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Depth Intensity Duration
inches In/hr hr-mln

Runoff
Peak
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cfs inches
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21 •
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0-35
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3.0

.47

.48

.76

.89

.40

.51

.58

14 Aug 80
14-15 Aug 80

3 May 81
11-12 Jun 81

li Jul 81

"He II".
tr ibutary 4-8

5"'4­,.,6

J)HII ~~
North Avenue Storm Drain,a6 14-15 Aug 80

.r/ 26-27 Ju I 81

vAl'
Asbury Park

r:>8:DC
Big Dry Creek

DCI(
Cherry Knolls Storm Drain III 3.May 81

/1'" 28 May 81
.37
.18

2.2
3.2

0-45
0-15

13.
9.8

.09 8;t-87.2..

.03 e~-~?2..

/4-/ 20 Apr 81/ .54

25 Jul 71 .> .80
1 Aug 76/2.08

.41 :/139J 7'1

.14 .~.J9) 92..

.39 :11"88;> 9,r
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e~-87'2..

e- ~- 9 r a:
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.02

.07

.37

.05

.30 7'1-/;J.v0 .16/

.67"1I~(J) /~.5

.50 #78J17~

•40 7f-/~v/; /77
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.42 -#;;7) rl
1•78 'Y-/:J-~/; /f8
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•73.~.18) 3 ~O
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77•

145.

24.
123.
80.

10.
29.

123.
28.

11 5.
285.

105.

137.

224.
134.

236.
251 •
196.

0-30

0-20
1-35

1-0
1-15
0-50

0-40

0-25
0-25
0-35
0-35

1-45

0-25

0-35

0-45
0-30

0-55
0-45
1-5

16.0

2.8

2.8
2.8
4.4
2.8

1.5
4 .1

6.0

4.7

5.6
4.0
4.2

9. May 80 .22
3.May 81 .27
3 Jun 81 v" .93

22 Au,g 81./ .32

25 Ju I 71 1.09

23 Jul 71 .96
16 Jun 72V"2.25
23 J un 76/" 1•14

25 Jul 71 .65

12 Jun 13/3.41
29 JuI 73"'/.65

19 Jul 73'/1.17

25 Jul 76/ .99

7 Aug 73 "/1.94
30 JuI 74"/1.38

1 Aug 76/1.3

44-
l::Lb

/30
/1 (.

'Dllb
116th Ave & Claude Ct.

Dee.
Boulder Creek tributary

at Boulder

:Drt.7
Toll Gate Creek

tr Iburerv at Aurora

-. ·D'Wc
Westerly Creek Tributary

at Aurora
:f)DG
Dry ~Ich tributary

at Lakewood
1J5P
South Platte tributary

at Denver
.:IK;c
Goose Creek at Boulder
J)'sC
Sand Creek tributary

at Denver

J)V;£
.lla Italla Storm Drain
• DcIJ

Concourse D Storm Drain
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Denver l Colorado

06720420 - Storm Drain at One-hundred
and Sixteenth Avenue and Claude Court

at Northglen~, Colorado
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Drainaoe Map
Denver I Colorado

0672042e - Storm Drain at One-hundred Tot. Drainage Area - 0.26
and Sixteenth Avenue and Claude Court

at Norlhglenn l Colorado
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PIPE DATA FOR SITE : 06720420

.. ... ..... --- --_. - .-

Key Nos. Shape Dimension Slope Length Material

(inches) (ft/ft) (feet)

--------- --------- --------- --------- --------- ---------

2 3 Circular 48 0.024 180 1

3 4 Circular 48 0.024 400 1

4 5 Circular 1 0.014 1500 1

5 7 Circular 1 0.009 780 ?

4 • t. 6 Circular 48 0.024 260 ?

6 7 Circular l' 0.013 2520 1

7 ·8 Circular 1 0.019 2625 1

6 , 9 Circular 48 0.024 260 ?

9 10 Circular 36 0.019 1470 1

ee
10 11 Circular 30 0.005 1100 ?

\0
11 12 Circular ? 0.014 1000 1

13 14 Circular 1 0.019 1800 ?

9 15 Circular 24 0.018 260 ?

15 16 Circular 1 0.015 1920 ?

15 17 Circular ? 0.009 1420 ?
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Land Use Map
Denver, Colorado

06720420 - Slorm Drain alOne-hundred Impervious Area - 37.00
and Sixleenlh Avenue and Claude Courl Populalion Densi~y - 5900000

al NorlhQlenn, Colorado
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,_ Table 81.--Subcatchment data for Storm Drain at 116th Avenue and Claude Court,
at Northglenn, for use with U.S. Geological Survey's Distributed Routing

Rainfall-Runoff Model, Version II

Thiessen --
Sub- Drainage Gutter or Overland Perce~t Slope Manning coefficient I

. flow effectlve Rain Rain Rain Sut
catchment area P1P~ for length impervious (ft/ft) val~e 'catct
number (acres) dralnage (ft) area gage gage gage : numt1 2 3 !

1 11.5 21 278 21 0.026 0.016 0 1.0 0 12 13.6 22 226 22 .019 .016 0 1.0 0 23 10.7 23 466 24 .016 .016 0 .97 0 34 11.7 24 463 21 - .018 .016 0 .73 .27 45 28.7 25 496 34 .016 .016 .20 .80 0 56 6.3 26 350 13 .011 .016 0 1.0 0 67 23.7 27 727 21 .018 .016 .21 0 .79 78 24.9 28 565 24 .025 .016 .27 0 .73 89 16.2 29 480 24 .022 .016 .31 .28 .41 910 15.5 30 450 22 .018 .016 .58 .42 0
11 4.6 31 290 14 .018 .016 1.0 0 0

Table 82.--Gutter and pipe data for Storm Drain at 116th Avenue and Claude Court,
at Northglenn, for use with U.S. Geological Survey's Distributed Routing

Rainfall-Runoff Model, Version II

Gutter Gutter or Left Right Manning
or pipe pipe for Length Slope Type 1 side side Diameter

(ft) (ft/ft) slope slope (ft) n
number drainage value(ft/ft) (ft/ft) Gutte

21 23 1,800 0.019 G 50 0.013
or pi

22 25 2,625 .019 G 50 .013 numbe

23 24 1,000 .014 G 50 .013
24 29 1,100 .005 C 2.5 .016 21
25 34 2,520 .013 G 50 .013 22
26 30 780 .009 G 40 .013 23
27 32 1,420 .009 G 33 .013 24
28 32 1,920 .015 G 33 .013 25
29 33 1,470 .019 C 3.0 .016 26
30 35 1,500 .014 G 25 .013 27
31 37 695 .006 G 33 .013 28
32 33 260 .018 C 2.0 .016 29
33 34 260 .024 C 4.0 .016 30
34 35 260 .024 C 4.0 .016 31
35 36 400 .024 C 4.0 .016
36 38 180 .024 C 4.0 .016
37 38 460 .012 V 1. 75 2.3 .04

IV=V-shaped; C=Circular pipe; G=Gutter.
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OEHUER ORTR
l16th Rve and Claude Ct.

OATE lIME Q PI sun PI
03-Jun-81 1135 0.00 0.00 0.00

IHO 0.00 0.01 0.01
1115 0.00 0.17 0.21
1150 22.00 0.15 0.36
1155 55.00 0.22 0.58
1500 101.00 0.21 0.79
1505 123.00 0.10 0.89
1510 121.00 0.01 0.93
1515 100.00 0.00 0.93
1520 67.00 0.00 0.93
1525 12.00 0.00 0.93
1530 25.00 0.00 0.93
1535 18.00 0.00 0.93
1510 11.00 0.00 0.93
1515 11.00 0.00 0.93
1550 8.90 0.00 0.93
1555 7.10 0.00 0.93
1600 5.80 0.00 0.93
1605 1.70 0.00 0.93
1610 1.10 0.00 0.93
1615 1.10 0.00 0.93
1620 3030 0.00 0.93
1625 2.90 0.00 0.93
1630 2.10 0.00 0.93
1635 2.00 0.00 0.93
1610 1.60 0.00 0.93
1615 1.30 0.00 0.93
1650 1.10 0.00 0.93

1(", ,1.1)



116th ....Ave and Clal.lde Court.
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116t.h Ave an.d Claude Court.
;3 June 81

r-....-.........,
/ \
I \
/ \

(
" I \-,-,-, /

I' \
\

\
\,

\
\
\
\

\

0.26·

0.24 -

() ..22. -

0.20 -

0.18 -

0.16· -

0."14 -

0.12 -

0.1 c -

0.08 -

0.06· -

0.04 -

0.02 -

0.00

14.5,0

/

/
/

I I

14.70 14.90

I

"15.10

I I I

'15.30 15·.50

I T I

15·.70 15.30 16.10

I I

1 E,.30 1 6.50

TI tv1E (decir()cl)



116th Ave a.n.d Cla.ude Court
:3 June 81
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OENUER ORTR
116th Rve and Claude Ct.

ORT[ lIME
22-Rug-81 1330

1335
1310
1315
1350
1355
HOO
H05
1110
1115
1120
1125
1130
1135
H10
1115

a PI SUM Pl P2 SlJI1 P2 P3 SlJI1 P3
0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.03 0.03 0.02 0.02 0.05 0.05
1.90 0.08 0.11 0.10 0.12 0.11 0.19

28.00 0.09 0.20 0.08 0.20 0.10 0.29
22.00 0.06 0.26 0.01 0.21 0.01 0.30
17.00 0.01 0.30 0.01 0.28 0.02 0.32
12.00 0.01 0.31 0.01 0.29 0.02 0.31
8.70 0.01 0.32 0.00 0.29 0.00 0.31
5.50 0.00 0.32 0.00 0.29 0.00 0.31
2.90 0.00 0.32 0.00 0.29 0.00 0.31
0.98 0.00 0.32 0.00 0.29 0.00 0.31
1.10 0.00 0.32 0.00 0.29 0.01 0.35
1.80 0.00 0.32 0.00 0.29 0.01 0.36
1.60 0.00 0.32 0.00 0.29 0.01 0.37
1.30 0.00 0.32 0.00 0.29 0.00 0.37
0.98 0.00 0.32 0.00 0.29 0.00 0.37

/ .: 1 :' J .'



116t~h" ...!\ve and Claude Court.
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116th Ave a.nd Claude COl...l.rt
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116t..h Ave an,d Claude Court
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[Da~hes indicate data not available]

-----------------------cha;acter1stic --------Va tue

i]

a

c

If,

24

37

C
10C

o
o
Q

9,000

co;trib~tlng-dra~age-arca-,-in-acre;-----------------------l7C---

Impervious area, in percentage of contributing
drainc;ge are-a

Effecti~e lrnner~lous area, in percentage of
contributing drainaqe area

Average basin slope, in feet per mile
Main conveyance slope, in feet per mile
population density, in number of people per

square m·; le
street density, 1n miles of lanes per square mile
Percent~ge of contributlna drainage with the

follo~ing land uses:
Rural and pasture
Agricultural
low density res'de~tiat

~~ed1um dens i ty res ·id ent-1 at
High density residential
Comfl!ercial
Industrial
Construc tf on
Idle or vacant
Wt"ttt!nd
Parl<lanc

D~tcnt1cn storage, in acre-feet
Percentage of contributing drainage area upstream of

detention storage
Percentage of contributing drainage area drained by a

storm-sewer sYstem
Percentage of streets with curb and gutter drainage
Percer.tage of streets with ditch and swale drainage
Mean annual rainfall, in inches
Ten year l-hour rainfall intens'ty, 1n inches per hour

---------~-------------------_._-------

.1, ,

.1:. Storm Drain ,at116th~,Avenue and Claude· 'court,' at' Northglenn
':,..t~>. ,"Th~~;stOrin. drain at i16th· Aveiltif arid Claude .Court· drain{a single-family resi­
dential·area.,·,in .. northeast·Northglenn.·:'··The basin area ·;consists of 167 acres, with

;M6-acre ld,ts",·and th~ effective impetvi,ous areaTs ·24 percent..' The one school and
church in the basin are constdered functional, parts: of the ·single-family residen-
tial area. The monitoring site is ·1oc~ted at the ·stann drain east of 116th Avenue
arid Claude Court. A 4-foot Parshall.flume is used to measure flow. ,

.. ~::t~".· \ I' .', . .', . :~. ':II ' '. . . .,
', .. "·Three"rain' gages'are·,·located' in .the'. basin •. Rain gage 1 'is located at the mon-
·'itori~g.shelter" rain gage.2 is locetedatNortheest Junior High School, . and rain
gage 3 1S located at Calvary Community Baptist Church (pl. 6).

-- ------- ------_.... _.. - .. ,~-~~~----------
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Denver~ Colorado

394236105042400 - Vii 10 Ital ia
Storm Drain at Lakewood~ Colorado
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Drainaae HaD
Denver, Colorado

394236105042400 - Vii la ItalJa Tot. Drainage Area - 0.12
Storm Drain at Lakewood, Colorado
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PIPE DATA FOR SITE : 05042400
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Land Use MaD
Denver l Colorado Impervious Area - 91.00

394236105042400 - Villa Italia Population Density - 0
Storm Drain at Lakeyoodl Colorado Detention Storage - 0.00

•- - -- - ... -.



Table 83.--Subcatchment data for Villa Italia Storm Drain at Lakewood,[_ for use with U.S. Geological Survey's Distributed Routing
Rainfall-Runoff Model, Version II

Overland Percent Thiessen
ub- Drainage Gutter or flow effective Slope Manning coefficient
chment area pipe for length impervious (ft/ft) n Rain
~ber (acres) drainage (ft) area value gage

1

1 7.9 21 626 89.6 0.060 0.013 1.0
2 14.2 27 952 76.1 .023 .013 1.0
3 8.1 22 504 100 .012 .013 1.0
4 5.2 26 181 100 .010 .013 1.0·
5 7.6 28 788 84.5 .008 .013 1.0
6 11.9 23 302 100 .011 .013 1.0
7 11.7 29 614 90.9 .022 .013 1.0
8 5.1 24 717 100 .017 .013 1.0
9 1.8 31 506 100 .005 .013 1.0

~.
''-.

?

~

Table 84.--Gutter and pipe data for Villa italia Storm Drain at Lakewood,
_ for use with U.S. Geological Survey's Distributed Routing

Rainfall-Runoff Model, Version II

ter Gutter or Left Right Manning
pipe pipe for Length Slope Type l side side Diameter

(ft) (ft/ft) slope slope (ft) n
ber drainage (ft/ft) (ft/ft) value

1 22 550 0.004 C 1.75 0.016
~ 23 700 .008 C 1. 75 .016

~
31 1,716 .008 C 2.00 .016
25 310 .021 C 1.25 .016

~ 31 156 .021 C 1.25 .016
~ 30 1,254 .012 C .83 .016
7 28 650 .020 C 1. 75 .016

~
29 420 .031 C 2.00 .016

830 .031 C 2.00 .016
31 155 .014 C 2.00 .016

145 .014 C 2.25 .016

lC=Circular pipe.
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Ta b I. e 2.f.tIf .- -13 as;n cha rae t er;~ tics of
39423El15a~2~JJ Villa Italla storm drain at ldkewood~_£21Q~------------------------------------

[n~~hes in11cate data not availabLe]

--------------------Ch~racter1stic

Contributing drainage area, in acres
Impervious area. in percentage of contributing

drainage area
Effect1v~ impervlous area, in percentage of

contributing dra;naoe area
~verage bas~n slope, in feet per mile
M~in conveyance slope, in feet per mile
Population density, in number ot people per

squdre mfle
Stree~ density, in m;les of lanes per SQuare mile
Percentage of contributing drainage with the

following land uses':
Rural and pasture
Jlgr;cultural
low density residential
Medium density residential
High o en sf t y res.'h~ential

CO/lllTerctal
Industrial
Canst ruc t ion
IeHe or vacant
Wetland
Parkl::!nd

Detention storage, in acre-feet
Perc~ntage of contributing dr~'nage area upstream of

detention storage
Percentage of contributing drainage area drained by a

storm-sewer system
Percentage of streets w~th curb and gutter drainage
percentag~ of streets with ditch and swale drainage
Mean annual rainfall, ·tn inches
Ten ypar I-hour ra1ntall intensity, in inches per hour

Va lue

77

r

c

c.

G

16

--------------------- ----------------- ,---

Villa Italia Storm Drain at Lakewood
.. Villa Italia "storm:'Dr.a',inl:is iha' 'light -eomnerctal area in Lakewood. The basin

consists of 74 acres; and 'the:".'effective" impervious area is 91 percent. The monitor­
ing .s ite ts Jocatednear a 4Z';inch.stornf.'·drain on the east side of the Villa Ital ia
Shopping te'ntel""~'" A velocftylmodified"fl'(j~eter is used to determine flow. One rain
gage is located in the basin on the roof of World of Sleep Store (pl. 7).



OEHUER ORTR ORIE lIME Q P1 Sut1 P1

Uilla Italia Storn Drain ZO-Rpr-81 1Z50 0.00 0.00 0.00
1Z55 0.23 0.01 0.01
1300 0.13 0.03 0.01
1305 30.00 0.11 0.18
1310 50.00 0.10 O.ZB
1315 61.00 0.09 0.37
mo 60.00 0.10 0.17
1325 77.00 0.06 0.53
1330 60.00 0.01 0.51
1335 37.00 0.00 0.51
1310 37.00 0.00 0.51
1315 5.70 0.00 0.51
1350 5.30 0.00 0.51
1355 UO 0.00 0.51
1100 1.50 0.00 0.51
1105 1.30 0.00 0.51
1110 1.00 0.00 0.51
1115 0.70 0.00 0.51

i';.~'1 i
. /,'
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PLATTE RIVER BASIN

06714300 CONCOURSE D STORM DRAIN AT STAPLETON AIRPORT, AT DENVER, COLO.

145

LOCATION.--Lat 39'46'08", long 104'S3'lZ", in NE~NE~ sec.Z8, T.3 S., R.67 W., Denver County, on left bank
in 7Z-in (1.82-m) storm sewer, 125 ft (38 m) south of firehouse at Stapleton International Airport,
and 510 ft (160 m) upstream from mouth.

DRAINAGE AREA.--O.lS mi 2 (0.39 km 2 ) , revised.

PERIOD OF RECORD.~-May lZ, 1970, to currcnt year (no winter records).

GAGE.--Flood-hydrograph and rainfall recorders (dual digitals).

REMARKS.--Basin drains runway aprons and hangar facilities at Stapleton International Airport.

STAGE-DISCHARGE RELATION.--Rating dcveloped on basis of flume rating and discharge measurements at
discharges of 1.8 ft 3/s (0.051 m3/ 5 ) and 3.9 ftJ/s (0.11 mJ/s).

EXTREMES. --\~atcr year 1975: ~Iaximum discharge, 126 ftJ/s (3.57 m3/ 5 ) June 23; no flow most of year.
Water year 1976: ~taximum discharge, Za5 ft 3 / 5 (8.07 mJ/s) Aug. 1; no flow most of year.
Watcr ycar 1977: Maximum discharge, 123 ft J/ 5 (3.48 mJ/s) July ZO; no flow most of ycar.
Period of record: Maximum discharge, 285 ft 3/s (8.07 m3/s) Aug. 1, 1976; no flow most of

each year.

IIA 1'/F'ALL DC T. 11-1Z.19h

!lAP/FALL. I~ [NCHES. DU~[NG I~DICATED INTERVAL
.---------._.-._-----.--.---------------------_._--.----.---.---------------------_....-------._.-

DATE Tl"'E IUI"IFALL DATE TIME RAINFALL DATE TIME RAI' ])&.:J)---------------------.--.-.-._--------------------------.---.-------_.-._-------------.-.-.._. !l'j10-11 1605 0.02 la-Ie! 1005,
10-11 181';; 0.01 1u-12 lOIS
10-11 1845 0.01 10-12 0010 0.01 lu-12 102<; , poe10-11 191<; 0.01 10-12 0030 0.01 10-1i! 1035 U JGB10-11 1920 0.01 10-12 0035 0.01 1u-li! 1045 0
la-II 1925 0.02 10-12 U045 0.01 10-12 lOSS O.
10-11 1930 U.ol 10-12 0055 U.OI 10-12 1110 O.

:D~10-11 lQ35 0.01 10-12 0120 0.01 10-1i! 1125 o. 3/;-10-11 1<,140 0.02 10-12 0140 0.01 lu-12 1140 0.1
10-11 1945 0.04 10-12 0255 0.01 10-12 1200 O.t
10-11 1950 0.02 10-12 04<;0 0.01 10-12 1225 0.0
10-11 1955 0.02 10-12 0550 0.01 10-12 1245 0.0. J)~
10-11 2000 u.Oe! 10-12 ObOO u.01 10-12 1255 0.01 /'1la-II 2005 0.01 10-12 0610 0.01 10-12 1315 0.01
10-11 2010 0.01 10-12 0625 0.01 10-1e! 1335 0.01
10-11 20lS 0.01 10-12 ob40 0.01 lu-12 1405 0.01 V:10-Jl 2020 0.01 10-12 Ob50 0.01 10-12 1435 0.01 101),10-11 2025 U.Ol 10-12 0700 0.01 10-1e! 1445 0.01
10-11 2030 0.01 10-12 ullo 0.01 10-1e! 14S0 0.0i!
10-11 20_5 0.01 10-12 0725 u.Ol 10-12 1455 0.01
10-11 2105 0.01 10-12 0735 0.01 10-1e! 1500 0.01
10-11 2110 U.Ol 10-12 01005 0.01 10-12 1505 0.01
10-11 2120 U.Ol 10-12 11750 0.01 lu-12 ISIS 0.01
10-11 2125 0.01 10-12 0800 0.01 IU-12 1520 0.01 -,10-11 2130 0.02 10-12 0810 0.01 10-12 1525 0.01
10-11 213S 0.01 10-12 0820 0.01 10-12 1530 0.01
10-11 21'oS 0.01 10-12 01130 0.01 lu-12 1535 0.01
10-11 2150 0.01 10-12 0835 0.01 IU-I~ 1540 0.01
10-11 2210 U.OI 10-12 0845 0.01 10-12 15.5 0.02
10-11 2220 0.01 10-12 11850 0.01 10-12 1550 0.01
10-11 2240 U.OI 10-12 08:'5 0.01 10-li 1555 0.01
10-11 22:'5 0.01 10-12 u900 0.01 10-12 1600 0.01
10-11 iJ05 0.01 10-12 0905 0.01 lu-12 1605 0.01
10-11 2310 0.01 10-12 0915 0.01 lu-12 1610 0.01
10-11 2JI5 11.01 10-1t! 0925 0.01 10-12 1620 0.01
10-11 2325 0.01 10-12 11935 0.01 10-1ll? Ib<'5 0.01
10-11 2335 0.01 10-12 09_5 11.01. 10-1e! 1630 0.01
10-11 234S O.ul 10-12 0955 0.01 10-1e! 16"0 0.01

STDHM TOTAL • 1.24

OURATIO,/ ; M[,/ 15 ~tlN 311 MI~ 1 HR

TIME 19"0 19J5 1930 1910
DEPTH 0.0 .. O.Ud 0.13 0.20
I 'lTENSITY U.4!J 0032 O.?b O.o!lI

e



D£HU£R DRIR DRI[ TIM£ Q PI SUM PI
Concourse 0 StorM Drain 01-Rug-76 1510 0.00 0.00 0.00

1515 0.00 0.02 0.02
1520 0.00 0.12 O.H
1525 30.00 0.27 0.11
1530 110.00 0.31 0.75
1535 177 .00 0.21 0.96
1510 190.00 0.36 1.32
1515 256.00 0.23 1.55
1550 285.00 0.20 1.75
1555 251.00 0.11 1.86
1600 210 .00 0.06 1.92
1605 156.00 0.03 1.95
1610 1Z9 .00 0.01 1.96
1615 98.00 0.01 1.97
1620 66.00 0.00 1.97
1625 33.00 0.00 1.97
1630 17.00 0.00 1.97
1635 9.80 0.00 1.97
1610 6.70 0.00 1.97
1615 1.20 0.00 1.97
1650 2.70 0.00 1.97
1655 1.80 0.00 1.97
1700 1.10 0.00 1.97
1705 0.80 0.00 1.97
1710 0.50 0.00 1.97
1715 0.30 0.00 1.97
1720 0.20 0.00 1.97
1725 0.10 0.00 1.97
1730 0.10 0.00 1.97
1735 0.00 0.00 1.97
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388 PLATTE RIVER BASIN

06728400 BOULDER CREEK TRIBUTARY AT BOULDER, COLO.

LOCATION.--Lat 39°58'48", long 105°14'41", in SE'aNE'o sec.8, T.l 5., R.70 W., Boulder County, on right
bank at culvert at State Highway 93 (Broadway) in BOulder., 2,400 .~~.}.,~,o~.,~east of intersection
of Broadway and Table Hesa Dr., and 2,600 ft (790 m)~~~.n:" '6'~~¥

DRAINAGE AREA.--0.20 mi 2 (0.52 km 2) ,'revised.

