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the expressed general purpose to promote the conservation of the
waters of the State of Colorado in order to secure the greatest utilization
of such waters and the utmost prevention of floods
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the greater util ization of the waters of the State and the prevention of
flood damages therefrom
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To promulgate a model floodplain regulation
To identify in general terms floodplain hazard areas by June 30 1976
To assist local governments on a continuing basis in the specific iden

tification of floodplain hazard areas
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use and occupation may be permitted in designated floodplain hazard areas
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PREFACE

I

This manual was prepared by the U S Geological Survey in cooperation
with the Colorado Water Conservation Board It was developed to provide a

simplified method for calculating approximate limits of flood prone areas

along streams in Colorado The manual contains methods for calculating 10

50 100 and 500 year peak discharges and flood depths for natural flow

streams The manual is intended to aid planners engineers and officials

of local governments in identifying flood prone areas to fulfill the Intent

of the Colorado General Assembly s Local Government Land Use Control

Enabl ing Act of 1974 commonly known as HOLlse Bi 11 10Lll

Copies of the manual and guidance on its use are available from either

agency The U S Geological Survey also can provide other related flood

data and technical assistance upon request

The peak discharge figures for gagin9 stations have been coordinated

with other Federal agencies involved in flood studies in Colorado

I
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GLOSSARY

bankfull stage The stage or depth at which a stream overflows its natural
banks

ephemeral stream A stream or reach of stream that flows briefly only in
direct response to precipitation in the immediate locality and whose
channel is at all times above the water table

equivalent yeGIS of record The number of years of observed record required
to provide an estimate of equal accuracy of that provided by a re9ression
equation

flood depth A term used herein to represent a vertical distance above a line

connecting points of zero flow along a reach of channel

flood frequency relation A graph showing the number of times per year on the

average that a flood of a given magnitude is exceeded

flood plain The part of a stream valley adjacent to the stream channel
that is built of sediments during the present regimen of the stream and
which is covered with water when the stream overflows its banks at flood

stages
foothill streams A term used herein to denote streams which flow from a high

mountain area to a much flatter plain or plateau area The stream is

subjected to floods resulting from rainfall snowmelt or a combination
of both As defined herein foothill streams occur in mixed population
flood areas throughout Colorado except the southwestern part south of
the Gunnison River

gage height The elevation of a water surface above or below a datum corre

sponding to the zero of the gage
gaging station A particular site on a stream or other body of water where

systematic observations of gage height discharge or ater qual ity
parameters or any combination of these are obtained

log PeGIson Type III distribution A statistical distribution used in flood
frequency analysis which is described by three parameters mean stand
ard deviation and coefficient of skewness of the logarithms of the

sample observations

mixed population flood GIea The transition zone between a high mountain area

and a much flatter plain or plateau area where floods are caused by rain
fall snowmelt or a combination of both

multiple regression analysis A statistical technique by which a relation
between a dependent variable and two or more independent variables can be
derived The result is usually expressed as a regression equation

natuPal flow stream A term used in this report to denote a stream on which
diversions and regulation have insignificant effect on annual peak dis

charges
orographic effect The lifting of moisture laden air over a high barrier such

as a mountain range with consequent release of precipitation
outliers Those observations in a statistical sample which plot extremely

high or low on the relation defined by all other observations

peak discharge The largest value of streamflow attained by a flood reported
in cubic feet per second

1



ix

pe1711eabLe Pertaining to a rock or soi 1 hav ing a textu e that permits pas

sage of liquids or gases under the pressure ordinarily found in earth

materials

point of zero jlouJ A term used herein to denote the elevation at a cross

section on a stream at which th stream ceases to flow The elevation

represents an average streambed at the section thus small crevices and

cracks in the streambed can be ignored
recurrence intervaL The average interval of time in years within hich

a given flood will be exceeded once

residuaLs The difference between the measured value of an observation and

the value computed from a relation based on all observations in the

sample
skeumess A numerical measure or index of asymmetry of a frequency distri

bution From a practical standpoint the term indicates positive or

negative curvature of a flood frequency relation

stage The height of a water surface above an establ ished datum p lane also

gage height
stage discharge reLation A graph Showing the relation between the gage

height and the volume of water flowing in a channel

standard eror of estimate A meaSUre of howel l observed data agrees with

a regression relation which is computed from the differences residuals

between observed data and the regression equation
stream Any body of water from a large river to a small ri 11 moving under

gravity flow to progressively lower levels in a relatively narrow but

clearly defined channel on the surface of the ground
bleighted flood discharge A flood discharge for a selected recurrence inter

val computed as the weighted aVerage of the station value and the regres

sion value The weighted aver ge is based on len jth of record of the

station data and equivalent ye rs of record for the regression value

j
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MANUAL FOR ESTIMATING FLOOD CHARACTERISTICS

OF NATURAL FLOW STREAMS IN COLORADO

By Jerald F McCain and Robert D Jarrett

U S Geological Survey

INTRODUCTION

This manual contains methods for obtaining flood inforrnation for the 10

50 100 and 500 year floods at sites on natural flo streams in Colorado

This flood information should be USeful in land use planning flood insurance

studies and other studies requiring flood frequency information The peak
discharge information is appl icable to a wide variety of st dies ranging from

rapid approximation of flood prone areas to detailed flood plain studies based

on precise hydraulic field measurements Conversely the flood depth informa

tion is applicable only for rapid approximation of flood prane areas or as a

general guide to flood depths for comparative purposes This limited usage of

the flood depth information results from the difficulty in valuating field

conditions such as channel width and size of structures such as bridges
and culverts from existing topographic maps

The 1 imitations of the methods are discussed first to caution the user of

their rang of applicability Next the methods are described and a step by
step procedure for applying the methods is presented with several examples
Procedures for transferring the depth information to topographic maps are also

described Other sections contain a discussion of accuracy analytical devel

opment of the methods and a list of flood data for gaging stations

i

Four previous reports have defined the flood frequency of streams in

Colorado These previous reports covel the four major river basins in Colo

rado as follows South Platte River basin Matthai 1968 Arkansas River

basin Patterson 1964 Rio Grande basin Patterson 19651 and Colorado

River basin Patterson and Somers 1966 This report is based on 11 to 15

years of additional data and includes many additional gaging station records

The flood frequency analyses for the previous reports are based on the index

flood method described by Dalrymple 1960 This report uses the log Pearson

Type I II method for fitting a freq ency curve to gaging station data and mul

tiple regression techniques for regional ization or transferring the results to

ungaged basins More reliable estimates should result from use of information

in this report since more basic data and more generally accepted analytical
techniques were used
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LIMITATIONS OF METHODS

The following I imitations need to be observed when usin the methods

presented in this manual

1 They are not applicable to urban areas unless the effects of urbani

zation on flood characteristics are insignificant An example of this condi

tion would be a large stream flowing through an urban area

2 They are not appl icable to streams where manmade works such as im

proved channels flood detention structures storage reservoirs and major
diversion structures have a significant effect on flood discharges or depths
For those conditions open channel hydraulic studies or stream system studies

will be required to evaluate flood characteristics

3 Esti ating techniques are least reI iable for sites on streams n

mixed population flood areas Flood estimating techniques for these streams

need to be studied in more detai I but an interim estimating technique is

presented

4 The applicabil ity of regression equations for computing flood charac

teristics at ungaged sites having basin and climatic parameters outside of the

ranges 1 isted in the tables at the back of the report is untested and there

fore unknodn

5 The flood depth estimating equations should not be used in reaches of

streams affected by backwater from downstream structures
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DESCRIPTION OF METHODS

