éod
17,900
21,000
16,000
-26,300_ 
'12,éoo
11, 500
11,800

22,200
29,2004

64,0005
21,400

12,200



5-4645 Ced

ar River at Cedar Rapids, Idwa~-(Continued)',

/

water '

year

7931

3932~

1932

7-1933

. 1934
<1635

1936

2937

1938

“ 3939 - -

1940

1941

*19424

1943

1944

1945

Défe'

[ peak stages and discharges

//_'

Sept.26,

- Nov. 28,

fffMafv> 8,

. Apr. 2,
-~ June 23,

..Apr;4A9,

Mar, 15,

S Mar.. 27,

peb. 21,

Mar. 9,

"~ June 17,

‘ Sept.21,

- Mar. 18,

Y Apr. 4,
" Mar. 21,

- June 7,
Aug. 3,

Mar. 31,

. May 25,
“‘June 18,

June 23,

Mar. 19,

May 31,
June. 5,

Q‘Jan. 9,

Maxr. 11,

- Mar. 17,
' Sept.24,

1931
1931 .

1932

1932

. mpr. 4, 1933

-1934"

1935

1936

1936

1937

1937
1937

1938

1939

1.940.

1941

11942
1942

1943

1044

1944

1944

1945

1945
1945

1946

1946
1846
1946

s

¢

. height

~ {feet)

Dischafge

(cfs)

4010
s.4

3,270

ATFTO0077

19,1005
17,900

58,400

8,620

26,900

22,700 <
20,600

22,300

40,700-5—

- 23,500

12,900

119,700

- 5,540

17,100
19,100
33,900="
15,800
17,900 .
29,1005
20,300

52,3002
19,700
21,200

27,1005

21,200,
23,700
16,200




i St T s Tt LA

5-4645. Cedar River at-Cedér>Répids, Towa-- (Continued)

il e f .. peak stages and'uiggharoes . :
- Water '/ s e . .. . Gage .- Discharge -
year | .~ "pate . -heignt . . (cfs)

1947 |  Apr. 16, 1947 8.3 18,000
~ ;'/~- ~ June 6, 1947 13.5 - . 37,000

ol .. June 16, 1947 . 18.23 ' '-’56,200</*
" July 6, 1947 -~ = 8.6 19,100

e 1948 | © Mar. 3, 1948 . 12.82 . 34,500<—
" o ‘ ~ 'Mar. 20, 1948 12.6 33,900

T - 1sd9 . .. Mar. 7, 1949 11,75 30,800

| D ; L _ Mar., 31, 1943 8.3 - 18,000

1950 -  Mar. 11, 1950 12.45 33,000
- - Apr. 1, 1950 9.8 23,400
: - - June 26, 1950 ' 7.9 _ 16,600 "

1951 . “Feb., 27, 1951 . . Pi2,5:1 - 830,000
S ... Mar. 31, 1951 " 13.54- 39,300
. Apr. 11, 1951 . ' 17.22 54,100 —
P - - May 2, 1951 : 13,45 38,900
I o June 3, 1951 . 8.42 19,400
June 30, 1951 - .+ 12.00 . 33,300
July 10, 1951 _ 8.35 . . 19,400
Aug. 30, 1951 - 7.56- 16,300

1952 © “Apr. 5, 1952 10.40 27,000 .

1953 . Aug. 10, 1953  U7.29 15,200

. June 26, 1954 14.02 41,400
1955 ~ Mar: .5, 1955  Psie7 . @ 8,100
1956 . Apr. 6, 1956 . 4.69 5,400

1957 June 20, 1957 6.00 9,900

1958 . . June 13, 1958 4.58 5,240

1959 . Mar, 21, 1959 .8.75 21,000
L . ~ Mar. 30, 1959 9,77 25,800 ¢—

- . SR : _ éj




.“Cedar River at Cedar Rapids,

Iowa——(Continuéd)

water
year

PeQL staccs and dlscharqes

-,Dataj

- .. Gage,
height
{feet)

'~ Discharge

(cfs) -

1960

1061

1962
1063
1964

1965

AJ?n: 

Apr.

May .

Mar.
Mar.

Apr.

‘Sept.
'Mar.-

My

- Mar.
Apx.

1960

1960

1960

1961

1961

1962
1962

1963

1964

1965

1965

8.60
16.75
11.59

7.62 .

19.66

20,400
55, 100<
32,400

17,600
73,000

- 50,000
18,900

15,600
4,270 -

©.32,100
66,800

About

Affected by 1ce

- fg%?
r7EE

: //./,,'57 .
/B8

Ve

" Sept.

1965

oot 5

/44/1,/7’/ (///

/_/://-) -//

)

/&

w5 /G)/

28

s e
>.';}f;7177;;5t;f

=2 -

-'/

27,200




y

] ,
dogin(bridge,bridge0l)

~nnp MORNING; USER - 05; TIME 11:20:59 9/18/7C;

Bload (1pear3) :

xeq | _ ) oL . _ ,
fEnter name, drainage arca and gage number of watershed.
iltedar River ! 6,510 sq. mi. Gage MNo. 5-LGL5

Any changes jn identificatiop irfur?  Ericy yaos Gr nr,

ey 1

‘e rer number of vears of record,

JAny changes in value of N? Enter yes or no.
Enter values of maximum annual discharge..

314800
Y(19). :




gi 26300

§ Y(23)

12800

= Y{(2L)

111500

Y(25)

11800 .

L y(26)
29200 /
Y(27) -

T 64000 /

v Y(28)

12200 /

ey Y(29) -

B 3970 .

Y Y(30) T

19100
B Y(sn)
4 58400

|

| 8620

1 Y(33)
i 26900

L Y(3L)
22700
S Y(35)
L0700
1 Y(36)
12900 -
Y(37).
o 19700
4 Y (38)
Y 5540
_Y(39)
4 17100
Y(L0)
33900
R Y(41)
q 15800
"Y(L2)
o 29100 . . , /
qY(u3) ) :
52300 _
Y(ul) . Ny
3 19700 & 1% {y
4 Y(LS5) :
56200 .
2 Y(46)
i 34500
Y(u7)
. 30800
5 Y(rg)
33000 °
Y(h9)
A4 54100
g4 Y(50)
27000
@ Y(51)
i 15200 o : | , - |
Y(52) | . | .
- 1000 ‘ - : o ' '
7 Y(53) R : o o o »
§ gl00 - o S - o N L
SIS | - : .
gul 5400 - ‘ Co




e

2.55100
" Y(59).

Y(60)

T Y(65)
16000 .

S

" 5900
o, Y056y
5240

Y(61)
Y(62)

Y(63) - . -
66800 '

Y(67)

- 7(&5":*

S Y(hb)

AN 7

Y(57)
25800
Y(58) .
73000
50000
15600
4,270

Y(6h) o
29200 - i

Y(66) . .
22260 - o

54500 -

- Any chanyes in dfschakgé input? . Enter yes or no.
- yes, : S T '
Which Qz,

fix:
1

55700 -

" Any changes in discharge input? Enter yes or no.
Cyes SRR S o _
- Which Q2 .
- fix :

Lh

27100
Any changes

in discharge input? Enter yes or no.
no ' 3 S T ,

M= 4,353 s= 0.307 - g= <0.552

Enter K va]un correspondlng to recurranco
interval and Va]ue of g

ayk

1.747 '

~— Any chanvosxln va]ue of h° Enter ves or no.

' no o ! :
- Enter rccurrancn lnterva] in vears.
Rl . B S R
1150 o o ‘
fLANY chénges:in value of ‘recurrance interval?. Enter ves or
no - : '
i A : : L
" Cedar River'" 6,510 sq. mi. Gage MNo. 5-LChL5

2 Q= 77588 cfs -

Recitrrance Intervals=s " B0 veanrs

no.



s

Do you want Q for a dlfferont recurrance interval?
Enter yves- or no. . L
l'"" Y-CS :

Enter K value corresponding to recurrance

{ interval and value of g. - : L S C
L avyk S IR o o
.-1.91¢6 : S T E
[ Any chances in Va]ue of K'P Enter yes or no. :
oo . o i
Enter. rocurrance ‘interval in yeatut
R | o ' - ..
P 200 e : L :
"-Any ckanves |n'va]ue of. recurrance interval? Enter ves or no,
_ho i T '
[
! . - _ . :
Cedar River . 6,510 sq. mi. " Gage Mo. 5-4GLS
Q= 8746 cfs
| 'Recurrance [Interval= 100 years
|7 Do you want Q for a different recurrance ‘interval?.
Enter yves or -no. : S I T
yes . ' ‘ N

.Entor K ya]up corrcspondlnp to rocurrance
lntcrvo] and value of g._ - :

| ayk

-~ 2.060 oL S o A

: Any changes in vaer of V? Enter yes or no.

%' no o
Enter recurrance lntor al in years.
R1 - L
200 o _ e R o ,
Any cbanveslln value of recurrance interval? Enter yes or no.
no . ‘ . - . . - ) R . .

—a - . ’

i Cedar River 6,510 sq. mi. - Cage Mo. 5-LGU5

B I | .~_ B |

"1 o= 96828 cfs

.TW'Recurrance dntorval—‘ 200 years
- . [ . - .

. o
Do you want: Q for a dlfferent rccu;zrnco interval?
(" Enter yes or no._ ' : :

i.no .

Do you Uant Lo dotormxne O for anoL er watershked?
1 » Enter yes of no.

-1 no |

1 1END.OF JoB:
-1 lozout , S ' : - - o ' o
lTINF 11:36:15; TIME USED: CPU GG 3 TERM 00:15:463 PAGE 00:20:4Q;

e e ot e g e o, e e e R L N i e e e £ e e 4 et 8 et 8, et e o e & o niat e e e o
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Appendix C-

Pine Creek



5.-4212°
Locatlon ~~sw/ sec. 34 T.89 ﬁ
brloge,
southweot of Winthrop,

/

R.8 W.,

Buchanan Coun;y

vDréinage/érea.~—28,3 sq mi..

Gage.Q~Creét~stage'gage.

measurementc ' - .

Remarks.~—OQly.annual peaks"are éhown.

Pine Creek near Winthrop,

Datum is arbitra

at Illinois
500 ft upstream flom uU.s. nghmay 20 and

ry.

 SLage dlscharge relatlone~~Dcaned by current~meter

Peak sLaqes and dlscharges

Jowa

Central RR
2.5 miles

and indirect

Water.

- year uDate

Gage

" height

(feet)

Discharge

(cfS)

1950 ‘Sépt. 21, 1950

1951 Y gune 2, 1951

1952, T Mar. 10,1952

..1953 .iFeb.’ 20, 1953

j;954f JlApr. 30, 1954

A195)  TFeb. 20, 1955

1956_

.;952' © gune 17, 1957

1958 . o e

1959 June 1959

.+ 1960 Mar. 1960

1961 .Mar. 5, 1961

1962 " May . 5, 1962

1963 Mar. 1963

1964 - Apr. 3, 1964,

1965 Apr. 2, 1965

21.70

18.74

13.47

13.43

S 12.35

12019

Cc

c

13.94

T 12.82

16.68.

13,17

713,27

©15.17

12.78_

14.69

T pee

Z 050 § /P82 EBE ] /;Afw’v 200 |

14,500_

lO 600

1, 090'
1,070

650

A
“1,360
2,450

800

52030

962
' 803

"1,940

ﬁ?ﬁ?~—f>ﬁﬂjc)

N

VA

VL

)/ |

.

7

/2

.\Q (\J
O

N




Y(3)

xeq - U o
Enter name, drainage area and gage number of watershed,

~Pine Creek 28.3 sq. mi. ~ Gage No. 5-4212

Any. changes .in identification input? Enter vyes or no.
no ) o . o :
Enter number of years of record.

N e

- Any cﬁanggs in value of N? "Enter yes or no,

no .

" Enter values of maximum annual discharge.