PERIOD OF RECORD.--Apr. 23, 1970, to current year (no winter records).

GAGE.--Flood-hydrograph and rainfall recorders (dual digitals).

REMARKS.--Basin drains residential area.

STAGE-DISCHARGE RELATION.--Rating developed on basis of culvert computation and discharge measurement at
discharge of 9.0 ftl/s (0.25 ml/s).

EXTREMES.--Water year 1975: Maximum discharge, 13 ftl/s (0.368 ml/s) Hay 29; no flow most of year.
Water year 1976: Maximum discharge, 80 ftl/s (2.26 ml/s) June 23; no flow most of year.
Water year 1977: Maximum discharge, 24 ftl/s (0.68 ml/s) Hay 28; no flow most of year.
Period of record: Maximum discharge, 123 ftl/s (3.48 ml/s) June 16, 1972; no flow most of each

year.

RAINFALL MAY 28-29, 1975

RAT"lFALL. l"l INCPiES. DURING I"lOICAfED INTERVAL
.--------------------._-.-.------------------------.---------_.-.---------------------.-------.-.-

DATE Tl'4E tlAII>lF"ALL DATE Tl"E RAINFALL OATE TIME RAI"lFALL
--.---------------------.-.----_._------------..._--------------------------------------------.-.-

5-28 0150 0,03 5-28 1325 0,01 !>-2d 1925 0.01
5-28 0755 0.02 5-28 1330 0,01 !>-2d 1930 0.01
5-28 0805 0.01 5-28 1335 U.Ol S-2d 1940 11.01
5-28 0815 0.01 5-28 1340 0,111 5-28 19"5 0.01
5-28 0825 0.02 5-28 13..5 0.01 5-2tl l'i50 0.01
5-28 OR30 0.U3 5-28 1350 0.01 5-28 1955 0,111
5-28 0835 0.03 5-26 1355 0.01 S-2d 21100 0,01
5-28 081t0 0,02 5-28 11oDO 0.01 ~-2d 20115 0.01
5-26 061t5 0.01 5-26 110115 0,01 !>-ltl 2010 U.OI
5-26 0655 D,Ol 5-28 11015 11.01 !>-ld 2020 D.Dl
5-28 0900 u,Dl 5-28 1435 D.Ul !>-?tl 2U5 0.01
5-26 0905 D,Ol 5-28 IHO 0,01 !>-2d 2035 0.01
5-28 0915 u.Ol S-2d IH 5 0.02 !>-2tl 2Dlt5 O.ul
5-28 0930 0.01 5-28 14050 O,Dl !>-2d 2D50 0.111
5-ld 09405 D.Ol S-?8 14055 O.Dl !>-2d 210., 0.01
5-26 0950 0.111 ')-26 15DO O.Dl ~-2d 2120 11.01
5-Z6 D95S 0,01 5-28 1505 U,Dl 5-lli 2115 D.Dl
5-28 1000 D.Ol 5-28 1510 u,Ol !>-2d 2135 0.01
5-28 1005 O.Dl 5-26 1515 0,01 !>-ltl 2ltoo 0.01
5-26 1010 0.02 5-28 1520 U,ul ~-Z8 215D O.Dl
5-28 1015 O,Dl 5-28 IS?5 U.Ol !>-2tl 21S!i 0.01
5-28 ID20 O,D2 5-26 153D 0.D2 !>-211 22U!> 0.01
5-26 1025 0.D2 5-28 1535 0.01 !>-2d 2Z10 D.Ol
5-28 1030 0,02 !>-2~ 151t0 0.01 ~-2tl U1S 0.01
5-28 1035 11.01 5-28 15S0 0.01 S-2tl lUO u.Ol
S-211 10100 D.Ol 5-21' 1!>55 D.Dl !>-Zll 2225 U.Ol
5-2d 101t5 u.Dl 5-28 IbUO II. III !i-Zll 22JU 0.01
5-28 1050 11.01 5-28 IbiD U.Ol :>-2d 2235 0.02
5-28 1100 0.01 5-28 Ib15 0.01 ,-ZI:I 221t1l 0.01
5-28 1105 u.lIl S-28 Ib20 o.ul S-Zli 2Z,,':) D.Ol
5-28 1110 u,Ol 5-2tJ Ib30 0.02 !i-i!ll 22S0 U.OI
5-28 IllS 0.01 oj-28 1113':) U.02 ~-2tl US':) 0.01
5-26 1120 0.02 !>-28 111 ..0 u.ul :>-211 2300 O.Oi
5-28 1125 0.02 S-28 111,.5 0.02 !i-let 2305 0,01
5-28 1130 0.111 5-28 Ib50 u.Ol !i-lll 2JI0 O.Oi
5-28 1135 11.113 5-?8 Ib5!> 0.01 !>-21:1 2315 D.OI
5-25 1"'0 0.112 5-28 1700 11.01 ~-Zet 2:120 0.01
5-28 lI1t5 D.02 5-28 1705 u,Ol S-21i 23b 11.02
5-28 1150 0,01 5-28 171 0 O.UI ,-21l 233U D.Ol
5-28 115'5 0,111 !i-211 1115 O.ul !>-211 233'i O.Oi
5-211 1205 O.ul '5-214 1720 u.Ol 5-21i 231t0 0.01
5-28 1215 0.01 5-28 1725 D.ul !i-lli 23 ..5 0.01
5-Z8 IUS O.ul 5-28 11110 u.ul :>-2d iO~u 11.02
5-28 1230 0.01 5-?5 11120 u.Ol :>-Zli 23')5 D.1I1
5-28 lZ40 U.Ol S-2tl 1830 0.01 "-Z::J ZIoOO 0.01
5-28 1250 0.01 5-28 183., 0.01
5-26 1300 11,01 5-2R 11150 u.OI
5-28 1305 u.ol 5-Z5 19uO lI.ul S-2-1 0005 0.111
5-28 1310 u.ol ~-28 1910 u.Ol .,-2-1 U010 D.Oi
5-2d 1no U,OI 5-28 1915 0.01 "-29 0015 0.01
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DENVER DRTR
Boulder Ck. trib. at Boulder

DRTE TIME, , ," Q
16-Jun-72 1830"" 0.00

1635 20.00
1810 35.00
1615 86.00
1850 100.00
1855 106.00
1900 111.00
1905 llB.OO
1910 123.00
1915 '15.00
1920 60.00
1925 31.00
1930 30.0U
1935 25.00
1910 23.00
1915 22.00
1950 21.00
1955 19.00
2000 IB .00
2005 17 .00
2010 15.00
2015 11.00
2020 12.00
2025 11.00
2030 9.00
2035 7.00
2010 6.00
2015 3.00
2050 2.00
2055 1.00

pi) SUM PI
0.01 0.01
0.17 0.21
0.11 0.32
0.21 0.53
0.15 0.98
0.56 1.51
0.18 2.02
0.12 2.11
0.01 2.16
0.02 2.20
0.01 2.21
0.01 2.22
0.01 2.23
0.01 2.21
0.00 2.21
0.01 US
0.00 2.25
0.00 US
0.00 2.25
0.00 2.25
0.00 US
0.00 2.25
0.00 US
0.00 US
0.00 2.25
0.00 US
0.00 US
0.00 US
0.00 US
0.00 US
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DENUER DAT A DAlE lIME
Boulder Ck. trib. at Boulder 23-Jun-76 1305

1310
1315
1320
1325
1330
1335
1310
1315
1350
1355
HOO
1105
1110
1115
H2O
H25
1130
1135
1110
1m
1150
H55
1500
1505
1510
1515
1520
1525
1530
1535
1510
1515
1550
1555
1600
1605
1610
1615
1620
1625
1630
1635
1610
1615
1650
1655
1660
1665

a PI SUM Pl
0.00 0.00 0.00
0.00 0.03 0.03
0.00 0.02 0.05
0.00 0.01 0.09
2.20 0.18 0.27

11.00 0.27 0.51
32.00 0.19 0.73
19.00 0.23 0.96
62.00 0.13 1.09
80.00 0.01 1.13
71.00 0.00 1.13
17.00 0.00 1.13
30.00 0.00 1.13
22.00 0.00 1.13
17 .00 0.00 1.13
11.00 0.00 1.13
12.00 0.00 1.13
11.00 0.00 1.13
9.30 0.00 1.13
7.10 0.00 1.13
6.80 0.00 1.13
6.10 0.00 1.13
6.00 0.00 1.13
5.70 0.00 1.13
5.10 0.00 1.13
5.30 0.00 1.13
5.20 0.00 1.13
1.90 0.00 1.13
1.80 0.00 1.13
1.00 0.00 1.13
no 0.00 1.13
2.60 0.00 1.13
2.20 0.00 1.13
1.80 0.00 1.13
1.50 0.00 1.13
1.20 0.00 1.13
1.00 0.00 1.13
0.80 0.00 1.13
0.70 0.00 1.13
0.60 0.00 1.13
0.50 0.00 1.13
0.10 0.00 1.13
0.30 0.00 1.13
0.30 0.00 1.13
0.20 0.00 1.13
0.20 0.00 1.13
0.10 0.00 1.13
0.10 0.00 1.13
0.10 0.00 1.13

.'



B01JLDER CREEl( TRIB. AT B01JLDER
23 .JUNE 1976
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BOTJLDER CREEK TRIB. AT BOT~TLDER
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72
PLATTE RIVER BASIN

06711700 DRY GULCH AT LAKEWOOD, COLO.

LOCATION.--Lat 39°44'29", long 105°06'43", in SE~SE~ sec.33, T.3 S., R.69 W., Jefferson County, on left
bank 800 ft (240 km) upstream from storm drain at Kipling St., and 500 ft (150 km) east of intersection
of Miller St. and W. 15th Pl. in Lakewood.

DRAINAGE AREA.--0.58 mi 1 (1.50 km 1
) .

PERIOD OF RECORD.--May 6, 1971, to current year (no winter records).

GAGE.--Flood-hydrograph and rainfall recorders (dual digitals).

STAGE-DISCHARGE RELATION.--Rating developed on basis of step-backwater analysis of reach of natural stream
channel and discharge measurement at gage height 11.48 ft (3.499 m).

EXTREMES.--Water year 1972: Maximum discharge, 69 ft 3/s (1.95 m3/s) Sept. 7 (gage height, 13.10 ft or
3.993 m); very little flow most of year.Water year 1973: Maximum discharge, 224 ft 3/s (6.34 m3/s) June 12 (gage height, 15.84 ft or 4.828 m);
very little flow most of year.Water year 1974: Maximum discharge, 48 ft 3/s (1.36 m3/s) June 6 (gage height, 12.57 ft or 3.831 m);
very little flow most of year.Period of record: Maximum discharge, 224 ft 3/s (6.34 m3/s) June 12, 1973 (gage height, 15.84 ft or
4.828 m); very little flow most of each year.

REMARKs.--Basin drains shopping center complex and residential area.

RAINFALL, IN INCHES, MAY 6, 1972

DATE TIME INTERVAL DEI'TH ACCUMULATED DEPTH DAILY TOTAL MIDNIGHT DIAL

05-C6 CIJO
5.01 (FIRST READING ON TAPEI

05-06 0405 c, C'3 C.~3

(,5-06 C4IC (,.(,3 C.06

05-0b D415 0.03 C..09

05-06 0420 C.Ol 0.11)

OS-Db C425 C .c 1 C.1\

05-0b 0430 0.1)1 G.12

05-06 C4 l,5 r • ~ I r.13
05-06 0535 ~ .: 1 ".14

C5-06 055~ C.:.r1 0.15

05-06 Ob05 (.tl ~.16

05-06 ObI5 c, c1 C.17

C5-Jb i6i'C !.i.G2 0.19

G5-06 0625 0.(,2 \,.21

05-0b C6311 C.e2 C.?3

C5-0b Ob35 0.(\2 0.25

05-0b C640 0.\)4 C.29

05-06 0645 0.C2 <..31

05-06 ';;650 ~.C2
(..33

05-Cb ':655 G.02 'l.35

05-06 07eO J.02 ~,.n

05-06 J7f)5 (\.\'2 C e .19

05-1)6 0710 0.:3 ('.42

05-06 cn s C.Ol 0.45

05-06 ono \;.":2 ,'.47

05-C6 0725 (1.(;2 0.49

05-06 0710 c..J'> 0.51

05-06 C735 fl. 1)2' U.S3

05-0b 0740 n.c 3 0.56

05-06 C745 ro.Ol 0.59

CS-Ob 0750 o.~' 1 ;J.6iJ

05-06 v7SS C.C.l 1:.61

os-at. Oil0(' (.C J C. {.l

OS-Db 01110 0. ': 1 (1.63

05-06 01115 0.'; I :.64

05-(,6 01125 c, ," I (,.65

05-06 O~15 C. oi j.66

~5-0b O1!4;'1 v.Cl ,;.67

(,5-06 C8~0 ':. ~ I 0.68

C5-06 097.0 :.l. 1 O.b9

05-0b (,935 z .'~ 1
fj.7~

05-06 l(j~C' (j.ll I) .11

05-0b 1015 ,~ •.' I ::..72

05-06 I01C ~.Cl
·j.73

05-(6 L35 C.Gt (,.74

J5-06 I04C 0.,)1 1".75



•

D[HUER DATA OAT( lIME U PI, I Slll1 PI
Drv Gulch Trib at Lakellood 12-Jun-73 1605 0.00 0.02 0.02

1610 3030 0.08 0.10
1615 13.00 0.07 0.17
1620 61.00 0.31 0.51
1625 131.00 0.71 1.25
1630 190.00 0.96 2.21
1635 221.00 0.68 2.89
1610 209.00 0.17 303&
1&15 196 .00 0.05 3.11
1650 162.00 0.00 3.11
1655 122 .00 0.00 3.11
1700 91.00 0.00 3.11
1705 73.00 0.00 3.11
1710 61.00 0.00 3.11
1715 57.00 0.00 3.11
1720 50.00 0.00 3.11
17Z5 11.00 0.00 3.11
1730 37.00 0.00 3.11
1735 31.00 0.00 3.11
1710 21.00 0.00 3.11
1715 18.00 0.00 3.11
1750 12.00 0.00 3.11
1755 6.00 0.00 3.11
\Soc,> 0.0 0·0 j.'11
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I)l:<-x" GTJLCJI TRIB .. AT LAh."'"E1.YOOD
"I 2 JUI'~E 1973
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DB.):'· GTJLCH TRIB .. AT L.t\.KE'\'-OOD
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DENVER OATA
Dry Gulch Trib at lake\.lood

DATE TIME.: .'1.'0

29-JuI-73 1m 0.00
1110 9.&0
1115 131.00
1150 119.00
1155 97.00
1500 76.00
1505 57.00
1510 12.00
1515 33.00
1520 27.00
1525 20.00
1530 13 .00
1535 6.00

Pi~UI1 Pi
0.02 0.02
0.31 0.36
0.11 0.50
0.10 0.60
0.01 0.61
0.01 0.65
0.00 0.65
0.00 0.65
0.00 0.65
0.00 0.65
0.00 0.65
0.00 0.65
0.00 0.65



DR): C';;'lJLC:H TRIB. A.T L ..A..](E1l00D
29 .JULY -1·973

-140.00
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"'12f~..C:'C~
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102 PLATTE RIVER BASIN

06714210 SOUTH PLATTE RIVER TRIBUTARY AT DENVER, COLO.

LOCATION.--Lat 39°47'18", long 104°56'32", in NE~SE~ sec.13, T.3 S., R.68 W., Denver County, on left bank
350 ft (110 m) north of intersection of Jackson St. and E. 50th Ave., and 3,000 ft (910 m) northwest
of intersection of Interstate Highway 70 and Colorado Blvd., in Denver.

DRAINAGE AREA.--0.75 mi 2 (1.86 km 2 ) , revised.

PERIOD OF RECORD.--Apr. IS, 1971, to current year (no winter records).

GAGE.--Flood-hydrograph and rainfall recorders (dual digitals).

REMARKS.--Basin drains industrial area.

STAGE-DISCHARGE RELATION.--Rating developed on basis of characteristics of a standard Parshall flume,
an indirect measurement at discharge of 86 ft 3/s (2.44 m3/s), and discharge measurements at discharges of
3.2 ft 3/s (0.091 m3/s) and 54 ft 3/s (1.53 m3/s).

EXTREMES.--Water year 1975: Maximum discharge, 94 ft 3/s (2.66 ml/s) May 22; no flow most of year.
Water year 1976: Maximum discharge, 61 ftlls (1.73 m3/s) Aug. 1; no flow most of year.
Water year 1977: Maximum discharge, 76 ftlls (2.15 m3/s) May 7; no flow most of year.
Period of record: Maximum discharge, 105 ftlls (2.97 ml/s) July 19, 1973; no flow most of

each year.

RAINFALL ocr. 1- 2,197.

RAINFAI.I.. IN INCHES. DURING INDICATED INTERVAl.·

---------------._------------------~------------------ ---------- -- ---- -- -- -- - - --- ----- --- -- -- - -
DA RAINFAI.l. OATE TlHE RAINFAl.L DATE T1HE iUI'IFALI.

--------------.--.--------------._----------------------~---- - ----- - - - ------- -- - -- --- - - -- - -
10-01 755 0,02 lu-02 10'+0 0.01
10-01 1 5 0.02 10-02 1050 0,01
10-01 181 0.01 10-02 0005 0.01 10-0o! 1055 0.111
10-01 1830 0.01 10-02 0025 11.01 lu-u2 1100 0.01
10-01 1910 0.01 10-02 0035 0.01 lU-Oe! 1110 0.01

·10-01 1925 0.01 10-02 DOSS 0.01 10-0o! 11211 0.01
10-01 1930 0.01 10-02 11110 u.Ol lU-uo! 11JO U.Ol
10-01 1935 0.01 10-02 0125 0.01 Ill-a<! 1140 0.01
10-01 1940 .01 111-02 0155 0.01 lu-Oc! 115~ 11.01
10-01 1950 O. 1 10-02 0305 0.01 10-0c! 1210 0.01
10-01 2000 0.0 10-02 0340 0.01 lu-Oe! le!JO 0.01
10-01 2005 0.01 10-02 OH5 0.01 lU-Uo! 12'+" 0.01
10-01 2010 0.01 10-02 11545 0.01 Iv-02 1311~ 0.01
10-01 2015 0.01 10-02 0610 U.01 lu-Oe! Ins 0.111
10-01 2020 0.01 10-02 0625 0.01 lu-Oo! 1350 0.01
10-01 2"025 0.01 10-02 0640 0.01 10-0e! 1415 0.01
10-1)! 2030 0.01 -02 0655 0.01 II1-uo! 1"2~ 0.01
10-01 2035 0.01 1 02 1J710 0.01 lu-Oe! 14~11 0.01
10-01 2045 0.01 10- 0730 u.Ol lu-Oe! 1500 0.01
10-01 2110 0.01 10-02 0140 0.01 111-02 l~OS 0.01
10-01 2120 0.01 10-02 0750 0.01 10-ue! IS10 0.01
10-01 2125 0.01 10-02 00 0.01 lu-02 lS2il O.O!
10-01 2135 0.111 10-02 0 5 0.01 lU-Oe! ISe!'; a.ol
10-01 2 litO 0.01 10-02 082 0.01 111-02 1~30 0.01
10-01 2145 0.01 10-02 0630 0.01 lu-oe! 1~J5 0.1I1
10-01 2150 0.01 10-02 0635 0.01 1v-oc! 15 ..0 0.01
10-01 2155 0.01 10-02 0645 0.01 10-0e! 15')0 0,01
10-01 2205 0.01 10-02 0655 0.01 1U-lIe! 1600 U.Ol
10-01 2215 0.01 10-02 0900 0.01 111-02 16U5 J.OI
10-01 2225 0.01 10-02 u910 0.01 lu-02 Ibl0 0.01
10-01 2240 0.01 10-02 0920 01 lu-02 1615 0.01
10-01 2300 0.01 10-02 u930 U. 10-0e! 16211 0.01
10-01 2315 0.01 10-02 0935 u.O 10-112 16JO U.Ol
10-01 2325 0.01 10-02 0950 u.Ol lu-Oo! IMO 0.01
10-01 2335 0.01 10-02 1000 11.01 1V-Ue! Ib~lI 0.01
10-01 2350 0.01 10-02 lU10 0.01 lu-Oe! 17u~ o.ul

10-02 1025 0.01
10-02 1035 U.Ol

STOR'" TOTAl. • 1.10

DURATION 5 141'1 15 HI'" 30 HI"! 1 Mil

TIME 17')0 1750 lOi55 1"'20
DEPTH 0.02 0.04 0.06 0.10

e l:-4TENSITY 0.24 0.16 0.12 u.l0
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CEHUER OA1A
So. Platte trib. at Denver

DAlE lIML Qo o ~o 5~n

19-Jul-73 '03!' 1.80 0.11 0.11
2010 12.00 0.32 0.13
2015 89.000.160.89
2050 102.00 0.22 1.11
2055 105.00 0.01 1.15
2100 103.00 0.01 1.16
2105 100.00 0.01 1.17
ZllO 95 .00 0.00 1.17
2llS 90.00 0.00 1.17
2120 85.00 0.00 1.17
2125 83.00 0.00 1.17
2130 76.00 0.00 1.17
2135 70.00 0.00 1.17
2110 61.00 0.00 1.17
Zl15 58.UO 0.00 1.17
2150 52.00 0.00 1.17
2155 17.00 0.00 1.17
2200 12.00 0.00 1.17
2205 36.00 0.00 1.17
2210 32.00 0.00 1.17
2215 28.00 0.00 1.17
2220 21.00 0.00 1.17
2225 20.00 0.00 1.17
2230 17.00 0.00 1.17
2235 11.00 0.00 1.17
2210 12.00 0.00 1.17
2215 9.50 0.00 1.17
2250 7.70 0.00 1.17
2255 5.50 0.00 1.17
2300 1.50 0.00 1.17
2305 3.10 0.00 1.17
2310 2.50 0.00 1.17
2315 1.80 0.00 1.17
2320 1.20 0.00 1.17
2325 0.80 0.00 1.17
2330 0.60 0.00 1.17
2335 0.10 0.00 1.17
2310 0.20 0.00 1.17

:;3//5 0. 0 a· fl O '.11
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PLATTE RIVER BASIN

06728350 GOOSE CREEK AT BOULDER, COLO.

345

47

lv.."oION.--Lat 40·01'35", 10nK 105·16'19", in NW"NE" sec.30, T.l N., R.70 W., Boulder County, on left
bank of concrete-lined channel, 30 ft (9 m) downstream from 19th St., and ISO ft (46 m) south of
Balsam Ave., in Boulder.

~~E AREA.--0.69 mi 2 (1.78 km 2 ) , revised.

PERIOD OF RECORD.--May 7, 1971, to current year (no winter records).

~AGE.-·Flood-hydrographand rainfall recorders (dUAl diKitals).

~E~ARKS.--Basin draihs residential areas.

STAGE-DISCHARGE RELATION.--Rating developed on basis of step-backwater analysis of reach of concrete­
lined stream channel.

EXTREMES.--Water year 1975: Maximum discharge, 102 ft'/s (2.89 m'/s) June 7: no flow most of year.
Water year 1976: Maximum discharge, 137 ft 3/s (~.88 m3/s) July 25; no flow most of year.
Water year 1977: Maximum discharge, 133 ft 3/s (3.77 m'/s) July 20; no flow most of year.
Period of record: Plaximum discharge, 185 ft'/s (5.24 m'/s) June 5, 1972; no flow most of

each year.

"OInk
(5,., hI)

I
Is

UAT'IF'ALL 04AY H" 1'l1~

~AT~F'ALL. I~ I~C~E5. OU~I~U J'IDICATED I~TEqVAL

.....__....-_._._----.--.-_._---------------------------------------------------------------------
DUE TI"lF. IUI"IF'ALL OATI': IIA I'IFllLL UHF.

..._._---_.-----------------------------------------------_._------------------------------_._--.-5-18 U635 U.03 5-1" 06·U u.OI ~-Itl 11".0 u.(li
~-113 06.5 U.02
!i-IR OI:lOU U.UI

STOR'4 TOTAL • 11.08

DJIlATIO" 5 '41'1 IS "I~ 30 "'1'1 I ~Il

'I"E u630 063u 11630 0&30
DEP'" u.OJ 0.0" 0.06 0.06
I_ITY 0.36 o.?.. 0.12 0.06

1l1l'l:JFF "AV Ill. 19'~

)'~C~ll'l(;f.. ''I C..,RIC FEET PEq SECO'llJ, AT I"IJICATEO f1 04~....----------._--------.._---_.._._----------_.---_..--.-_....----_._...-._--_._-------_....._---
OI5C~ARr.E DATE TI "4E DISCIiA~r.E IlAtE TIME

...-._----_..--._----.--------_._-------------..----.---.-_.._------------------------------------;-18 U"'O .l./J !i-Ill U705 0.8 ~-1I:1 O"fJ1I u.J
S-lit 0"'5 ••• !>-Ill U710 n.!> "-Itl o '.l~ U.JS-IH U'-50 3.0 ~-Ill 0115 O.~ ':>·I'i OhU O.~!I-18 0655 I.S !>-lR U'110 U." ,:>-Itl u, ..~ U.lS-18 0700 1.1 !:I-It! 070:'5 0.3 :.-111 07!JIl U.l

NOTE.--Discharge below 1.1 rtl/s estimsted.