The three methods described below can be used for obtaining flood infor

mation at sites on natural flow streams in Colorado

FLOOD INFORMATION AT GAGEO SITES

Flood information at gaged sites is listed in the tables at the back of

this report Listed in the first line for each gaging station are the 10

50 100 and 50D year flood disch rges and the 100 year flood depth based on

the period of observed record Gaging station locations are given as latitude

and longitude in degrees minutes nd seconds under each gaging station name

Because of the possibil ity of the observed period of record falling with

in a high or low climatic cycle the data may not represent the best estimate

for future periods of time This possibility of error called time sampl ing

error is usually small for long periods of record but may be extremely large

for short periods A procedure described by Sauer 1974 reduces the effects

of time sampling errors by providing a weighted average of discharge from the

station value and the regression value which is discussed on pages 5 and 6

The weighted average is computed from the equation

QT W

QT S
XN

N
JT R

E

where

the weighted discharge for recurrence interval TQT W

QT S

QT R

N

the station value of the flood for recurrence Interval T

the regression value of the flood for recurrence interval T

E

the number of years of stat i on data used to compute QT S
and

the equivalent years of record for QT R
A value of 10 years as

recommended by the U S Water Resources Counci I 1975 should be used

in the weighting procedure for all 9aged sites throughout Colorado

A weighted average was computed for each recurrence interval flood at all

gaged sites and is I tsted below the station value in the tables The weighted
averages are the best estimates of future flood discharges of specified fre

quencies at gaged sites
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FLOOD INFORMATION NEAR GAGED SITES ON THE SAME STREAM

Peak discharges at sites near gaging stations on the same stream can be

computed by the following equation

QT u 1 T G

where

QT U peak discharge at ungaged site for recurrence interval T

QT G weighted average discharge at gaged site for recurrence interval T

AU drainage area at ungaged site

AG drainage area at gaged site and

X exponent for each flood region as follows

Flood Region
Plains

Mounta i ns

Northern Plateau

Southern Plateau

Exp

0 48
79
50
71

The above procedure is applicable for ungaged sites where the drainage area

ratio lies between 0 5 and 2 0
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FLOOD INFORMATION AT lINGAGEO SITES

This method consists of a series of regression equations which

flood characteristics to measurable basin and cl imatic parameters
resulting equations are of the form

re I a te

The

I

1

b b
Y
t

ax x2
2

where

Yt a flood characteristic either peak discharge or peak flood depth
for recurrence interval t

basin and cl imatic parameters as defined in a later section

regression constant and

regression coefficients

Xl x2
a

b b2

The basin and cl imatic parameters used in this study were selected based

on the results of trial regressions using 9aging stations with 25 or more

years of record The basin and cl imatic parameters are defined below with a

brief explanation of computation procedures

Drainage area A The total area of a basin contributing to flood dis

charges In square miles as measured from U S Geological Survey topographic
maps usually by planimetering Simpler but less reI iable indexes of drain

age area size might be obtained from smaller scale maps or by overlaying a

grid of known square sizes on the outlined catchment and counting the number

of squares

In mixed population flood areas the basin needs to be outl ined and

divided according to the elevation criteria given on page 9 and an area

computed for each subbasin

Mean annual precipitation P The 1931 60 mean annual precipitation for

a basin in inches as computed from a U S Weather Bureau map 1967 The

value is computed by a grid overlay method The basin is outlined on the maps

and the grid is selected so that at least 20 points fall inside the basin A

precipitation value for each grid point is read and recorded The values are

then summed and an average precipitation value for the basin is computed
Copies of the maps can be obtained from the Colorado ater Conservation Board
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Streambed slope SS nThe slope of the streambed in feet per mile at

the study site measured from the best available topographic maps or by field

surveys

Streambed slope is computed as the elevation difference of the contours

upstream and downstream of the study site divided by the distance along the

stream between the contour crossings measured by stepping ith draftman s di

viders or with a opisometer or map wheel fig 1 Some special problems that

may arise are

1 Where contours cross the stream at or just downstream from the study

site a slope needs to be computed for the reaches both upstream and down

stream from the site and the average of the two slopes used as the streambed

slope for the site

2 For study sites at or very near the mouth of a stream it may be

necessary to determine the approximate elevation of the mainstream at the

mouth for use as the downstream point in the computations In other cases

the mainstream slope may best represent the streambed slope at the study
site

3 If a field survey is made the streambed elevations should be ob

tained at points approximately equal distances upstream and downstream from

the study site The minimum distance between points is recommended as 500 ft

Extreme care should be exercised to avoid deep pools or potholes when meas

uring streambed elevations

Basin channel slope S8 nThe slope in feet per mi le measured be

tween two points along the main channel one of which is located at 10 percent
of the channel length and the other at 85 percent of the channel length
fig 1 Channel length is measured upstream along the water course from the

site to the basin divide The channel slope can be measured from the best

available topographic maps except for very small basins that may require field

surveys

In mixed population flood areas the channel slope needs to be computed
for each subbasin in the manner described above

Re9ression equations were developed for peak discharges and depths for

the 10 50 100 and 500 year floods for each of four flood characteristic

regions in Colorado The four regions as shown on figure 2 are Plains Moun

tain Northern Plateau and Southern Plateau Descriptions of the boundaries

of the four regions are given in the explanation to figure 2 and on pages 39

to 44 The equations for each of the regions are listed in tables 1 4 The

equations for the 100 year flood discharges and depths are depicted graphi
cally in figures 3 10
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Table 1 PLains Region YegYession equations faY peak dischoYges
and depths of seLected YecurYence inteYvaL fLoods with

cOYYesponding standOX d eY YoY of estimate

Equat ion
Standard error of estimate in percent

Ave age Range
Q O 144AO 528S 0 336 31 36 to 26

B

Q50 891AO 4825 O 54 211 27 to 21
B

Ql00 1770AO 463S 0 086 28 32 to 2
B

Q500 5770AO 432 55 to 3

010 35 555
0 462 28 32 to 24

050 52 155 0 500 Z3 26 to 20

0100 59 355
0 517 21 23 to 19

0500 77 355 0 553 26 29 to 23

Table 2 lfountain Region YegYession equaUons foY peak dischaYges
and depths of seLected recuYY ence inteYvaL fLoods wi th

cOYY esponding standaYd eYYoY of est imate

Equation
5tandartJ errcrore5ti ate in percent

Average Range

39 46 to 32Ql0 O 12AO 815pl 592

Q50 0 91AO 795pl ll0

Q OO 1 88AO 787pO 932

Q500 8 70AO 766pO 560

37

38

14 to 30

1 5 to 31

45 55 to 35

010 0 44AO 196pO 347

050 105AO 192pO 133

0100 1 44AO 187pO 059

0500 1 94AO 184

27 31 to 23

28 32 to 24

28 32 to 24

31 36 to 26
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Tab Ie 3 Northern Plateau Region regression equations
discharges and depths of selected recurrence interval

with corresponding sta11dard error of estimate

t
c eQr

j ocds

Equation
Standard e ror of estimate in percent

Average Range

QIO 11 0Ao 552pO 706 28 32 to 24

Q50 70 5Ao 509pO 289 29 33 to 25

QIOO 135Ao 494 pO 143 30 34 to 26

Q500 293Ao 469 34 40 to 28

DID 13 955
0 288 24 27 to 21

D50 16 655 0 311 22 24 to 20

DIDO 17 255
0 310 22 24 to 20

0500 19 055 0 321 21 23 to 19

Table 4 Southern Plateau Region regression equations 01 peak
discharges and depths of selected l ecurrence interval f700ds