Y(1)
14500
Y(2)
10600,
1090
Y(b)

- 1070 ‘
o Y(B)
- B50. -
Y)Y
- 590
Y.(7)
-Y{(8) . L e
990 . - S R
Y(9)
. 200
- Y(10)!

—];-360 : . ‘ . V . } 'j . ": : A- - » V. . . N -\A> )
Yo = o

2450

Y(12),
800 .
Y(i5)!

- 5030

Y(1n)!
_9_62 o
Y(15)

Y(16)!
lghﬂf
Y(17),
3050 !

Y(18))

532 1

Y{igy

242000

Y(20)

2500 ' Co

Any changes in discharge input? Enter ves or no.

yes :

NhichiQ? o : o _ : ,

fix . . ' o ' . ” . o . .
20 Aj o . . , , e

Yz,

2500

A ohanges in discharge input? Enter yes or no.
1 . ] .




Enter K a]ue correspondlng to recurrance
‘interval and va]ue of g.
cayk .
2,506 - | - . ‘ . o
Any changos in va]ue of K Enter yes or no. - . ' o
no . : S : - e
- Enter recuyrance lnterval in vears.
- RI LT LT

50 I R o : :
Any chanz cs in value of recurrance interval? Enter yes or no.

[

!

s

0
I

|

.P}neereek : 28,3 Sq; mi{_A.b Gagé.ﬁ6; 5-4212

0= 32032 cfs

i Recuﬁrance,lnterva]=: .50 years
Co . .

" Do you wahl 0] for a dlfforent recurrance interval?.

Enter-yea ‘Or no, :
no . B L
“Do you want  to oetermlne O for another watershed?
"Enter yes or no.- ‘ R '
yes I




Enter name, drainage arca and gage number of watershed.

" Pine: Creek 28,3 sq. mi.. = 54212 e .
"Any changes in jdentification input? Enter yes or no.
no . | ) - ,
& Enter number of years of record.
-9 : o ‘
T Any ¢hanges in value of N? Enter yes or no..
B P + To I ‘ ' '

. - Enter .wvaldes of maximum annual discharge.
2 S Y(1), L S
k& 14500 o o
: SY(2) o : :
10600

Y(3)

21090

Y(h)

1070

Y(5)
: - "B50 i

L Y(G)
% 590 .

L 'Y(7)5

- 300

EE. Yy

i 990

l Y9,

. 200

5 Yoy o

; - 1360 * ST
| Yan S e
|
F
|
l
I
\

% ' 2450 1
Y(12)
© 800
- Y(13)
*[5030:
Y1)
862
Y(lsx , . S
803 | . S
YQ16) L
lQhO:
Y(17)
3050 ..
S Y@18)
532
Y(19)
- 2500 - o
Any qhanges4in discharge input? - Fnter ves or no.
no N T

: M= 3,133 S= . 0.480

hel
N

0.578

|
o
A

"Ehten K value corresponding to .. -:rrance
interval and valiue of g. ' .
. avk :




2,343 , T o
_Any,changes in value of K? Enter yes or no..

Pinelbreek 128.335q;'mf. . 5-4212
Q= 18193 cfs
Recurrance Intervals 50 years

Do you want Q for a different recurrance interval?
‘Enter yes-or no. - '
no . _ . B
Do you want  to determine Q for another wa;ershed?

no

Enter recurrance interval in years.
RI _ L o .
50 ,

Any changes in value of recurrance interval? Enter yes or no.

Enter yes or no.
yes N R




']ogfn(bridge}brédgeOl)

GOOD MORKING; USER 03; TIME 10:42:32 9/12/70;

doad (1pear3)

xeq '
Enter name, dralnage arca and gare number of vaLershed
Pine Creek "28.3 saq. mi., - Gage MNo. 54212

Any ‘changes in identification input? FnterAyes or' no.

nho
" Enteér. number of years. of record,

N

18

Any chanves in-vé]Ue of N? Enter vyes or no.
no :
Fnter va]ues of maxnmum annua] dischargé.

SY(L)

10600

“Y(2)

1080

Y3y

1070
Y(h)

650 .
1nY(5)
‘590
SY(G )
L300
.Y(7N
.QQOV

Y(g)

200

Y.(9)
1360

Y1)

2450

-;Y(]L)'
- 800 ¢

Y(12)
5030

- -Y(l%)'
"~QG?‘ S
Y (1)

803'

'Y(lg)‘.
: ;quq . S
©Y(16) ’ . o i : o

3050!
Y(170'

fY(ISO

2500

.Any changes in discharge input? Enter ves or no.

no !

M= '3.076 §=  0.422 co 0,408
[ : . ’

Frntaor ¥ o unlita ~rasvrrmrm~crmamd Lo 200




LU I S S N A IR - \:D]J\Jll\llll‘r} (SRS S Y S T AR I N AR oy

r -~ interval and value of g. -
ﬂ ‘avk o .

2.265 R N .

Any changes in value of K? Enter ves. or no.
no. - . o

Enter recurrance interval in years,

Rl . Lo

- 50 . o : ' S o
S Any changes in value of recurraice interval? . Enter yes or no.
‘ | o ) _

{ ~ 'Pine Creek - 28,3 sq. mi. - Gage No. 5-4212

0= 20765 cfs

Recurrance Interval= 50 vyears

"Do. you want 0 for a different recurrance interval?
"Enter-yes or no. :

no . ; ' e .

Do you want to determine Q for another watershed?
" Enter yes or no. E ;
no AR

" END OF JOB. |

-logéﬁf _ o o . ' ’ - ’
TlME,lO:h?:SB; TIME USED: CPU-OO;OO:07; TERM 00:05:05; PAGE 00:09:2&;




login(bridae,b
COoOn AFTERIIOOH
Toad (1pear3)
xeq - - ) , .
Enter name, drainage area an:d nuriher of wvatershed,
Pinc Creek C 28 sq. mi. Cazn {lo. 5-R012 o
Any changes in identification input? FEnter ves or no.
Enter number of vears of record,
vl ‘
ir :

Any clhanges in value of !'? Inter yes or no.
“Enter values of maximum annual Jischarge,
Y1) L S ' :

1096

Y2y

lo7e o

Y(3)

S 850

Y () '
t: __5_9 O
CY(E
Y(G) i
950

LUy
Y (38 ,

-~
e

v
g
Ve
<
.

hSE

et
—
= !
faa s

“e

(o)

AN AN AN O

.
o U
Ny

o <= <o ¢ o <ot -

o -
Vi W e O
(Sl
~— S~

=N

]
<>

=2 [ro —¢

= 2
=
g

changes in discharge inpui?  Entor yes or, no.

.

1
[ - il — Pl o ’ o
== 2 ULU = SN R Y fre iR SR 02 B

Enter-IK value -correspondis— e rocurrance _
tnterval and valua of . - . y
ayk L : Co

. 2 nnan




-
G
g

5
4
/

e oyt T Y e
Aty cnangoes

no

‘Enter recur

R

on

U
[

i

~.

ny changes

\
nao

!

Recurrance

Do vou want

DO you want

Cto determine G Tor

I value v %

rance interva

iin value of recurrance interval? FEnter ves or no.

28 sa. i, Gage Mo, 5-L7212
s
Intervals 50 vears

0 for a o © recurrance interval?

Enter ves orf no.
no :

ancthor watershed?

Enter ves or nco.

no

CHD OF JOB,

—
-~

or
)u

1 O

-t

{
1552

2G; TIHE USED: CPU €0:800:05; TERIY CG:Ch:5h; PAGE CC:02:00;
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Appendix D

Skunk River




A7

e  {.5—4710. Skunk'RiVér below Sguaw Creek near Ames, Towa

Location}~~Lét 42 deg;OOlminﬂ3O sec., léng 93 de§;35 min.40'sec:,- .

. in-NE%RNWY% sec.13, T.83 N., R.24 W., on right bank 15 £t down-

. stream from highway bridge, a quarter of a mile downstream

“from Squaw Creek, l-mile downstream from bridge on U.S. High-
way 30, 2 miles southeast of Ames, and at mile 222.6. - ° -

-Dféihége:area.~~556_$q,ﬁi.'“' " - ;ﬂ S R
Gagé.—fRécprdihg. Datum bf-gage is 867;10.ft'abqve méanAséa_level,g
datum of 1929. - e v L >

Stagéfdischargé relétioh.—~Defined by current-imeter measurements.

Rémarks;——Baéevfot'pértialeduiatioh series! 2,500 cfs.

L Peak stages and discharges.. X
Water R - - -Gage : ‘Discharge
year. . - Date *. . height ' - efs)
i e " (feet) i L
1944 - ' L May. T 19, .1944 13 - 105000

. &

S 2953, . May. 1, 1953  5.47 1,620
1954 U gune  1,71954 - *30.92 - S
S . June 11, 1954 ©11.92 7,980
TJune 16, 1954 - 7.63 . i :3,200
June 22, 1954 - 8.36 - - 1.13,820
Aug. 22, 1954 - .8.53 - 1.13,950
Aug. 26, 1954 9.26 S iro4,700
B Aug. 28, 1954 .- X2.36 " '8,700=—
1955 ~_ Oct. 14, 1954 = 6.8 . 2,680=—

1955 ~ Tguly 10, 1955 . 6.73 .. 27540
1956 May <13, 1956 305 638

1957 “June 16, 1957 11.58 6,360

o July 4, 1957 8.54 3,950

1958 |  June 8, 1958 . 6.95 2,610
June 13, 1958 -6.93 2,610

July 2, 1958 11.13 -.6,120
July 4, 1958 12.82 , 8,550

1959 ' . Mar. 20, 1959 8:69 3,860
S May 31, 1959 . 10.57 5,520

287




Bk

ol

5;4710; Skﬁnk River-below Sqdaw_Creek_near Anes,

Iowa——(Continued)

..Water
7year

_Peak stages and discharges

" ‘Date .

- Gage
height
(feet)

Discharge

1960

1961

o May 8, 1962
. May 29, 1962

“Mar. 30

, 1960

May — “7; 1960

Feb. 23, 1961

- Mar. 15

, 1961

June 7, 1961
Aug: 1, 1961
"~ Sept.30, 1961

* Mar. 26, 1962

(cfs)

-13.20
.47

7.98

8.05
7.11

7.97

8.27
10.70
"10.47

9.32

7.32
11.87

::;.7.96

. 8.56
10. 20

ﬁ ' ';iJUne;'9, 1962
- July 15, 1962
iduly 20, 1962
. Apr. 29, 1963
- May 12, 1963
L June 23, 1964
C Mar. 1, 1965
. Apr. -1, 1965
‘7Apr" 6: 1965
~.June 5,or 6, 1965
Sept.20, 1965
L ne 18, 1 F8E
.. . - . -.V 0
o Sene & G
T o
s Vé%%&? ej§,§790
'f'.y7zérruézg3/§%§§7.
288

9,260
. 4,600

3,450

3,380
2,680
- 3,310

”43,5205f

- 5,900¢
5,140
4,280
2,820

6,330%— -

3.310

3,520
4,780<—

3,600
4,440<

6,410
6,350
0 7,340¢
43,800
3,720




Enter name, drainage area and gage number of watershed.

‘Skunk River ‘556 sq. mi. Gage Mo. 5-4710

Any changes in identificdtion input? Enter yes or no,

no
Enter number of years of record.

N / ’

7 _ - , .
Any changes in value of N? Enter yes or no.
no- - : :
Enter values of maximum annual discharge.
YL : :

1620

Y(2)

8700

Y(3)

2630

Y(u)

638

" Y(5) . g - S
6360 , : o o - i :

Y(6)
8550
Y(7)
5520
Y(8)

- 9260

Y(9)
3520

CyYao -

6330
Y(11)
4780
Y(12).

Chhho
“Y(13)
- 1340

Y(1h)

- 6380
Y(15)

5960
Y(16)
7310
Y(17)
£620 -
Any changes in discharge input? Enter yes or no.

L

' no

M=  3.679 T 8= 0.298 g=  =1.908

Enter K value corresponding to recurrance
interval and value of g.

ayk |

1.020

‘Any changes in value of K? Enter yes. or no.

no .
Enter recurrance inferval ia vears,




R1
50

" Any changes in véluevof recurrance interval? - Enter vyes or no..

no

Skunk River : ‘556_sq.'mi. ~ Gage Ho. 5-4710

Q= - 9625 cfs

Recurrance Interval= 50 years

Do vou want Q for a different recurrance - interval?
.Enter ves or no. a : :

Do you want to determine Q for another watershed?