$ 52;.1£ J lUi Ii a '$ 2 6



.10S

Unimproved dirt

o State Route

NO.4
BOULDER. COLO,

SE/~ aoUL[;ER 'S' f1l;M'f.lAN':U::

MOOO . W10'51'5/ 7 5

ROAD CLASSIFICATION

Light·duty

--==--"--

I \

Heavy·duty

Medium·duty

r-(-..J U. S. Route

.4: Ana in Sq. Mlle.

L% Length In AlII,.

LeA=' Length to C,ntroid of A,.a In Mit.!

t ~LE

-:.:..:.- -=-=-------+'3

_. t::' __~



Ii

.,Jl·



Gf7~5e c,l,

~rV:L_z~

4~tZ_~ ~~/4C~ (,~8'~/'~
t!'lkcl, ./';'"", -= -9£,p -,e~s (',:2./,.r Z)

i(}"-:~f.kd,_../~~ __ ::=, __._£~,-?~_~.s (/;2,8~)

-#/;-1'
6";6;1?~5. :',()$.,./,1fJ7r;"t?"S; ~t7/7) ,t?~ ~()~3.) /~~ "p~ ~(;1~ A?'I:'

---~._.

._( •...__ .--



OEHUER DATA DATE TIME Q Pl SlJl1 Pl

Goose Ck. at 80ul der Z5-JuH6 1555 0.00 0.00 0.00
1600 0.00 0.01 0.01
1605 0.00 0.39 0.13
1610 0.00 0.25 0.68
1615 1.20 0.05 0.73
1620 9.00 0.02 0.75
1625 69.00 0.01 0.76
1630 90.00 0.00 0.76
1635 116.00 0.00 0.76
1610 137.00 0.00 0.76
1615 132.00 0.00 0.76
1650 107.00 0.01 0.77
1655 98.00 0.00 0.77
1700 71.00 0.00 0.77
1705 18.00 0.01 0.78
1710 12.00 0.01 0.79
1715 37.00 0.02 0.01
1?Z0 35.00 0.01 0.82
1?Z5 31.00 0.01 0.83
1'130 35.00 0.01 0.81
1735 37.00 0.01 0.85
1710 39.00 0.00 0.85
1715 10.00 0.01 0.86
1750 39.00 0.00 0.96
1755 39.00 0.00 0.86
1800 35.00 0.00 0.96
1805 32.00 0.00 0.86
1810 28.00 0.00 0.86
1815 25.00 0.00 0.86
1820 23.00 0.00 0.86
1825 21.00 0.00 0.86
1830 20.00 0.00 0.86
1835 19.00 0.00 0.86
1810 17 .00 0.00 0.86
1815 16.00 0.00 0.86
1850 15.00 0.00 0.86
1855 13 .00 0.00 0.86
1900 12.00 0.00 0.86
1905 10.00 0.00 0.86
1910 9.00 0.00 0.86
1915 8.10 0.00 0.86
1920 7.30 0.00 0.86
1925 6.60 0.00 0.86
1930 6.00 0.00 0.86
1935 5.10 0.00 0.86
1910 1.90 0.00 0.86
1915 1.10 0.00 0.86
1950 1.00 0.00 0.86
1955 3.50 0.00 0.86
2000 3.20 0.00 0.86
2005 2.90 0.00 0.86

e 2010 2.60 0.00 0.86
2015 2.10 0.00 0.86
2020 2.10 0.00 0.86
2025 1.90 0.00 0.86
2030 1.70 0.00 0.86
2035 1.60 0.00 0.86
2010 1.10 0.00 0.86



2015 1.30 0.00 0.86

2050 1.20 0.00 0.96
2055 1.00 0.00 0.86
2100 0.90 0.00 0.86
2105 0.90 0.00 0.86
2110 0.80 0.00 0.86
2115 0.70 0.00 0.86
2120 0.60 0.00 0.86
2125 0.60 0.00 0.96
2130 0.50 0.00 0.86
2135 0.10 0.00 0.86
2110 0.10 0.00 0.86
2115 0.10 0.00 0.86
2150 0.30 0.00 0.86
2155 0.30 0.00 0.85
2200 0.30 0.00 0.86
2205 0.20 0.00 0.86
2210 0.20 0.00 0.86
2215 0.20 0.00 0.86
2220 0.20 0.00 o.B6
2225 0.20 0.00 0.86
2230 0.10 0.00 0.B6
2235 0.10 0.00 0.86
2210 0.10 0.00 0.86
2215 0.10 0.00 0.86
ZZSO 0.10 0.00 0.86
~3S"o a.a 0 0 lJ,~6
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PLATTE RIVER BASIN

06714310 SAND CREEK TRIBUTARY AT DENVER, COLO.

169

LOCATION.--Lat 39"47'07", long 104"50'31", in SW!aSW'- sec.13, T.3 S., R.67 w., Denver County, on left bank
of concrete-lined drainage ditch in the median of Andrews Dr. Pkwy., SO ft (IS m) downstream from Troy
St. in Denver.

DRAINAGE AREA.--0.29 mi 2 (0.75 km 2) , revised.

PERIOD OF RECORD.--Apr. 27, 1971, to current year (no winter records).

GAGE.--Flood-hydrograph and rainfall recorders (dual digitals).

REMARKS.--Basin drains residential area.

STAGE-DISCHARGE RELATION.--Rating developed on basis of step-bacKwater analysis of reach of concrete­
lined stream channel and discharge measurements at discharges of 4.5 ft 3/s (0.13 m3/s) and 37 ft 3/s

(LOS m3/s).

RXTREMES.--Water year 1975: Maximum discharge, 53 ft'/s (1.50 m'/s) Aug. 13; no flow most of year.
Water year 1976: Maximum discharge, 196 ft 3/s (5.55 m'/s) Aug. 1; no flow most of year.
Water year 1977: Maximum discharge, 94 ft 3/s (2.66 m'/s) July 20; no flow most of year.
Period of record: Maximum discharge, 251 ft'/s (7.11 m3/s) July 30, 1974; no flow most of

each year.

RAINrALL OCT. 30.19T4

RAINFALL. IN lNCHES, DURING INDICATED INTERVALI
---------------------.-----------------------------_.---.--._-- ------------ _---- -.•.

DATE TI'4E DATE TIME RAINFALL DATE TIME
----------------------------.------------------.--------.-----------_._._.----------._._.-.-.----_.
10-30 0155 0.03 10-30 1525 0.02 10-30 1555 0.02.
10-30 0200 0.03 10-30 1535 0.02 10-30 1600 0.01
10-30 0230 0.01 10-30 1540 0.01 10-30 1605 0.01

10-30 1545 0.01
10-30 1550 0.01

e STORM TOTAL. 0.18

DURaTION S HI'! IS "4IN 30 MIN 1 HR

TIME 01S0 0150 lS30 lS20
DEPTH 0.03 0.06 0.08 0.11
PHENSITY 0.36 0.24 0.16 0.11

RUNOFF OCT. 30,1974

DtSCHA~GE. IN CUBIC rEEf PEI:I SECOND. AT INDICATED TIME
--------------_..----.------._.--------.----------------.-----------..-------------..---..__ .

DATE DISCHAI:IGE DATE DISCHARGE DATE TIME DISCHARGEI
---------------------------------_._------------------------------_..-------_..------.--........-..
10-JU 1530 2.0 10-30 1bl0 3.0 10-30 1650 1.1
10-30 1535 b.8 10-30 161S 2.7 10-30 1655 0.9
10-30 1540 11 10-30 1620 2.4 10-30 1700 0.7
10-3U 1545 4.9 10-30 1b2S 2 •.2 10-30 1705 0.6
10-30 1550 4.2 10-30 1630 1.9 10-30 1710 o.~·
10-30 lSS5 3,9 10-30 1635 1.7 10-30 171S O.J.
10-3U 1600 ·3.1 10-30 1640 1.4 10-30 1720 o.z.
10-JO 11',0 S 3,3 10-30 164S 1.2 10-30 1725 0.1

NOTE.--Dlschnrge below 3.7 ft 3/s estimated.
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D£HU£R DRTR DRT£ TIM£ Q PI S,UM PI
Sand Ck. trib at Denver 07-Aug-73 1615 D.00 0.10 0.10

1620 33.00 0.17 0.57
1625 155.00 0.33 0.90
1630 236.00 0.36 1.26
1635 230.00 0.26 1.52
1610 215.00 0.25 1.7'1
1615 203.00 0.03 1.80
1650 168.00 0.02 1.82
1655 98.00 0.08 1.90
1700 58.00 0.03 1.93
1705 12.00 0.01 1.91
1710 27.00 0.00 1.91
1715 20.00 0.00 1.91
1720 15.00 0.00 1.91
1m 13.0U 0.00 1.91
1730 11.00 0.00 1.91
1735 9.00 0.00 1.91
mo 7.00 0.00 1.91
1715 6.00 0.01 1.95
1750 1.00 0.00 1.95
1755 3.00 0.00 1.95
1800 2.00 0.00 1.95
1805 1.00 0.00 1.95
(l/(> (l.a l.:l 0 1.15""
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OEHUER DATA DATE TIME . Q PI ,SUM PI

Sand Ik, trib at Denver 30-Jul-71 510 0.00 0.01 0.01
515 0.00 0.26 0.30
550 36.00 0.33 0.63
555 m.oo 0.33 0.96
600 251.00 0.22 1.18
605 193.00 0.10 1.28
610 152.00 0.06 1.31
615 113 .00 0.03 1.37
620 75.00 0.01 1.39
625 11 .00 0.00 1.38
630 23.00 0.00 1.38
635 15.00 0.00 1.38
610 12.00 0.00 1.39
615 7.50 0.00 1.38
650 6.50 0.00 1.30
655 5.30 0.00 1.39
700 1.70 0.00 1.38
705 3.00 0.00 1.38
710 2.00 0.00 1.39
715 1.00 0.00 1.38

'1')0 0·<'> 0.(\ '.3;?'
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OEHUER DATA DATE TIME Q PI SlJl1 PI
Sand Ck. trib at Denver 01-Aug-76 1800 0.00 0.00 0.00

1805 3.70 0.10 0.10
1810 37.00 0.35 0.15
1815 117 .00 0.35 0.80
1820 169.00 0.29 1.09
1825 196 .00 0.06 1.15
1830 121.00 0.05 1.20
1835 69.00 0.01 1.21
1810 19.00 0.03 1.27
1815 30.00 0.01 1.28
1850 23.00 0.00 1.20
1055 17.00 0.01 1.29
1900 16.00 0.00 1.29
1905 13.00 0.01 1.30
1910 11.00 0.00 1.30
1915 9.80 0.00 1.30
1920 7.50 0.00 1.30
1925 6.30 0.00 1.30
1930 5.30 0.00 1.30
1935 1.90 0.00 1.30
1910 1.50 0.00 1.30
1915 1.30 0.00 1.30
1950 1.10 0.00 1.30
1955 3.90 0.00 1.30
2000 2.50 0.00 1.30
2005 1.60 0.00 1.30
2010 1.10 0.00 1.30
2015 0.70 0.00 1.30
2020 0.50 0.00 1.30
2025 0.30 0.00 1.30
2030 0.20 0.00 1.30
2035 0.10 0.00 1.30

";'0'10 D·D o I) \.~.(}
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APPENDIX 3-11

Flood reconstitutions and worksheets, Wyoming.
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UollJ/'le in drive Ahas no label
Oiredory of A:\

UCUI I04 609 9-29-87 5:20~

UCUl 001 21199 9-29-97 5:220

UEU2 105 6H 9-08-87 9:39p
UCU2 005 23m 9-0B-87 9:12p
un ros 631 9-0B-87 11:00~

UCI DOS 22257 9-08-87 11:020
UC2 103 m 8-29-87 l:l1a
UC2 003 22B06 B-29-87 1:15a
UOHI 102 518 8-31-B7 Bdla
UOHI 002 22136 8-31-87 8:Ha
UEll 101 501 8-31-87 8:51a
UEll 001 22116 8-31-B7 8:52a
UOI 102 578 9-08-87 11:51~

UOI 002 22692 9-08-87 11:55p
UHOI IOI 132 B-31-87 9:11a
UHOI 001 19953 8-31-87 9:12a
UN81 102 531 9-09-87 l:OZa
IJl1Bl 002 22291 9-09-B7 1:03a
UCUI IS 611 10-22-87 2:17a
UCUI 05 21569 10-22-87 2:21a
UEll 14 536 10-22-87 3d9a
UEil 01 22201 10-22-B7 3:51a

22 rile(s) 99301 bytes free



Table 4.- Continued

e Rainfall Runoff

Storm Max Peak

Station Date Depth Intensity Duration Discharge Depth
Inches In/hr hr-mln cfs Inches

(1) (2) (3) (4) (5) (6 ) (7)

.lYle tI.-
Wyoming

W. Fk. Dry Cheyenne Creek 12 Jun 67 1.04 4.2 2-20 168. .33

at upper station 10 Jun 69 1.60 ' 6.4 2-10 275. .93

jYle
W. Fk. Dry Cheyenne. Creek r~j, 10 Jun 69 1.28' 5.0 2-1- 421. .51

5 Jun 72 2.34 i 9.6 3-25 1,260. 1.22

J ylJ);I
3 Jun 72 1.23 11.4 0-20 2,040. 1. 11

Dead Horse Creek tributary

I WET
East Teapot Creek 10 Jun 65 1.56 4.0 1-30 4,450. .63

JW.lJ I

Dugout Creek tributary 24 Jun 65 .91 5.6 1-10 493. .50

wllIJ
J Headgate Draw at 16 Jul 69 1.39 5.8 '0-35 1,670. .38

upper station
WI'1B
~edicine Bow River 28 Jun 73 1.02 ! 6.8 0-40 679. .35e tributary

16
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Table 9.--Characteristics 1 of 22 basins--continued

Station Station name A R SB SlO/85m
no.

(mi2) (ft) (ft/mi) (ft/mi)

06634950 Willow Springs Draw tribe near 1.98 543 719 161
Hanna

06644840 McKenzie Draw tribe near Casper 2.02 346 498 100
,! 06648720 Frank Draw tribe near Orpha .79 337 414 121
'I 06648780 Sage Creek tribe near Orpha 1.38 318 355 94.0

09921680 Mud Spring Hollow near 8.83 752 608 66.5
Church Butte near Lyman

8.514S g

0.4286

.7454

.5130

.4194

.3749

L P L Fm m ca m

(mi) (mi) (mi) (ft)

2.39 7.62 1.34 430

2.19 5.83 1.02 346
2.01 4.40 .90 337
2.92 6.43 1.50 308
8.11 17.20 5.12 607

.:r::'f.,j,i.,7

1 From latest topographic maps available. I.h
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Table 9.--Characteristics1 of 22 basins

Drainage area (A) in square miles (mi2 ) ; maximum relief (Rm) in feet (ft); basin slope (SB) in feet per

feet (ft/ft); main-channel slope (SlO/85) in feet per feet (ft/ft); circularity ratio (Cr)

dimensionless; maximum channel length (L ) in miles (mi); basin perimett: (P ) in miles (mi); length
m m

to centroid along channel (Lea) in miles (mi); maximum fall in channel (Fm) in feet (ft).

Station
no. Station name A Rm SB

(mi2) (ft) (ft/mi)

510/ 85 Cr

(ft/mi)

L Pm m

(mi) (mi) (mi)

Fm

(ft)

5.86 627
1.30 375 ..
2.32 483
3.77 320
2.11 338

5.44 430
.71 201

3.32 550
5.12 436

10.8 680
3.01 504

06233360
NtcL 06238760

NC~ 06238780

06256670
06266320
06266460
06267260
06267270

06274190
06312910
063l2~20

06313050
06313180
06316480
06382200
06631150

wt1~ 06634910

Monument Draw near Hudson
W.F. Dry Cheyenne Creek near

Riverton
W.F. Dry Cheyenne Creek tribe

near Riverton
Badwater Creek tribe near Lysite
Gillies Draw tribe near Grass Creek
Murphy Draw near Grass Creek
N.P.E.F. Nowater Cr. near Worland
N.P.E.F. Nowater Cr. tribe

near Worland
Nowood River tribe #2 near Basin
Dead Horse Cr. tribe near Midwest
Dead Horse Cr. tribe H2 near

Midwest
East Teapot Creek near Edgerton
Dugout Creek tribe near Midwest
Headgate Draw near Buffalo
Pritchard Draw near Lance Creek
Third Sand Cr. near Medicine Bow
Medicine Bow R. tribe near Hanna

8.23 594
.69 173

1.85 316

1.51 405
1.53 287
1.34 320

719
240

356

483
720
431
771
634

437
847
922/

612
831
929

:! 618
609
550

59.1
76.6

88.2

85.5
204
106

71.3
79.7

140
62.3
73.9

92.9
97.2

102
3 92.4

75.5
132

0.4458
.3898

.6424

.5570

.5727

.4764

.6315

.5262

.4734

.4409

.5877

.6492

.5868

.5363

.7996

.4463

.4959

7.97
1.93

2.39

4.85
1.35
3.20
3.05
3.54

2.73
3.28
2.25

2.69
1.40
3.55
3.67
6.27
3.79

15.23
4.71

6.01

11.49
5.34
7.82
8.66
7.10

6.33
6.60
5.35

10.26
3.90
8.82
9.30

17.43
8.73

3.79
.88

1.27

1.82
.68

1. 35
.97

1.59

1.25
1.84
1.02

1.24
.61

1.71
2.53
3.25
1.92

519
173

258

627
325
423
310
322

405
287
233

380
171
390
436
575
483

1 From latest topographic maps available.
2 Estimated, using correlation with Army Map Service (scale: 1:250,000) maps.
3 From aerial photographs.
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REGIONAL FREQUENCY ANALYSIS

Regional analysis deals with extending records in space, as opposed
to extending them in time. Regional analysis provides a method for
transferring information obtained at gaged sites to an ungaged site,
where information is needed. According to Riggs (1973), "multiple
regression is directly useful as a regionalization tool because the
discharge (or volume) can be related to basin characteristics, leaving
residuals that may be considered as due to chance. The regression line
averages these residuals. Thus, in one operation, the effects of
differing basin characteristics are preserved and the chance variation
is averaged."

Basin Characteristics

Basin characteristics, used as independent parameters in the regression
analyses, are su~«arized in table 9 and are defined belo~v. Areas were
planimetered from the best available topographic maps. Measurements of
length along channel, basin perimeter, or contour lines were obtained by
stepping with draftsman's dividers set at a scale interval of 200 feet.

A - Drainage area, in square miles.

R - Maximum relief in basin, in feet; the difference in
m elevation between the channel at the gage and the highest

point in the basin, determined from topographic maps.

J

-
J,
J

S ­
B

Basin slope, in feet per mile, obtained by measuring the
lengths (in miles) of all contour lines within the drainage
boundary, multiplying by the contour interval in feet, and
dividing by the drainage area in square miles. Reasonable
accuracy can be obtained on most topographic maps by measuring
only the lOa-foot contour lines.

- Main-channel slope, in feet per mile, determined from elevations
at points 10 and 85 percent of the distance along the channel
from the gaging station to drainage-basin divide.

J

J

L - Main channel length, in miles, from the gaging station to
m

the drainage-basin divide.

C - Circularity ratio, dimensionless; the ratio of basin area to the
r area of a circle having the same perimeter as the basin.

P - Basin perimeter, in miles; the length of the drainage area
m boundary.J

l
Lca

A measured length in miles along the main-stem channel from
the gaging station to the point opposite the centroid of
the total drainage area (Chow, 1969).

]

-I
-e

F
m

- Maximum fall in channel, in feet; the total difference in
elevation between the channel bottom at the ga~e

and the point where the extended main channel reaches the
drainage boundary.

33
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WEST FORK DOV CHEYENNE CREEI': A B" .
AT UPPER STATION SUM n EUD ?t::71 t::Q ID.P. QQ

'" .c...u I.&.. UW ,l,.U\,Jew'oJ

10 JUNE 1959 4947.50 0.93 C G
LAG QULT OI OIQ t::1 C:C:

v.1.I"J U~ • ..JW

1.36 C:~il~ ~7 q l I F) ~?I ~ \
o..J>..J""To-I ....... , y .... ,L-I

2510.13 2799.12
TU1E Q DEC TI UHS SU~l UHG PQULT PLAG t l( H) i2 (X)

1535 0.00 0.00 0.00 1.33 1. 42
1540, 0.00 o 0I17l 0.00.~~
1545 0,.00 0.00 0.00
1550 0,.00 0.00 0.00
1555 o 17l0l 0.0,0 0.00.'<J~

160,0 0.00 0,.00 0.00 0.00 0.00 0.00
1605 8.80 0.08 9.50 9.50 0.18 5.89
1610 16.00 0.17 17.28 26.78 0.50 12.51
1615 24.00 0.25 25.92 52.70 0,.99 18.39
1620, 29.0,0, 0.33 31.32 84.02 1.57 24.28
1625 35.0,0 0,.42 37.80 121.82 2.28 30.90
1630, 48.0,0 0,.50 51.84 173.66 3.25 36.78
1635 203.00 0.58 219.24- 392.90 7.35 42.67
1640 275.00 0.67 297.00 689.90 12.91 49.29
1645 267.00 0.75 288.36 9·78.26 18.31 55.17
1650 256.00 0.83 276.48 1254.73 23.48 61.06
1655 236.00 0.92 254.88 1509.61 28.25 67.68
1700 226.00 1.00 244.08 1753.69 32.82 7- C:7

I~."""