with corresponding standard error of estimate

I
Equat ion

5tan Iard error of est imate in percent

Average Range

QI0 59 7AO 709 47 58 to 36

Q50 89 1AO 709 50 62 to 38

QIOO 103AO 710 53 66 to 40

Q500 137AO 713 65 84 to 46

DID 1 25AO 261 25 28 to 22

050 l 54AO 254 34 40 to 28

Ii

I
0100 1 64Ao 254 36 42 to 30

0500 1 98A 0 2 3 9 44 53 to 35

I
1



12 TECHNICAL MANUAL

0 0 0
0 0 0
0 0 0

0 o0
0 0
0

INOl S H d L i lI8filNI 80tb OHVH SIQ 2IV3d HV3X 001

o
o
o

o

o
o
o

0
C

Q
L

Q
en

c

rJ2

ril
L

l
0

g
en

c

ril J
0

C

P
L a

0 c en

rJ2 a Q
uo

Z
0
c

Q

en
LCl

s Q
ril us

0 L

ril
a

c

0
Q Q
a

Z 0

Q
c

0
o

0
0

4

0

C

0

Q
a

r

I

l

J
en

o
o

o



MANUAL FOR ESTIMATING FLOOD CHARACTERISTICS

E t

FE

T
it I I

1

fJ

j
1 1
i J 1 i C

L I I
I III

IJ I
ilil
iT
IJ I

ij

H
jl I
ii I

11 II
i

1

II
ur

OJ

a

OJ
0

J

H

jl
i
I

o
U

o

LIId NI 001 a HLd la lOOld HViiX OaT

13

0
0
U

c

0

0
Q

c

ro

Q
c

a
L

a 0
4

i1l Q

l 0

a 0

p
Cli1l Q

Po D

E
E
ro

i1l Q
L

i1l
Ii

Z 0

c

0
m Q

Cl

i1l Cl

Po 0
0 0

l 4
m

CI
L

ro

a
i1l Q

Q I
0
0

i1l
p 4

E
0

m c

0

ro

Q

I

T

Q
L

J

0



14 TECHNICAL MANUAL

o
o
o

OJ

OJ

co

0 c

0
lfl

D c

l 0
CO
c en

l
cr

J
Ll C

p
G

c c

0
CIl u 0

Z
E

0
l

0 OJ
Ol

0

u
111 c

0
0

111
l
0 0

Z u

4 lQ
0

I

0 0
0 TJ

C
C

0 TJ

C

0
l

E
TJ

0

Q C

I

l

C

J

0
tn

0 0 0
0 0 0 u
Cl 0

0

ClNOJ3 S H3d L3 JIS n NI 001 b 3DtlVH SIQ lVoIcI HVoIJ OOT



I

MANUAL FOR ESTIMATING FLOOD CHARACTERISTICS

o

1I 111
FCE g

g p g3

4f
g W I

s i g F
tT 1

Z 0 r 3 JZ r r
z p 0

r U 11 isco

fI ril fit p T rCl

I 4
i h i lJ II II T

III I I
P t c P4 II

I I I J 0 r 5 M 0 g t
Iii I I j I 8 a 0 1

in I I I I r

I
je iS

f P

iLxi t i

iii I
ErB 2 0

t

EBI
t

Ftii F
i gE

t F F

E c

L f
lL C C j I

I c f J
111 I

i I I 1
I I I I gi J o

fr t
I I i

I

I

II i I Ii I 1 rl

1 111 i I C 11 c I

C II

g

I
s

ti

i n

i
E

t
i H r

1J
1

I

tf
i

I T
l

I II D Trr I i l
111 I rj rr

It r71
i

i

1 1

1111
1 III

j 1 I Iii
11 1 I III

F

I

c

E

l1li
i4

fI
f H l

i

i ILc

fTtI illtt lH
1 1 1 I T I

iii
Ifj
T7TiII

J II

t
lJJll

I

I I I I

1L

I I I I

ilTI III
i 111 I II

o
on

o

L33il NI 0010 HLd ilO OOOlil UV3X 001

15

C
c
co

co

L

m

QJ

l7l 0

r
m

0 l
c

0

Sl m
L C
C 0

rI
0
C QJ

a

C1
c

l7l
c

OJ

Z
c

c J
0 0
L IE

l
c

r r
L

1 0
OJ 4

r J

tl c
J 0

0

Z
OJ

4

5 0
10

0 tl
U u

Q

Z L

0

co
J

l c
c

c OJ

5
0

c
OJ

U OJ

E
QJ

ex
I

I

0

OJ
L

J

0

u



16 TECHNICAL MANUAL

c
c
c

rffim l
Z

mr j L s om C

mf I t
n

E IIf ili
3

r g
P 11 t co

tI u J HR
J

C t1 u
j

n ril h Hti Ql

tf
I

l 1U

Im
c

i i
cp b

lJ

C 1 o

I
m a g g

I
i

j
ko it I

I 0 lj g t r

p I t 0 i M E J Z
4

J1
c

lli 9

Ice 7 f
2

f H on i rzI
c ii E h 1 i 0

ff
oo

t
1ii f

1

h

h

H

ffiE 3

1

o

I

if li
ii i ifE

t2 l
l
F j E

t ft
is p C cL

1

n OJ u 1 t

I
h

0

nO

t
t

I
h

I

h

U

ch

n
0

h

t

c ii
rJ
4 BE11 h1111 I

I

o
o
o

o
c

co
o
co

o
o

o
o
o

o

aNOQ3S H3d L33I IHfiNI 601 tl 3DHVHSICI IVd HV3x om

t
tI

0
C

m

Q

Q

c c

0

0 Q

c OJ

Q
OJ

m

0

c c
o
U Q

I

0

o
Q Z

Q
mI

I
U

0
0 4

C
m 0
Q
c

m

m
Q 0

U
o Q
o

0

4

o m
OJ

c c

o c

m c
m

Q

E

r

Q

OJ

w



MANUAL FOR ESTIMATING FLOOD CHARACTERISTICS 17

0

1
0
M

C
t 0

tt en

a

I Ii J

III U

00

I
W

II
U

0
0

1 0 c

L

w

rJl
L

0
rl z

l

sa w

p L

rl 0

tc 0

t tiE Q

1 rl 0

rl
j
1

r

Z
D

E
U

0 L

rJl w

Pi 0

0
w

0
0l w

rJl
Q

Cl
Pi
ll 0

s
0

rl
p

U

t
rJl

0
0

al

Cl

J

rf

o
Ii

o o

1330 NI 0010 H1d 30 OOOlcI IV3



18 TECHNICAL MANUAL

OOJ
on n

r

l

1 i o

I T

is
i s

i

i

f rj

f

i

1 E

0 0 0
0 0 0
0 0 0

o0

0

CINOJ3S H3d L33d JIHJ NI OOlb iIDHVHJSm Jl V3d HV3X OOT

o
c
o

o

ril
c
c

ril
tl

Z

P
q

tl
Z
E

C Xl

P
E
Z
0
C

o
o

lZl

ril
l

SJ
ril

y
lZl

Z

1

1

1

0
1
C

1
1

D

0
C

D

1

C C
0 0
U

0

0

0 1
1

1
1

U
VI 0

D C
1

1

a

0
1V

1J

a
a 1

0

0

c

0

1

0

1

0

LL



MANUAL FOR ESTIMATING FLOOD CHARACTERISTICS 19

t

o

o
o
U

c u

H

1 C

Cl

C

000
II 011 C

01 CI

Cl

11
c

J

p
0

c ry C

oo c

Z
c 0
0
U Cl

0 ox

J

l C
c

g
11 a

ro
c rn CI

1 Ql
CI

11 0 c
8 r 0 0 C

C c
Z

C J

0
p V

oQ

80
l

0 c

Z
0

C
Eo 0
p 0

l
c

0

0
lu ox

I
I

0

C

J
Cl

IE
I

ill JL

iliI iI
I I I i 1 I11111 II illi

1
0

0
U

L33d NI 0010 HLd 3Q aOOld HV3x oor



20 TECHNICAL MANUAL

APPLICATION OF METHODS

The user of this manual needs to follow the steps outl ined belOl for

obtaining flood information for sites on natural flow streams in Colorado

1 From figure 2 determine flood characteristic region in which site

lies

2 From tables 5 8 determine if study site is at a gaged site or near

a gaged site on the same stream The latitude and longitude of each gaging
station is listed under the station name For additionall information regard
ing gaging station locations consult the U S Geologicall Survey Water Supply
Papers listed on pages 45 to 47