- Enter ves or no.

no

CUEND OF JOB..
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Appendix E

Skunk River




= L | N E s

5-4700. SkunﬁrRiver near Ames, Towa

Lécatién.*~Lat/h2 deg.04‘ﬁin,05 sec., long 93 639.37 nin.05 sec.,

 in NW%SWY%. sec.23, T.84 N., R.24 W., on left bank 2.5 miles
north of Amés, 3.5 miles downstream from KeigleyABranCh, 5.2
miles upstream from Squaw Creek, and at mile 228.1. e

/
/

SR - / o
Drainage area.--315 sqg ml.

Gage.--Nonrecording prior to Aug. 25, 1921; recording thereafter. _
- Datum of gage is 893.61 ft above mean sea.level, datum of 1929.

" (Iowa Highway Commission bench mark).

Stage-discharge relation.--Defined by current-meter measurements,

Remarks.--Base formpartial~duration.series,‘1,500.Cfsu

Peak stagés and dischérges

] Wateﬁ ]

L Gage . Discharge
year Date height (ctsY
. - : (feet) S
1921 Sept.17, 1921 9.2 3,540
1922 - Feb. 23, 1922 9.0 3,370

1923  Mar. 28, 1923 6.22 . 1,670+
S  Sept.28, 1923 6.0 1,530
1924 Mar. 30, 1924 6.3 1,680
| June 28, 1924 8.21 3,010« -~
Aug. 9, 1924 6.0 1,500
1925 Aug. 7, 1925 5.0 905
© 1926 Sept. B, 1926 6.5 1,900 .
- Sept.19, 1926 8.26 3,120 =
1927 Feb. 5, 1927 7.4 2,460 .
1931 - Nov. 24, 1930 11.2 5,230
1933 Apr. 1, 1933 6.47 - 1,990
1934 Jan. 22, 1934 b5.39 2600
1935 Feb. 15, 1935 b 7.8 2,490
Mar. 5, 1935 9.0 3,490<—
June 19,1935 6.5 1,900
Juné 25, 1935 8.4 2,960
July 24, 1935 7.0 2,190

272




35—47OO°,.Skunk River neér Ames, Iowa~~(Continued).

N Peak>stages and dischérges.

ﬂyearf S 7 iSh pate * height o (efs).

_Water o o o . Gage . Diséharge._-'

-193/ | “Mar. 10, 1936 7.7 2,580
1937 %l Mar. 6, 1937 .-%g.4 3,000

12,8904

1938 5 ‘May. 4, 1938 - 8.3 .
. o © May 17, 1938 . 6.5 S .1,880
f..rJune 29, 1938 5.8 - 1,540 -
1939 - imar. 14, 1939 . Pio.s . 3,230
1940 i...Aug. 13, 1940 © . 7.3 2,320 -
. 1941 . sept. 8, 1941 8.6 . 3,050
Reaie | Y0 UNov. -1, 1941.. - . .5.9 17630
1e42 7 .. ‘sept.14,1942 8.1 . 2,530
‘1943 U UJune 16, 1943 - 6.5 .. 1,910
Coag 2 July 31, 1943 10.3 . . 4,500
1944  iiMay 20, 1944 13.9 . 8,060 <«
CE St June 12, 1944 . 8.0 22,840
1945 - i Mar. 16, 1945 6.3 - 1,800
; L _ May 22, 1945 1.7 - 2,620
“-."June 2, 1945 9.7 © 4,010<—
1946 . 00 ‘pPeb. 5, 1946 . 7.1 . 2,270%
SR © 2 ‘Mar. 6, 1946 5.9 . 1,600
S ~ Mar. 13, 1946 5.9 : 1,610
1947 S gune 1, 1947 . 8.63 . 3,740
i : ~ June 4, 1947 8.18 © 3,400
June 13, 1947 11,95 ' . 6,550¢
~f43June 23, 1947 10.80 5,400
c . June 30, 1947 6.4 2,200
1948 " Feb. 28, 1948 . . 5.8 1,630
L © " Mar. 19, 1948 o 7.35 2,620
Mar. 27, 1948 7.3 ~ 2,600
1949 . Mar. 4, 1949 . Pig 52 23,000
273"




- 544700._ Skunk River near 2Zmes, Iowa~- (Continued)

- Water
_year

. Date .

Peak stages and discharges

Gage

-height-

(feet)

Discharge

(cfs) -

1850 |

1951

1952
1953 -

£ 1954

1955

1956

1957

1958

1959

1960

‘1961

{

.Ma'y .

Mar.

May”";

June ‘

June 18,

Feb. ‘26,

Mar. 29,

. May U2,

June -2,
June 20,

'July A4”
;;:Julyiié;
",.M%y ?'1,

-Juné ~1;

"“.June 10,
‘June 16,

June 22,

"Aug. 27,
VOct. 15,

':_Sepf; 4,

June 16,

- July 4,

Jﬁly.'2;
July 4,

July 11,

Mar. 20;

- May - 31,

© Mar. 30,
- May *© 7,

- Feb. 23,
. Mar. 15,

Aug. 2;

7
5 .
S,
S
8

1950

{

1950
1950

1950 -
1950 .

1951
1951 -

1951

1951

1951

1951
1952

1953

1954
1954
1954
1954
1954

1954
1956

1957
1957

1958

1958

1958
1959
1959

1960

1960

1961
1961

1961

8.86

"10.33

3,820 <

1,810
2,410
1,690

2,170

1,690.
5,320 <—

2,290
4,920
1,930 .

02,470 . -

1,630

- . 980
3,180
8,630<—
2,110

1,770

3,520

1,340

376
3,540«
2,200

2,270
3,150«

1,720

1,590

1,720+

6,210&

1,590

1,990«
1,770
1,770




5-4700. Skunk River near Ames; Ioﬁa——(Continued)

. Peak stages and discharges -

-Water o . o o -~ Gage

year . Date ¢+ ‘height
: : : ’ ‘ (feet)

" Discharge . -
. (cfs)

1962 T Mar, 26, 1962 . 6.91
L May 7, 1962 . - . 7.53

May 30, 1962 . L 5.72
July 14, 1962 . 9,02

July 22, 1962 . 572

1963 - .- Apr. 30, 1963 - 5.65

- 1964 o May 8, 1964 - - 5.31
B : ’ June 22 '
- 1965-‘ _' - .._ Mar.

‘May 27, 1965 6.55

June 6, 1965 © . 5,75

" Sept.20, 1965. - 6.92

1965  9.43

3,010
3,510

.. 1,970

4,300< -

+.1,970
1,820

1,570

2,170«

. 21,800
..»83,300 .
-0 5,260&—

2,730

© L 2,020

2 About

b Affected by ice » '
Lsgeds -Z;éaei

';\'/?451. L Swne 8 _ L€

7S e 25, /768 EIY

et L e sy

1,610



no
Enter
N.
L5

“Any changes

no.
Enter
Y(1)

3540

Y(2)
3370
Y(3)

1670

Yi)
3010
Y(5)
905

Y(6)

3120

Y(7)
2460
Y(8)
5230

- Y(9)
- 1990

Y(10)

600

Y(11)

3490

Y(12)
2580
Y(13)

‘3000

Y(14)
2890
Y(15)
3230
Y(16)
2320

Y(17)

3050
Y(18)

2530

Y(19)
4500
Y(20)
8060

Y(21)
. 4010
Y(22)

2270
Y(23)
6550

“Enter name, drainage arca and gage number of watershed.
Skunk River 315 sq. mis
. Any changes in identification input?

number of years of record.

values of maximum annual discharge.

Y(2hu)

2620

. Gage No. 54700

Entesy yes or no.

in valuec of N? Enter yes or no.




3000

Y (26)

© 3820
Y(27)
5320 ,
Y(28) ;
1630 '
Y(29)
980

- Y(30)

- 8630
Y(31)
1340

. Y(32)

. - 376
Y(33)
3540
Y(34)
3150
Y(35)
1720
Y(36)
6210
Y(37)
1390
Y(38)
4300
Y(39)
1820
Y(h0).
2170
Y(u1)
5260
Y(42)
2900 -
Y(L3)
2790
Yl
4830
Y(u5s)
L4380 : . : .

Any changes in discharge input? Enter yes or no.

no :

M= 3.445 s= 0,271 Cg=  -0.985

Enter K value corresponding to recurrance
interval and value of g.
ayk’ ' : :
1.513 » , c .
Any changes in value of K? Enter yes or no,
nho : - .
Enter recurrance interval in vyears.
" 50 . .
Any changes in value of recurrance interval? Enter yes or no.

Skunk River 315 sq. mi.  Gage HNo. 5-4700

7ih6 cfs
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R

~Enter yes or no.

reiig

D LLELELEESSSSSSSSSESESSESSSS—
Recurrance Interval= 50 years : ‘

Do you want O for a different recurrance interval?

no o o : ,
Do vou want to determine O for another watershed?’
Enter yves or no. . ' '
yves

. t
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Appendix F

Big Sioux River’




ey

6-4855 .

T.93 N.,

‘LocatJon,~—Lat 42 deg. 49 min. 40 sec.
_sec., in Wk sec.
- downstream from county highway bridge in Aklon,

: m¢les upstream from Union Creek

prainage axea,——9,030 sq ml,

Gage. -~Recordi
of gage’ 1s

State dlscharge lelatlo

ng.

1,118.90 ft above mean sea level,

Prior to December 3,

Big Sioux River at<Akron, Towd

long 96 deg.

33 min., 50

R.48 W., on left bank 300 ft
and 2-3/4

1934, nonrecording. Datum
datum of l929=

: Remarks;~—0nly annual peaks shovm.

n. ~~De£1ned by currenL meter measurements,

peak stages and dlscharces

A

Eald | enedd

. : _< Gage .
Water ... - Date ‘height Discharge
" year (ﬁeet) (cfs)
1926 gept. 18, 1926 19.4 -
-_'1929" ‘Mar. 15, 1929 18.6 20,800
1930 Cgume 6, 1930 9.9 3,740
1931 ‘Aug. 9, 1931 5.6 1,390 |
1932 . Cmar. 1, 1932 18.0 16,900
;1933 'Sebtf 5, 1933 17.8 14,200
?iéé4,'" ‘June 8, 1934‘.("1,1551 10, 600 1
1935 Mar. 710, 1935 3,000
1936  Mar. 12, 1936 18.6 18,000
i,1§3§ May 26, 1937 13.1 5, 760'
“1§3$“;M_;;;i;_ guly 4, 1938 17.5 ' ;2,709
1839 © Mar. 17, 1939 * 6,300
1040 apr. 2, 1940 7.3 11,700
1041 ‘Mar. 25, 1941 135 5,820
1942 ‘June 4, 1942 19.2 21,400 .
1043 gune 18, 1943 17.4 12,000

12

e et A T = N YT d



6-4855.

Big Sioux Ri?er at Akron,

Peak stages and discharqges

Towa—-—-continued

.Water T
year,

Date.

Gage
height
(feet)

~ Discharge

(cfs)

]
1944

1945

1946
-

. loas |

1949

1950

1052

. [
1947

. 1951 e meeie e im aene e -

Mar.

. Mar.

June

- Mar.
- Mar.,

June

. Apr.-

Apr.

29,
14,

5,

21,

8,

18,

15,

1944

1945

1946
:1947' 
.1948f52f_:
1949'.:" ;
1950;

"1951f°” '

1952

13.4
"19.66

19.75

o 18.2

15,900
12, 300.

8 970 E ‘

10,500

10,800, .