1705 215.00 1.08 232.20 1985.89 37.17 79.45
171171 203.00 1.17 219.24 2205.13 41.27 86.07,&.1.l.'I-/

1715 193.00 1.25 208.44- 2413.57 45.17 91.95
1720 182.00 1.33 196.56 2610.13 48.85 97.84
1725 175,.00 1.42 189.00 2799.12 52.38 104.46
1730 168.00 1.50 181.44- 2980.56 55.78 110.35
1735 161.00, 1.58 173.88 3154.44 59.03 116.48
1740 155.0,0, 1. 67 167.40 3321.84 62.17 122.61
1745 148.00 1.75 15~L 84 3481. 68 65.16 128.74
1750 140.00, 1. 83 151.20 3632.88 67.99 l~il 07

oJ~.VI

1755 133.00 1. 92 143.64 3776.52 70.68 141.00
1800 125.00 2.00 135.00 3911.52 73.20 147.13
1805 117.00 2.08 126.36 4037.87 75.57 153.26
1810 108.00 2.17 116.64 4154.51 77.75 159.39
1815 100.00 2.25 108.00 4262.51 79.77 165.52
1820 92.00 2.33 99.36 4361.87 81.63 171. 66
1825 84.00 2.42 90,.72 4452.59 83.33 177.79
1830 76.00 2.50 82.08 4534.67 84.87 183.92
1835 71.00 2.58 76.68 4611.35 85.30 190.05
1840 65.00 2.67 70.20 4681.55 87.61 196.18
1845 60.00 2.75 64.80, 4746.35 88.83 202.31
1850 55.00 2.83 59.40 4805.75 89.94 208.44
1855 51.00 2.9·2 55·.08 4860.83 90.97 214.57
1900 46.00 3.00 49.68 4910.51 91. 90 220.70
1905 41.0,0 3.08 44.28 4954.79 92.73 226.83
1910 37.00 3.17 39.96 4994.75 93.48 232.95
1915 :::7 0I17l 3.25 34.56 5029.31 94.12 239.09...., .... • 1LI'I.J

1920 29.00 3 ~~ 31. 32 5060.63 94.71 245.22• oJoJ

1925 27.00 3.42 29.15 5089.79 95.25 251.35
1930 24.00 3.50 25.92 5115.71 95.74 257.48
1935 21.00 3.58 22.68 5138.39 96.16 263.61



1940 19.00 3.67 20.52 5158.91 96.55 269.74
1945 16.00 3.75 17.28 5175.19 96.87 275.87
1950 14.00 3.83 15.12 5191.31 97.15 282.01
1955 13.00 3 Q? 14.04 5205.35 97.42 288. 14. ~~
2000 11.00 4.00 11.88 5217.23 97.64 294.27
2005 10.00 4.08 10.80 5228.03 97.84 300.40
2010 9.00 4.17 9.72 5237.75 98.02 306.53
2015 8.00 4.25 8.64 5246.39 98.18 312.66
2020 7 ?171 4.33 7.78 5254.16 98.33 318.79• ~u

2025 6.40 4.42 6~91 5261.07 98.46 324.92
2030 5.60 4.50 6.05 5267.12 98.57 331.05
2035 5.20 4.58 5.62 5272.74 98.68 337.18
2040 4.80 4.67 5.18 5277.92 98.78 343.31
2045 4.40 4.75 4.75 5282.57 98.86 349.44
2050 4.00 4.83 4.32 5286.99 98.94 355.57
2055 3.60 4.92 3.89 5290.88 99.02 361.70
2100 6.20 5.00 6 7171 5297.58 99.14 367.83• 'u

2105 3.10 5.08 3.35 5300.93 99.21 373.96
2110 2.90 5.17 3.13 5304.06 99.26 380.09
2115 2.80 5.25 3.02 5307.08 99.32 386.22
2120 2.60 5.33 2.81 5309.89 99.37 392.35
2125 2.50 5.42 2.70 5312.59 99.42 398.49
?1~17I 2.30 5.50 2.48 5315.07 99.47 404.62.... .J.wy,.l

2135 2.20 5.58 2.38 5317.45 99.51 410.75
2140 2.00 5.67 2.16 5319.61 99.56 416.88
2145 1. 90 5.75 2.05 5321. 65 99.59 423.01
2150 1. 70 5.83 1.84 5323.50 99.63 429.14
2155 1.60 5.92 1. 73 5325.23 99.66 435.27
2200 1.40 6.00 1.51 5326.74 99.69 441.40
2205 1. 30 6.08 1.40 5328.14 99.72 447.53
2210 1. 30 {3.17 1. 40 5329.55 99.74 453.66
2215, 1.20 6.25 1.30 5330.84 99.77 459.79
2220 1.20 6.33 1. 30 5332.14 99.79 465.92
2225 1.10 6.42 1.19 5333.33 99.81 472 .05
2230 1.10 6.50 1.19 5334.51 99.83 478.18
2235 1. 00 6.58 1.08 5335.59 99.85 484.31
2240 1.00 6.67 1.08 5336.67 99.87 490.44
2245 0.90 6.75 0.97 5337.65 99.89 496.57
2250 0.90 6.83 0.97 5338.62 99.91 5171? 7171

VL... I V

2255 0.80 6.92 0.85 5339.48 99.93 508.84
2300 0.80 7.00 0.86 5340.35 99.94 514.97
2305 0.70 7.08 0.75 5341.10 99.95 521. 10
2310 0.60 7.17 0.65 5341.75 99.97 527.23
2315 0.50 7.25 0.54 5342.29 99.98 533.36
2320 0.40 7.33 0.43 5342.72 99.99 539.49
2325, 0.30 7.42 0.32 5343.05 99.99 545.62
2330 0.20 7.50 o ?? 5343.26 100.00 551.75.~~
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WYOMING DATA
~JEST FORI< DRY CHEYENNE

AT UPPER STATION
12 JUNE 1967

TIME Q P1 SUM P1
1710 0.00 0.00 0.00
1 '1 1 C: 0.00 0.22 0.22, ~ ....
1720 0.00 0.07 0.29
1725 0.00 0.03 0.32
1730 0.00 0.08 0.40
1735 0.00 0.09 0.49
1740 0.00 0.08 0.57
1745 0.00 0.08 0.65
1750 0.00 0.08 0.73
1755 0.00 0.05 0.78

1760 0.00 0.05 0.83
1800 0.00 0.04 0.87
1805 0.00 0.03 0.90
1810 0.00 0.03 0.93
1815 0.20 0.03 0.96
1820 0.40 0.01 0.97
1825 0.60 0.01 0.98
1830 5.90 0.01 0.99
lQ~C: 6.00 0.01 1.00.J. V...J-J

1840 6.10 0.00 1.00
1845 6.10 0.00 1.00
1850 11.00 0.00 1.00
1855 16.00 0.00 1.00
1900 20.00 0.01 1.01
1905 ?Q 0101 0.01 1.02'- \J • 1J .....

19H?l 37.00 0.01 1.03
1915 168.00 0.01 1.04
1920 150.00 0.00 1.04
1925 133.00 0.00 1.04
1930 116.00 0.00 1.04
1935 105.00 0.00 1.04
1940 93.00 0.00 1.04
1945 86.00 0.00 1.04
1950 79.00 0.00 1.04
\QC:C: 73.00 0.00 1.04.J.~'-''''''

2000 67.00 0.00 1.04
2005 60.00 0.00 1.04
2010 54.00 0.00 1.04
2015 49.00 0.00 1.04
2020 45.00 0.00 1.04
2025 40.00 0.00 1.04
2030 35.00 0.00 1.04
2035 31.00 0.00 1.04
2040 28.00 0.00 1.04
2045 24.00 0.00 1.04
2050 20.00 0.00 1.04
2055 17.00 0.00 1.04
2100 14.00 0.00 1.04
2105 12.00 0.00 1.04
2110 11.00 0.00 1.04
2115 9.10 0.00 1.04
2120 7 C:OI 0.00 1.04t • -.l"U



2125 6.70 0.00 1.04
2130 6.00 0.00 1.04
2135 5.20 0.00 1.04
2140 4.50 0.00 1.04
2145 4.00 0.00 1.04
2150 3.60 0.00 1.04
2155 3.10 0.00 1.04
2200 2.70 0.00 1.04
2205 2.50 0.00 1.04
2210 2.30 0.00 1.04
2215 2.00 0.00 1.04
2220 1.80 0.00 1.04
2225 1.60 0.00 1.04
2230 1.40 0.00 1.04
2235 1.30 0.00 1.04
2240 1.20 0.00 1.04
2245 1. 20 0.00 1. 04
2250 1.10 0.00 1.04
2255 1.00 0.00 1.04
2300 1.00 0.00 1.04
2305 1.00 0.00 1.04
2310 0.90 0.00 1.04
2315 0.90 0.00 1.04
2320 0.80 13.00 1.134
?:<:?c: 0.80 0.00 1.04L-"'" L-..J

2330 0.70 0.00 1.IM
2335 0.70 0.00 1.04
2340 0.70 0.00 1.04
2345 0.60 0.00 1.04
2350 0.50 0.00 1. 04
2355 0.50 0.00 1.04
2400 0.50 0.00 1.04
2405 0.50 0.00 1.04
2410 0.50 0.00 1.04
2415 0.50 0.00 1. 04
2420 0.50 0.00 1.04
2425 0.50 0.00 1.04
2430 0.50 0.00 1.04
2435 0.40 0.00 1.04
2440 0.40 0.00 1.04
2445 0.40 0.00 1.04
2450 0.40 0.00 1.04
2455 0.40 0.00 1.04
2500 0.40 0.00 1.04
2505 0.40 0.00 1.04
2510 0.40 0.00 1.04
2515 0.40 0.00 1.04
2520 0.40 0.00 1.04
2525 0.40 0.00 1.04
2530 0.40 0.00 1.04
2535 o ~/)\ 0.00 1.04• >J~

2540 0.30 0.00 1.04
2545 0.30 0.00 1.04
2550 0.30 0.00 1.04
2555 0.30 0.00 1.04
2600 0.30 0.00 1.04
2605 0.30 0.00 1.04
2610 0.30 0.00 1. 04



2615 0.30 0.00 1.04

2620 0.30 0.00 1.04
?t::?c: 0.30 0.00 1.04
Il...~.t-<-J

2630 0.30 0.00 1. 04
2635 0.30 0.00 1.04
2640 0.30 0.00 1.04
2645 0.20 0.00 1.04
2650 0.20 0.00 1.04
2655 0.20 0.00 1.04
2700 0.20 0.00 1.04-
2705 /11 ?17l 0. 0~~ 1.04'LI • &- 't.I

2710 0.20 0.00 1.04
2715 0.10 0.00 1.04
2720 0.10 0.00 1.04
2725 0.10 0.00 1.04
2730 0.10 0.00 1.04
2735 0.10 0.00 1.04
2740 0.10 0.00 1. 04
2745 0.00 0.00 1.04
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~)YOMING DATA
WEST FORK DRY CHEYENNE

AT UPPER STATION
10 JUNE 1969

TIME n Pi SU~1 Pl'"lC:"'C: 0.00 0.00 0.00,LwW...J

1540 0.00 0.02 0.02
1545 {lI. {lI.{lI. 0.02 0.04u_'Uv

1550 0.00 0.03 0.07
1555 0.00 0.21 0.28
1600 0.00 0.10 0.38
1605 8.80 0.32 0.70
1610 16.00 0.18 0.88
1615 24.00 0.14 1.02
1620 29.00 0.10 1. 12
1625 35.00 0.05 1 1 '7.~ ,
1630 48.00 0.02 1.19
1635 203.00 0.03 1.22
1640 275.00 0.133 1.25
1645 267.130 0.03 1. 28
1650 256.00 ~L04 1 T7.-'~
1655 236.00 0.03 1. 35
1700 226.00 0.02 1.37
1705 215.00 0.03 1.40
1710 203.00 0.02 1. 42
1715 193.00 0.03 1.45
17 ? {lI. 182.00 0.03 1.48• ~v

1725 175.00 o 17I? 1.50• v~

1730 168.00 0.03 1.53
1735 161.00 o 17I? 1.55.v'-

1740 155.00 0.02 1.57
1745 148.00 o 171'" 1.60• v-'

1750 140.00 0.00 1.60
1755 133.00 0.00 1. 60
1800 125.00 0.00 1.60
1805 117.00 0.00 1.60
1910 l{l1.Q {lI.{lI. 0.00 1. se'f..J 'U • 'U'-J

1815 100.00 0.00 1.60
1820 92.00 0.00 1.60
1825 84.00 0.00 1.60
1830 76.130 0.00 1.60
1835 71.00 0.00 1.60
1840 65.00 0.00 1.60
1845 60.00 0.00 1.60
1850 55.00 0.00 1.60
1855 51.00 0.00 1.60
1900 46.00 0.00 1.613
1905 41.00 0.00 1. 60
1910 37.00 0.00 1.60
1915 32.00 0.00 1.60
1920 ? q /71171 0.00 1.60L.. ..... -.,.,u

l q ? c: 27.00 0.00 1.60-'~ .....

1930 24.00 0.00 1.60
1935 21.00 0.00 1 . 6~~
1940 19.00 0.00 1.60
1945 16.00 0.00 1.60
1950 14.00 0.00 1.60



1955 13.00 0.00 1.60
2000 11.00 0.00 1.60
2005 10.00 0.00 1.60
2010 9.00 0.00 1.60
2015 8.00 0.00 1.60
2020 7.20 0.00 1.60
2025 6 H.~ 0.00 1.60• '"TV

2030 5 (:.:171 0.00 1.60.uv

2035 5.20 0.00 1.60
2040 4.80 0.00 1.60
2045 A AOt 0.00 1.60"'T .""'1.1

2050 4.00 0.00 1.60
?I7ICC 3 ~171 0.00 1.60'- '-/ ..... ...J .uv

2100 6.20 0.00 1.60
2105 3.10 0.00 1.60
?11171 2.90 0.00 1.60"-.I. J.V

2115 2.80 0.00 1.60
2120 2.60 0.00 1.60
2125 2.50 0.00 1.60
2130 2.30 0.00 1.60
2135 2.20 0.00 1.60
2140 ? l7IOt 0.00 1.60,-.~u

2145 1. 90 0.00 1 I::l7I.... uu

2150 1. 70 0.00 1.60
2155 1.60 0.00 1.60
2200 1.40 0.00 1. 60
·~?I71c.: 1 "'171 0.00 1.60'- L. 'LJw • >oJV

22113 1. 30 0.00 1. 613
??IC: 1.20 0.00 1.60£-. .... .1.>-1

222~ 1.20 0.130 1.60
2225 1.10 0.00 1.60
2230 1.10 0.00 1.60
2235 1.013 0.00 1.60
2240 1.00 13.00 1. 613
??AC: 0.90 0.00 1. 60'-'-~w

2250 0.90 0.00 1.60
2255 0.80 0.00 1.60
2300 0.80 0.00 1.60
2305 0.70 0.00 1.60
2310 II>. 1::0t 0.00 1.60'U • I"J 'IU'

2315 0.50 0.00 1.60
2320 0.40 0.00 1.60
?"'?c: 0.30 0.00 1 1::171
I-..J '-....J J,..U'CJ

2330 0.20 0.00 1.60
?"''''c: 0.10 0.00 1.60L--...I-.Jo-J

2340 0.00 0.00 1.60
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WEST FOR~·~ DRY CHEYENNE CREEr: A B
TRIB. NEAR RIt,,'ERTON, WY SUM Q EUD 7163.22 665.88

10 JUNE 1969 7250.60 0.51 C G
LAG QULT 0.08 352.31

1. 21 14326.43 q 1<F) q2 (E }
5810.91 7476.79

TH1E fl DEC TI UHG SU~1 UHG PQULT PLAG t1 (H} t 2{X}U{

1620 0.0~ 0.00 0.00 1.17 1.25
1625 0.00 0.00 0.00
1630 0.00 o 0101 o 0101.~~ .~~
1635 0.00 0.00 0.00
1540 0.00 0.00 0.00
1645 0.00 0.00 0.00
1650 0.00 0.00 0.00
1655 01 17101 0.00 0.00l/,.J"V'C-I

1700 01 OI(~ 0.00 0.00v. 'LJ'LJ

1705 0.00 0.00 o 0101 0.00 0.00 o 01171.~~ .~~
.1710 5.00 0.08 9.88 9.88 0.07 6.60
1715 11.00 0.17 21.73 31.61 o ?? 14.02.~~
1720 13.00 0.25 25.69 57.30 0.40 20.62
1725 18.00 0.33 35.57 07 Q7 0.65 27.22..II-" '-' I

1730 35.00 0.42 69.16 162.02 1. 13 34.54-
1735 157.00 0.50 310.22 472.24 3.30 ,1 I 7;\""T'" " L.. 1"

1740 395.00 0.58 780.48 1252.72 8.74 47 Q,1
I "v-r

1745 421.00 0.67 831.85 ?OIQ,1 err 14.55 55.27"- 'CJ \J""T " '""" I

1750 411.00 0.75 812.09 2896.66 20.22 61.85
1755 406.00 0.83 802.21 3698.88 25.82 68.46
1800 408.00 0.92 806.17 4505.04 31.45 75.89
1805 399.00 1. 00 788.39 C:? O:Z ,1? 36.95 82.49o-II-...,~ • "T.ol-

1810 381.00 1.08 772.58 6066.00 42.34 88.08
1815 377.00 1. 17 744.91 6810.91 47.54- 96.51
1820 337.00 1.25 665.88 7476.79 52.19 HE.l1
1825 320.00 1.33 632.29 8109.07 56.60 109.71
1830 302.00 1.42 595.72 8705.78 60.77 117.13
l Q:;:1:: 280.00 1.50 553.25 9259.04 64.63 123.73~~~

1840 259.00 1.58 511. 76 9770.80 68.20 130.60
1845 236.00 1.67 466.31 10237.11 71.46 137.48
1850 214.00 1. 75 422.84 10658.85 74.41 144.35
1855 197.00 1 Q:;: 389.25 11049.21 77 .12 151.22.~~

1900 178.00 1. 82 351.71 11400.92 79.58 158.10
1905 161.00 2.00 318.12 11719.03 81.80 164.97
1910 144.00 2.08 284.53 12003.55 83.79 171. 85
1915 128.00 2.17 252.91 12256.48 85.55 178.72
1920 119.00 2.25 235.13 12491.61 87.19 185.58
.1925 110.00 ? ~~ 217.35 12708.96 88.71 192.47'- • w....,

1930 101.00 2.42 199.57 12908.52 90. 10 199.34
1935 91.00 2.50 179.81 13088.33 91.36 206.22
1940 72.00 2.58 I A? ?t:: 13230.59 92.35 213.09.I.-rL., .... u

1945 65.00 2.67 130.41 13361.00 93.26 219.95
1950 6? 0101 2.75 122.51 13483.51 84.12 225.84L. • uv

1955 58.00 2.83 114.60 13598.11 94.92 233.71
2000 54.00 2.92 106.70 13704.81 95.65 240.58
2005 47.00 3.00 Q7 Q7 13797.68 96.31 247.46~L. • V I

2010 41.00 -:;: OIQ 81. 01 13878.59 95.87 254.33-..J,'LJU

2015 35.00 3.17 69.16 13947.84- 97.36 261. 21
2020 30.00 3.25 59.28 14007.12 Q7 77 258.08'""' I. I I



2025 26.00 3.33 51.37 14058.49 98.13 274.95
2030 22.00 3.42 43.47 14101.95 98.43 281.83

2035 19.00 3.50 37.54 14139.51 98.70 288.70
2040 16.00 3.58 31.61 14171.12 98.92 295.57
2045 13.00 3.67 25.58 14196.81 99.10 302.45
2050 11.130 3.75 21.73 14218.54 99.25 309.32
2055 9.00 3 Q?: 17.78 14236.32 99.37 315.20.U-.J

21130 8.00 3.92 15.81 14252.13 99.48 323.07
21135 7.00 4.00 13.83 14265.96 99.58 329.94
2110 6.00 4.138 11.86 14277.82 99.66 336.82
2115 5.00 4.17 9.88 14287.70 88.73 343.69
2120 4.00 ,1 ?t:: 7.913 14295.60 99.78 350.57-r.,-~

2125 3.00 4.33 5.93 14301.53 99.83 357.44
2130 2.00 4.42 3.95 14305.48 99.85 364.31
2135 1.80 4.513 3.56 14309.04 99.88 371.19
2140 1.50 4.58 3.16 14312.20 99.90 378.06
2145 1.40 4.67 2.77 14314.97 99.92 384.93
2150 1. 20 4.75 2.37 14317.34- 99.94 391.81
2155 1.10 4 Q~ 2.17 14319.51 99.95 398.68.U-.J

2200 1.00 4.92 1. 98 14321.49 99.97 405.55
2205 0.90 5.00 1.78 14323.25 99.98 412.43
2210 0.70 5.08 1.38 14324.65 99.99 419.30
2215 0.50 5.17 0.99 14325.54 99.99 425.18
2220 0.30 5.25 0.59 14326.23 100.00 433.05
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UYOMING DATA
WEST FORK DRY CHEYENNE

TRIB. NEAR RIVERTON
10 JUNE 1969

TIME
1620
1625
1630
1535
1640
1645
1650
1555
171313
1705
1711i1
.l.1.1.U

1715
1720
1725
1730
1735
1740
1745
17e;1iI
Ja, I...J'U

1755
1800
1805
18113
1815
1820
1825
lQ~1iI
Ja,\J..J'U

1840
1845
1850
1855
1900
1905
1910
1915
1920
1925
1930
1935
lqlllil... ,..,.v

1945
1950
1955
2000
2005
2010
2015
2020
2025
2030
2035

Q
13.00
0.1313
0.00
0.00
(~ IiIIiI
"CJ • 'U 'U

0.00
0.00

0.00
0.00
e; IiIIiI
....,.'C.J'CJ

11.00
13.00
18.00
35.00

157.00
395.00
421.00
411.00
406.00
408.00
399.00
391.00
377 .00
337.00
320.00
302.00
280.00
259.00
236.00
?111 17\1:'\
L...I.,..U'LI

197.00
178.00
161.00
144.00
128.00
119.00
110.00
101. 00

72.00

62.00
58.00
54.00
47.00
41.00
35.00
30.00
26.00
22.00
19.00

P1
0.00
0.02
0.01
0.02
0.16
0.08
17\ ?e;
"U • L.....J

0.14
0.11
0.08
0.08
0.02
17\ 17\?
"U • ""' '-

0.02
0.03
0.02
0.03
0.02
0.02
0.02
0.02
0.02
'" 17\?'i.J.u ....

0.01
17\ 17\?
u • 'UL..

0.00

\

I
\

\
I
l

~

SUM P1
0.00
0.02
0.03
0.05
0.21
0.29
0.54
0.68
0.79
0.87
0.95
0.97
0.99
1. 01
1.04
1.06
1.09
1.11
1. 13
1.15
1. 17
1.19
1. 21
1.23
1. 25
1. 26
1. 28
1.28
1.28
1. 28
1.28
1. 28
1.28
1. 28
1. 28
1. 28
1. 28
1. 28
1 ?Q
.I..l.oV

1. 28
1. 28
1. 28
1. 28
1. 28
1. 28
1 ?Q
.I..L..V

1. 28
1. 28
1. 28
1. 28
1. 28
1.28



,e 2040 16.00 ;1 1.28
2045 13 .0(1) 1.28

2050 11.00 1.28

2055 '::l.00 1.28
21(1)0 8.00 l.28
2105 7.00 1.28
2110 6.00 1.28
21.15 5.00 1.28
2120 4.00 l.28
2125 3.00 l.28
2130 2.00 l.28
2135 1.80 1.28
2140 1.60 1.28
2145 1.40 1.28
2150 1.20 l.28
2155 1. U?J l.28
2200 1.00 l.28
22~5 0.':30 I 1.28
2210 0.70

I
l.28

2215 0.50 1.28
2220 0.30 l.28
2225 0.10 1.28
2230 0.00 d,() 1.28



22.00

TI ME (decirnal)

"18.00

"10 ..JUt--1E -1969

t,·,~

'",

\
\
\

\
\

------

w. FK DRY CHEx-E:f\TNE CK TRIB J:\TR RrVERTON

16.00

50

100

150

200

250

400

450



IJ.26

0.24

0.22

0.20

0.18

0.-14

0.12

0.10

0.08

0.06

0.04

0.00

"V". FK DR:{ CHEl:-Er-JJ\TE CK TRIB NR RIVERTON
10 ·JUHE 1969

16.00 18.00 20.00

TIME (decimal)

22.00



-v\'- + FK DRY CHE"l:-ENI'-JE CK TRIB NR Rlv"'ERTON
1 0 JUNE 1969

--------.i->:"
------------------------

--------------

/
--------/

1.30

1.20 -

1.10 -
1.00 -

-l 0.90 -
-l
<I:u,
z 0.80 -
:;r.
a::::
a (::' ..70 -
w
f-:
:5 o .. 6C~' -
:=l
~

I~ ...~·C} -:=l
U
U« 0.40 -

0.30 -
0.20 -

0.10 -

O.O()

16.20 16.60
I

17.00 17.40

TI ME (decimal)

17.80
I

18.20
I

-18.60



l;JYQMING DATA
l;JEST FORI{ DRY CHEYENNE

TRIB. NEAR RI~}ERTON

5 JUNE 1972

TIME n Pi SUM P1''f

1915 @.00 0.00 0.00
192.0 0.00 0.02. 0.02.
192.5 10.00 0.05 0.07
1930 19.00 0.21 0.2.8
1935 28.00 ~.@8 @.36
19~0 35.00 e .05 0.41
1945 47.00 0.02 0.43
1950 69.00 0.48 0.91
1955 112..00 0.37 1.2.8
2.000 142..00 0.15 1.43
2.005 2.16.00 0.2.3 1.66
2010 394.00 0.12. 1.78
2.015 755.00 0.14 1.92
202.0 92.0.00 0.04 1.96
2025 1000.00 0.03 1.99
2030 1070.00 0.03 2.02.
2.035 1140.00 0.02. 2..04
2.040 12.60.00 (L02. 2.06
2.045 1190.00 0.01 2..07
2.050 1040.00 0.01 2..08
2.055 937.00 0.00 2..08
2100 82.1.00 0.01 2.09
2.U?l5 736.00 0.01 2. . 10
2tt0 652.00 0.00 2..10
2115 576.00 0. en 2..11
2.12.0 500.'10 0.01 2.12.
2.12.5 411.00 0.01 2..13
2130 32.2..00 0.02. 2..15
2.135 275.00 0.01 2.. 16
2.140 22.8.00 0.01 2..17
2145 195.00 0.01 2.18
2.150 163.00 0.01 2..19
2.155 147.00 0.01 2 .. 20
2.2.00 131.00 tlJ.(ZJ2 2 .. 22
2205 117.00 0.03 2 .. 25
2.210 103.00 0.01 2..2.6
2.215 100.00 0.01 2 .. 27
2.2.20 96.00 0.!.?!2 2.29
2225 9 1 . 00 0. en 2.30
2230 86.00 IZL02. 2.32
22.35 82..00 0.01 2.33
2.2.40 78.00 0.00 2..33
2245 70.00 0.00 2..33
22.50 62..00 0.0Ql 2.33
2255 58.00 0.00 2..33
2.300 55.!.?!0 0.0!.?! 2..33
2305 52.0(2) 0.00 2.33
23U?l 49.!.?!0 0.00 2.33
2.315 47.00 0.00 2..33
2320 46.00 Ql.0Ql 2.33
2.32.5 44.00 0.00 2..33
2.330 43.00 0.00 2.~33



2335 40.00 0.00 2.33
2340 38.00 0.00 2.33
2345 36.00 0.00 2.33
2350 34.00 0.00 2.33
2355 33.00 0.00 2.33
2400 32.00 0.00 2.33
2405 31.00 0.00 2.33
2410 31.00 0.00 2.33
2415 30.00 0.00 2.33
2420 30.00 0.00 2.33
2425 29.00 0.00 2.33
2430 28.00 0.00 2.33
2435 27.00 0.00 2.33
2440 25.00 0.00 2.33
2445 23.00 0.00 2.33
2450 21.00 0.00 2.33
2455 20.00 0.00 2.33
2500 19.00 0.00 2.33
2505 18.00 0.00 2.33
2510 17.00 0.00 2.33
2515 15.00 0.00 2.33
2520 13.00 0.00 2.33
2525 11.00 0.00 2.33
2530 10.00 0.00 2.33
2535 9.00 0.00 2.33
2540 7.00 0.00 2.33
2545 5.00 0.00 2.33
2550 3.00 0.00 2 .. 33
2555 1.00 0.00 2.33
2600 0.00 0.00 2.33



\,\T. FK DRY CHEYE~Jl':TE CK TRIB J\TR RIVERTON"
5 ,JUNE 1972

1300

1200

1100

1000

900

800
w
(9
0:: 701::'<1:
I
.:.;J

600V)
6

500

400

300

200

-100

0

19.00 21.00

TI ME (decTI'Y',ol)

25.00



0.50

OAO

-VV. FK DR")- CHEYEJ>TNE CK TRIE NR RIVERTOl\::r
5· .JUNE 1972

0.30

0.20

0.10

0.00

19.00 21.00 23.00

TI rv1E (decirnal)

25.00



2.40

2.20

2.00

·1.80

1.60

1.40

1.20

1.00

1:Jo ...SO

0.40

(} ..2.0

5 ,JUNE 1972

0.00

19.20 19.60 2'::' ..C·(} 2C'.40 20.80 21.20 21.60 22.40

TI fvlE (decimal)
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e WYOMING DATA
DEAD HORSE CREH{ T

3 5 JUNE 1972

TIME Q Pi SUM P1
1.340 0. ee 0.00 0.00
1345 0.00 0.57 0.57
1.350 0.00 0.29 0.86
1.355 1.00 0.27 1.13
1.400 2.00 0.08 1. 21.
1405 1.0.00 0.00 1. 21
1.410 30.00 0.00 1. 21.
141.5 82.00 e.00 1..21.
1.420 98.00 0.01 1.22
1425 1670.00 0.00 1 ?')