3 If the study site is located at a gaged site listed in tables 5 8

use described method for Gaged Sites

4 If the study site is located near a gaged site on the same stream

use the described method for Sites on Same Stream near Gaged Sites

5 If the study site is not located at or near a gaged site then use

the described method for Ungaged Sites
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GAGED S TES

i
i

Peak discharge information for gaged sites can be obtained from

tab 1 es 5 8 The recommended va Iues for use are the we i ghted average d i s

charges listed on the second 1 ine for each gaging statIon The procedure
used for computing the weighted average discharges is described on page 3

The flood depths for the 100 year flood based on observed gaging station

data are listed in the last column of tables 5 8 This method is illus

trated in Example 1

Examp 1 e 1 Flood Frequency at a Gaged Site

Determine the best estimate of QIO Qso QIOO and Qsoo year recur

rence interval floods for station 06712000 Cherry Creek near Franktown Colo

lat 39021 21 long 104045 46 NE sec 15 T 8 S R 66 W

Map coverage Castle Rock North quadrangle scale 1 24 000

Denver quadrangle scale 1 250 ODO

Determine the Plains regression flood discharges QT R
at the station

Basin parameters required are A and SB
A 169 mi2 and SB 32 ft mi from table 5

QIO R
144AO S28SBo 336 144 169 o S28 32 O 336 144 15 01 3 20 6 920 ft3 s

Qso R
891AO 482SB 0 IS4 891 169 0 48232 0 154 891 11 85 1 71 18 050 ft3 Is

QIOO 1 770AO 463S 0 086 1 770 169 0 463 32 0 086
R B

1 770 10 75 135 25 690 ft3s

QSOO R
5 770AO 432 5 770 169 O 432 S 770 9 17 52 910 ft3 s
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Obtain station flood discharges from table 5

QIO S
4 530 ft3 s

QsO S
11 700 ft3js

QIOO S
16 300 ft3js

Qsoo S 31 000 ft3js

Compute weighted discharges QT W
to be used at the qaging station

QT S
XN jQT R XEl

QT W N E

N 34 years from table 5 and

E 10 years

QIO W
4 530 34 6 920 10 31l 10 154 020 69 200 44

5 070 ft3js

QIOO W
16 300 34 25 690 10 3 Hl0

397 800 180 500 44
13 100 ft3js

554 200 256 900 f44
18 400 ft3js

QsOO W
31 000 34 52 910 10 d3IHlO 1 054 000 529 100 f44

36 000 ft3js

QsO W
11 700 34 18 050 10d34 10
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SITES NEAR GAGED SITES ON THE SAME STREAM

Peak discharge information for study sites near gaged sites on the same

stream can be computed using the method described on page 4 The first step

is to determine the drainage area ratio of ungaged site to gaged site If

that ratio 1 ies between 0 5 and 2 0 the equation given on page 4 should be

used to compute the required peak discharges If the drainage area ratio

I ies outside the range the method for Ungaged Sites should be used

Flood depth information for study sites near gaged sites on the same

stream should be computed from the flood depth regression equations for the

region in which the study site 1 ies The method is illustrated in Example 2

Example 2 FZood F equency near a Gaged Site

Determine the QIO Qso QIOO and QSOo year recurrence interval

floods for Cherry Creek at State Route 83 il 5 mi south of Franktmvn Colo

lat 39019 41 long 104044 02 NWi sec 25 T 8 S R 66 W

Map coverage Russel1vi11e Gulch quadrangle scale 1 24 000

Denver quadrangle scale 1 250 000

From table 5 note that station 06712000 Cherry Creek near Franktown

Colo AG 169 mi2 is located downstream
age

Determine the contributing drainage an a at the site AU 132 miZ

Check that AU is either more than half AG or less than twice AG

AUfAG 132 mi2f169 mi2 0 78

This meets the drainage area requirement and the fol1 owing relation is used

x

QT U AUfAG QT G

where x 0 48 for the Plains Region and QT G
is the weighted discharge from

table 5
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Obtain the weighted discharges at the gage

QIO 5 070 ft3 s

Qso 13 100 ft3 s

QIOo 18 400 ft3 s

Qsoo 36 000 ft3 s

Compute discharges at ungaged site

QIO 132f169 O 48 5 070 ft3 s o 89 5 070 4 510 ft3 s

Qso 132f169 0 48 13 100 ft3 s o 89 13 100 11 700 ft3 s

QIOO 132f169 0 48 18 400 ft3 s o 89 18 400 16 400 ft3fs

Qsoo 132f169 0 48 36 000 ft3 s 0 89 36 000 32 000 ft3 s
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UNGAGED SITES

Peak discharges and depths for selected recurrence interval floods at un

gaged sites on natural flow streams in Colorado can be computed by one of the

following procedures depending on the location of the basin and the elevation
of the basin divide If the basin I ies entirely In a single region then
Procedure I is used If the basin I ies partly in the Mountain Region and

partly in one of the other regions then Procedure 2 is used

ProcedWe 1 Computation of flood characteristics of streams which lie

entirely in one flood characteristic region

I Identify the flood region of the drainage basin on figure 2 and
select the appropriate equations for the basin from tables I through 4

2 Compute the required basin and cl imatlc parameters using the defini
tions and instructions given on pages 5 and 6

3 Solve the equations for the desired flood characteristics Figures 3
to 10 provide graphical solutions for 100 year flood characteristics

Examples 3 to 6 illustrate the use of the equations and graphs contained
in this report

Examp Ie 3 PZains Region

Flood discharges and depths for the 10 50 100 and 500 year recur

rence interval floods are required at secondary road crossing of Hay Gulch
11 6 mi east of Parker lat 39030 46 long 104032 32 NE sec 22 T 6 S

R 64 W

The basin is shown on U S Geological Survey 7 mrnute topographic maps
scale I 24 000 as follows