11,400

5,450

28,800

33,000

e

11953

asss
, 195611
1957
' i;l958
” 1939

. 1960

1954 7

'June |
June
:ﬁar.‘

\ Jime-__
~gune

Apr.

June

- ‘Apr';'

1955
11956
1957

1958

1959

1960

'19.33
119,95

© 12.25

21,800
'21,7qo::
4,940

A_'1,84d
19,400
1,120
8,430

49,500

1961

1962

‘Mar.

MarQ

1961 ¢

1962

9,050

54,300 -

1953,

1964

T Aug.

Apr.

4,

1963

1964

1,650

2,540

1

5 1f§7f7//g

}Z;/,

2=

”5%55717- Z0&5 .

/9?23

ﬁ/?ﬂ/j//é‘7

uémﬂgg/ﬂg

; \/:".\-1‘/:‘ .
ey cee

_ /y,ﬁw///ﬂ//




e

togin(bridge,bridgedl)

24

GOOD AFTERNOON; USER 03; Tl 1B 12:56:34 9/23/70;
load - (1pear3) : L '
xeaq A ) ‘ ) oo
Fnter name, drainage area and gage number of watershed.

Little Sioux River =~ - 9,030 sq. mi. Gage Mo. 6-U4855

Any chanyes in identification input? Enter yes or no.

ves - _ A A _ o . B
Enter name, drainage area and gage number of watershed.

Little Sioux River 9,030 sa. mi. - Gage MNo., 6~4855
. Any changes in identification input? Enter ves or no.

yes

" Enter. name., drainage area and gage number of watershed.
‘Big Sioux River at Akron 8,0%0 sq. mi.- ‘Gage No. 6-L855

Any changos in ldentlflcation input? Enter.yves or no.

- ho -

Enter number of yeare of record.
N

Any: chahrms in Va1ue'of'H°  Enter ves or no.
Ao : .

i Enter values of maXImum annun] discharge.,
GO
©.20800
Y(2) -
3740
Y(3) -

1390
Y(t)

16900

Y(5)

14200

Y(6)

10660

Y(7)

3000 -

Y(8)

18000
-Y(9)

- 5760
Y(10)
12700

Y(11)

6300

Y(12)

. 11700

Y(13)

5820 -

Y(1h)

21400

Y(15)
12000

Y(16).

15900
Y(17)

12300



| l\.Lf')j
e 8970
) oY (19)
© 10500
Y(20)
-0 10800
L Y(21)
- 21400
1 . LY(22)
i 5450
- - Y(23)
28800
Y(24)
- 33000 : S . . _
‘Any changes in discharge input? Enter yes or no.

M= 4,006 - S= 0,318 . g= -0.286

Enter X value corresponding to recurrance
interval and value of g. - ‘ :
avk - : o
1.557 . S S 4
Any changes in value of K? -Enter ves or no.
N e |

: . Enter recurrance. interval in years.
s RI L e 4 . e .

50 . T

‘Any changes "in value of recurrance interval? ~Enter yes or no.
7 - .D.O . - .- ) ’ B C ’ ¢ ' : . :

" Big Sioux River at Akron . 9,030 sq. mi, ‘Gage Mo. G-4g§L5

Q= 31674 cfs

‘Recurrance Intervals= 50 years ' ;

';Do"you want 0 for a different recurrance interval?
Enter ves or no. i
ves -

Enter K value corresponding to recurrance
interval and value of g. :

avk
1.670 . . _
Any changes in value of K? Enter ves or no.
Fnter recurrance interval in years.
R ' ~ _
100 . _ : _
Any changes in value of recurrance interval? Enter yes or no.
no , - o . .
£
J Big Sioux River at Akron ‘9,030 sq. mi.. " Gage MNo. 6-L855

0= -34L03 cfs

‘Recurrance Interval=s - 100 vears




ey

Do you want 0 Tor a different recurrance interval?

L Enter yes or no.
- ‘yes
Fnter K value corresponding to recurrance
& " ‘interval and value of g. .-
b avk
1.761 , . ,
- ~ Any changes in value of K7 Enter vyes or no.
e no / . '
; Fnter recurrance interval in vyears.,
RI / A .
200 | | o
i Any changes in value of recurrance interval? Enter yes or no.
| no , . g _
{ Big Sioux River at Akron 9,030 sq. mi. ‘Gage Mo. 6-L855%
4 - Q= 36770 cfs

Recurrance Interval= 200 years
5 Do you want O for a different recurrance interval?
Y - Enter yes or no. ’ L
: no :

" Do 'yvou want to determine 0 for another watershed?
Enter yes or no. e SRR

yes . .

Enter name, drainage area and gage number of watershed,

—




3

»

Big.Sioux River at Akron 9,030 sq. mi. Gage No G0L&SS

Any changes in identification input? Enter yes or no.

.yes / ' S
Enter name, drainage area and gage number of watershed.
Big Sioux River at Akron 9,030 sq. mi. Gage Mo,

Any changes in identification input? Enter y&és or no.
no o ' :
Enter number of years of record,

N -/ ' :

32 - , . .

Any changes in value of N? Enter.ves or’' no.

no- . : ' ) o

Enter values of maximum annual discharge.

Y(1) - o
20800

.Y (2)

3740

Y(3)

1390
Y(h)

16900

Y(5)
14200
Y(6)

‘10600
- Y(7)

3000
Y(g8) -
18000
Y(9)
5760

Y(10) -
12700

Y(1i1)

6300
Y(12)

11700
Y(TI3)
5820
Y(1h)
21400
Y(15)
12000
Y(16)
15900
Y(17)
12300
Y(18)

8970

Y(19)
10500
Y(20)
10800
Y(21)
11400

T Y(22)

51,50
Y(23)
28800

6-4855




33000

“i Y(25)
121800
Y(26)
21700
Y(27)
o h9uo
TY(28)
1840
Y(29)
- 19400
b Y(30)
i 11120
- Y(31)
830 .
S Y(32)
_ . 49500 : , : :
w7 - Any changes in discharge input? Enter yes or no.
' et o '
‘? | ‘M= 3,992  S= 0.388 g=  =0.76h

Enter: K value corresponding to recurrance
. interval and value of g. '
©ayk _

o 1.627 ‘ S o _
E% . ‘.'_Ahy changes in value of K? Enter ves or no.
‘ no R L '
. . Enter recurrance interval in vyears.
.Eg 0 ORE: - -

Any changes in value of recurrance interval? :Enter yes or :ho,
no . ‘ T : ' o
o “ " Big Sioux River ati Akron - 9,030 sq. mi. Gage Mo, 6-4855
_ Q= 419816 cfs
F . o S
: -Recurrance Intervals 50 years
é , Do;ydu-want 0. fof'a different recurrance interval?
Enter ves or no. : ' -
b L S
- Enter K value corresponding to recurrance
8 interval and valus of g.
; ayk” o '
1.759 . . ,
Any changes in value of K? Enter yes or no.
Do, . . : : '
| “Enter recurrance interval in years.
S Rl : -
B 100 -
i : Any changes in value of recurrance interval? Enter yes or no. .
1 L - o . '
1 Big Sioux Rivar o Akron 9,030 sq. mi. Gage Mo. 6-LR5S
) .
1 .




0= 47156 cfs L : -

‘Recurrance Interval= 100 yeéars

Do vou want Q for a different recurrance interval?
Enter vyes or no. ' - -

yes,

Enter K value corresponding to recurrance

‘interval and va]u@ of g.

ayk

1.869

Any chan ges in value of K?  Enter ves or no. .
no’ . : _ )
Enter recurlanco interval in vears,

Q; ;52019‘Cfs 

. Recurrance Intervals= . 200 years

Do vou vant 0 for a- dlfferent recurrance interval?

"Enter - yes or no.. .

no o -
Do you want to HeLoxmlno Q for anoLh“x watershed?
Enter ves or no. '

yes -

6-1855

RE | S
. Any changes in value of recurrance interval? Enter yes or no.
Big Sioux River at Akron 9,030 sq. mi,. Gage No,




._QO

Enter name, drainage area and gage number of vwatershed.
Big Sioux River at Akron 8,030 -sg. mi. Gage Ho,

Any changes in identification input? FEnter ves or no.
Enter number of years of record,

N o ' ' S

34 : N .

Any changes. in value of ' N? "~ FEnter yes or no.

Enter values of maximum annual discharge.
Y(1) ' N '
20800

Y(2)

3740

Y(3)

1390

Y ()

16900

- Y(5).

14200
Y(6)
‘10600

Y(7)
3000
Y(8)

-18000

Y(9)

5760

Y(10) - T 4
12700 - N
Y(11) | :

.6300,
S Y(12)

11700

S Y(13)

5820

Y(14)
21400
Y(15)

12000

Y(16) ’ ' : :
15900 . ‘ '
Y(17) I
12300 >

Y(18)

8970 -

Y(19)

10500 - e ‘

Y(20) ’

10800 A .

Y(21)

11500

Y(22)

5450 -

Y(23)

28800 -

Y(24)

37000

6-4855



25)

21800
Y (26)
21700
- Y(27)

Lako

- Y(28)

asun
Y(29).
19400

Y(30)

1120

Y(31)

8430

Y(32)

49500

Y(33)

9050

Y(34)

54300 ' : A . e

Any ChdthS in discharge input? Enter yes or no.
no

M= 4,013 5= 0.307 © g= - =0.622

Enter K value corrocpondlng to rncurrance
interval and va]ue Ol g. :
avk .

“1.707

Any changes in value of K? Enter yes or no.

. no

Enter recurrance interval in years.
Rl : . -

50 _ S _ . |
Any changes in value of recurrance interval? ‘Enter yes or no.
no . . T

.oc

Big Sioux River at Akron 9,030 sq. mi. Gage Mo. 6~h°rP

Q= 18967 c%s

Recurrance Interval= .  50 years

Do vou want Q for a different recurrance interval?
Enter yes or no. :

yes

Enter K value corresponding to recurrance
interval and value of g.

ayk : :

1.8GHhL : _ .
Any changes in value of K? FEnter yes or no.
no <

‘Fnter recutrrance interval in vears,

RI ‘ L v

100 .

Any changes in value of recurrance interval? Enter yes or no,
no :




gt o]

Ky
e

P

b ."—,§
[ aestia

BLg o10UX Kkiver at

Q= 56 19 Cfs

Recurrance Interval= - 100 years

Do you want 0 for a different recurrance interval?

_Enter yes ofr no.

-yes

Enter K value coxtespondlnv to recurrance
interval and value of &

avk

1.996 . e o

Any changes .in value of K? Enter yes or no.
no , o A '
Enter reculranco interval in years.

Q= 63762 cfs

Recurrance [ntervals ' _200 yéars'

Do vou want Q for a different recurrance interval?
Enter 'ves or'no. : o

ho o -

Do you want to dPtermlne 0 for another watersbed7
Enter yes or no.

. yes

B-LB5S

R1
200 o R : :

Any changes in value of recurrance interval? Enter yes or no.
no - : - . T i
‘Big Sioux River at Akronllv “9;030 sqQ. mi, Gage Mo.



[

- Enter name, drainage area and gage number of watershed,
Big Sioux River at Akron 9,030 sq. mi, - Gage Mo,

Any changes in identification input? Enter ves or no.
no : :
Enter number of years of record.

M /

L0 . : o

Any .changes in value of #? Enter ves or no.
no . . : - . .
Enter values of maximum annual discharge,

Y(1) ’ '

20800

Y(2)

3740

Y(3)

1390
Y (L)

16900

“Y(5)
14200
Y(6)

10600

Y(7)
3000

5760
Y(10)
12700
Y(11)

6300

Y(12)
11700
Y(13)
5820
Y(ih)
21400
Y(15)
12000

T Y(106)
- 15300
CY(17),

12300
Y(18)

- 8970

Y(19)
10500
Y(20)
10800
Y(21)
11400
Y(22)
5450

Y(23)
28800

-Y(24)

Yy ST,
18000 - - |
Y(9)




1 by gyt e

Y(25)

21300 -
Y(26)
21700

Y(27)

LALO

Y(28)'

1840

Y(23)

19400

Y(30)
1120
Y(31)
8430
Y(32)
43500
Y(33)
8050
Y(3h)
54300
Y(35)
1650
Y(36)
2540
Y(37)

- 21000

Y(38)
16500
Y(39)
5300

Y(LO)

.. 635 o .
-Any changes in discharge input? -Enter yes or no.

yes

Which  Q?

fix

40

Y{un)

635 : : . .
Any changes in discharge input? Enter ves or no,

no

M= 3,953 S= 0,445 _ g= .-0.701

_ Enter K value corresvondlng to recurrance

interval and wvalue of g.