.~~

1.430 2040.00 0.00 1 ??
.~~

1.435 1410.00 0.00 1 ??·~~
1.440 1.1. 30.00 0.00 1..22
1445 927.00 0.00 1 ??

.~~

1.450 724.00 0.00 1 ??
.~~

1455 618.00 0.00 1.22
1.500 51.1..00 0.00 1. ??

.~~

1.505 434.00 0.00 1 ??
.~~

1.510 357.00 0.00 1. ??
.~~

151.5 31.5.00 0.00 1.22e, 1.520 273.00 0.00 1. ??
.~~

1.525 237.00 0.00 1.22
1.530 201..00 0.00 1..22
1535 179.00 0.00 1.22
1.540 157.00 0.00 1 ??

.~~

1545 145.00 0.00 1.22
1.550 1.34.00 0.00 1 ??

.~~

1555 124.00 0.00 1 ??
.~~

1.600 1.14.00 0.00 1..22
1605 105.00 0.00 1 ??

.~~

1.6U!l 97.00 0.00 1..22
161.5 88.00 0.00 1 ??

.~~

1.620 80.00 0.00 1. ??
.~~

1625 69.00 0.00 1 ??·~~
1.630 58.00 0.00 1..22
1635 51.00 0.00 1.22
1640 45.00 0.00 1. ??

.~~

1645 40.00 0.00 1 ??
.~~

1650 35.00 0.00 1..22
1655 32.00 0.00 1.22
1700 30.00 0.00 1.22
1705 28.00 0.00 1 ??

.~~

1.710 27.00 0.00 1 ??
.~~

1715 26.00 0.00 1..22
1.720 25.00 0.00 1. ??

.~~

1725 24.00 0.00 1. ??e ·~~
1730 23.00 0.00 t ??

.~~

1735 22.00 0.00 1 ??
.~~

1740 21.00 0.00 L ")?
.~~

1745 20.00 0.00 1 ??
.~~

1.750 19.00 0.00 1.22
1.755 18.00 0.00 1 ??

.~~



t800 t7.00 0.00 1.22
t805 16.00 0.00 1 ??

.a..1-&-

t8t0 t5.00 0.00 t ??.......
1815 15.00 0.00 1 ??.......
t820 t4.00 0.0eJ 1 .. 22
1825 14.00 0.00 t ??· ......
t830 13.00 0.00 1.22
t835 13.00 0.00 t ??.......
1840 12.00 0.00 1.22
1845 12.00 0.00 1.22
t850 tl.00 0.00 t ??.......
1855 11.00 0.00 1 ??.......
1900 10.0eJ eJ.00 1 .. 22
1905 to.00 0.00 1 ??· ......
t9t0 9.50 0.00 t ??.......
1915 9.50 0.00 1 ??.......
1920 9.00 0.00 t ??.......
1925 8.50 0.00 1 ??.......
1930 8.00 0.00 1 ??.......
t935 7.50 0.00 t ??.......
1940 7.00 0.00 t ??.......
1945 6.50 0.00 t ??.......
1950 6.00 0.00 1 ??.......
1955 5.50 0.00 t ??.......
2000 5.00 0.00 1 ?'}.......
2005 4.50 0.00 1 ??

.......... &-

20 ie 4.00 0.00 1 ??.......
2015 3.60 0.00 1 ??.......
2020 3.20 0.00 1 ??.......
2025 2.80 0.00 1 ??.......
2030 2.40 0.00 1.22
2035 2.00 0.00 1 ??.......
2040 1.60 0.00 t ??.......
2045 1.20 0.00 t ??· ......
2050 0.80 0.00 t ??.......
2055 0.40 0.00 1 ??.......
2100 0.00 0.00 1.22



DEAD HORSE CREEK TRIE
3 .JUHE -1972

I

~
"---------------
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0 900
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6C}C'

5()C'
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300
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0

13.00

./
15.00 17.00

TI ME (decimal)

19.00 21.00
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-l 0040-
if

DEAD HORSE CREEK TRIB
3 ,JUt'>IE 1972
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0.20 -

0.-10 -

13.00

\
\
I
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15.00

I I

-17.00

TIME (decimal)

I

19.00
I

2-1.00



DEAD HORSE CREEK TRIB
3 JUt-·lE 1972
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WYOMING DATA
EAST TEAPOT eRE:

10 JUNE 1965

TIME (\ Pl SUM Pl'"'f

1420 0.00 0.00 0.00
1425 0.00 0.01 0.01
1430 0.00 0.01 0.02
1435 0.00 0.01 0.03
1440 0.00 0.01 0.04
1445 0.00 0.02 0.06
1450 0.00 0.02 0.08
1455 0.00 0.04 0.12
1500 0.00 0.03 0.15
1505 0.00 0.13 0.28
1510 0.00 0.12 0.40
1515 0.00 0.14 0.54
1520 0.00 0.14 0.68
1525 2.00 0.14 0.82
1530 15.00 0.14 0.96
1535 79.00 0.20 1. 16
1540 180.00 0.10 1. 26
1545 1760.00 0.09 1.35
1550 4270.00 0.10 1.45
1555 4450.00 0.11 1.56
1600 3990.00 0.00 1.56
1605 2670.00 0.00 1.55
1510 1760.00 0.00 1.55
1615 1250.00 0.00 1.56
1620 978.00 0.00 1.56
1625 800.00 0.00 1.56
1530 679.00 0.00 1.56
1635 595.00 0.00 1.56
1640 517.00 0.00 1.56
1545 406.00 0.00 1.56
1650 327.00 0.00 1.56
1655 241.00 0.00 1.56
1700 178.00 0.00 1.56
1705 150.00 0.00 1.56
1710 123.00 0.00 1.56
1715 106.00 0.00 1.56
1720 90.00 0.00 1.55
1725 77 .00 0.00 1.55
1730 64.00 0.00 1.56
1735 54.00 0.00 1.56
1740 45.00 0.00 1.56
1745 40.00 0.00 1.56
1750 34.00 0.00 1.56
1755 29.00 0.00 1.56
1800 24.00 0.00 1.56
1805 21.00 0.00 1.56
1810 18.00 0.00 1.56
1815 15.00 0.00 1.56

;e 1820 12.00 0.00 1.56
1825 10.00 0.00 1.56
1830 8.00 0.00 1.56
1835 6.00 0.00 1.56



1840 4.00 0.00 t.56
1845 3.00 0.00 t.56
1850 2.00 0.00 t.56

e 1855 t.00 0.00 t.56
1900 1.00 0.00 1.56
1905 1.00 0.00 1.56
1910 1.00 0.00 t.56
1915 1.00 0.00 t.56
1920 QJ.QJ0 0.00 t.56
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SUM Q EUD 2749.13 689.82
2702.00 0.49 C 6

LAS QULT 0.09 681.69
0.42 5498.25 ql(F) q2(E)

DUGOUT CREEK TRIBUTARY
24 JUNE 1965

A 8

2067.44 2757.25
TIr-1E
1425
1430
1435
1440
1445
1450
1455
1500
1505
1510
1515
1520
1525
1530
1535
1540
1545
1550
1555
1600
1605
1610
1615
1620
1625
1630
1635
1640
1645
1650
1655
1700
1705
1710
1715
1720
1725
1730
1735
1740
1745
1750
1755
1800
1805
1810
1815
1820
1825

Q
0.00
0.013
13.013
7.00

183.00
333.013
493.013
339.00
226.00
114.00

99.013
84.1313
77 .013
70.00
60.00
51.00
43.013
36.00
29.00
23.013
20.00
16.00
14.00
12.00
11.00
10.00
10.00
9.00
9.00
8.00
9.00
9.00

10.00
11.013
12.00
14.00
15.00
16.00
16.00
15.00
14.00
13.00
12.00
10.00

9.00
8.00
8.00
7.00
7.00

DEC TI

0.00
0.08
0.17
0.25
0.33
0.42
0.50
0.58
0.67
0.75
0.83
0.92
1.00
1.08
1.17
1.25
1.33
1.42
1.50
1.58
1.67
1. 75
1.83
1. 92
2.00
2.08
2.17
? ?l::......... "'"

2.33
2.42
2.50
2.58
2.57
2.75
2.83
? Q?
.... • oJ'-

3.00
3.08
3.17
3.25
3.33
3.42
3.50
3.58
3.67
3.75
3.83

UHS
0.00
0.00
0.00

14.24
372.38
677.62

1003.20
689.82
459.88
231.98
201.45
170.93
156.69
142.44
122.09
103.78
87.50
73.26
59.01
46.80
40.70
32.56
28.49
24.42
22.38
20.35
20.35
18.31
18.31
16.28
18.31
18.31
20.35
22.38
24.42
28.49
30.52
32.56
32.55
30.52
28.49
26.45
24.42
20.35
18.31
16.28
16.28
14.24
14.24

sur-1 UHS
0.00
0.00
0.00

14.24
386.63

1064.24
2067.44
2757.26
3217.15
3449.12
3650.58
3821.51
3978.19
4120.64
4242.73
4346.51
4434.01
4507.25
4565.27
4613.08
4553.77
4686.33
4714.82
4739.24
4761.62
4781. 97
4802.32
4820.63
4838.95
4855.23
4873.54
4891.86
4912.20
4934.59
4959.01
4987.49
5018.02
5050.58
5083.13
5113.66
5142.15
5168.60
5193.02
5213.37
5231. 68
5247.96
5264.24
5278.48
5292.73

PQULT

0.00
0.26
7.03

19.36
37.60
50.15
58.51
62.73
66.40
69.50
7Z .35
74.94
77 .17
79.05
80.64
81.98
83.05
83.90
84.64
85.23
85.75
86.20
85.50
86.97
87.34
87.68
88.01
88.30
88.64
88.97
89.34
89.75
90.19
90.71
91.27
91. 86
92.45
93.01
93.52
94.00
94.45
94.82
95.15
95.45
95.74
96.00
QC:: ?c::wu ..... u

PLA6

0.00
19.10
40.58
59.67
78.77

100.25
119.35
138.45
159.93
179.02
198.12
219.60
238.70
257.79
279.28
298.37
317.47
338.95
358.05
377.94
3S7.83
417.72
437.61
457.51
477 .40
497.29
517.18
537.07
556.96
576.85
595.75
616.64
636.53
656.42
676.31
696.20
716.10
735.99
755.88
775.77
795.66
815.55
835.44
855.34
875.23
895.12
S15.01

t 1 ( H )
0.33

t2{ X}
0.42



1830 6.00 3.92 12.21 5304.94 96.48 934.90
1835 6.00 4 0101 12.21 5317.15 96.71 954.79. u"

1840 5.00 4.08 10.17 5327.32 96.89 974.613
1845 5.00 4.17 10.17 5337.49 97.08 994.58
1850 5.00 4.25 10.17 5347.67 97.26 1014.47
1855 4.00 4.33 8.14 5355.81 97.41 1034.36
1900 4.00 4.42 8.14 5363.95 97.56 1054.25
1905 4.00 4.50 8.14 5372.09 97.71 1074.14
1910 4.00 4.58 8.14 5380.23 97.85 10134.03
1915 4.00 4.67 8.14 5388.37 98.00 1113.93
1920 4.00 4.75 8.14 5396.51 98.15 1133.82
1925 4.00 4.83 8.14 5404.65 98.30 1153.71
1930 4.00 4.92 8.14 5412.78 98.45 1173.60
1935 3.00 5.00 6.10 5418.89 98.56 1193.49
1940 3.00 5.08 6.10 5424.99 98.67 1213.38
1945 3.00 5.17 6.10 5431.10 98.78 1233.28
1950 3.00 5.25 6.10 5437.20 98.89 1253.17
1955 3.00 5.33 6.10 5443.31 99.00 1273.06
2000 3.00 5 ,1? 6.10 5449-.41 99.11 1292.95.~ ...
2005 3.00 5.50 6.10 5455.52 99.22 1312.84
2010 3.00 5.58 6.10 5461.62 99.33 1332.73
2015 3.00 5.67 6.10 5467.73 99.44 1352.62
2020 3.00 5.75 6.10 5473.83 99.56 1372.52
2025 2.00 5.83 4.07 5477.90 99.63 1392.41
2030 2.00 5.92 4.07 5481.97 1313.70 1412.30
2035 2.00 6.00 4.07 5486.04 99.78 1432.19
2040 2.00 6.08 4.07 5490.11 99.85 1452.08
2045 1.00 6.17 2.03 5492.15 99.89 1471.97
2050 1.00 6.25 2.03 5494.18 99.93 149-1.87
2055 1.00 6 ~~ 2.03 5496.21 - 99.96 1511.76.""
2100 1.00 6.42 2.03 5498.25 100.00 1531.65
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~JYOMIN6 DATA
DUGOUT CREEI{ TRI

24 JUNE 1965

TIME Q P1 SUM P1
1425 '1.'1'1 '1.0'1 '1.00
1430 0.00 0.28 0.28
1435 '1.00 '1 ?~ 0.51. ~~
1440 7.00 0.08 0.59
1445 183.00 0.02 0.61
1450 333.00 0.01 0.62
1455 493.00 '1.03 '1.65
1500 339.0'1 0.'13 '1.68
1505 226.'10 0.'12 0.70
1510 114.00 0.01 0.71
1515 99.00 0.01 o "7?.. ~

1520 84.00 0.01 0.73
1525 77.00 0.01 0.74
1530 70.00 0.00 0.74
1535 60.00 0.01 0.75
1540 51.00 0.00 0.75
1545 43.00 0.00 0.75
1550 36.00 0.00 0.75
1555 29.00 '1.00 0.75
1600 23.00 0.01 '1.76
1605 20.013 0.00 '1.76
1610 16.00 0.00 0.76
1615 14.00 0.'10 0.76
162'1 12.00 0.'11 0.77
1625 11.00 0.00 0.77
1530 U?l.00 0.01 0.78
1635 10.00 0.01 '1.79
1640 9.00 0.01 13.80
1645 9.00 0.132 0.82
1650 8.00 0.01 0.83
1555 9.00 0.'11 '1.84
17'10 9.00 0.01 0.85
1705 10.00 0.03 '1.88
1710 11.00 0.00 0.88
1715 12.00 0.01 0.89
1720 14.00 0.00 0.89
1725 15.00 0.00 0.89
1730 16.00 0.01 0.90
1735 16.00 0.01 0.91
1740 15.00 0.00 0.91
1745 14.00 0.00 0.91
1750 13.00 0.00 0.91
1755 12.00 0.00 G.91
1800 10.00 0.00 0.91
1805 9.00 0.00 0.91
1810 8.00 0.00 0.91
1815 8.00 0.00 0.91
1820 7.00 0.00 0.91
1825 7.00 0.00 0.91
183G 6.00 0.G0 0.91
1835 6.0G 0.00 0.91
1840 5.00 0.00 0.91



1845 5.00 0.00 0.91
1850 5.00 0.00 0.91
1855 4.00 0.00 0.91
1900 4.00 0.00 0.91
1905 4.00 0.00 0.91
1910 4.00 0.00 0.91
1915 4.00 (Lee 0.91
1920 4.00 0.00 0.91
1925 4.00 0.00 0.91
1930 4.00 0.00 0.91
1935 3.00 0.00 0.91
1940 3.00 0.00 0.91
1945 3.00 0.00 0.91
1950 3.00 0.00 0.91
1955 3.00 0.00 0.91
2000 3.00 0.00 0.91
2005 3.00 0.00 0.91
2010 3.00 0.00 0.91
2015 3.00 0.00 0.91
2020 3.00 0.00 0.91
2025 2.00 0.00 0.91
2030 2.00 0.00 0.91
2035 2 .. 00 0.00 0.91
2040 2.00 0.00 0.91
2045 1.00 (L00 0.91
2050 1.00 0.00 0.91
2055 1.00 0.00 0.91
2100 1 .. 00 0.00 0.91
2105 0.00 0.00 0.91
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WYOMING DATA
HEAD6f\TE DRAW AT UPPER

tS JUNE t969

TIME n Pt SUM PI"I

tS45 0.00 0.00 0.00
t650 0.00 0.3t 0.3t
t655 0.00 e , 3 i 0.62
t700 3.00 0.29 0.91
t705 95.00 0.29 L20
17t0 426.00 0.13 L33
17t5 1670.00 0.04 L37
1720 1440.00 0 .. 02 1.39
1725 t020.00 0.00 l.39
t730 8t0.00 0.00 1.39
1735 620.00 0.00 1.39
1740 500.00 0.00 1.39
1745 400.00 CJJ.00 i . 39
1750 346.00 0.00 l.39
1755 292.00 0.00 i . 39
1800 254.00 0.00 l.39
1805 216.00 0.00 1.39
1810 180.00 0.00 l.39
1815 t62.00 0.01Z! i . 39
1820 145.00 0.00 1.39
1Q ? t:: 128.00 0.00 l.39~ .......
t830 It7.00 0.00 1.39
t835 107.00 0.00 l.39
1840 97.00 0.00 l.39
1845 87.00 0.00 L39
t850 77.00 0.00 1.39
t855 67.00 0.00 l.39
t900 62.00 0.00 l.39
t905 57.00 0.00 1 -;<:Q

.~~

1910 52.00 0.00 i . 39
t9t5 47.013 0.00 L39
t920 42.00 0.00 L39
1925 37.00 0.00 1.39
1930 32.00 0.00 l.39
1935 27.00 0.00 1.39
1940 22.00 0.00 l.39
t945 18.00 0.00 l.39
1950 t4.00 0.00 L39
t955 to.00 0.00 L39
2000 8.00 0.00 l.39
2005 6.00 0.00 l.39
20t0 5.00 0.00 L39
2015 4.00 0.00 L39
2020 3.00 0.00 l.39
2025 3.00 0.00 l.39
2030 0.00 0.00 1.39



HEADGATE DR....~..W .AT lJPPER STATIOl'T
16 JUt-IE 1969
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TI ME (decimal)

19.50 2C) ... 5C:·



HEAD GATE DRA-V\,- AT TJPPER ST~l\TI OT\T
16 JUNE -1969
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0.3-0 -

0.28 -
0.26 -
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...J 0.22 -

...J
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.,,( 0.-16 -
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(..J
z
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\0.06 -
0.04 - \\

\
0.02 - -.
(} ..OC· I I

16.50 "17.50 18.50 19.50 20.50

TIME (decimal)



HE ...<\.DGATE DRA1\i AT TJPPER STATION
16 .JUHE -1969
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I.>JYOMIN6 DATA
MEDICINE BOW RIUER

28 JUNE 1973

TIME Q Pl SUM Pl
1500 0.00 0.00 0.00
1505 0.70 0.06 0.06
1510 2.00 0.34 0.40
1515 5.40 0.30 0.70
1520 7.40 0.17 . 0.87

1525 9.50 0.09 0.96
1530 103.00 0.03 0.99
1535 258.00 0.01 1.00
1540 448.00 0.02 1.02
1545 438.00 0.00 1.02
1550 454.00 0.00 1.02
1555 474.00 0.00 1.(1)2
1600 502.00 0.00 1.02
1605 612.0(1) (1).00 1.02
1610 679.00 0.00 1.02
1615 636.0(1) 0.00 1.02
1620 572.00 0.00 1.02
162.5 504.00 0.00 1.02
1630 454.00 0.00 1.02
1635 364.00 0.00 1 11\?.YL

1640 331.00 0.00 1.02
1645 261.00 0.00 1.02
1650 177.00 0.00 1.02
1655 139.00 0.00 1.02.
1700 105.00 0.00 1.02
1705 84.00 0.00 1.02
1710 64.00 0.00 1.02
1715 54.00 0.00 1.02
1720 45.00 0.00 1. 02.
1725 42.00 0.00 1.02
1730 38.00 0.00 1.02
1735 33.00 0.00 1.02
1740 29.00 0.00 1.02
1745 24.00 0.00 1.02
1750 21.00 0.00 1.02
1755 17.00 0.00 1.02
1800 14.00 0.00 1.02
1805 12.00 0.00 1.02
1810 10.00 0.00 1.02
1815 8.40 0.00 1.02
1820 7.20 0.00 1.02
1825 6.30 0.00 1.02
1830 5.40 0.00 1.02
1835 4.50 0.00 1.02
1840 4.00 0.00 1.02
1845 3.70 0.00 1.02

e 1850 3.50 0.00 1.02
1855 3.10 0.00 1.02
1900 2.80 0.00 1.02
1905 2.60 0.00 1.02
1910 2.50 0.00 1.02
1915 2.20 0.00 1.02



I
I

1.021920 2.00 0.00

e 1925 1.80 0.00 1.02
1930 1. 70 0.00 1.02
1935 1.60 0.00 1.02
1940 1.50 0.00 1.02
1945 1.40 0.00 1.02
1950 1.40 0.00 1.02
1955 1.30 0.00 1.02
2000 1.20 0.00 1.02
2005 1.10 0.00 1.02
2010 1.10 0.00 1.02
2015 1.00 0.00 1.02
2020 0.90 0.00 1.02
2025 0.70 0.00 1.02
2030 0.60 0.00 1.02
2035 0.50 0.00 1.02
2040 0.40 0.00 1.02
2045 0.30 0.00 1.02
2050 0.20 0.00 1.02
2055 0.10 0.00 1.02
2100 0.00 0.00 1.02



IvIEDICINE B01,\r RIVER TRIB.
28 JUr---1E 1973

15.00

w
~
~
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U
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o

600 -

500 -

400 -

300 -

200 -
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l \
l \.

r/ \
\
\

J ~
I I I

17.00

TIME (decimal)

I

19.00
I

2-1.00



~lEDICIl';rE BO"",' RIVER TRIB+
28 JUI'JE 1973

0.35

0.30

0.2.5
-I
-I
:=I:u;
Z
-=1' 0.2.00:.
-I
-o(

t;;
W

0.15:§:
w
0:::
U
Z

o. -10

) \
0.05 \

II \
"'V'\

""0.00

15.00 17..C}O 19.00 21.00

TIf',l1E (decimal)



IvIEDICINE BOl'\'- RIVER TRIB.
28 JUt--1E 1973

1.10

1.0C'

0.90

O ..SC·
-oJ
-oJ

~ 0.70z
~e:::

0.60
0w
f-:
:5 (~ ..51~
:::J
~

:::J 0.40u
CJ
-=I:

O ..:3'(],

0.20

0."10

0.00

15.00 "15.20 15.40

TIt\.1E (decimal)

15.60



MEDICINE BOW RIVER TRIBUTARY A B

28 JUNE 1973 SUM Q EUD 11654.74 1289.21
8100.00 0.35 C 6

LAG QULT 0.09 10543.94
1.07 23309.48 ql( F) q2( E)

1110.80 2400.01
TIME Q DEC TI UHG SUM UHG PQULT PLAG t 1<H) t 2 ( X )

1500 0.00 0.00 0.00 0.00 0.00 0.00 0.33 0.42
1505 0.70 0.08 2.01 2.01 0.01 7.50
1510 2.00 0.17 5~76 7.77 0.03 15.95
1515 5.40 0.25 15.54 23.31 0.10 23.45
1520 7.40 0.33 21.30 44.60 0.19 30.95
1525 S.50 0.42 27.34 71.94 0.31 39.40
1530 103.00 0.50 296.40 368.35 1.58 46.90
1535 258.00 0.58 742.45 1110.80 4.77 54.41
1540 448.00 0.67 1289.22 2400.01 10.30 62.85
1545 438.00 0.75 1260.44 3660.45 15.70 70.35
1550 454.00 0.83 1306.48 4966.93 21. 31 77 .86
1555 474.00 0.92 1364.04 6330.97 27.16 86.30
1600 502.00 1.00 1444.61 7775.58 33.36 93.80
1605 612.00 1.08 1761.16 9536.74 40.91 101.31
1610 679.00 1.17 1953.97 11490.71 49.30 109.75
1615 636.00 1.25 1830.23 13320.94 57.15 117.25

'e 1620 572 .00 1.33 1646.05 14966.99 64.21 124.76
1625 504.00 1.42 1450.37 16417.36 70.43 133.20
1630 454.00 1.50 1306.48 17723.84 76.04 140.70
1635 364.00 1.58 1047.49 18771.33 80.53 148.52
1640 331.00 1.67 952.52 19723.85 84.62 156.34
1645 261.00 1. 75 751.08 20474.93 87.84 164.15
1650 177.00 1.83 509.36 20984.29 90.02 171.97
1655 139.00 1. 92 400.00 21384.29 91.74 179.79
1700 105.00 2.00 302.16 21686.45 93.04 187.60
1705 84.00 2.08 241.73 21928.18 94.07 195.42
1710 64.00 2.17 184.17 22112.35 94.86 203.24
1715 54.00 2.25 155.40 22267.75 95.53 211.05
1720 45.00 2.33 129.50 22397.25 96.09 218.87
1725 42.00 2.42 120.86 22518.11 96.60 226.69
1730 38.00 2.50 109.35 22627.46 97.07 234.51
1735 33.00 2.58 94.96 22722.43 97.48 242.32
1740 29.00 2.67 83.45 22805.88 97.84 250.14
1745 24.00 2.75 69.07 22874.95 98.14 257.96
1750 21.00 2.83 60.43 22935.38 98.40 265.77
1755 17.00 ? Q? 48.92 22984.30 98.60 273.59.t... ,;, ...