Watkins SE quadrangle
Cabin Gulch quadrangle

Using figure 2 and the topographic maps Hay Gulch lies in the Plains

Region and the basin divide is less than 7 500 ft in elevation

The equations for flood discharges and depths for the Plains Region are

listed in table 1

The equations require that the following basin pal ameters be computed

A drainage area in square miles

SB basin slope in feet per mile and

SS streambed slope in feet per mile
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Using the procedures described on pages 5 and 6 the following values

for the required parameters were obtained

Drainage area A 9 0 mi2
The drainage basin was outl ined on the topographic map and the enclosed

area was planimetered

Basin slre SB 64 ft mi see fig 1
Length of main channel L from site to basin divide along longest chan

nel was measured to be 6 8 mi

0 85L 6 8 O 85 5 8 mi

O lOL 6 8 O 10 0 68 mi

Elevation at 5 8 mi upstream 6 400 ft

Elevation at 0 68 mi upstream 6 075 ft

SB 6 400 6 075 5 8 0 68 64 ft mi

Streambed slope SS 33 ft mi see fig 1

Contour downstream from site 6 050 ft

Contour upstream from site 6 060 ft
Oistance between contours O 3 mi

SS 6 060 6 050 O 3 33 ft mi

The basin parameters are inserted in the appropriate equations which are

solved as follows

Ql0 144AO 52c5 0 336
B

891AO 825 0 154
B

144 9 0 0 528 64 0 336

891 9 0 0 482 64 0 154
1443 19 4 04 1 860 ft3 s

Q50
891 2 88 1 90 1 880 ft3 s

Ql00 1 770AO C635 0 086 1 770 9 0 0 463 64 0 086
B

1 770 2 77 143 7 010

Q500 5 770Ao 432 5 770 9 O 0 432 5 770 2 58 14 900

ft3 S

ft3 s

Ole 35 555
0 462 35 5 33 0 462 35 5 0 20 7 0 ft

05C 52 155
0 500 52 1 33 0 500 52 1 0 17 8 9 ft

0100 59 355
0 517 59 3 33 0 517 59 3 0 16 9 5 ft

0500 77 355
0 553 77 3 33 0 553 77 3 0 14 10 8 ft

If desired use a graphical solution for Ql00 and 0100
Ql01 refer to figure 3

For A 9 mi2 and 5B 64 ft mi From figure 3 Qloo 7 010 ft3 s

D10 refer to figure 4

For 55 33 ft mi From figure 4 0100 9 5 ft
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Example 4 Uountain Region

Flood information is required for Geneva Creek at U S Highway 285 cross

ing lat 39027 35 long 105039 47 NEiNEi sec 9 1 75 R 74 1

Map coverage Mount Logan quadrangle scale 1 24 000

Denver quadrangle scale 1 250 000

Parameters

Q discharge in cubic feet per second

A drainage area in square miles

P mean annual precipitation in inches and

O depth in feet

A 77 1 mi2
p 28 inches From U S Weather Bureau 1967 isohyetal map Use grid

method to obtain P at 20 points in basin and average

Q10 O 12AO 81Spl S92 O 12 77 1 0 81S 28 J S92 O 1234 51 201 31 834 ft3 5

Qso 0 91Ao 79Spl llO 0 91 77 1 0 795 28 1 110 O 9131 64 40 40 1 160 ft3 s

Qloo 1 88AO 787pO 932 1 88 77 l O 787 28 0 932 1 8830 56 22 32 1 280 ft3 s

Qsoo 8 70AO 766pO S60 8 70 77 1 0 766 28 0 S60 8 70 27 90 6 50 1 580 ft3 s

010 0 44AO 196pO 347 0 44 77 l 0 196 28 0 347 0 44 2 34 3 18 3 3 ft

050 1 05AO 192pO 133 1 05 77 1 0 192 28 0 133 1 05 2 30 1 56 3 8 ft

0100 1 44AO 187pO OS9 1 44 77 1 0 187 28 0 059 1 44 2 25 1 22 4 0 ft

0500 I 94AO 184 1 94 77 l O 184 1 94 2 22 4 3 ft

If desired use a graphical solution for Q100 and 0100
Ql00 Refer to figure 5

For A 77 1 mi2 and p 28 inches

From figure 5 Qloo 1 280 ft3 s

D100
Refer to figure 6

For A 77 1 mi2 and p 28 inches

From figure 6 D100 4 O ft
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Example 5 nNoYthern PLateau Region

Flood information is required dt North Sand Wash secondary road crossing
Jat 40044 34 long 108026 13 NWNW sec 17 T 9 N R 98 W

Map coverage Lone Mountain quadrangle scale 1 62 500

Craig quadrangle scale 1 250 000

Parameters

Q discharge in cubic feet per second

A drainage area in square miles

P mean annual precipitation in inches

o depth in feet and

55 streambed slope in feet per mile

A 70 4 mi2
P 12 inches From U 5 Weather Bureau 1967 isohyetal map Use grid

method to obtain P at 20 points in basin and average

Contour downstream from point 6 080 ft

Contour upstream from point 6 120 ft

Distance between contours 2 O mi

55 6 120 6 080 2 0 20 ft mi

QlO 11 OAo 552pO 706 11 0 70 4 0 552 12 0 706 11 0 10 5 5 78 668 ft3 s

Q50 70 5AO 509pO 289 70 5 70 4 0 509 12 0 289 70 5 8 72 2 05 1 260 ft3 s

Ql 00 135AO 494PO 143 135 00 4 0 494 12 0 1 3 135 8 18 1 113 1 580 ft3 5

Q500 293AO 469 293 70 4 0 469 293 7 35 1 980 ft3 s

010 13 955
0 288 13 9 20 0 288 13 9 0 42 5 9 ft

050 16 655 0 311 16 6 20 0 311 16 6 0 39 6 5 ft

0100 17 255
0 310 17 2 20 0 3 0 17 2 0 40 6 9 ft

0500 19 055
0 321 19 0 20 0 321 19 0 0 38 7 2 ft

If desired use a graphical solution for Ql00 and 0100
Ql00 Refer to figure 7

For A 70 4 mi2 and P 12 inches

From figure 7 Qloo I 580 ft3 s

OlOO Refer to figure 8

For 55 20 ft

From figure 8 0100 6 9 ft
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Examp 1 e 6 Southern Plateau Reg ion

Flood information is required for Hermosa Creek at lower end of Hermosa

Park 3 4 mi downstream from forks Hermosa Park lat 37036 55 long lOr
55 30 sec 26 T 39 N R 10 W

Map coverage Elk Creek Hermosa Peak Engineer Mountain Electra Lake

quadrangles scale 1 24 000

Parameters

A drainage area In square mi les
A 37 8 mi2

Q10 59 7AO 709 59 7 37 8 0 709 59 7 13 1 784 ft3 s

Q50 89 IAO 709 89 l 37 8 0 709 89 1 13 1 1 170 ft3 s

Qloo 103Ao 710 103 37 8 0 710 103 13 2 1 360 ft3 s

Q500 137AO 713 137 37 8 o 713 137 13 3 1 820 Ft3 s

010 l 25AO 261 l 25 37 8 0 Z61 1 25 2 58 3 2 ft

D50 1 54Ao 254 l 54 37 8 0 254 l 54 2 52 3 9 ft

DIOo 1 64Ao 254 l 6437 8 0 254
1 64 2 52 L1 1 ft

0500 1 98AO 239 1 98 37 8 o 239 1 98 2 38 4 7 ft

If desired use a graphical solution for QIOO and DIOO
QIOO Refer to figure 9

For A 37 8 mi2

From figure 9 Qloo 1 360 ft3 s

DIOO Refer to figure 10

For A 37 8 mi2

From figure 10 DIOO 4 l ft

I
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Procedure 2 Computation of flood characteristics of streams in mixed
population flood areas see pages 43 and 44

1 Compute basin and cl imatic parameters separately for parts of drain
age area lying in Mountain and lower flood regions

2 Compute flood characteristics for Mountain Region using regression
equations in table 2

3 Compute flood characteristics for lower region using regression
equations in tables 1 3 or 4 If study site is above 6 500 ft in elevation

8 000 ft in Arkansas River basin reduce flood discharges by factor ob
tained from figure 11

4 From 2 and 3 above select larger of two flood discharges for each
recurrence interval for use as design flood values

5 As a general rule select larger depth for each recurrence interval
from 2 and 3 At points near the region boundary an averaging or smoothing
process may be required

Appl ication of this procedure is ill strated in Example 7

Examp I e 7 Mixed Popzdat l on Plood Area

Flood discharges and depths for the jO 50 100 and 500 year recur

rence interval floods are required for TrOublesome Creek at confluence with
Bear Creek in Kittredge lat 39038 45 long 105018 19 SW sec 35 T 4 S
R 71 W