" ayk
-1.662

Any changes in value of K? Enter ves or no.
no _
Enter recurrance interval in years.

RI

50 : . S

-Any changes in value of recurrance interval? Enter
o e

Big Sioux River at Akron '9,0%0 sq. mi. Gage

0= L9354 cfs

Recurrance Interval= 50 years

22UV UY ﬁ—ﬁ

yes or no.

Ho.

6-14855




I T e A e R A e R TS

Q0=- 57150 cfs

" Recurrance Interval= 100 vears

‘_Do you wa nt 0 for a dlfferont recurrance interval?

Enter ves or no.
yes " . )

Enter-K value corresponding to recurrance

interval and value of g,

avk I

1.805

Any changes in value.of K? Enter ves or no.

no L ' . . - -

Enter recurrance interval in vyears,

Rl

100 _ , _ : o : . :
Any changes in value of recurrance interval? ‘Enter yes or no.
no : :

Big Sioux River at Akron . 8,030 sq. mi. Gage No. 6-4&55

Do you want Q for a different recurrance interval?
Enter ves or no. _ . .
yves

Enter K 'value correspondlwg to recurrance
interval and value of g,
avk .
1.925 = - -
Any changes in value of K? Enter yves or no.
no L
Fnter recurrance interval in years.
200 : : .
Any changes in value of recurrance interval? Enter ves or nho.
no . :

Big Sioux River at Akron 9,030 sq. mi. Gage Mo, BFH855

Q= 64636 cfs

Recurrance Intervals=s 200 years

Do you want Q for a different recurrance interval?
Enter yes or no.. '

no '

Do vou want to determine Q for another watershed?
Enter yes or no.

‘ves

Enter name, drainage area and gage number of .watershed,

~



Big Sioux River at Akron 9,030 sq.. mi. Gage Mo. 6-4855.
Any changes in identification input? .Enter ves or no. ,

no

Enter number of years of record.’

N '

L1 - - - . .o

Any changes in value of M? Enter ves or no.

no : '

- Enter values of maximum .annual discharge.
S Y(1) ' ‘ ‘

20800

Y(2) o A ,
3740 \
Y(3) ‘

1390

Y(h)

16800

Y(5)

- 1200

Y(6)
10600

Y(7)
" 3000
Y(3)

18000
Y(9)
5760
Y(10)

12700
“Y(11)

6300
Y(12) , . - . |
11700 | .- - ' -
Y(13) - : -

5820

Y(1h)y»

21400

Y(15)

12000

Y(16)
15900
Y(17)
12300

- Y(18)
- 8970

Y(19)

10500

Y(20)
10800
Y(21)
11400
Y(22)
5450

Y(23)
28800

Yeauy - ~ E

33000
Y(25)
213800
Y(26)
21700



e

ol

Y(27)
L9540

Y(28).

1840

Y(29)
19400
Y(30)

1120 -

Y(31)
an3g
Y(32)
L9500
Y(33)

8050

Y(34)
55300

;Y(ss)-
1650 -

Y(36)
2540

CY(37)
21000
Y(38)

16500
Y(39)
5300

T Y(h0)
- B35

Yiu1)

80800 : .
J,Any chanvG _ln.discharge input? Enter ves or no.
no . . - . . -

M= 3,970 © - s= 0.u6k g=  =0.533

i[nter K va]ue correspondlnp to recurrﬂnce

interval and. va]uo of g.
avk _ , S : ,
1.758 ' : - ,

~ .Any changes in value of K? Enter yes or no..
- no S
"Enter recurrance interval in years.

. RI
"Any changes in-value of recurrance interval? Enter ves
"Big Stoux River at Akron 9,030 sq. mi. . Gage Mo.

0= s?ous cfs

~'Recurrance lntexval“ 50 vears

Do you want Q for a dlf:eront recurrance interval?
Enter yes or no. : : )
ves '

Enter K value corresponding to recurrance

interval and value-of g.
ol

‘or no.,

64855




1,930

=3 T ’ . .
B .. ; . e ' :
4 Any changes in value of K? Enter yes or no.
no : S ,
Enter recurtance interval'in years.,
RI. S ’

100 S o : oo
... .Any changes in value of recurrance interval? Enter yes or no.
i ..no I L s ' T '

i
L"l
‘Big Sioux River at Akron 9,0% 0 sa., mi. Gage Mo. G-L855
| Q= 74573 cfs
F o o |
d¢ - -Recurrance Intervals 100 years
§ Do you want Q for a dlfforent rOCUkrance lntervél?‘
o Enter yes or no. : :
q -XGS ‘ '
_Enter K va]uc corroopondlng to recu:nance
3 interval and va]ue o{ £ : .
5 ~ayk . :
. 2.078 ' L . A
(R Any changes ih'va]ue of -K? . Enter -yes or no,
: '~ ‘no- ‘ _ - .
’ - Enter. recunlance interval ih vears.
SR o S e :
A - 200 . LT S » _
: ~ " Any changes in value of recurrance interval? Enter yes. or no,
" o L er o : D
Big Sioux“River at Akron 9,030 sa. mi. - Gage Mo. 0-L255

Q="87361 cfs

. Recurrance Interval=_ 200 years
g Do ydu want 0 for a.different recurrance interval?
3 - Enter ves or no. I ‘ :
no

Do you want to detoxmine Q for anotbor watershed?
Enter yes or no.
ho ’ : :

" END OF JOB. |
Jogout ' T _ _ —— _ ,
TIAE 13:48:10; THME USED: CPU 00:00:25; TERM 00:51:36; PAGE 01:42:21;
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Appendix G

Brewer Creek




-Gage97LCrest~stage_gagé

544486, East Branch Iova Rlvel ahove HayLLe]d Iowa _i}7

“Locailon,——Near south querel
1.5 ml]cs oouLheaqt of Hayflgld

brlooe,
f

: Drainage area¢~~2,23 sq mi.

corner sec. 4 T.96 N.,

. Datum’is arbitrary.

R.24 W., at
Hancock County,

Stage-discharge relation.--Defined by current-meter measurements
below and extended above 150 cfs by logarithmic plotting. =

Remarks.--Only annhual peaks are shown.

and discharges

Peak stages

Discharge

S8 7
/TES
) PE T

89

- Watex: o Gage
year Date height (cfs)
' . : (feet) g
1953 “June 4, 1953 3.02. 24.2
1954 gune 19, 1954 7.15 209
1955 :_:$u1§:\6j;1555 - 2;?5 '10,6_:f
|   1556; . ‘Jﬁly  2,-i§56 | f"Ajélds .8.0
1957 | c 2,@ .
1958 :Jpn¢  4, 1958 2;65 'ij.db
1959 f*i: May,fZl,Al95§ 6.77 186 _.,;
'1966u' | .iMarf{ég, 1960 | 4,67 75,
1961. {-_f.Mér; 6, 1éélf_'} 70.3 196
1062 huge 31, 1962 5.34 s .:
 1963_‘ ’1_May -13;‘1963 4,25 -59_‘.
1964 Sept. 7, 1964 4.25 58
1965 Apr:;.6;'i965. 7.3 250
" ¢ Peak stage did not reéchAbottom‘éf gage . | -
/566 22 \

0
S

200




5]

—

--y}
¥
£
&

Y

e
T

]ogin(br}dge,bridgeOI) T _
GOOD AFTERNOOM; USER 03; TINE 12:50:50 2/08/71;
- T load (lpear3) B o _

VXQC{I .. )
ot / . . N

. hnger name, drainase arca and gage number of watershed.
gaﬁt Branch lowa River 2.23 sq. mi. Gage Ho. 5-LLEC
Any changes in-identification input? Enter yes or no.
ho! ) e .

" Erter number of vears of record,
N S

17 : , - _

Any changes in value of N? Enter .yes or no.

Enter values of maximum annual discharge.

—~
Co Y ~d o (S 21

W3
o~

el I = < <o <o =< b

O AMAN AT A AL A AANODAUTAALZ0 SN

10)

D e

=W N e

R g . p
]

;

= < ro <R =gt =< =< e
o)
.
L

" Any changes in discharge input? Enter yes or no.
no ' ' :

w
]
e
v
oo
(et

M= 1.629° g= =0.190

Cnter K value corresponding to recurrance
“interval and value of ' '
ayk



£ S Any changes in value of K? Enter yes Or no.
.A.I ﬂo ) ‘ ' . - L -
1> . . .
n . Enter recurrance interval in years.
RI S
50 : ' .
Any changes in value of recurrance interval?. Enter ves or no.
no : : : : o
L " Fast Branch lowa River  2.23 sa. mi. Gage Ho. 5-hL36
. e Qj/ 470 cfs
f : : .
‘Recurrance Interval= 50 vears ]

Do you want Q for a different recdrrance interval?
Enter yes or no. : : ' :
yes

Fnter K value corresponding to recurrance
interval and value of g. :

avk

:,_[_.962 ’ . : .
Any changes in valuec of K? Enter vyes oOr no.
no ' . -

. Enter recurrance interval in vears,

- RI B o o L . L
100 ' L L : A -
. Any changes in value of reccurrance interval? Enter yes or no.
no . S : . . )

I : : :
80 ' : ‘ .o Che . - ' :
. 4 - .. .  East Branch lowa River 2.23 sq. mi. Gage -Ho. 5-LLEG

Q= 598 cfs

Pecurrance Interval= ~ 100 years

Do you ‘want Q for a different recurrancec interval?

" Enter yes or no.. '

no : - N _ ' . ,
Do you want to determine Q for another watershed?
Enter -yes or no. - '
ves ’ ‘ N




'25w4487.i.EaSt_Brahch Iowa River near_Hayfield, Towa
Location.--NW% sec.35, ©.97 N., R.24 W., at brloge on County Roao

S epY, ? niles ea%L of Hayfle]o, HancocP County.

B

‘ Drainage areayen7;94>sq mi;

age ~~Crest~utage gage. Datum is arbitrary.

>

 AState»6ischarge relatioﬁm —Deflneo by currentmmbuel me asurements

Remarks . ~=~0Only annual'peaks are Shbwn,

/a

~ _“"pPeak stages and discharges

(feet)

Water T , _ Gage - . Discharge
.- .year. .- - . .- Date . height (cfs)

v

95z Mar. 29, 1952 6.45 122
S 1953 Y. Aug. - 4, 1953 . 7.26 .- 172

1954 . = gune 18, 1954 . 13.0L . . 457

Cotigss . o July 6, 19550 60500 51

"'flgssf""'*;, N jtJﬁiy 515:1956 . 6.80 ; [_.5 " 60
': 1957' 1 ::f1,5‘ f;}&ﬁﬁéf23f11957 7.0 | '69;:"
1955[ 1‘ Z’i -‘;:fjﬁﬁé‘f4;_igsé_; 9,52 187
‘.i§5§>_' o . '-ﬁ§y_:2i,'195é . 11.89 ~-”AAésjg[
C1s60  1'Mé£;'2§;"196o  6.33 o 34- 
1961 ?Aff :ﬁérﬁAéG,_lQGl | 12,16  _ 260
19521:' |  3'; AfJalg 5;:i962 9,17 . Y66
1963 L | July 19,_1963  s 173

1964 7 Sept. 7, 1964 10,73 220

1965 . ';;” ~ Apr. .6, 1965 biz.e7 - 370
b Affoctco by ice
JHE

/567 R .
e o )

(SN



Enter name, dra ainage areca and gage number of watorsboﬂ.
East Branch lowa River, 7.9L4 sa. mi. Gage MNo. 5-5L487
- Any chang ses in identif 1catlon input? Enter yes or no.
Enteor number of years of rocord
10 |
'.Anv change" in value of -‘N? Enter ves or no.
no : o , '
Enter values of maximum annual discharge.
Yy - - - ' - : '
122
Y(2)
o172
LY (3) T L . c
Y(5)
60 v
- Y(0) :
;69
CXY(T7)
o 187
Y (8)
357 -
Y09 o
L3
- Y(10)
3 R A GO
S = 166
Y12y
173
S A G- N
ey . oSl L2260
S L YL
) 370
Lo Y(Ls)
& .. 50
i s TY(e)
P 4 ¢ =
% Yy
o 1o
Y (1e)
350
. Any chdnge in discharge input? Enter yes or no.
no R S

i

N
(01
o

T

Il

1
o
N
N
o

w

£ I T LS E 0.