1800. 14.00 3.00 40.29 23024.59 98.78 281. 41
1805 12.00 3.08 34.53 23059.12 98.93 289.22
1810 10.00 3.17 28.78 23087.90 99.05 297.04
1815 8.40 3.25 24.17 23112.07 99.15 304.86
1820 7.20 3.33 20.72 23132.79 99.24 312.67

Ie 1825 6.30 3.42 18.13 23150.92 99.32 320.49
1830 5.40 3.50 15.54 23166.46 99.39 328.31
1835 4.50 3.58 12.95 23179.41 99.44 336.12
1840 4.00 3.67 11. 51 23190.92 99.49 343.94
1845 3.70 3.75 10.65 23201.57 99.54 351.76
1850 3.50 3.83 10.07 23211.64 99.58 359.57
1855 3.10 3.92 8.92 23220.56 99.62 367.39
1900 2.80 4.00 8.06 23228.62 99.65 375.21



,e
1905 2.60 4.08 7.48 23236.10 99.69 383.03
1910 2.50 . 4.17 7.19 23243.29 99.72 390.84
1915 2.20 4.25 6.33 2324'3.63 99.74 398.66
1920 2.00 4.33 5.76 23255.38 99.77 406.48
1925 1.80 4.42 5.18 23260.56 99.79 414.29
1930 1. 70 4.50 4.89 23265.45 99.81 422.11
1935 1.60 4.58 4.60 23270.06 99.83 429.93
1940 1.50 4.67 4.32 23274.37 99.85 437.74
1945 1.40 4.75 4.03 23278.40 99.87 445.56
1950 1.40 4.83 4.03 23282.43 99.88 453.38
1955 1.30 4.92 3.74 23286.17 99.90 461.19
2000 1.20 5.00 3.45 23289.63 99.91 469.01
2005 1.10 5.08 3.17 23292.79 99.93 476.83
2010 1.10 5.17 3.17 23295.96 99.94 484.64
2015 1.00 5.25. 2.88 23298.83 99.95 492.46
2020 0.90 5.33 2.59 23301.42 99.97 500.28
2025 0.70 5.42 2.01 23303.44 99.97 508.09
2030 0.60 5.50 1. 73 23305.17 99.98 515.91
2035 0.50 5.58 1.44 23306.60 99.99 523.73
2040 0.40 5.67 1.15 23307.76 99.99 531.55
2045 0.30 5.75 0.86 23308.62 100.00 539.36
2050 0.20 5.83 0.58 23309.19 100.00 547.18
2055 0.10 5.92 0.29 23309.48 100.00 555.00
2100 0.00 6.00 0.00 23309.48 100.00 562.81



MEDICIl'-TEBO"W" RIVER TRIB1JT.AR"l:-
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I\PPENDIX ) -1

Work sheets for time-area relations.