Map coverage Evergreen and Squaw Pass quadrangles scale
Denver quadrangle scale 1 250 000

1 24 000

Using figure 2 and the topographic maps Troublesome Creek I ies in the
Plains and Mountain Regions Procedure 2 described above should be used for
computing flood characteristics for this site

The equations for flood discharges and depths for the Plains and Mountain
Regions are obtained from tables 1 and 2 respectively

The equations require that the following basin parameters be computed

A drainage area in square miteS

SB basin slope in feet per mile

SS strea bed slope in feet per mile

P rean annual precipitation in inches and

R reductfon factor for site elevation from figure 11

n
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T

Note Elevations in parenthesis
applies to streams in the

Arkansas River basin

L

0 2 0 4 O 6 O 8

REDUCTION FACTOR R

Figure 11 Regression equation reduction factor above specified
elevation for foothill streams

31

1 0
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Using the procedures outl ined on pages 5 and 6 the fo1 lowing values for
the required parameters were obtained

D ainage a ea A

A 9 3 mi2

Area below 7 500 ft 3 0 mi2 Plains Region
Area above 7 500 ft 6 3 mi2 Mountain Region

Basin slope 5B
Determine basin slope 5B for area between site and 7 500 ft

Length of main channel L from site to 7 500 ft contour 3 4 mi

0 85 L 0 85 3 4 mi 2 9 mi
0 10 L 0 10 3 4 mi O 3 mi
Elevation at 0 85 L 7 420 ft

Elevation at 0 10 L 6 900 ft

5B 7 420 6 900 2 9 0 3 520 2 6 200 ft mi

St eQlf ed slape 55
Contour upstream from site 6 880 ft

Estimated elevation at confluence 6 850 ft
Distance between points O 27 mi

55 6 880 6 850 0 27 30 O 27 111 ft mi

Mean annual p eeipitation p

P 19 inches for that part of basin above 7 500 ft in elevation

Reduetion faeto1 R

5ite elevation 6 850 ft

From figure II R 0 64

This factor is app1 ied to the Plains Region discharges

Compute QIO Q50 QIOO and QSOO for Plains Region for area below
7 500 ft

QIO 144 A 0 528
58

0 336 144 3 0 528 200 0 336

144 1 79 5 93 1 530 ft3 s

Qso 891 A 0 482 5 0 154 8913 0 482 200 0 154
B

891 1 70 2 26 3 420 ft3 s

QIOo l 770 A 0 463 5 0 086 1 7703 0 463 200 0 086
B

l 770 1 66 l 58 4 64 ft3 s

Qsoo 5 770 A 0 432 5 770 3 0 432 5 770 1 61 9 290 ft3 s

J
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Multiply Plains Region discharges by the reduction factor R to obtain
the discharges to be used for the Plains Region

QIO 0 64 1 530 ft3 s 980 ft3 s

Qso 0 64 3 420 ft3 s 2 190 ft3 s

Qloo 0 64 4 640 ft3 s 2 970 ft3 s

Qsoo 0 64 9 290 ft3 s 5 950 ft3 s

Compute QIO QSO QIOO and Qsoo for the Mountain Region for area above
7 500 ft

QIO 0 12Ao 8ISpI S92 0 12 6 3 0 815 19 I S92 0 l2 4 48 lO8 59 58 ft3 s

QSO 0 91AO 79Spl 110 0 91 6 3 0 795 19 1 110 0 91 4 32 26 27 103 ft3 s

QIOO l 88Ao 787pO 932 1 88 6 3 0 787 19 O 932 1 88 4 26 15 55 125 ft3 s

Qsoo 8 70AO 766pO S60 8 70 6 3 O 765 19 0 S60 8 70 4 10 5 20 186 ft3 s

Select the highest discharge for each recurrence interval In this case

the reduced discharges for the Plains Region are used

Compute the flood depths from depth equations for both regions and use

the greatest depth for each recurrence interval

Flood depths Plains Region

010 35 5Ss
0 462 35 5 111 0 462 35 5 0 11 3 9 ft

050 52 1SS
0 S00 52 1 111 0 SOO 52 1 0 09 4 7 ft

0100 59 3Ss 0 SI7 59 3 111 0 SI7 59 3 0 09 5 3 ft

Osoo 77 3SS 0 SS3 77 3 111 0 SS3 77 3 0 07 5 4 ft

Flood depths Mowdain Region

j

010 0 44Ao l96pO 347 0 44 6 3 o II6 l J 0 347 0 4Ij 1 43 2 78 1 8 ft

Oso 1 05AO 192pO 133 1 05 6 3 0 192 19 0 133 1 0S 1 42 1 48 2 2 ft

0100 1 44AO 187pO OS9 1 44 6 3 0 187 1 l 0 OS9 1 41 1 41 1 19 2 4 ft

0500 1 94AO 184 1 94 6 3 o HJ4 1 94 1 40 2 7 ft

Use the flood depths computed from the Plains Region relation
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DELINEATION OF FLOOD PRONE AREAS

The following procedures can be used for outl ining flood prone areas

Direct field measurement

I Compute flood depth information for selected sites along streams

2 Visit selected sites and locate points of zero flow in channel near
site for base reference points see fig 12

3 Add computed flood depths to points on streambed profile and u e

surveying techniques to locate points on each side of stream which represent
1 imits of flood plains for the selected recurrence interval flood

4 Repeat above steps at enough sites to enable interpolation of flood
plain boundary for study reach

5 Flood plain boundary points may be transferred onto topographic map

Office measurement

I Using the methods described in this manual compute discharges and
depths at several locations along each stream Computations always need to be
made just downstream from each major tributary

2 Plot profile of streambed based upon measurements on topographic map
of distance between contour crossings

3 Plot depths computed in I as vertical distances above streambed
profile

4 Draw flood profile using depths from 3

5 From map study locate where flood profile intersects land surface
contours and mark locations on map Some subjective judgment often is
required

6 Draw flood plain boundary between marked locations being guided
by contour shape Again subjective judgment is required in many instances

Accuracy of flood prone area maps prepared by this method is closely related
to the contour interval of the map used Large errors can result when maps
with large contour intervals are used
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Figure 12 Hypothetical study reach showing points of zero flow

and related flood depth features
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ACCURACY OF RESULTS

The accuracy of a regression equation is usually expressed as the stand

ard error of estimate It is a measure of how well the observed data agree
with estimates from the regression equations The standard error of estimate

in percent is the range of error found at about two thi rds of the sample
sites Stated another way two out of every three observations for a large
sample of data would fall within the specified percentage The standard error

of estimate for each equation is I isted in tables 1 4

Accuracy can also be expressed as equivalent years of record Hardison

1971 that represent the number of actual years of streamflow record needed

to provide an estimate of equal accuracy as that of the regression estimate

Va 1 ues of equ Iva Ient yea rs of record were computed for each peak d i scha rge re

gression equation listed in tables 1 4 but the computed values for the Plains

Region were extremely large and the values for the Mountaiin Region and South

ern Plateau Region were abnormally small The U S Water Resources Council

1975 recommends that a value of 10 years be assumed for equivalent years of

record For cons i stency a va 1 ue of 10 yea rs Vas used for equ i va 1 en t yea rs of

records for all peak discharge regression equations in the four flood regions

ANALYTICAL DEVELOPMENT OF METHODS

The methods described in this manual were developed from a flood

frequency analysis of gaging station data and a multiple regression analysis
of flood characteristics and basin and cl imatic parameters of 25B gaged basins

in Colorado and adjacent States These flood data are given in tables 5 B
The length of record at all gaging stations used was at least 10 years with