_-EHLO' K value Corro°ponc1np to - rocurxcnco
cintaeval and value of g.

o HI'J,(!"‘ )

B A ;Am“ .Uanges,in value «° -+ [nter yes or no.

i Cocurranens ier fnoveAre,




et ani et e Tt b S ke S8 b AP e e Dairn b e e
} e B e

1".-17"":” .
| } R
I 50 | ) |
Any changes in value of rccurrance interval? Enter ves or no.
no - ' : ) S - ..

7 - East Branch lowa River 7.5k sq. mi. Gace !lo. 5-h4L87

0= o6 ers

Recurrance !ntervals 50 vyears

Do you want Q for a different recurrance interval?
Enter yes or no. © . . o
yes o : ' o i PR

Enter K vallue corresponding to recurrance
- o interval and vealue of. g.: :
i - avk '

) L. 2,163 . )
o L Any changes in value of K? FEnter yes.or no.
no g N
- Enter recurrance interval in years., S
- . 100 IR s ' o L o
Any changes in value of recurrance interval? Enter yes or no.
. no SRR L o L

3 ... . _East Branch lowa River 7.0% sq. mi, Gage Mo. 5-LL&7

Q=" 789 cfs

Recurrance Inteivals= 1C0 years

Enter. yes ol no.

Do vou want to determine 0 for another watershed?

.. Enter yes or no. : . '
ves.

Do you want Q for a different recurrance interval?




. “Gage.--Recording.
' datum of 1020

5-4830., * Basi

| Location.--Lat 42 dey.
.in SE%SWY sec.5, .
from hlghhdy bridgn
miles southeast of

DraihageAarea,~—24.O‘rw

level,

06 mMin.25 sec,.,
a4

g Fork'Hardin Creek

near Churdan, Iowa /&

léng-94 dég.22Aﬁin.lO sec.,

N., R.30 W., on left bank 35 ft upstream

4.4 miles upstream from mouth,

tnuld

an

mi.

and 6.54'

Dc%hm of gage 1s 1 OJO 0O It above mean sea

Stage- dJsCharoe le]otlon —-Defined by current- motev medsurements
below 180 cfs ahd abovg by looarlthmlc plobxlno

‘Peak:

utaqes and: 01scha'oc>

Remarks.--Base for paxt;al~duratlon serles, 200 cfSWi_

Water
year

”3I'Dat

e -

Gage  ~ .- Discharge
- (cEs)

1952

1953

4i954ﬁ . '%"A.
| C ot

,1955
1955
i956
1957
1958
2059

1960

- June

1Au§;

. Juiy

oAy

Afuy:

ﬁar.

Ty

ouly

June

~ June

T,

- Yab

- July

1963

14,
10,
26,
'.13f.
10,
gy 13,

141_

16,

19, 19
31,

. 29,
24,

5

25,

1952

1953

1954

1960
1960
1960
1960

1954

4.33 9

6.10 = 186
7,36 glﬁ}f-ggg |
b7.63  “aspo

8.04 - 350
8.92 %413 F

7.46 t 31T



East Fork Hardin. Creek near Churdan, Iowa - - ’ :

o Peak stages and discharges

Gage - - Discharge
‘height . (cfs)
_ (feet) N
1964 | : Apr. 13, 1964 5.36 : 172

ear . : - . Date
Y - : )

1965 ' “Mar. 31, 1965 - bg.oag Tasye ™
5 o Apr. 5, 1965 6.13 214

‘a  About
b. Affected by ice

1) | /745

100

w

.
AR
’
—




Enter name, drainage area and gage number of. watershed,
“tast Fork Hardin Creek 2.0 sg. mi. Gage MHo. 5-U4830
Any changes in identification input? . Enter yes or-no.
—r—]-o . . : N :
Enter number of vears of record.

N R :

18

Anvy changes in yafue of 1? FEnter yes or no.
no S 3 '
Enter values of maximum annual discharge,
V(1) ' : ' : '
L9
Y(2)
- 105
Y (35)
229
Y ()
252
- Y(5)
R 0
S Y(G)
7y -
86

8).

[a e

~J
=

]

c
c

~~
P IO O T O =D
wd . '
~

~

D
.v‘

=t ;<(4: —<ry 2 g

.
|
i

(o6 (-]
N SN

3 Rond
s Nt

(o]
~—

-~
N’

O~ MDD AN AN D AN AND U A
o)
St

R S I R (g g (U (R

lealn =

- Any changes in discharge input? Enter yes or no.
gl no ' '

It= 2,335 S=  (.23¢6 _ g= = ~0.817

Entor K value ‘corresponding to recurrance

A interval and value of g. ' '

4 : ayk - S

1.586 _

Anyv changes in value of K? Enter yes or no.,

[ENEEN




Do you want Q for a different recurrance. intervail?
Enter yes or no. '
‘yes

‘ R =Tt e A i A LR - S

| S§ © . Enter recurrance interval in years. ]

| oo RI C :

w50 o . . A I

Any changes in value of recurrance interval? Enter ves or no.
ho ‘ ' ‘ ’

{ East Fork llardin Creek 28,0 sa. mi. jage tlo. 5-LS30

0= 515 cfs

] I ‘

. Recurrance Intervals 50 vears

-

)

!

|

|

|

‘Enter K value corresponding to recurrance

I
\ 3 A
. .~ interval and value of g.
{ ’ ‘ avk
1.721 : - - N .
, Any changes in value of K? Enter 'ves or no.
no e L
- Enter recurrance interval in years.
- RI o '
100 : : . - Co o
Any changes in value of recurrance interval? Enter yes or no.
‘F , , East Fork Hardin Crecek  2E.0 sq. mi. Gage Ho. 5-4L2830
Q= 551 cfs
-Recurrance lInterval= 100 vyecars
‘EQ . o Do you want Q for a different recurrance interval?
Enter yes or no. T
i . no T ’ : . .
E S e Do you want to determine Q for another watershed?
e -~ Enter yes or no. :
' yes . - i




Gage.--Crest-stage gage. Datum is arbitrary.

Drainage area.--43.7 sg mi.

5-4826. »Hafdin Creek at’ Farnhamville, Iowa

TLocation.--Near northeast corner sec.l4, T.86 N., R.31.W., at

)%
bridge on State Highway 175 near west city limits of Farnham-
ville, Calhoun County. C -

Stage-discharge relation.--Defined by current-meter measurements.

Remarks.--Only annual peaks are shown.

Peak stages and discharges

- Water
-year

Da

te.

Gage

- height
. (feet)

'(C£

Discharge

s)

1952
1953

.1954

1955

1856
1957

1958

1964

1965

Mar.

o July

Aug.

29,

14,

26,

11,
21,

16,

1852

1953

8.
8.

~.10.

0%

44

48

.76
.78

.90
69 .
.06
.75
.91
.20

.55

.78

. 429 :

3

. 2}0

  5
_ji
 ;5
i:é

7
"8

.8

18

00"
57
)
o
25.
ooAf‘
o
72

12

Nz a

)67
, /i&ég

ST




3

£
T T

3

3

!

ks

EA

"N

0

‘= 20739

Enter name, drainage arca and gage number of watershed.
Hardin Creek 43,7 sqg. mi. Gage No. 5-U820 ’

‘Any changes in identification input? Enter ves or no.
o et : . ) .

Enter number of years of record. . SR

18 . I

Any changes in value of N? Enter vyes or no.
no : S R ' :
Enter values of maximum annual discharge.
Y{1) ' - '

318

Y(2)

L29

Y(3)

2000

Y ()

S 7
557

Y (5)
118

Y(G)

270
Y(7)

225

Ny o
700 . S
Y(9)

840
Y(10)

272

Y(11)

812
- Y(12)

995
Y(13)

466

Y(14h)

1110

Y(15)

277 S o - : o
Y(16) S S _ N
25 L - e - o

Y(17)

570

Y(18)

1960

- Any changes in discharge input? Enter yes or no.

no’

Wy
i
o
N

D
o)

g= = -0.065 7

Enter K value corresponding to recurrance
interval and value of g.

ayk

2.019 ) ' ' ~

Any changes in valuce of K? Enter yes or no.
no




Srlieelr raeclr railee i oy saed i
"R
« oy ) 50. ‘ ' 4
’ "Any changes in value of recurrance interval? Etnter ves or no.

o . .ho _ | .

‘ Htardin Creek 13,7 sa. mi. Gage Mo, 5~-4226

i o

Q= 2522 cfs )

% S , ' _ _
C I lecurrance Interval= 50 years
| E e Do you want Q for a ditferent recurrance interval?
| u : B [ :

Enter ves or no.
yes

Enter K value corresnonding to recurrance

S I interval and valuc of g,

L avk ' '

; 2.278 ‘ : . ‘ _ '

§ Any changes in value of K? Enter yes or no. X
no

- Enter recurrance interval In years.
100 . : o o : ' : oo :
Any changes in value of recurrance interval? FEnter yés or no. -

no
| '“ Hardin Creelk 4%.7 sa. mi.  Gage Mo. 5-L226
E] ' I RccurfahCQ Intervals= 100 vears )

Do vou want  for a different recurrance interval?
"Enter yes or no.. ‘ '

no . .

Do you want to determine Q for another watershed?
Enter ves or no. o ' T

no -

2 A o
i " END OF JOB,

logout. . ' S _ .
CTINE 13:13:43; TINME USED: CPU 00:00:10; TERIY 00:22:53; PAGE 00:LhL:5!




5 48?1 7 Big Ccoar Clee

.Locationo

secC.

-Drainage area.

_;Gage —~Recordlng
1evc],'

'Stage dlscharge relatlo

“-a About
.¢  Maximum oagc heldht 14 49

ze

- J9E T

/748
v

~—Lat 42 deg.
in NE/\E/ sec,
dOWﬁS@CQm from county highw
' Drannaoe ditch 74,

f—so.o sq.

24,

'Dafuﬁ of
datum of 1929

41 min.

?] sec.

T.91 N.

mi.’

ay brlage,
and 5.5 miles nox

-R. 3417

k near Varina, Towa

]ond 94 deg 47 mlnv 55
" on left bank A '
3. l mn]es upstream £rom
theast of varina.

)0

5 ft.

‘gage is 1,225.12 ft abové mean sea

n. —*Deflne

"Remalks ~~Base for pa1L17] dul

T

ft. Maxr.

1

dmon series,

Pcnk sLaOes and o1ccharcos

400 cfs.

e

. ° ) ’. . - “.—»—‘ !
: ‘ o — Gage
Water - ‘ft:;}Date _ "height
. Year | - : RS S (feet)
1960 Mar. 27, 1960 11.42
o June 16, 1960 8.27
1961 Mar. 25,.1961 11.88
21962 Mar. 31, 1962 c
' © . July .2, 1962 8.91
L oguly 4, 1962 10,15
. guly 28, 1962 7.89
- Aug. 31, 1962 13.68
1963 gune 2, 1963 6.57
1964 May 6, 1964 6.23
1965 _ Apr. 8, 1965 10.17
.,»-." June 1965 7.00

V29-(ice jam)

a by current-meter measurements.