.06 ;1.5""
,/768
, g;J.4- 7
,S-
, t7.r3
,8~33

,937~

/. tJ

:/,..~~/ ~«. };,r ~t:Jn?/;)J/r;#q .q"~~

~/;q~ t:?.J ~OH".t"4T'r., h ~=;,
r=

,/,4/4- rho
_\ I,,r

/ - '/, 1-/+- (/-0 ' ~L. r~ /, C7

.Ii I = Cef}~z'".../J#6;,,# ~r""<=

~~~/ d'~

T AI AAI T

0.0 t),C; , (//5"~ ~" 0
.es: • tJ/S8 .tJ~8r »:

' /;z.5"". / ,1)4-4-7 .da71-/ ,!J-~

./S- ,08,:2. / .o4-/f4- / ,J7S-
,,:1.. ,/~~ .r ,os-o.j / ,r
, :J.S- ,/768 ,tJ5'.r.r~ ,~:J.~

,,3 .!l3:L3 ,1J6tJS-/ ,7~

,3.F , :J-l',fJ.8 ,p~4-? . ,87f
,4- ,3~77 ,06'1/ /.0
,4-5" ,-!-.:l.6f) .07..12-.s: .S- ,1)732..
Iff ,05'732 ,06fl
,~ .6+.:2.3 ,064-0.s«: ,707~ /06C)."J
,7 ,7~77 .I)~a'
,7S- ,8;1.33 , t:J~t:l...
,8 .e r.ss:

I 1J4-4-4-
,85 ,PI'?? , t:J3 74-
,9 ,9..r53 .,,~a 1
.'15" , ~f) ?-,,:2... ,(J/re

1,t:J() I, ()

/II:::.

AI =I
I
I

I

I
I
I

I,
j
I

I
I
I
!

I

______-----...--.-..._._ ._....__...""_."._.~" "~_ ...._-.._....,...,...--..,.~ /g .4'0' 8~__L"
I
i
j



'-t-"-TT I I

I

-r -orr II , I

-
-1'-

i+ - ~j:'

16 17

- "T"

· I ·.nTI~rm b~~'l:l Jfl:jJ . .. ... .•
24 f:EnIHr~l.l:I:ffllq\ ~WI J • ;PH~~ ~ 1 rl .rrt . .. .Ih IT. h

·11· ll. . . U,.. I l' II .n... ..-,--" , I

23:. ~ ...•... < • I.. ' ... T- .:. f.. . :" .. . .
22 -_-·~:-l·-- - -: _ ___ . ... ,=I:, .,~ .. .: .

11 .. . . T .' . . .1=1" ..r .

21 T .:8: {:t : .. :,. ..... =. lltJ
20 . .. .. of ' 'F: li : tt .

19

cJ1

t ••. · ~-t*j~ J lf~J .~:_~_~_ --f.':. • :t' ]~r
' l£ .• : 111 .u.rt~ .

15 18 r···· ll' .• .J . .' rr':U: . . ill .:

~ 17·. .... .: I' m . fll · 1=1 t__ - -_ - --_If
i

_ -t-t--r--r, I I I

~~ . 'f T ~. ···\····!1 . . ._._--~~:~~r.__._-; --t~~ __ ~16 1. . .. . . .. . . .. .I:t : , . If- --- - -- -.llli --- - - - - -1-
15 r . •.. .;. .' ..• . rr: __ ' 't" .J.t:

The Centimeter5 Squares To



.'.,..;

I

, .
.

. .'

. I·

,. ..." :.
j
I. '1,

,·i:, ....
1\',',' :

I··.·· I .

.'
t---!f-----1--+- f----

, ,', ~&:"'" IV:".[~ ~ ~~I ..•... iJ··,lll~!L-tI._1
"'\ . ", Ii' I f I 1 I --I····· I I I -r I l-r

! .

I.

. I': I:
·1" >

.. : .'



-.-------_._---

G~__$~//__ w~.s~~---(--<.n?~~..$-)-.-W,.~~-~~,,;,v~--
_k..--:J~~ /..$ /Lt/!----"';.n,L"i:J~~~A!r. ~d.~s:K/h.. -----~-------

?,-----JH/J~h_kf_--4::, -__hJHe_-:d~~_~_&~.k.._;-----Z ~~__~__ ""'S n

k h" , - ../ .:..2/_..L- /~ -
_Ce?V.st: ~_--_7c:=,;--~.s--S.tf:) .r:l!?A'AL.z_~.,.~__t:72_e----.--_:---------.

~~--~/g.h(:>H:_---(JdS:hH-z{;.Ht:!.~~.s----~~J---~.-~----------I

tL~t..~~HL__.~~b;lv___.&2"L?,-----.---------

--.---. ---------._-----_._--- ------------.-----_._---._. _.------- ------ ---------.--------------

-------------------

- -------~ ---_._- _..-.-------------_::__ .~~_.- _.- - .."------- _... ----_..__._-

~---------_._-

------------------------- --------._--<----------.------_._-_.- --_..--.- --

~'-- ------.-



•
hPPENDIX ) -J

Time of Concentration in Small Rural Watersheds, Papadakis, C.N., and Kazan,

M.N., Presented at the 1986 hShE Engineering Hydrology Symposium, Williams­

burgh, Vh, hugust 1986.



TIME OF CONCENTRATION

IN SMALL RURAL WATERSHEDS

by

Dr. Constantine N. Papadakis

Dean, College of Engineering

University of Cincinnati

and

Dr. M. Nizar Kazan

Head, Hydraulic Engineering Department

University of Aleppo, Syria

Cincinnati, Ohio

August 1986



1.0

2.0

3.0

3.1

3.2

3.3

4.0

4.1

4.2

4.3

4.4

•.0

5.1

5.2

5.3

6.0

6.1

6.2

7.0

8.0

9.0

10.0

11.0

TABLE OFCONTENTS

Page

Introduction , 1

Review of Existing Methods 2

Application of Existing Formulas ' 7

Case Study I . .. 7

Case Study II. 7

Case Study III 8

Time of Concentration of Natural Watersheds 9

Data"Base " 9

Roughness Coefficient Estimation 9

Excess Rainfall Intensity Estimation 10

Time of Concentration Estimation .. ~ 10

Time of Concentration of Experimental Watersheds 12

Corps of Engineers Experimental Results 12

Colorado Stat~ 1.1:".iversity Experimental Results 12

University of Illinois Experimental Results 12

Regression Analysis 14

Four-Parameter Time of Concentration Equation 14

One-Parameter Time of Concentration Equation 15

Uncertainty Analysis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 17

Dimensions and Units 18

Conclusions and Recommendations 19

Acknowledgements 20

References 21

Tables 24

Figures 43

. --~-- ---.------_., -,.-:-~:-._-- -"



Table

1

2

3

4

5

6

7

8

•
10

11

12

13

LIST OFTABLES

Times of Concentration for Three Case Studies

84 Natural Rural Watersheds in 22 States
USDAAgricultural Research Service [1]

physical and Hydrological Characteristics of the Selected Natural Watersheds
USDA- Agricultural Research Service [1]

Comparison Between (n) Values Proposed by V.T. Chow and Penn. State U.

Simulated Rainfall Tests - Corps of Engineers [2]
Concrete Surface with n = 0.04

Simulated Rainfall Tests - Corps of Engineers [2]
Simulated Turf with n =0.20

Times of Concentration for the Colorado State University Experiments

Times of Concentration for the University of Illinois Experimental Watershed
~~ ! ..
Four-Parameter Tc Equation
Regression Analysis Results

One-Parameter Tc Equation
Regression Analysis Results

Tolerance Limits

Units of the Time of Concentration Equation

Comparison of Exponents Between Various Time of Concentration
Equations

.. ...



LIST OFFIGURES

Figure

1 Plan View of Watershed (1-H), Hastings, Nebraska

2 Hyetograph and Hydrograph of Watershed (1-H), Hastings, Nebraska

3 Plan View of Watershed (W-IV), Americus, Georgia

4 Hyetograph and Hydrograph of Watershed (W-IV) , Americus, Georgia

5 Plan View of Watershed (W-I), Hamilton, Ohio

6 Hyetograph and Hydrograph of Watershed (W-I) Hamilton, Ohio

7 The Effect of Watershed Area on the Roughness Coefficient

8 Estimation of Excess Rainfall Intensity and Duration

9

11

12

Estimation of the Time of Concentration from a Measured Hyetograph
and Hydrograph

Times of Concentration Computed by the Four-Parameter Equation versus
Measured Values

Times of Concentration Computed by the One-Parameter Equation versus
Measured Values

Comparison of Tcvalues for Three Cases Studies versusTcComputed by
Equation 14.

. .. _-.-L-



TIME OF CONCENTRATION
IN SMALL RURAL WATERSHEDS

1.0 INTRODUCTION

The determination of peak discharges for a given return period is necessary for

the appropriate design of drainage structures. Peak discharges of a given
frequency are related to rainfall intensity which" in turn depends on rainfall

duration. Sincethe maximum runoff for a given frequency occurs when the rainfall

duration becomes equal to the time of concentration of the watershed, the time of

concentration is the most significant variable in the computation of peak runoff.

Many empirical and a fe~ theoretically founded equations used to compute the

time of concentration were evaluated in this study. Some of these equations

consider the time of concentration to be only a function of physical watershed

parameters, such as length, slope, roughness and degree of imperviousness. Other

equations also consider the characteristics of rainfall excess, such as rainfall intensity

.d duration. Times of concentration computed by these equations for a given

watershed and for the same rainfall event were found to vary by more than 500%.

Data were gathered and analyzed from: (a) measurements from tests on three

experimental watersheds conducted by the Corps of Engineers. Colorado State

University, and the University of Illinois and from (b) measurements from 84 small

rural watersheds from 22 states obtained by the USDAAgricultural Research Service

for selected runoff events. From this data, two global regression equations were

developed for the estimation of the time of concentration in small rural watersheds.
One of these equations is based on four independent parameters and the second is
based on only one independent parameter. These equations have general

applicability and could be used in design with a good degree of confidence.

1



In' some cases b = 0 and/or z = 0 which indicates that the time of

concentration was considered to be independent of watershed surface roughness

and/or excess rainfall intensity. Eleven of the most commonly encountered

formulas used in computing the time of concentration are summarized below:

e 2.0 REVIEW OF EXISTING METHODS

The first phase of this study involved an exhaustive literature search which

revealed a plethora of methods developed to compute the time of concentration.

These formulas share the general format:

Tc =k La nb S-y i-z (1)

(3)

(2)

Retardance Coef. Cj

0.007

0.012

0.060

2

Type of Surface

Very smooth pavement

Concrete pavement
Densegrass

a. Kirpich (1940) [8,9]

r, =0.0078 LO.n S-0.385

b. Izzard (1946) [8]

Tc =41 LO.33 (0.0007 i + Cj)S-0.333 i-0.667

where Tc = Time of concentration, in minutes

L = Length of flow path, in feet

n = Roughness coefficient (See Section 4.2)

S = Average slope of flow path, in ftlft
= Intensity of excess rainfall, in in/hr (See Section 4.3)

'. k =:= Constant ,
a, b, y, z =Exponents



_. Kerby/Hathaway (1959) [6,7,8]
Tc = 0.827 L0.467 nk°.467S-0.233

Type of Surface
Smooth impervious surfaces

Smooth bare packed soil
Poor grass, cultivated row crops or

moderately rough bare surface

Pasture or average grass
Deciduous timberland
Conifer timberland, deciduous timberland

with deep forest litter or dense grass

(4)

Average surface

Retardance n~

0.02

0.10

0.20

0.40

0.60

0.80

d. Carter (1961)[10,15]

Tc = LO.6 Cc S-0.3
where C

c
= retardance coefficient equal to 0.045 for pristine conditions

e. Eagleson (1962) [15]
Tc =(L '-ca)0.38 Ce S-0.19

(5)

(6)

'.

Type of Surface
Mountain drainage

Foothill drainage

Valley drainage

Urban drainage

3

Retardance

Coefficient Ce
0.178

0.107

0.052

0.027



f.einematic Wave Equation reported by Henderson and Wooding (1964), Ragan

and Duru (1972), and Aron (1973), {8]
(7)

Tc =0.94 LO.6 nO.6 S-0.3 i-O.4

Type of surface
smooth impervious surface
Smooth bare packed soil, (no crop)

poor grass, moderately bare surface

Gravels,Cobbles
Pasture,o~ average ~rass cover

Mature field crops
Light brush and trees

Dense brush
Dense willows, dense grass, forest

g. Morgali and Linsley (1965) {11]

Tc =0.99 LO.593 nO.605 S-0.38 i-0.388

where n = Manning's roughness coefficient

Manning Roughness

Coefficient n for

flood plainsill

0.01-0.02

0.02-0.04

0.025-0.035

0.03-0.05

0.03-0.05

0.03-0.05

0.04-0.08

0.07-0.16

0.11-0.20

(8)

h. Federal Aviation Agency, FAA (1970) {8,10]

Tc =0.39 LO.5 (1.1 - C)5-0.333

where C = rational method runoff coefficient

Type of Surface

Concrete, asphalt

Drives and walks
Business districts and local areas

Residential single family areas

Res. with 1/2 acre lots or larger

Parks,cemeteries
Unimproved areas

4

Value ofC

0.80 - 0.95

0.75 - 0.85

0.50 -0.70

0.35 - 0.45

0.25 - 0.40

0.10 - 0.25

0.10-0.30

(9)



e
i. SCS Curve Number (1975) [8,20]

1 1000
Tc = - LO.S (- - 9) 0.7 S-0.5

190 eN

Type of Surface

Paved areas

Cultivated land (soil group B&C)

Pastureor range land
Meadow (good condition), (A30)
Wood or forest: thin stand, poor cover

good cover, (A 25)

Lawns, parks, cemeteries

'grasscover 75 %or more

grasscover 50% to 75%

Surface mined basins: raw spoils

graded spoils

top-dressed spoils

vegetated spoils

(10)

SCS Runoff

Curve Number CN

95-98

80-90

70 - 80
60 -70
65 -75

55 -70

60 -75

70-80

88

84

82

75

1 L
J. SCS Velocity Charts [20] Tc =-

60 V
where V =average velocity in fps obtained from charts in TR55 [20]. From the

same reference V =VSicy where Cy = retardance factor. Therefore:
1

Tc =- L Cy S-0.5 (11)
60

Type of Surface
Paved area and shallow gutter flow

Grassed waterway

Nearly bare ground

Short grass pasture and lawns

Fallow or minimum tillage cultivation

Forest,with heavy ground litter and meadow

5

Retardance

Factor Cy

0.05

0.06

0.10

0.14

0.21

0.40



e k. Singh's Kinematic Wave and Chezy Formula (1976) [19]

Tc = 0.58 LO.667 Cs·0.667 S-0.333 i-0.333 (12)

Type of Surface

Smooth impervious surface

Smooth bare packed soil

Poor grass, moderately bare surface

Gravels, cobbles

Pasture or average grass cover

Mature field crops

Light brush and trees

. Dense brush
., ".

Deneg willows, dense grass, forest

6

Chezy's Roughness

Coefficient Cs
50 -100

25 - 50

30 -40

20 - 30

20 - 30

20 - 30

12 - 25

6-14

5-9



3.0 APPLICATION OF EXISTING FORMULAS
Three rural watersheds were chosen to compare the time of concentration as

computed by eleven different formulas. The three watersheds have areas of 3.6
acres, 59 acres and 187 acres respectively. During the rainfall events that were

selected, both preclbitation and runoff were measured by the US Department of
Agriculture, Agricultural Research Service.

3.1 Case Study I

A small rural watershed wasselected in Hastings, Nebraska. The watershed has

an area of 3.62 acres, a length of flow path of 480 feet, and an average path slope
of 0.075. The plan view of the watershed is shown in Figure 1. The surface of the

watershed was native grass meadow 14 inches high and heading and in excellent

condition. The rainfall event of June 16, 1957 was selected and the measured.. .

rainfall hyetograph and resul+.ing runoff hydrograph are presented in Figure 2. The

average excess rainfall intensity was found to be equal to 1.7 in/hr and the lag time

was measured equal to 6.5 minutes (Figure 2). Therefore, the actual time of

concentration was found to be equal to 10.8 minutes.

Eleven formulas were employed to compute the time of concentration of this

basin and the results are summarized in Table 1. It is important to note that the

minimum time of concentration. of 2.5 minutes was computed using the Kirpich

equation. The maximum time of concentration of 16.5 minutes was 'computed by

the Kerby equation. This amounts to a discrepancy of over 600%' between

minimum and maximum computed times of concentration.

3.2 Case Study II

A 59.2 acre natural watershed was selected near Americus, Georgia. The basin

hasa flow path length of 3,380 feet with an average slope of 0.0035. The plan view

of the watershed is shown in Figure 3. The basin surface consisted of 84% oats in

the dough stage, 6% peanuts in good stand, 6% sand clay road, and 4% idle weeds

and grass. The rainfall event of August 19, 1942 was selected and the measured

rainfall hyetograph and resulting runoff hydrograph are presented in Figure 4. The
average excess rainfall intensity was found equal to 1.01 in/hr and the lag time was
measured equal to 40 minutes (Figure 4). Therefore, the actual time of

concentration was found to be 67 minutes.

Eleven formulas were employed to compute the time of concentration of the

basin and the results are summarized in Table 1. The minimum times of

7
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I

concentration of 32 and 36 minutes were computed using the Carter and Kirpich

formulas respectively. The maximum time of concentration of 175 minutes was

computed by the SCS Curve Number method. There is a difference of over 500%

between minimum and maximum computed times of concentration.

3.3 Case Study'"
A natural watershed with an area of 187 acres was selected near Hamilton,

Ohio. The basin has a flow path length of 5,000 feet with an average slope of 0.013.

The plan view of the waterShed is shown in Figure 5. The surface of the basin

comprised 25% row crops, 53% grassland or mature small grain, and 22% woods

and miscellaneous uses. The rainfall event of May 17, 1943 was selected and the

measured rainfall hyetograph and resulting runoff hydrograph are presented in

Figure 6. The average excess rainfall intensity was found equal to 4.95 in/hr and the

lag time was measured equal to 16 minutes (Figure 6). Therefore, the actual time of

concentration was found to be 27 minutes.

Eleven formulas were employed to compute the time of concentration of the

basin and the results are summarized in Table 1: The minimum times ofe concentration of 27 and 29 minutes were computed again by the Carter and Kirpich

formulas respectively. The maximum time of concentration of 94 minutes was

computed by the FAA equation. There is a difference of over 300% between

computed minimum and maximum times of concentration.

It is important to note that in the above three case studies tha Kirplch equation
and the Carter equation consistently produced the lowest values of the time of

concentration.

.e
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4.0 TIME OF CONCENTRATION OF NATURAL WATERSHEDS

4.1 Data Base
A comprehensive data base was compiled for 84 natural rural watersheds from

22 states. Table 2 lists the number of sites selected in each state. Information was
obtained from the US Department of Agriculture, Agricultural Research Service [1].

Watersheds were selected only if:
a) they had an area of less than 500 acres,

b) detailed basin topography and surface cover information was available, and

c) a rainfall event had been isolated with good rainfall-runoff measurements.

The length of the flow path L in feet, and the average slope of the flow path S
were measured for each watershed and are listed in Table 3. Values of the other. ". "

two independent parameters, the average surface roughness coefficient n of the
basin, and the excess rainfall intensity i in inches/hour, were estimated from the
available data according to the procedures outlined below and they are presented

in Table 3. Values of the time of concentration Tc were also found from thee available data according to the procedure outlined in Section 4.4 and are listed for
each watershed in Table 3.

I- e
I
I
I
I
I
I
I
,

4.2 Roughness Coefficient Estimation

Different depths of flow usually result in different values of roughness

coefficient for the samesurface roughness. Table 4 provides a comparison between
roughness coefficients proposed by V.T. Chow [3] for floodplains (wide channel),

roughness coefficients proposed by MITCAT [21] and those proposed by
Pennsylvania State University for surface flows [8]. Because of relative roughness

effects, the roughness coefficient associated with surface sheet flow is larger than

that associated with channel flow over the samesurface.

The flow path in a rural watershed is a combination of overland flow and

channel flow. The larger the watershed, the larger is the portion of channel flow;
therefore, for the same surface roughness, the average roughness coefficient
should decrease with increasing area. This relationship for a variety of surface
covers is depicted graphically in Figure 7. Values of the roughness coefficient
recommended by MITCAT [21] and Pennsylvania State University [8] fore predominantly overland flow in small watersheds were adapted in Figure 7. For

predominantly channel flow in large watersheds, values of the roughness

9
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The sketches in Figure 9 depict two types of hydrographs, those that reach
equilibrium and the non-equilibrium hydrographs that exhibit a peak discharge.e The time of concentration is estimated differently for each of those two cases:

1-4

I.
I
I
I
I
I
I
I
e

coefficient suggested by Chow [3] were utilized. Figure 7 was used to estimate

the roughness coefficients listed in Table 3 for the 84 rural watersheds.

4.3 Excess Rainfall Intensity Estimation
The area enveloped by a hydrograph curve and the horizontal time-axis

represents volume of runoff. This runoff is the result of the excess rainfall that
generated the hydrograph. The portion of the rainfall hyetograph that corresponds
to the excess rainfall can be determined by finding the volume of total runoff and
equating volumes" asshown in Figure 8. The remaining portion of the hyetograph

isconsidered to be rainwater lost to infiltration, retention and evaporation.
The time of excess rainfall, Tr, can be estimated from the rainfall excess portion

of the hyetograph. The average excess rainfall intensity is found by dividing the

volume of excess rainfall (or the total runoff volume in inches) by the time of excess

rainfall.' This'prccedure isapproximate, but issimple to useand sufficiently accurate

for the ensuing analysis.

Table 3 lists excess rainfall intensities computed according to the procedure

outlined above for selected precipitation events recorded by the USDA Agricultural
Research Service in 84 rural watersheds across the United States.

4.4 Time of Concentration Estimation
The time of concentration, Te. is defined as the time from the beginning of

excess rainfall needed for the watershed point most hydraulically remote from the

basin outlet, to contribute to the runoff at the outlet.

Other time parameters that are shown in Figure 9 are defined asfollows:

i) Time to Peak,Tp, is the time from the beginning of the excess rainfall to the
peak runoff.

ii) Lagtime, TI, is the time from the center of mass of the excess rainfall to the

peak runoff. The lag time isequal to TI = Tp - 0.5 Tr.

iii) Time of Equilibrium, Te, is the time from the beginning of excess rainfall

needed for the runoff rate (in in/hr) to reach the excess rainfall intensity.

This occursfor large times of excess rainfall, Tr, when Tr > Te.



a) Hydrographs reaching equilibrium state. These hydrographs exhibit a
maximum discharge platform. If the beginning of the platform is well

defined, then the time of concentration Tc = Te is the time from the start
of the excess rainfall to the beginning of the maximum discharge platform.
If the beginning of this platform is not well defined, the point

corresponding to 97% of the maximum observed discharge was assumed to

represent the beginning of the platform.
b) Hydrographs with peak discharge, not reaching equilibrium. In this case

the time of concentration is, considered to be equal to the lag time divided

by 0.6 asproposed by the Soil Conservation Service:

Tc =TI 10.6 =(Tp - 0.5Tr)/0.6 (13)

I
I
I
I

Thetimes of ccncentration, Tc. of 84 rural watersheds were computed for

selected excess rainfall intensities, using the procedure outlined above and values

obtained are listed in Table 3, together with the corresponding times to peak, and

lag times or times of equilibrium.

11
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5.0 TIME OF CONCENTRATION OFEXPERIMENTAL WATERSHEDS

5.1 Corps of Engineers Experimental Results

The Corps of Engineers conducted from 1948 to 1952 simulated rai.nfall tests at
the Santa Monica Municipal Airport. The tests were performed on airfield strips
having flow-path lengths of 84 to 500 feet and slopes of 0.5, 1 and 2 percent.

Simulated rainfall intensities of 0.25 to 10 inches per hour on concrete and

simulated turf were utilized. The roughness coefficient for concrete surfaces was

considered equal to n =0.04 and for the turf covered flow surfaces equal to n =
0.20. The results of 162 of these tests as compiled by the Los Angeles District of the
Corps of Engineers [2] were used in this study. The length of the flow path, the

slope, the applied, rainfall intensity, and the measured average time of equilibrium

(equal to the time of concentration) are listed in Table 5 for each of 89 cases
• i'. .-

involving concrete surface and in Table 6 for each of 73 cases irvolving simulated

turf surface.

5.2 Colorado State University Experimental Results

The experimental watershed constructed at the Engineering Research Center of

Colorado State University consists of a conic sector which has an interior angle of

104 degrees and a radius of 116 feet with a slope of 0.05. Two 88-foot by 70-foot

long intersecting plane surfaces joint the edges of the conic sector with a maximum

surface slope of 0.05 and a collecting channel slope of 0.03 [15]. The simulated

rainfall tests were conducted in 1970-1971 and utilized different surface cover

materials,such asgravel and butyl.

Ninety three of these tests are summarized in Table 7 including the

identification of the experimental run, watershed configuration, length of flow­

path, slope and rainfall intensity. The Manning's roughness coefficients and the

actual times of concentration were estimated according to the criteria established

in Section 4.0 and are listed in Table 7.

5.3 University of Illinois Experimental Results.
An experimental basin and a precipitator were used in an indoors laboratory in

the University of Illinois at Urbana-Champaign. The size of the basin is 40 feet by 40

feet, its lateral slope is 0.01 and its longitudinal slope can be set at 0.005, 0.01, or

0.03. The length of the flow path is 60 feet and the roughness coefficient of the

aluminum plate surface of the basin was estimated equal to n =0.08. The results of

12
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the tests performed in 1974 at the University of Illinois were reported using relative

nondimensional variables [17]. The necessary transformations were performed to

obtain the values of the rainfall intensity and the times of concentration for 36 tests

which are listed in Table 8.
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6.0 REGRESSION ANALYSIS

6.1 Four - ParCimeter Time of Concentration Equation
A four-parameter equation of the general format of equation (1) was chosen to

fit the 375 data points developed in Sections 4.0 and 5.0 for natural and

experimental watersheds. This is a volume of data far in excess of those used in the

development of any of the equations (2) to (12). In equation (1) the time of

concentration is the dependent variable and L, n, Sand i are the independent
variables. This equation exhibits a linear correlation of the logarithms of the
variables involved.

A regression analysis was performed for each group of available data. A power

model w~s used to regress the time of concentration on four predictor variables:
., ". "

length of flow path L, roughness coefficient n, slope of flow path S, and intensity of

excess rainfall i. Only two predictor variables were used for the Colorado State

University data because Land Swere constant throughout the measurements, and

similarly for the University of Illinois data where Land n were constant. ~ Table 9

summarizes the results of the regression analysis for each data group and for the

total data sample. The table includes estimates of the parameters k,-a, b, y and z.

The standard deviation of a sample of observations, o , lfcr log Tc , is also listed in

Table 9 together with the coefficient of variation which is the ratio of the standard

deviation to the mean, a Ilog Tc. The coefficient of determination is equal to the

square of the correlation coefficient Rand indicates the percentage of the variation

in the variable that is explained by the regression equation. The value of R2 is

always in the range from zero to 1.0with a value of zero indicating that the variable

is not related to any of the predictor variables. The coefficient of determination is

also included in Table 9.
Based on the total data sample available, the best-fit four-parameter time of

concentration equation was found to be:

Tc =0.66 LO.50 nO.52 S-0.31 i-0.38 (14)

1/1'''' fi HI/I- ,~/I,

Values of Tc computed by Equation 14 versus those measured are plotted in

Figure 10 using logarithmic scales. Tolerance limits containing 75, 90 and 95% of

the sample points are also enveloped in Figure 10.

14
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Statistical tolerance limits for a given population are limits within which a statede proportion of the population are expected to lie with respect to some measurable

characteristic. Whereas a confidence interval provides a measure of the accuracy of
a statistic (e.g. a mean or regression coefficient), tolerance limits provide bounds on
the extend of the population. That is, confidence intervals deal with population
statistics,and tolerance limits deal with proportions of a population.

The width of the two-sided tolerance limits is

l\logTc =.±. Do (15)

(16)

15

Tc = k [Ln (Si)-2J3]x

6.2 One Parameter Time of Concentration Equation

The exponents of Land n are almost identical in Equation 14. Furthermore the

exponents of i and S are also nearly equal. Therefore, Equation 14 was simplified by

combining the four independent parameters in one by adopting the form:

whereo is the standard deviation computed from a sample of m observations. The
factor 0 is such that the probability is V that a proportion P(%) of the m