99 stations having records equal to or greater than 25 years in length

Each station record was screened for significant effects of diversion or

regulation Several of the stations which are now regulated have natural flow

parts of record of 10 years or more These unregulated parts of record were

used to develop natural flow flood frequency characteristics for the streams

This infomation although useful in defining regional flood characteristics

is not applicable for the gaged sites under present day conditions A foot

note is provided in tables 5 B for each gaging station in this category

FLOOD FREQUENCY RELATIONS

For a stream where gaging station records are available a flood

frequency relation can be defined by fitting the array of annual maximum dis

charges to a theoretical statistical distribution The U S Water Resources

Council 1967 recommended a uniform technique for determining flood flow

frequencies by fitting the logarithms of the annual maximum discharges to a

log Pearson Type III distribution This procedure generally accepted by most

Federal and State agencies is referred to as a log Pearson Type I I I frequency
analysis
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Annual peak discharges through September 30 1973 for each 9a ing sta

tion used in this study were fitted to the log Pearson Type I I I distribution

A subjective appraisal of high and low outl iers was made based on tre rea

sonableness of the computed flood frequency curves High outliers cause

frequency curves to estimate extremely large flood discharges especially for

the larger recurrence intervals through an increased standard deviation and

large positive skewness Low out iers cause large negative skew ess but in

crease the standard deviation of the frequency distribution To 5ore degree
these characteristics are compensating but extreme negative skewness can

produce flood frequency relations which estimate little or no increase in

discharges with increases in recurrence intervals The outl iers ere el im

inated where warranted and the flood characteristics were recomputed based

on the remaining annual peak discharges The gaging stations where outl iers

were el iminated are footnoted in tables S B

The computed peak discharges for the 10 50 100 and SOD year recur

rence interval floods for each gaging station used in this analysis are

listed in tables 5 B

COMPUTATION OF FLOOD DEPTHS

Depths for the 10 50 100 and SOO yea r floods we re computed for

223 gaging stations in Colorado and adjacent States Some of the stations

used in the discharge analysis were not used in the depth analysis because of
difficulties in obtaining stage discharge relations or because of suspected
inaccuracies in extending some stage discharge relations to cover extremely
large flood discharges

The most recent stage discharge relation for each station usually
through September 30 1973 was used as the base relation with previous
relations being used where applicable to extend the base relation both up

ward and downward Many of the relations required long extensions in order

to cover the range in discharge Straight line extensions on log log graph
paper were made except where other information such as bankfull stage
indicated curvature

The depth computations consisted of picking a stage for the 10 50
100 and 500 year discharges from the stage discharge relation Next the

stage of the point of zero flow was obtained from the relation and subtracted

from the stage of the flood discharge Selection of the point of zero flow

is illustrated in figure 12 The computed depths for the 100 year flood are

listed in tables 5 8
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REGRESSION ANALYSIS

Standard multiple regression techniques were used to develop equations
by relating flood characteristics at gaged sites to basin and climatic param
eters Initial regression equations were obtained for each flood character
istic using all four basin variables and then redefining the relations by
successively el iminating the least significant basin or cl imatic parameter
unti I only one parameter remained The final regress ion equations are based
on basin and cl matic parameters for which all coefficients were significant
at the 5 percent level

The first regression trial was made using gaging station records for all
natural flow streams in Colorado and selected streams in adjoining States
The accuracy of the results was extremely poor and no significant trends could
be identified from plots of residuals from the regression equations The poor
result was attributed to the extremely varied topography of the State and the
several sources and forms of precipitation which produce floods Additional

regression runs were made using numerous combinations of areas to obtain rea

sonable regional subdivisions

The final regression results indicate that the flood characteristics of
natural flow streams in Colorado can best be defined by dividing the State
into four regions The regions as shown in figure 2 are Plains Mountain
Northern Plateau and Southern Plate u A brief description of each region Is

given in the following paragraphs and the flood characteristic equations for
each region are listed in tables 1 4 The equations for the 100 year flood

discharges and depths can be solved graphically by using figures 3 10
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P I a ins Reg i on

The Plains Region comprising almost one half of the total area of

Colorado consists of the eastern foothills of the Rocky Mountains and the

adjoining High Plains to the east fig 2 The western edge of the region
corresponds to the approximate upper 1 imit of floods resulting from wide

spread high intensity rainfall In the South Platte River basin the bound

ary corresponds to a line drawn along an elevation of 7 500 ft The boundary

in the Arkansas River basin corresponds to an elevation of 9 000 ft The

transition between the two elevations was made along the Rampart Range west

of Palmer Ridge which forms the boundary between the two river basins The

western boundary was based on an interpretation of flood discharge data for

gaging stations in the foothill areas of both basins

The flood producing rainfalls occur from April through September each

year during which period about two thirds of the mean annual precipitation
falls Because of the absence of snow accumulat ion snowmel t floods do not

occur on streams which originate in the Plains Region Streams in general
are ephemeral but respond quickly to intense rainfall resulting in short

duration small volume floods

Records for 83 gaging stations were initially used in the regression for

Plains streams Preliminary results indicated that most gaging stations in

northeast Colorado and areas to the north and east plotted highly negative on

the regression relations This area commonly referred to as the Sand Hills

is characterized by numerous permeable closed depressions and discontinuous

stream channels The major difficulty appears to be the inability to ac

curately define the contribllting drainage area of basins within the area

Because of this problem the gaging stations ir the Sand Hi lls area were

el iminated from later regression trials The final regression equations for

the Plains Region are applicable to the contributing parts of drainage basins

within the Sand Hills area

l

The equations relating flood characteristics to basin parameters and

the standard error of estimate for each equation are 1 isted in table 1 The

equations for the 100 year flood discharge and depth are depicted graphically
in figures 3 and 4 respectively

1
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Moun ta in Reg ion

The Mountain Region comprises all areas in Colorado in which flooding is

predominantly caused by spring snowmelt runoff fig 2 The eastern bound

ary coincides with the western boundary of the Plains Regiion The western

boundary north of the Gunnison River corresponds to an elevation of 7 500 ft

South of the Gunnison River the boundary follows the divIde between the Lit

tle Cimarron River and Big Blue Creek to the Continental Divide at Wetterhorn

Peak Southward the boundary follows the Continental Divide to the Rio

Grande then it follows the Rio Grande to the Colorado Nel Mexico border

The region includes both the steep mountain terrain and the high relatively
level mountain park areas within its boundaries

The principal form of precipitation during the winter is snow derived

from moisture moving eastward from the Pacific Ocean The orographic effect

of the high mountains generally produces more snowfall on the western slopes

Separate regress ions were attempted fat eastern and western mounta in streams

but the two areas were combined because results did not warrant the division

Infrequently severe floods are caused by rainfall during optimum conditions

of snowpack depth and rate of temperature rise During the summer rainfall

occurs throughout the region but because of the elevation the moisture

supply is insufficient to produce significant floods

The regression equations relating flood characteristics to basin param

eters for the Mountain Region are listed in table 2 with the standard error of

estimate for each equation The equations for the lOO year flood discharge

and depth are depicted graphically in figures 5 and 6 respectively
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Northern Plateau Region

The Northern Plateau Region comprises the area of northwestern Colorado

within the White River and Yampa River basins below an elevation of 7 500 ft

Fig 2 Much of the area is dissected by virtually parallel streilClS with

narrow uncut plateaus between The annual precipitation ranges fron about

10 inches at lower elevations to about 20 inches at an elevation of 7 500 ft

of which approximately 60 percent occurs as snowfall from October through
Apri 1 Summer thunderstorms produce high intensity rainfall in the region
but are usually 1 imited in areal extent Floods are primarily caused by
snowmelt runoff from April through June