Dlscbdxge

(CLS)

. VAN




- login(hridge,bridgel)

Y1)
Y(2)

DS < [.::-< leo

cavk

RI

GOOD AFTERHOON; USER Oh; TIME 13:25:27  2/08/71;
load (Ipear3) ' ' " -

xeq _ . : .
Enter nane, drainage arca and zace numher of watershled.
-Big Cedar Creek &0.0 sa. mi. Gage Mo, 5-4321.7

Any. changes in identification. input? Enter ves ofF no.
no -

Enter number of ycars of record,

1G

,;Any changes in value of H? Enter ves or no. -
no o

Enter values of maximum annual discharge.

1020

1460
Y(3) .

2080

Y(h)

Eararan

255

“Y(5)

221

“Y(6)
1060
CLY(7)
. 257

Y(8)

N
fane] ~r
.

D~~~
N

—_

1

1wy changes in discharge input? Enter yes or no.

C

M= 2,749 8= -0.492 = -1.251

BN}

" Enter K value correspending to recurranco

interval. and value of g.

1. 3{;1

"Any changes -in value of K? Enter ves or no.

Enter recurrance interval in years.

50 : :
Any changes in value of recurrance interval? Enter yas or no,
no - ’ ‘

Big, Cedar Creek . §0.0 sd. mi. Gage Mo. 5-4221.7




lecurrance Intervals= 50 vears

‘Do you want 0 for a2 different recurrance intorval?
Enter yes or no. - )
ves .

Enter K value corresponding to recurrance
interval and .value of g., '

ayir
1.513 D : _ .
Any changes in value of K? Enter yes o©r no,
no ' . o
Enter recurrance interval in years.
R1
160 ' o , .
Any chianges in value of recurrance interval? Enter yes or no..
no . . :
Big Cedar Creck 80.0 sq. mi. - CFage Mo, 5-4821.7
0= 2787 cfs ) .
. .Recurrance Interval= - 100 years

”

Do you want 0 for a different recurrance interval?
Enter vyes or no. : o
o n . )

- Do you want to determine O for anotber watershed?
‘Enter ves or no.

yes , o .
; Enter name, drainage arca and gage number of watershed,

S L T I T L T




'5~4829.

Iowa

Hardin Cree? hear Farlin,

T.84 W., R.3l W.,
Greene County.

£ ' Locabwon --Near north guarter corner sec 14,
E o . at brldge 1.5 mlle northeast of larlln,

Drainage area.felQl sq mi.

fGége.4—CréstMstage gage, batum is arbitrary.

5 o Staﬁc -discharge IClaLJOD ~~Db£ined by current-meter

and indirect -
measurements. ' '

AN

- Remarks.--Only annval peaks are shown.

{% L o . Pedk: stages and discharges
; T Water S . ' - Gage
year o - ' Date _ height
P . o o (feet)
2950 T T way. 29, r 1951 12,97

Discharge
(cfs)

2,270

1952 ar 2o, 1952 ear - 4y

Lduly

Aug.

14,

1953

'1954_

7.96

- 12.57

300

1,810

. 1955 . guly’1o,

1955 10.03 - 31

- Jine 17, 1957 10.59 o743
d -1958 o AR < /)50

June 1,.195¢ . 11.40 980

1960 Mar. 29, 1960 ©13.32 1,960

“h1961 Mar. 27, 1961 . g.ge o 324

2962 har. 26 1960 12.48 2,000

?1963; N : ‘May .13, 1963 - 10.87 930

. 1964 . npr. 13, 1964 ~9.39 615

]965 9.79 703

"Segﬁ é?

o Pea} sLage did nof‘leach b01Lom of gage
% S O yoa - )
o mEr T . ' ’ S
] - s | L ©
I A o c 950




- Hardin Creelk = 101 sa, mi.  Gage Mo. 5-4829°
" Any changes in identification input? Enter yes or no.
no. : A N o , _ k

Enter numbher of years of recorc,
19 - SR .
Any changes in value of H? Enter yes or no.
. no. . e et e ,
Enter values of maximum annual discharge.

Y(1)

2270
T Y(2)
h72 -
L oY03)
L300
oY)
colenrn
Y(5)
631
o Y(B)
200
Y(7)
743 SRS ST TS
150 . ; T
e Y9
P T B
[&] XY
j L1960
- Y(11)
2320
SY(12)
2000
"Y(13)
830
oY1)
- E15
~ . YEL5)
- 703
Y(16)
L7u
- Y(17)
Loze o
CUYeLeY . T e
950 T T
-Y(19)
1950 T e
Any changes in discharge input? Enter yes or no.
no - L :

M= 2,841 8= 0,362 , S m= =0.177

~Enter K value corresponding ‘to recurrance
| ~interval and value of g. -
i : . ayik :

ii o 1.957




3T 7+~ . Enter recurrance interval in yearsy
' : - RI - : . = : .
: : S50 .. ‘ : T : . .
; C _ Any changes in value of recurrance interval?  Enter yes or no,
. . no e o
g -~ Hardin Crcek 161 sq. mi. Gage Mo, 5-4829
i . Q= 35h1 cfs o
) . Recurrance Intervals 50 years
o o Do vou want 0 for a different recurrance interval?
& - Enter ves or no. - . - : .
G : .yes o ' '
g " Enter ¥ value corresponding to recurrance
’ " interval and value of g. : ' :
_ T rayk o : R ;
5 : 2.1 . : ,
' ~Any changes in value of K? [Enter ves or no.
% % . . Enter recurrance interval in years’
i - O RE & L - ‘
o % Any changes In value of recurrance -interval? Enter yes or no.
| L e e e e
| 5% C Hardin Creck 101 sa. mi. Gage No. 5-4329
| B 0= h31h cfs : o ' . Y
| - Recurrance Intervals= ‘160 years
! .. Do you want O for a different recurrance interval?
! b - Enter yes or no. . ,
ook Do vou want .to determine Q for another watersled?
- . Enter yes or no. . . : : "
b w P : S '




H .
.p ) 5..4490. FEast Branch Iowa River near Klemme, , Iowa o -
= (Publiwhcd as "LasL Fork Iowa aner near Klemme". 1948~58) =
Ej' ._'Locat1onc~~Lat 43 deg.00 min: jb sec., long 93 deg.37 min.35 sec.,
= 'j“'ln NL/NW/ sec. 36, T.95 N., R.24 W on left bank 15 feot down--
' stlcam from hlonway b:loob, 1.0 mlle west of Xlemme, and 18.2
N " miles upstream from confluence with West Branch Iowa Rlvel, and

.. at mwle 345 3 above mouph of .Towa RlveLm

_Dralnage area. -—-133 =g ml.:

_vGage.~wuecorowng, Datum of gage is 1, ]79 02 fL above mean sea
seioodevel, datum of 1929. . Prior to Oct. 1, 1955, nonrecordwng gage
“at smte 0.6 mile . upstream at datum 1. ]l ft- hlaber

H . i - . B : -
. 3 i s »
R0 o o o e ST L T

'stdge dlscharoe relatwon.——Deflned by currcnt mcLer mcasulcmbntsv

Remarks°»~Base for parLlal durat1on in serles, 700 cfs

'PeaP uiages and discharges

“Water ' A . - Gage  Discharge
.. year. e .fj'-Dateiv-' . ‘height (cfs)
4ol . . ) L""....':,, i - j '~ .- o '(feet) . . . - Ll
_.Hl944 ' ~June - - 1944 1 9,96 .. L PESy
. ;._.,~l948 : - : i Mar. 15 , l94é o T " 468 ~~.—'E?. Chag .
Cas4s Lo s Mar. 7, 1949 . Paus 4685

- .E';-fv':' N '...—_..- ) P '"b . : ‘ o A.a C >
.. 1950 o Mar. 26, 1950 - P7.02 %500
951 _ Mar. 29, 1951 bg. 59
- . o RApr.- 7, 1951 - 8.6l
C : . oune 26, 1951 10.80
. 1952 '  Mar. 30, 1952 7.60 © 900

1953 . ° . ~oJune 8, 1953 . 5.707 : 385
1954  June 19; 1954 911.2 LY ;

: ' - 7. June 21, 1954 10.74 4,820
1955 . " guly 5, 1955 5.47 348
R S .

1956 - | Mar. 26, 1956 CY4.91 150

1957 . gune 23, 1957 4,75 76

1958 . . June 4, 1958 - 6.08 " 355 )

1959 o may 21, 1959 - 825 1,000

S | ol - .
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East Branch Towa River near Klemme, Iowa--(

Peak stages and discharges

Continued)

. Water
. year |

o Date

'Gage:
height
(feet)

‘May "31,
;CMafqgs, 19
'Maf;.QG; 1951
Mar,.30, 1962
July 5, 1962

- July 20, 1962
 Aug. 31, 1962

July 6, 1963
 guly 20, 1963

Sept. 9, 1964
CApr. 8, 1965
“June 6, 1965

- Sept.19, .1965
Sept’. 29, 1965

8.12

8.25

Dischgrge

(cfs)

b

~ About _ o
Affected by ice

Maximum for period April to

Maximum stage known

- /2242

/FE
/85
S TET

92




5

$o0

A .

H. -
;

- Entek/name, drainage area-and gage nurhar of watershbecd,

. S jggstfﬁranch lowa River 13% sa. mi. Gage Ho. 5-L40C
o Any changes in identification Input? Enter yes or no.

7 no R : S B

A - Enter nurher of years of rocord.

3 ” _/\ : .

237 . R - : . ‘

i .. Any changes in valuc of N1? Enter vyes or no.

! ' Enter values of maxitun annual discharge.

238

Y(2)

; : ' Y(3) . B A -

500 : R

Yy

3950

S Y(16)
1830

i ‘ Y(17)

| N ~ 850

‘ 5 ' Y(18)

972

Y(19)

050 . ' A

3 Y{(20) -

o 812 o

Y(21)

582

Y(22) R N o - ) o )
351 R : ' -

Y(23)

_ 2770 _ -

1 - Anyv chanres in discharse Input?  Enter yes or no.

no




Enter K value corresponding to recurrance
interval and value of g. ' '

ayhk .

2.167 : : . ,

Any changes in value of K? Enter yes or no.
no . " T : ‘
Enter recurrance interval in vears.

R
50 - - . «

Any changes in value of recurrance interval? Enter yes
—rlo - N N . " M .
Fast Branch lowa River . 133 sa. mi. Gage llo. 5-LL00

0= 7703 cfs
Recurrance Intervals 50 years

Do vou want 0 fer a different recurrance interval?

‘Enter ves or no.’

yes

Fnter K value corresponding to recurrance
interval and value of g. '
ayk SN T L

2.L84 _ _ N _ ' :
Any_chaﬁges in ya]ue of K? Enter yes or nha,

" no ‘ .
Enter recurrance interval in years.
R1 : : '
10C

Any changes in value of recurrance interval? Enter yes
no ’ - :

Fast Branch lowa River 133 sqg. mi. Cagre Ho. 5-LLAG

0= 10633 cfs

Recurrance Intervals 100 years

Do vou want 0 for a different recurrance interval?
Enter ves or no.

ho : » .

Do vou want to determine @ for another.watershed?
Fnter yes or no. '

ves

E

or

or

no.

no.
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. 5-4800. Ll/ard Cfeek near Clare, Towa g 55): 
J
(Pub]lsheo as "Voth L1/aro CreeP nr. Clare, 1040 54)

. ) L. . - . ,
Locai:on -~Lat 42 dea 3? min. 40 seﬁ p long 84 deg 20 min.45 sec.
in NE4YNEY sec.ll, o, .89 N., R.30 W., on rlgh{ bank 20 ft down—

stréam From thﬂme brlogc, 3 miles south of: Clare, '8 miles

. northwest of Fort Dodgc, dnd 8.9 m1]eu upstrcam from South
. LJ&aTd Creek. e ; -
. e _ S

Drainage area.~—257 sq'mi._ » R ;:

Gage.~—monrecovolno pr:or Lo Miy 6, 1933 'rocordﬁng thereafter.
Datum of gage 1% 1, 079 30 ft above mean sea level datum of
£ 1929, : ' : T

Stage-discharge relatlon ~~De£1ned by cu1rent~meter measurements'

below 4 500 cfs and by Jogarlthmlc ploLtlng above 4,500 cfsp
Remarks.f—Base foxr part1al~duratlon serles, l OOO cfs.