observations will be included between the tolerance limits. The factor 0 is a

function of v, Pand m and can be obtained from statistical tables.

The probability V is called the level of confidence and is equal to (1- a ) where a

isthe level.of significance. There is a a% risk of error, for even if the null hypothesis

does hold, there is a a% probability that it will be rejected. The value of a is often

_ based on convention and the availability of statistical tables. A value of ci = 0.05 is

• being selected frequently. The tolerance interval encloses P percent of the

population with a given confidence y.

For a level of confidence equal to V=0.95 and a sample size of m =375, values

of 0 for three selected values of P are listed in Table 11 together. with the

corresponding tolerance limits of the dependent variable Tc. These limits can be

transformed to a tolerance interval of the constant k of Equation 1 as shown in

Table 11. It is of interest to note that as P increases from 75% to 95%, given the

same level of confidence and sample size, the width of the two-sided tolerance

limits also increases.
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A linear regression analysis was performed for each group of available data and

for the total data sample. Table 10 summarizes the results of the regression

including the parameters k and x, the standard deviation of the sample, the

coefficient of variation and the coefficient of determination.
Based on the total data sample available, the best-fit one-parameter time of

concentration equation was found to be:

Observed values ofTe versusthose computed by Equation 17 are plotted in Figure

11 using logarithmic scales. Tolerance limits containing 75, 90 and 95% of the

sample are enveloped in Figure 11.
For a level of confidence equal to V= 0.95 and a sample size of m = 375, values of

D for three 'selected values of P are listed in Table 11 together with the

corresponding tolerance limits of the dependent variable Te. These limits can be

transformed to a tolerance interval of the constant k of Equation 16 as shown in
Table 11. ~.

[i ~
' ...

(17)Te =0.52 [Ln (Si)-213]O.S2
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The uncertainty in the calculated times of concentration Tc can be estimated on

the basis of the uncertainties in the measurements of L, n, Sand i. Let UT be the
uncertainty in the result and UL, Un, us, and Uj be the uncertainties in the

independent variables. If the uncertainties in the independent variables are all
given with the same odds, then the uncertainty in the time of concentration having

these odds,Is:

Then, Equation 18 yields uTffc =.±. 15%. The uncertainty propagation in the

time of concentration predicted by Equation 18 depends on the squares of the

uncertainties of the independent variables. This means that if the uncertainty in
one variable issignificantly larger than the uncertainties in the other variables, then

it is the largest uncertainty that predominates and the others may probably be

neglected. To illustrate, suppose that un/n = i 25% and the other three

uncertainties are zero. Equation 18would then yield uTffc =.±. 13%, fairly close to

.±. 15%, the value computed taking into account all four uncertainties.

'I
I
I
I

!
.1
I
i

I

, or

(18)

ujli = + 20%

us'S = .±.7%uL/L = + 5%,

unln =.±. 25%,

~: ..~ (O~5 ~L)
2

+ (0.52 ~n )
2

+ (0.31 ~s )2 + (0.38 ~j ).2

7.0 UNCERTAINTY ANALYSIS

I
I e
I
I
I
I
I
I
I The degree of accuracy with which the independent variables can be measured

• depends on the observer. However, the following uncertainties can be reasonably

I e expected even from experienced observers: ~

I
I
I
I
I
I
I
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I
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8.0 DIMENSIONS AND UNITS

The roughness coefficient, n, was considered to be dimensionless in Equation 1.

Then the constant k hasthe following dimensions:

[k] = [T] tu- [i]z

English customary units for Equation 1 are the minute as unit of time, the foot as

unit of length, and the inch per hour as unit of rainfall intensity. Table 12

summarizes the conversion factors by which k should be multiplied to convert the

English customary units to the International System (51) and to the Metric customary

units where meter. is the unit of length and the centimeter per hour is the unit of
rainfall intensity.

~.
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fIi.a CONCLUSIONS AND RECOMMENDATIONS

A comparison was performed between the four-parameter time of concentration

equation 14 and the equations presented in Section 2.0. The comparison was based

on the exponents of the independent variables L, Sand i which are listed in Table

13. These exponents were chosen for comparison rather than the numerical values
of the time of concentration to avoid the selection of retardance coefficients, the

definition of which varies from equation to equation.

From Table 12the following conclusions can be made:

a) The exponents of L in the equations of Carter, Kinematic Wave, Morgali,

FAA and Kerby agree within ..±.20% with the exponent a of Equation 14.

b) The exponents' of S in the equations of Izzard, FAA, Kerby, Carter, Kinematic

Wav'e', Morgali andSinqh agree within ..±.25% with the exponent y of

Equation 14.

c) The exponents of i in the equations of Kinematic Wave, Morgali and Singh

agree within .±.15% with the exponent z of Equation 14.

e The three case studies of Section 3.0 were also used to compare the time of

concentration computed from Equation 14 with the values obtained from the other

eleven equations and those measured (see Table 1). The spread in these values is

depicted in Figure 12. Results from Equation 14 closely agree with the measured

times of concentration. The 75% tolerance limits are also marked on Figure 12 to

show that almost the only other equation that showed good agreement with the

measurements is the Kinematic Wave equation. The derived four-parameter

Equation 14 has more general applicability compared to the Kinematic Wave

equation which is more appropriate for computing the time of concentration of

very small rural watersheds where surface flow is predominant.

19
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TABLE 1

TIMES OF CONCENTRATION FOR THREE CASE STUDIES

Hastings, Nebraska Americus, Georgia Hamilton', Ohio
3.62 acres-Case Study I 59.2acres-Case Study II 187 acres-Case Study III
Retardance Retardance Retardance

Formula Coefficient Tc(min) Coefficient Tc(min) ," Coefficient Tc(min)

a) Kirpich 2.5 36 29

b) Izzard Cj = 0.03 16.3 Cj = 0.03 120 ,Cj = 0.03 33

c) Kerby nk = 0.35 16.5 nk = 0.30 79 nk = 0.2 57

d) Carter Cc = 0.045 3.8 Cc = 0.045 32 Cc = 0.045 27

e) Eagleson Ce = 0.107 14.7 c, = 0.052 56 Ce = 0.052 59

..... f) Kinematic
~

Wave n = 0.05 11.1 n = 0.04 97 n = 0.035 40

g) Morgali n = 0.05 13.7 n = 0.04 149 n =0.035 57

h) FAA C = 0.30 16.2 C = 0.3 119 C = 0.30 94

i) SCS Curve
Number CN = 70 8.6 CN = 85 175 CN = 90 71

j) SCS Velocity Cv = 0.30 8.8 Cv = 0.14 133 Cv = 0.12 87

K) Singh/Chezy c, = 20 9.6 Cs = 25 117 C = 29 45

I) Measured 10.8 67 27



TABLE 2

84 NATURAL RURAL WATERSHEDS IN 22 STATES
USDA AGRICULTURAL RESEARCH SERVICE [1]

I
I
I e•I
I

State

Arkansas

California

Colorado

Georgia

Idaho

Illinois

Indiana

Iowa

Maryland

Mississippi

Missouri

Nebraska

New Jersey

New Mexico

Ohio

Oklahoma

Oregon

Texas

Virginia

Washington

West Virginia

Wisconsin

25

Number of
Watersheds

2

2

2

1

3
2

3

5

5

2

2

9

2

3

7

9

3

9

5

1

3

4



---------

TABLE 3

PHYSICAL AND HYDROLOGICAL CHARACTERISTICS OFTHESELECTEDNATURAL WATERSHEDS
USDA· AGRICULTURAL RESEARCH SERVICE [1]

Time Time
Physical Characterisitics of Watershed Excess Rainfall of Time of

E~Ui- to Lag Concen
Area L.:!ngth Roughness Slope Date Vol. Duration Intensity U riumPeak Time tration

Watershed A L (estimated) 5 Month! V r, i Te Tp' Te Tc
No. Site,State(#) Aaes Feet n Feetlfoot DaylYear Inches min. inchlhr. min. min. min. min.

1 Bentonville, AR(W5) 19.4 1290 0.16 0.017 5125/39 0.424 24 1.06 22.0 22.0

2. Bentonville,AR(W5) 19.4 1290 0.16 0.017 8/31140 0.227 5 2.72 22.0 19.5 32.5

3. Watsonville, CA(W3) 27.4 1660 0.16 0.108 2116/41 0.035 8 0.26 29.0 25.0 41.7

4. Watsonville,CA(W3) 27.4 1660 0.16 0.108 411141 0.121 25 0.29 41.0 28.5 47.5

5. Col. Springs, CO(W4) 35.6 2460 0.10 0.039 8/13/45 0.383 6 3.82 15.0 12.0 20.0

6. Col.Springs, CO(W4) 35.6 2460 0.10 0.039 7/15/46 0.194 10 1.16 18.0 13.0 21.7

7. Americus,GA(W4) 59.2 3380 0.14 0.0035 8/19/42 0.168 10. 1.01 45.0 40.0 66.7

8. EMMm,ID(W2) 69.4 2680 0.10 0.160 6/18/41 0.022 4 0.33 16.0 14.0 23.3

9. Emmett,ID(W2) 69.4 2680 0.10 0.160 6/19/41 0.020 5 0:24 18.5 16.0 26.7

10. Moscow,ID(Wl ) 146.8 4040 0.10 0.047 419/41 0.006 5 0.067 70.0 67.5 112.5

11. Monticello,IL(Wl A) 82.0 2540 0.10 0.008 10121149 0.212 6 2.12 40.0 37.0 61.7

12. Monticello,IL(W1A) 61.2 2650 0.13 0.0053 10121/49·. 0.255 5 3.06 30.0 27.5 45.8

13. lafayette,IN(W5) 2.87 470 0.15 0.017 7/5/43 0.320 9 2.13 10.0 5.5 9.2
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No. A L n 5 Date V .'Tr Te Tp Te Tc

14 Lafayette, IN(W5) 2.9 470 0.15 0.011 6/19/46 0.360 12 1:80 15.0 9.0 15.0

15 Lafayette, IN(W6) 2.8 580 0.14 0.017 6124150 0.920 9 6.13 10.0 5.5 9.2.
16 Treynor,IA(Wl) 74.5 3100 0.06 0.029 6122/64 0.571 '16 2.14 19.0 11.0 18.3

17 Treynor, IA(W2) 82.4 3000 0.05 0.025 9122/64 0.295 9 1.97 12.0 7.5 12.5

18 Treynor, IA(W3) 107.0 2930 0.08 0.038 5126/64 0.108 13 0.50 23.0 16.5 27.5

19 Treynor, IA(W4) 150.0 4000 0.08 0.025 6/22/64 0.223 13 1.06 19.5 13.0 21.7

20 Treynor,IA(W5) 389.0 7800 0.07 0.022 6122/64 0.147 12 0.79 30.0 24.0 40.0

21 Coli. Park,MD(Wl) 8.2 1320 0.18 0.025 8/3/48 1.017 18 4.40 15.0 15.0

22 Coli. Park, MD(W6) 3.5 720 0.24 0.040 8/27/43 0.241 6 2.41 12.0 9.0 15.0

23 Coli. Park, MD(W7) 4.1 810 0.23 0.040 8127/43 0.549 4 1.44 13.0 11.0 18.3

24 Coli. Park,MD(W9) 12.1 1290 0.26 0.053 11125150 0.298 34 0.53 62.0 45.0 75.0

25 Hagerstown, MD(W2) 80.8 3120 0.10 0.045 7120/42 0.180 15 0.72 25.0 17.5 29.2

26 Oxford, MS(WC1) 3.9 480 0.25 0.062 6/11/59 1.360 22 3.65 21.0 10.0 16.7

27 Oxford, MS(WP4) 3.0 470 0.25- 0.068 6/11/59 1.510 22 . 4.12 18.5 7.5 12.5

28 Bethany, MO(WD3) 4.5 680 0.16 0.062 5/1135 0.790 23 2.06 13.0 13.0

29 Bethany, MO(WD3) 4.5 680 0.16 0.062 6/17135 0.560 20 1.68 12.0' 12.0

30 Hastings, NE(W3) 481.0 12250 0.05 0.0057 6n/53 0.879 44 1.20 56.0 34.0 56.7

• 'V • .. •• __.<•••.• - .••.. _., __ •• -.0- ._-.----
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No. A L n 5 Date v Tr Te Tp Te Tc

31 Hastings,NE(W5) 411.0 7500 0.09

32 Hastings,NE(W1H) 3.6 480 0.15

33 Hastings,NE(W2H) 3.4 610 0.17

34 Hastings,NE(W5H) 3.9 670 0.13

35 Hastings,NECW7H) 4.3 670 0.13

36 Hastings,NE(W18H) 3.5 510 0.17

37 Hastings,NE(W22H) 3.8 500 0.14

38 Hastings,NE(W23H) 4.2 610 0.14

39 Freehold,NJ(Wl) 15.7 1890 0.09

40 Freehold,NJ(W2). 32.9 1740 0.09

41 . Santa Fe,NM(W1) 141.0 2910 0.05

42 Santa Fe,NM(Wl) 141.0 2910 0.05

43 Santa Fe,NM(W3) 183.0 5170 0.05

44 Hamilton,OH(Wl) 187.0 5000 0.09

45 Cochocton,OH(W183) 74.2 3140 0.11

46 Cochocton,OH(W196) 303.0 4570 0.10

47 Cochocton,OH (W166) 79.2 2910 0.11

48 Cochocton,OH(W185) 7.4 560 0.19

0.011

0.075

0.047

0.0~1

0.034

0.055

0.026

0.036

0.018

0.026

0.019

0.019

0.033

0.013

0.071

0.055

0.069

0.110

713/59

6/16157

6112158

5/4159

5/4159

5/18159

8/23/62

8/23/62

6112/38

8/6138

8/25/47

8/4148

8119/56

5/17/43

8116/47

8/16/47

7n/69

6/12157

1.358 44

0.340 12

0.180 7

0.130 10

0.140 6

0.190 10

1.100 19

1.120 19

0.242 5

0.436 20

0.381 ~

0.171 16

0.191 11

0.495 6

0.195 12

0.249 9

0.362 17

0.700 16

1.85

1.70

1.54

0.78

1.40

1.14

3.47

3.54

2.90

1.31

2.54

0.64

'1.04

4.95

0.98

1.66

1.28

2.63

65.0 43.0 71.7

12.5 6.5 10.8

15.0 11.5 19.2

9.0 9.0

8.0 5.0 8.3

18.0 13.0 21.7

18.5 9.0 15.0

20.0 10.5 17.5

14.0 11.5 19.2

17.0 17.0

17.0 12.5 20.8

27.0 19.0 31.7

16.0 10.5 17.5

19.0 16.0 26.7

21.0 15.0 25.0

27.0 22.5 37.5

34.0 25.5 42.5

17.0 9.0 15.0
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No. A L n S Date V Tr Te Tp Te Tc

49 Cochocton,OH(W192) 7.6 710 0.18 0.140 6112/59 0.700 16. 2.63 18.0 10.0 16.7

50 Cochocton,OH(W172) 43.6 2430 0.17 0.082 6112/59 1.372 27 3.05 36.0 22.5 37.5

51 Guthrie,OK(W6) 94.8 3300 0.11 0.024 6/26/45 0.315 . 10 1.89 25.0- 20.0 33.3

52 Stillwater,OK(W3) 92.0 3330 0.13 0.021 6/27/57 0.757 10 4.54 33.0 28.0 46.7

53 Cherokee,OK(W9) 8.5 840 0.16 0.012 619/42 0.490 10 2.94 17.0 12.0 20.0

54 Cherokee,OK(Wl0) 1.7 350 0.20 0.021 6/2/61 1.020 25 2.45 20.0 7.5 12.5
oJ,

55 Cherokee,OK(Wl1) 2.1 420 0.'9 0.013 6/2/61 0.950 25 2.28 29.0 16.5 27.5

56 Cherokee, OK(W12) 1.7 400 0.21 0.015 6/2/61 1.290 30 2.58 24.0 24.0

57 Cherokee,OK(W14) 2.2 350 0.20 0.0.1 6/2/61 1.080 35 1.85 25.0 25.0

58 Cherokee, OK(W15) 2.2 430 0.20 0.010 6/2/61 1.120 35 1.92 30.0 30.0

59 Chickasha,OK(WC8) 27.3 2440 0.18 0.018 9/19/65 0.274 32 0.51 60.0 44.0 73.3

60 Newberg,OR(Wl) 13.2 1170 0.16 0.142 10/1/41 0.138 10 0.83 14.5 9.5 15.8

61 Newberg, OR(W3) 12.8 800 0.16 0.087 3131/40 0.076 9 0.51 20.0 15.5 25.8

62 Newberg, OR(W4) 6.2 820 0.19 0.079 1126/40 0.011 10 . 0.066 37.5 32.5 54.2

63 Vega, TX(W2) 95.9 4440 0.08 0.018 5130138 0.700 13 3.23 21.5 15.0 25.0

64 Riesel(Waco), TX(Wl) 176.0 5500 0.10 0.0091 6110/41 2.024 34· 3.57 44.0 27.0 45.0

65 Riesel(Waco), TX(SW12) 3.0 420 0.20 0.029 614157 0.270 13 1.25 23.0 16.5 27.5

~-. -- _.. -- -_._. ..-
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No. A L n 5 Date V Tr T. Tp Te Te

66 Riesel(Waco),TX(y13) 11.3 1380 0.19 0.012 5/23/69 0.341 30 0.68 59.0 44.0 73.3

67 Riesel(Waco),TX(SW20) 3.2 500 0.20 0.040 10/23nO 0.080 10 0.45 16.0 11.0 18.3

68 Sonora, TX(W1) 10.2 890 0.20 0.037 4130/66 1.299 30 2.60 20.0 20.0

69 Sonora, TX(W3) 6.7 820 0.20 0.022 4130/66 1.259 26 2.91 25.0 25.0

70 Sonora, TX(w4) 4.5 570 0.20 0.019 4130/66 0.247 15 0.99 27.0 19.5 32.5

71 Sonora, TX(W6) 6.9 710 0.20 0.021 4130/66 0.911 20 2.73 16.0 16.0

72 Chatham, VA(W3) 17.1 1380 0.16 0.021 8131/40 0.898 19 2.84 23.0 13.5 22.5

73 Staunton, VA(Wl) 390.0 8250 0.08 0.025 4113/49 0.474 20 1.42 46.0 36.0 60.0

74 Blacksburg, VA(PCW1) 182.0 4830 0.12 0.021 7/22/64 0.230 24 0.58 52.0 40.0 66.7

75 Blacksburg,VA(PMBW1)192.0 4640 0.15 0.097 6/17/68 0.069 35 0.12 80.0 62.5 104.2

76 Blacksburg, VA(W3) 19.3 1490 0.~6 0.047 8/15139 0.368 16 1.38 22.0 14.0 23.3

77 Pullman, WA(GS2) 68.2 2720 0.11 0.064 313/41 0.015 15 0.06 35.0 27.5 45.8

78 Moorefield, WV(Wl 8.2 1210 0.17 0.10ll 813/58 0.300 24 0.75 27.0 15.0 25.0 .

79 Moorefield, WV(W2) 10.1 1010 0.17 0.110 813/58 . 0.522 30 . 1.04 25.0 25.0

80 Moorefield, WV(W5) 9.5 1180 0.17 0.070 813/58 0.540 13 2.26 19.0 12.5 20.8

81 Colby, WI (Wl) 345.0 7100 0.07 0.010 5/13/56 0.439 11 2.36 29.0 23.5 39.2

82 Fennimore, WI (Wl) 330.0 5300 0.09 0.024 6/28/45 0.483 8 3.63 24.0 20.0 33.3

83 Fennimore, WI (W2) 22.8 1210 0.15 0.063 6/28/45 0.615 6 6.15 8.5 5.5 9.2

84 Fennimore, WI (W4) 171.0 3330 0.10 0.026 6/28/45 0.468 8 3.51 15.0 11.0 18.3

.~--_...•._--- ~-- -.--- -~.. _..-~,~~ ... _- - -~'._-'-- ._.,,:""'.,:--~- . -~ :---"=-~-~-~-:'''':.~--'~. -"- .' ..



TABLE 4
COMPARISON BETWEEN (n) VALUES PROPOSED BY

V.T. CHOW, MITCAT, AND PENN. STATE U.

Type of Surface V.T. Chow MITCAT Penn. State

Smooth impervious,concrete, asphalt 0.01-0.02 0.05-0.15 0.035

Smooth bare packed soil (no crop) 0.02-0.04 0.05

Poor grass, moderately bare surface 0.025-0.035 0.10

lawns 0.20-0.30

Gravel, cobbles 0.03-0.05

Pasture or average grass cover 0.03-0.05 0.30-0.40 0.20

Mature field crops 0.03-0.05

light brush and trees 0.04-0.08

Dense brush 0.07-0.16

Dense grass or forest j;

ense willows) 0.11-0.20 0.40-0.50 0.40 ~ i
tl

i:
iJ
lj',

i-:

"
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TABLE 5

SIMULATED RAINFALL TESTS - CORPS OF ENGINEERS [2]
CONCRETE SURFACE WITH n =0.04

Slope of the Trough

S =0.005 S =0.010 S =0.020
Length

Rain Rate Rain Rate Average Rain RateL Average Average
(ft)- i (in/hr) Te (min) i (in/hr) Te (min) . i (in/hr) Te (min)

84 0.44 8.26 0.62 5.30
84 0.86 8.92 1.04 5.41 1.03 3.60
84 1.75 5.82 2.02 3.60 2.12 3.11
84 3.82 4.64 3.81 2.83 4.11 2.16
84 6.55 3.25 7.35 2.15 7.34. 1.75

168 0.90" 11.09 0.58 9.49 0.57 7.04
168 1.68 8.22 1.00 6.55 1.07 4.98

I
168 3.85 5.65 1.93 5.15 2.04 3.96
168 6.95 4.21 4.19 3.79 4.11 3.28
168 8.26 3.77 7.52 3.01 7.46 2.39

I e 252 0.91 12.50 0.45 12.54 0.62 8.12
I,
I

252 1.79 8.94 1.02 7.95 1.04 6.42 I,

I
252 3.84 6.50 1.74 6.33 2.01 4.88
252 6.79 5.02 4.14 4.44 4.08 3.66
252 8.40 4.07 7.47 3.54 7.31 2.86

I 336 0.89 13.53 0.52 12.66 0.63 9.15 F
I

336 1.76 10.38 0.90 9.80 1.01 7.55 i,

336 3.75 6.95 2.02 6.88 2.03 5.68

I 336 6.50 5.65 4.17 5.22 4.06 4.34
336 8.31 4.97 7.61 4.14 7.43 3.34

I
420 0.89 14.94 0.63 12.08 0.56 11.12
420 1.77 11.05 1.04 10.60 1.01 8.39
420 3.85 8.02 2.03 7.67 2.02 6.42
420 6.57 6.22 4.19 5.80 3.99 4.82

I 420 8.24 5.49 7.63 4.54 7.43 3.72

500 0.85 16.33 0.61 13.98 0.58 11.83

I 500 1.79 11.89 0.92 11.73 0.98 9.16
500 3.71 8.72 2.00 8.64 2.05 7.04
500 6.61 6.59 4.02 6.31 3.99 5.21

I
500 7.94 5.86 7.49 4.95 7.44 4.22
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TABLE 6

SIMULATED RAINFALL TESTS - CORPS OF ENGINEERS [2]
SIMULATED TURF WITH n = 0.20

Slope of the Trough

S = 0.005 S = 0.010 S = 0.020
Length

Rain Rate Rain Rate Rain RateL Average Average Average
(It) i (in/hr) Te (min) i (in/hr) Te (min) i (in/hr) r, (min)

84 0.61 24.00 0.61 16.66 0.63 12.09
84 1.04 16.84 0.99 13.24 1.03 10.07
84 2.00 11.20 1.98 9.03 2.02 7.91
84 3.94 7.78 3.82 5.89 4.06 5.36
84 7.45 5.28 8.13 4.05 7.40 4.00

168 1.02 21.25 1.01 16.94 1:02 15.27
168' 2.03 14.31 1.88 11.50 1.97 10.76
168 3.89 ~.84 4.08 7.82 4.04 7.04

252 1.04 24.50 0.99 19.92 1.05 17.52
252' 2.00 16.61 1.95 13.57 1.92 12.40
252 3.98 11.57 3.98 9.95 4.08 8.45

336 0.60 36.67 0.57 30.54 0.60 26.87
336 1.05 27.14 0.99 21.74 1.03 19.66
336 2.01 18.59 2.00 15.37 1.97 13.99
336 3.95 12.92 4.05 10.93 3.92 9.59

i 336 7.53 9 ~5 7.50 7.56 7.61 6.56

III 420 0.62 38.37
I 420 1.03 29.18 0.96 23.88 1.04 21.40
I 420 2.02 20.14 2.04 17.62 1.92 15.20• 420 3.99 14.16 3.83 12.29 3.93 10.37
,

•
500 0.61 41.51 0.60 33.06 0.65 29.19
500 1.00 31.82 1.00 25.91 1.01 23.82
500 2.00 22.02 2.03 18.93 1.94 16.85
500 3.93 15.29 3.92 '13.17 3.96 10.80

• 500 7.45 10.94 7.50 8.78 7.46 7.78
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I Table 7 (Cont.).- Rainfall Rainfall Time of Time to Lag Time of
Intensity Duration Equilibrium Peak Time Concentr.

i Tr. Te. Tp' TI Tc

I
No. Run Date inch/hr min min min min min

Configuration No. 20 (1970): l =110ft., 5 =0.05, n =0.20

I 35 1628 9/1 0.390 11.05 8.05 8.05
36 163 9/1 0.837 9.15 6.48 6.48
37 164 9/1 1.799 9.52 5.68 5.68

I 38 165 9/1 2.619 8.90 5.23 5.23
39 166 9/1 3.769 8.32 4.98 4.98
40 169 9/2 0.837 4.30 6.40 4.25 7.08
41 170 9/2 1.799 1.13 5.58 5.02 8.36
42 171 9/2 1.799 4.24 6.03 3.91 6.52
43 173A 9/2 3.769 3.50 4.17 2.42 4.03
44 175A 9/2 2.619 4.18 4.87 2.78 4.63

Configuration Nc). 21 (1970):l =110ft., 5 =0.05, n =0.25

45 177A 9/4 0.391 13.25 10.97 10.97
46 178A 9/4 0.842 10.38 10.27 10.27
47 179A 9/4 1.760 10.75 ___ 6.97 6.97
48 180A 9/4 2.617 8.63 - 6.00 ~ 6.00
49 181A 9/4 3.552 8.70 5.03 5.03

Configurations No. 22,23,24 (1970): L =110 ft., S =0.05, n =0.035

50 1828 9/16 1.791 2.08 7.67 6.63 11.05
51 183 9/16 1.791 3.42 7.75 6.04 11.07
52 184 9/16 1.791 5.58 6.67 3.88 6.47
53 186 9/17 3.709 1.42 6.00 5.29 8.82
54 187 9/17 3.709 1.79 5.83 4.94 8.23
55 188 9/17 3.709 2.62 4.82 3.51 5.85
56 190 9/22 0.895 9.85 8.83 8.83
57 191 9/22 0.890 1.10 7.50 6.95 11.58
58 192 9/22 0.890 3.79 6.20 4.31 7.18
59 193 9/22 0.890 5.74 6.67 3.80 6.33
60 194 9/22 4.025 12.65 5.72 5.72
61 196 9/22 4.025 2.07 3.33 2.30 3.83
62 197 9/22 4.025 3.50 4.00 2.25 3.75
63 198 9/24 0.877 10.73 8.47 8.47
64 199 9/24 0.877 1.35 5.77 5.10 8.49
65 200 9/24 0.877 3.72 4.88 3.02 5.03
66 203 9/25 3.368 9.30 5.80 5.80
67 204 9/25 3.734 6.80 5.47 5.47
68 207 9/25 3.734 2.25 3.12 2.00 3.33
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I Table 7 (Cont.).- Rainfall Rainfall Time of Time to Lag Time of
Int~nsity Duration Equilibrium Peak Time Concentr.

I Tr Te Tp' TI Tc
No. Run Date inch/hr min min min min min• Configuration No. 17 (1970): L = 100 ft., S = 0.05, n = 0.035

69 113B 8/14 0.871 11.63 4.23 4.23
70 114 8/14 1.821 9.83 2.77 2.77
71 115 8/14 3.610 9.85 2.25 2.25
72 118 8/18 0.871 1.70 2.50 1.65 2.75
73 120 8/18 1.821 1.47 1.87 1.14 1.89
74 121 8/18 1.821 1.99 2.33 1.34 2.23
75 123 8/18 3.756 2.30 1.75 1.75
76 125 8/19 0.740 9.55 4.80 4.80
77 126 8/19 0.816 6.88 4.05 4.05
78 127 8/19 1.850 4.93 2.77 2.77
79 128 8/19 3.756 3.97 1.90 1.90
80 129 ,. ·8/20 0.437 8.95 6.80 6.80

Configuration No. 27 (1971): L = 186 ft. S = 0.0425. n = 0.035

81 306- 7/28 0.997 5.93 4.45 4.45
82 307 7/28 0.413 7. io 5.77 5.77
83 308 7/28 2.097 4.95 3.05 3.05
84 309 7/28 4.086 3.03 2.22 2.22
85 312 7/28 4.234 1.06 1.75 1.22 2.03
86 313 7/28 4.234 1.48 1.92 1.18 1.97
87 314 7/28 4.270 4.02 2.04 2.04
88 316 7/28 2.097 1.94 2.50 1.53 2.55
89 317 7/28 2.097 2.90 3.13 1.68 2.80
90 319 7/29 0.977 1.89 3.27 2.33 3.88
91 320 7/29 0.977 3.10 3.83 2.28 3.80
92 322 7/30 0.413 1.67 4.37 3.54 5.89
93 323 7/30 0.413 2.38 4.55 3.36 5.60
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TABLE 8
TIMES OF CONCENTRATION FORTHE UNIVERSITY OF ILLINOIS

EXPERIMENTALWATERSHED TESTS

Fig.
in Ref.
[17] No.

Average Rainfall Time of Time to Lag
Slope Intensity Duration EquilibriumPeak Time

S i r, Te Tp. TI
Wft inch/hr min min min min

Time of
Concen.
Tc
min

Al.a
Al.a
A1.a
Al.b
A1.b
A1.b
Al.e
Al.e
Al.e
Al.d
Al.d
A1.d
A2.a
A2.a
A2.a
A2.b
A2.b
A2.beA2.e
A2.e
A2.e
A2.d
A2.d
A2.d
A3.a
A3.a
A3.a
A3.b
A3.b
A3.b
A3.e
A3.e
A3.e
A3.d
A3.d
A3.d

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
lG­
17
18
19
20
21
22
'-3
24
25
26
27
28
29
30
31
32
33
34
35
36

0.067
0.067
0.067
0.067
0.067
0.067
0.067
0.067
0.067
0.067
0.067
0.067
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.023
0.023
0.023
0.023
0.023
0.023
0.023
0.023
0.023
0.023
0.023
0.023

2.72 1.22
2.72 2.44
2.72 9.84
4.29 1.23
4.29 2.45
4.29 9.84
4.83 1.22
4.83 2.54
4.83 9.75
6.86 1.23
6.86 2.44
6.86 4.93
2.73 1.22
2.73 2.45
2.73 9.95
4.34 _ 1.23
4.34 2.46
4.34 9.93
4.82 1.23
4.82 2.46
4.82 9.80
6.88 1.21
6.88 2.49
6.88 4.92
2.75 1.23
2.75 2.43
2.75 9.87
4.32 1.23
4.32 2.46
4.32 9.84
4.82 1.22
4.82 2.44
4.82 4.92
6.84 1.21
6.84 2.47
6.84 4.95
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5.03

4.64

4.91

3.85

4.14

3.71

3.42

3.14

3.49

3.03

3.13

3.01

3.27
3.78

3.05
3.68

3.09
3.84

2.80
3.10

2.77
3.26

2.61
30.32

2.50
3.20

2.24
2.89

2.37
2.98

2.06
2.78

2.14
2.85

2.05
2.76

2.66 4.43
2.56 4.27

5.03
2.44 4.06-
2.46 4.09

4.64
2.48 4.13
2.57 4.28

4.91
2.19 3.64
1.88 3.13

3.85
2.16 3.60
2.04 3.39

4.14
2.00 3.33
2.09 3.48

3.71
1.89 3.14
1.97 3.28

3.42
1.64' 2.73
1.65 2.74

3.14
1.76 .2.93
1.77 2.94

3.49
1.45 2.41
1.55 2.58

3.03
1.53 2.55
1.68 2.72

3.13
1.45 2.41
1.53 2.54

3.01
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TABLE9
FOUR-PARAMETER r, EQUATION*
REGRESSION ANALYSIS RESULTS

Standard Coeff. of
Data Source & No.of Deviation Variation R2
Watershed Type Data k a b y . ~ a a/logTc(%) (%)

USDA-ARS 84 1.04 0.60 0.96 0.24 0.29 0.126 9.0 76.8
Natural

US Corps 162 0.95 0.41 0.49 0.33 0.47 0.035 3.7 98.6
Experimental

w CSU 93 0.43 0.30 0.089 12.4 75.2co Eperimental

Univ. of Illinois 36 O.~O 0.24 0.044 8.4 76.4
Experimental

All Experimental 291 0.75 0.42 0.48 0.26 0.42 0.062 7.7 95.5
Corps + CSU + UI

All data 375 0.66 0.50 0.52 0.31 0.38 0.092 9.8 94.1
Natural plus
Experimental

* Equation Te =k La nb S-y i-z ...



TABLE 10

ONE-PARAMETERTc EQUATION*
REGRESSION ANALYSIS RESULTS

Standard Coef. of
Data Source & No. of Deviation Variation R2
Watershed Type Data k x CJ CJ/logfC<%) (%)

USDA-ARS 84 0.98 0.44 0.140 10.0 70.5
Natural

UCCorps 162 0.49 0.52 0.070 6.8 95.1
Experimental

CSU 93 0.62 0.47 0.090 12.6 79.3
ExperimentaI

Univ. of Illinois 36 0.75 0.43 0.040 8.4 75.6
Experimental,

All Experimental 291 0.55 0.50 0.070 8.8 94.1
Corps + CSU + UI

All data 375 0.52 0.52 0.095 10.0 93.7
Natural pluse Experimental

* Equation Tc =k [L n (Si)-213]x

I
I

I
I
Ie
I

I
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Table 11
TOLERANCE LIMITS

Tolerance Best Tolerance
P{%) 0 11logTc Interval of Tc Fitk Interval of k

Four Parameter 75 1.23 .±.0.113 0.77 < Tc(Tc< 1.30 0.51 <k<0.86

Equation 14 90 1.75 .±.0.161 0.69< TclTc< 1.45 0.66 O.45<k<0.96

95 2.09 .±.0.192 0.64< TclTc< 1.56 0.42<k< 1.03

0.68< TclTc< 1.47 0.52 0.35<k<O.76

'";) One Parameter

Equation 17

75

90

95

1.23

1.75

2.09

.±.0.117

.±.0.166

-4- 0.199

0.76< TclTc< 1.31

0.63< TclTc< 1.58

0.40<k<0.68

0.33<k<O.82
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TABLE 12
UNITS OF THE TIME OF CONCENTRATION EQUATION

Units

English
Customary

International
System (51)

Metric
Customary

T

min

sec

min

L

ft

m

m

in/hr

mlsec

cmlhr

kof
Four-Parameter
Equation 14

k

1.18k

2.60k

kof
One-Parameter
Equation 17

k

1.86k

2.55k



•

TABLE 13

COMPARISON OF EXPONENTS BETWEEN
VARIOUS TIME OFCONCENTRATION EQUATIONS

Exponent Exponent Exponent
Equation ofl ofS ofl

a) Kirpich 0.77 -0.385 0

b) Izzard 0.33 -0.333 -0.667

c) Kerby 0.467 -0.233 0

d) Carter 0.60 -0.30 0

e) Eagleson 0.76 -0.19 0

.f) -Klnematlc Wave 0.60 -0.30 -0.40

g) Morgali 0.593 -0.38 -0.388

. h) FAA 0.50 -0.333 0

i) SCS Curve 0.80 -0.50 0

j) SCS Velocity 1.0 -0.50 0
Method

k) Singh/Chezy 0.667 -0.333 -0.333

I) 4-parameter 0.50 -0.31 -0.38
Equation 14

m) 1-parameter 0.52 -0.35 -0.35
Equation 17
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Figure 1. WATERSHED 1-H IN HASTINGS, NEBRASKA. PLAN VIEW.
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Figure 2. WATERSHED 1-H IN HASTINGS, NEBRASKA.
RAINFALL EVENT OF JUNE 16, 1957.
AVER. EXCESS RAINFALL INTENSITY i =1.7 inlhr
TIME OF CONCENTRATION Te =6.5/0.6 =10.8 min.
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Figure 3. WATERSHED W-IV IN AMERICUS, GEORGIA. PLAN VIEW.
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Figure 4. WATERSHED W-IV IN AMERICUS, GEORGIA
RAINFALL EVENT OFAUGUST 19, 1942
AVER. EXCESS RAINFALL INTENSITY i = 1.01 inlhr
TIME OFCONCENTRATION Tc ::I 4010.6 = 67 min.
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Figure 6. WATERSHEDW-IIN HAMILTON,OHIO
RAINFALL EVENT OFMAY 17,1943
AVER. EXCESS RAINFALL INTENSITY i =4.95 in/hr
TIMEOFCONCENTRATION r, =.16/0.6 = 27 min.
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(a) HYDRO GRAPHS REACHING EQUILIBRIUM
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Figure 9. ESTIMATION OF,TIME OFCONCENTRATION, Te, FROM A MEASURED
HYETOGRAPH AND HYDROGRAPH.
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APPENDIX ] -K

Work sheet [or development of R equation.



•
OPTION?

--------------------~~--~~~------~~~-~~-~~~---------------

MULTIPLE REGRESSION

REGRESSION NUMBER 1
R = -.8995714

COEFFICIENT OF DETERMINATION = 0
STD DEVIATION OF ESTIMATE .7423144

REGRESSION NUMBER 2
R = -.5943793

+ .7794263 TC
COEFFICIENT OF DETERMINATION .4371927
STD DEVIATION OF ESTIMATE .5730329

REGRESSION NUMBER 3
R = -.3548567

+ 1.310766 TC
+ -.2873964 A

COEFFICIENT OF DETERMINATION .4878506
STD DEVIATION OF ESTIMATE = .5634592

FINAL SOLUTION

.3523266

.7156026
-.2429741

.119321

.3808487

.6232176

.2241972
-.6200109
-.29659

.2034387

.2912995

.6741931
1.048958E-02

REGRESSION NUMBER 4
R = -.9984523

+ 1.10563 TC
+ -.5747052 A
+ .8001565 L

COEFFICIENT OF DETERMINATION = .535462
STD DEVIATION OF ESTIMATE .5542288
ACTUAL PREDICTED DIFFERENCE
-.4462872 -.8345173 .3882301
-.8209805 -.5993183 -.2216622
-1.514128 -.8961038 -.618024
-1.139434 -.9723845 -.1670498
-1.966113 -1.078605 -.8875076
-1.021651 -9.230506E-02
-.3011051 -.6534317
-.4155155 -1.131118
-1.237874 -.9949004
-1.171183 -1.290504
-1.171183 -1.552032

1.156881 .5336636
-1.049822 -1.274019
-2.207275 -1.587264
-.5447272 -.2481372
-.5108257 -.7142643
-.6733447 -.9646442
-.3424904 -1.016683
-1.714798 -1.725288

/I

%DIFFERENCE
-86.99109

26.99969
40.81716
14.66077
45.14022

-.9293462
-117.0112
-172.2205

19.62833
-10.18807
-32.51829

53.87049
-21.35573

28.08943
54.44744

-39.82547

-43.26158
-196.8502

90.96511

-.6117095