B Ped? staqes and dlschazqcs

Cyear v il Pate e helght_}' . (cfs)
R - ) . (feet)

Watexr R e - Gage . Diécharge o

1940 - . T Aug. 26, 1940 4.8 2

1041 . .gune 14, 1941 -~ . 5.1 442

%42 © gune 5, 1942 . 6.65_ . 1,060
1943 ' "~ Feb. 22; 1943 '-.' 7.4 |

1944 . May ‘20, 1944  -11.11
: ... 1 Y June 13, 1944 9.2 -

1945 7 ... Mar. 11, 1945 7.4
s T Apr. 24, 1945 6.7
May 22, 1945 C 6.7

'”iJune" 1, 1945 6.8

1946 0 iMay 25, 1946  9.18° 2,750

1947 © 7 June 19, 1947

6.1 - _
June 23, 1947 16.0 10,0007y
o5 92999 3

-_r~}}_Junc 30, 1947

lo4s - .  Feb. 28, 1948 7.2 : 370
‘ : ~Mar. 18, 1948 ' 7.5 . Qé;§§fii

1949 . Mar. 5, 1949 | 1,700
L ' 176 '




4 - 5-4800,

leard Cree? near Clare, Iowa——(Contlnueo) 4

| Peak stages and owscharges

i H
rhey
T g

. Water
.
«i - yea%

Da

g

[ '

Gaoe

" height
(feet)

nDischérge'_
“(cfs)

1950

= 1951

. 1957-

1959

1960

1953

1954

519552

1956
‘1958f

1961

1962

1963
1964

1965

June

Mar. .

May.

June -

- Mar,

'.Apr.

May -

June

- June

. Mar.’

Mar.

qfﬁi,Mér;
7. July
July

Sept.

: June

: May

Apr.

Sept.

{fZ,June 3
-__f;June', :
= :Aug-xfﬂffi 54.

25,

=T W

~

1960

1961

1962

1962

1963

1964

1965

1562
1962 -

5.7

10.42
o879

"'9.55

. 6.27

7.22 .-
11.90

560 .

XTSI

1 050

W2

ok
)67

/55D

177

1965 -

§70

3350,

20
(_,._

Ca

: ;/?;C?C?'ﬁ..L__Z



ntol nane, drainage arca and gare nurher of watershed,

R Lizaed Creek 257 sq. mi. Carme o, 54800 ,
' Any changes in identification input? Fnter yes or no.

no’ ' ' :

;o ’ Enter number of yvears of .record, -
, f R rate ,
30 : 3

Ay changes in value of M? [Enter ves or no.
ho _ ST N o , ,
Enter values of maxirnum annual disclaren,
Y(1) : '

374

S Y(2)

' . L2
e C Y(3)

1060

Y(h)

1nh G

Y(5).

LL10

Y(G)

: : ' 3620
| » Y(13)
' - An70 o
Y(1h)
; © 11990
‘ o Y(15)
. 6210
Y(1G)
660
Y(17)
147
Y(18) ' o ,
399 . :
Y(19)
1740 .
Y(z0)
1740
Y(21)
3650
Y(22)
2900
Y(23)
5500
v({24L)
G935
Y(25)
3 5606
Y(26)
G706
SYC27)
870
Y(23) |
T




120

Ll ol

Y(29)

Y(30)

1600 N -

Any changes in discharge Input? Enter yes or no.
no - o .

M= 3.15h S=  0.h58 . C o p= =0, L0D

Enter K value corresponding to recurrance
interval and value of g.
aylk ' ' A

l.782 L e . o

Anv. changes in value of K? Enter yes or no.

@—ﬁter r(?CUl’l'HﬂCf.“Aint(_\r\/a] in yQAarS,

500 o . |

Any Cba”SGS In value of recurrance interval? Enter
ves’ - ' o '

Enter recurrance interval in years,

50 . : : . ,

‘Any changes in value of recurrance interval? Enter
no O , ,

‘Lizard Creek 257 sq. mi. - Gaze Mo. 5-L200

Recurrance Interval= 50 years

Do vou want Q for a different. recurrance interval?
CEnter ves or no.. o B o
YEs : o o . . L

Enter K.value corresponding to recurrance
interval and value of «

ayk

1,961 : :
- Any changes in value of K? Enter yes or no.
no .. Co : -
Entér recurrance interval in vears.’

AN
1og . .
Any changes in value of recurrance interval? Enter

54060

Lizard Crecek 257 sq..mi. . Gage lo.

Recurrance Interval= 100 years

Do you want O for a different recurrance interval?
Fnter ves or no.

vyes or

yes or

yYes or

no.

No.

no.



—n
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4&10 Eoone szer near Webster City, Towa -
| a IO

Locatlon ~~Lat 42 deg. 26 min.00 sec. ]ong 93 deyg.48 min.l5 sec.,
in NW4%SEY sec.l8, TI88 N., R.25 W., on right bank 10 ft up-
‘stream from bridge on- Statc lthWdY>60, 2 miles south of Web--
ster City, and 4.5 miles downstrxeam from White Fox Creek.

Drainage area.--844 sqg m:
Gage.--Nonrecoxding prior to June 26, 1940; recording thereafter.
Datum of gage is 989,57 ft above mean sea level, datum of 1929.

Stage-~discharge relation.--Defined by current-meter measurements.
Remarks.---Base for.partlal duration series, 2,500‘cfs,
Peak stao;s dno alocharucs _
ater : " Gage : Discharge

yean Date ) , heJOhL o (cfs)
: (feet) :

1918 .+ June 10, 1918 €19.1 2?756“

1932 - - gune 18, 1932 - - 16.0 +. A.“poo,.

1940 . Aug. 15, 1940 " 440, 4 740 -

1

1941 June 3, 1%41° 5.4 o . 1,500

1942 June 7, 1942 . 6.7
June 30, 2 B '?;52

1943 Mar. 16, 1943 ' 6.71

1944 May 20, 1944 11.4
June 14, 1¢44 13.7

1945 - Max. 13, 1945 9.26 . 4,820
Apr. 17, 1945 7.42 © 3,130
Apr. 24, 1945 - .18 4,730
May 24, 1945 . 7.44 "3, 220
June 2, 1945 _ 9.21 4,810
June 10, 1845 ’ 7.0
Aug. 16, 1945 11.51

1946 - . " Feb. 1946 . 410.1
Mar. 13, 1946 ©7.47 3,150’
May. 26, 1946 - '10.67 NG, 7300%

1947 June 13, 1947 © 8.02 3,780
June 18, 1947 8.05 3,800




5-4810. Boone River near Webétgr City, Towa-- (Continued)

' Peak ,stages and discharges

.. Water Gage bischarge -
year Date - - height (cfs)
S / . (feet) _
- 1947 - June 25, 1947 12,75 ©9,340 7
: o “July 1, 1947 9,52 . 5,250 -
1948 Feb. 28, 1948 bg.4
o Mar. 19, 1948 §.40
© 1949 Mar. 7, 1949 8.24
- Mar. 28, 1949 6.90
1950 ‘Mar. -7, 1950 9.25
o June 18, 1950 8.10
A .June 24,' 1950 7.10
- 1951 ~Feb. 27, 1951 Pg. 2
o BT - Mar. 6, 1951 6.60
A S Mar. 29, 1951 13.00
- Apr. 7, 1951 11.00
Apr. 25, 1951 . 6.70,
May 2, 1951 9.85
g " June 3, 1951 - 7.30
- June 15, 1951 8.08
SR June 28, 1851 13.37
| 1952 Apr. 1, 1952 7.65
P : "July 9, 1952 8.10
- July 15, 1952 7.10
. .1953 May 1, 1953 5.72 1,760
i 1954 " gune 10, 1954 7.72
- June 22, 1954 18.55 (
T . Aug. 27, 1954 7.04 2,790
A 1955 July 6, 1955 11.14 7,190
i 1956 May 30, 1956 4.32 890
o 4 ' o
T 1957 June 16, 1957 7.52 3,230
P
o 1958 July 15, 1958 9,47 5,300
fg{ 1959 May 24, 1959 7.50 - 30!
n June 1, 1959 7.40. 3,210




' 5-4810. Boone .River near Webster City, Towa-- (Continued)
. Peak stages '‘and discharges _
‘Water T Gage ' Discharge
L year- | 3  1vV o Daté jf . L height (cfs) A
. o e o (feet) ' e
1960 | 7 mar. 29, 1960 12.10 8,960

196l ) © Mar. 28, 1961 9.80 5,860

‘ 1962 . Mer. 31, 1962 - 13,15
: A . Sept. 3, 1962 9,56

1963 : Capr. 29, 1963 7.52 3,520
1964 - - oAug. 1, 1964 - 7077 3,820

1965 -  Mar. 1, 1965 e
- : - Apr. 6,:1965 : 15.91

" May 27, 1965 7.91°

.- June 3, 1965 - 8.02

.. June - 6, 1965 - 8.12

- Sept.22, 1965  -11.48

Sept.29, 1965 ' 10.11

a Akout

b Affected by ice L _ o B
c',Maxlmum stage known since 1896 from floodmarks, from informa-
- . tion by local resident - L :

‘@ Maximum for perlod Mar. to Sept. 1940

é: UTﬂ{nann : C S

/é - T - Beso

AN
D
N

3040

<

F | Je87 e e g0




S Xeq .
Fnter name, drainasce area and gage nurher of
Boone, River  8hl sq. ml. Gace Ho, b-L810,
Any changes in identification input? Enter ves or no.
-no / S ' '
: 'Entqf nuisher of vears of record,.
A R :
30 | |
Any, changes in value of M? Enter yes or no.
O ves o
‘Enter nunber. of years of record.
H J
30 :
Anyv changes in value cof H?  Enter yes or no.
no .
. Enter values of maximum_annual discharge.
r Y(1) : ‘ '
‘ 240
Y(2)
' . 1500
C : Y{3)
3060

watershed,

o

0) _ SR ' o )
0 - ' o :
1)

NCD D L N
h R O N T b
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‘Any changes in discharse input? Enter vyes or no.

no

M= 3.680 - S=  0.337 . g=  =0.575

Enter K.value corresponding to rccurrance
interval and value of g. .

ayk . ' ' .o

1.734 : - o

Anv changes in value of K? . Enter ves or no. .

no . , : i . ;
Enter recurrance interval in vears. ' . ‘

RI T . y . ) ’ i

50 T

Any changes in valué of recurrance interval? [Enter yes or no.
Boone River Sty sq. mi, Gage MNo.. 5-4310

D= 18395 cfs

Recurrance Interval= ‘50 years

Do vou vant Q for a different recurrance interval?
Enter yes or no. h ' ‘
ves IR

Enter K value corresponding to recurrance
interval and value of g. ~

avlk ' ' o

1.869.

~Any changes in value of K? Enter yes or no.

no

Enter recurrance interval in vears.

RI . '

100

Any changes in value of recurrance interval? [Inter ves or no.
no

"Boone River 84 sag. .mi. Gage Ho., 5-L210C



. " . B o = T —
Recurrance Intervals= 1060 years o ] . |

Do you want.(Q for a diffcrent recurrance interval?’
Enter ycs orF no. '

Do you vant to determine Q for another watershed?
Enter yes ©r no. . ' : S o ;
;l]_O. - - .- : . - i

END OF JOD.

.

13:58:08; TIME USED: CPU OO:UO:lS; TERM 00:32:40; PACE 01:0h:32;