Records for 21 gaging stations were used to derive the regression
equations for the Northern Plateau Region Most of the gaging stations are

located at higher elevations along the eastern and southern edge of the re

gion or on larger streams at lower elevations The smaller drainage basins

at lower elevations have not been adequately measured to provide reliable

estimates of flood characteristics thus the appl icabil ity of the egression
equations to these sites is untested and unknown Supplemental flood infor

mation where available needs to be used for deriving flood characteristics

for these streams

The regression equations relating flood characteristics to basin param

eters for the Northern Plateau Region are listed in table 3 with the standard

error of estimate for each equation The equations for the 100 year flood

discharge and depth are depicted graphically in figures 7 and 8 respectively

J
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Southern Plateau Region

The Southern Plateau Region comprises the southwestern part of Colorado

west of the Mountain Region fig 2 North of the Gunnison River the bound

ary coincides with a 1 ine along an elevation of 7 500 ft including the main

stem tributaries of the Colorado River westward to the Utah State line The

boundary south of the Gunnison River fol lows drainage ivide to the Rio

Grande then it fol lows the Rio Grande to the State line The part of the

region south of the Gunnison River includes both the Plateau section of ex

treme western Colorado and the high rugged terrain of the San Juan Mountains

Annual precipitation ranges from 8 inches in some areas along the western

border to 50 inches in the San Juan Mountains High intensity rainfall occurs

during the summer months with infrequent rain storms during September and

October producing large floods on streams in the highest parts of the region
Most annual floods result from snowmelt runoff during the spring months but

these floods are usually much smaller than the infrequent floods during Sep

tember and October

The regression equations relating flood characteristics to basin param

eters for the Southern Plateau Region are listed in table 4 with the corre

sponding standard error of estimate for each equation The equations for the

lOa year flood discharge and depth are depicted graphically In figures 9 and

10 respectively



MANUAL FOR ESTIMATING FLOOD CHARACTERISTICS 43

Mixed Population Flood Areas

Many streams in Colorado originate in high mountain areas and flmv out of

the mountains to much flatter plain or plateau areas Floods on these streams

at higher elevations are caused by snowmelt unoff but at lower elevations

floods can result from snowmelt rainfall or a combination of rain on snow

Reaches of streams that receive annual maximum floods from both phenomena are

herein referred to as foothill streams and the part of a drainage basin affec

ted is called a mixed population flood area The existence of the problem of

mixed population floods in Colorado was impl ied by Jenkins 1960 p 6

During the early phases of this study it was noted that the flood records

for foothill streams did not adequately fit the log Peal son Type III statisti

cal distribution In general flood frequency relations for gaging stations

on foothill streams exhibit large positive skewness that is the relations

are concave upward in shape Another characteristic feature of these rela

tions is that several of the highest floods which usually occur during summer

months plot extremely high in spite of the large positive skewness of the re

lations This lack of a satisfactory fit of the higher floods results in low

estimates for the larger recurrence Interval floods These features were

noted for flood records of gaging st tions throughout Colorado but ere more

pronounced for streams along the eastern foothills of the Rocky Mountains

This report contains the assumption that mixed population flood areas form

the transition zone between the Mountain Region and each of the other three

flood regions except for that part of the Southern Plateau Region south of

the Gunnison River Flood records for this part of the State did not provide
sufficient evidence to define separate flood regions for snowmelt and rainfall

floods

The gaging station records for foothill streams were separated from other

records and an Investigation was started to separate the flood frequency rela

tions into snowmelt and rainfall components Flood records for several gaging
stations along the Front Range provided useful and interesting information but

a satisfactory procedure for computing flood discharges of foothill streams

could not be derived in the limited time available for this study An interim

procedure discussed in the following paragraphs was developed based on prel im

inary results of the foothill streams investigation and a review of literature

relating to rainfall produced floods in Colorado and Utah
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The primary consideration in developing an interim procedure for foothill

streams was to establ ish a transition zone between the rainfall flood zone

lower region and the snowmelt flood zone Mountain Region Because of the

lack of homogeneous flood frequency data on small streams in the foothill

areas an arbitrary division was required The principal sources of informa

tion utilized in establishing the transition zone were 1 Published reports

by Woolley 1946 Follansbee and Sawyer 1948 Matthai 1969 Fanner and

Fletcher 1971 Butler and Marsell 1972 and Snipes and others I J74
2 Streamflow data collected by various State and Federal agencies and

3 Field observations and measurements of stream channel characteristics

Based on information from the above l isted sources several methods were

tested for technical soundness and simpl icity of appl ication The method se

lected for use is based on the assumption that areal extent and intensity of

floods resulting from thunderstorms decrease as elevation increases in the

foothill areas of Colorado This assumption is supported by information con

tained in the references and to some degree by field observations of channel

characteristics This reduction is depicted in figure 11 as a reduction

factor versus elevation graph The reduction factor is selected based on

elevation of the study site and is appl ied to the peak discharge regression
equations for the lower flood regions Although highly subjective the method

does provide a smooth transition between the lower and upper flood regions
It is also easy to apply and provides seemingly realistic peak discharges
from rainfall at higher elevations Strict interpretation of figure 11 in

dicates that floods produced by thunderstorms do not occur in the Mountain

Region The assumption used herein was that thunderstorms can occur at high
elevations but owing to the small areal coverage and reduced intensities

the resulting floods are smaller than snowmelt floods This assumption
needs to be checked when studying small areas at high elevations The interim

procedure is described in the section entitled Appl icat ion of Methods



MANUAL FOR ESTIMATING FLOOD CHARACTERISTICS 45

SELECTED REFERENCES

Butler Elmer and Marsell R E 1972 Developing a state water plan
Cloudburst floods In Utah 1939 69 Utah Dept Nat Resources Water

Resources Div Coop Inv Rept 11 103 p

Dalrymple Tate 1960 Flood frequency analyses
Supply Paper 1543 A 80 p

U S Geol Survey Water

Farmer E E and Fletcher J E 1971 Precipitation
summer storms at high elevation stations in Utah

ture Forest Serv Intermountain Forest and Range
Paper INT l10 24 p

characteristics of

U S Oept Agricul
Expt Sta Research

Fenneman N M 1931 Physiography of Western United States New York

McGraw Hill Book Co Inc 534 p

Follansbee Robert and Sawyer L R 1948 Floods in Colorado U S Geol

Survey Water Supply Paper 997 151 p

Hardison C H 1971 Prediction error of regression estimates of streamflow
characteristics at ungaged sites in Geological Survey Research 1971
U S Geol Survey Prof Paper 750 C p C228 C236

Jenkins Clifford T 1960 Preliminary report on frequency and extent of

flood inundation on Boulder Creek at Boulder Colo U S Geol Survey
open file report 28 p

Matthai H F 1968 Magnitude and frequency of floods in the United States
Part 6 B Missouri River basin below Sioux City Iowa U S Geol Sur

vey Water Supply Paper 1680 49l p

1969 Floods of June 1965 in South Platte River basin Colorado U S
Geol Survey Water Supply Paper 1850 B 64 p

Patterson J L 1964 Magnitude and frequency of floods in the United
States Part 7 Lower Mississippi River basin U S Geol Survey Water

Supply Paper 1681 636 p

1965 Magnitude and frequency of floods in the United States Part 8
Western Gulf of Mexico basins U S Geol Survey Water Supply Paper
1682 506 p

Patterson J L and Somers W P 1966 Magnitude and

in the United States Part 9 Colorado River basin

Water Supply Paper 1683 475 p

frequency of floods

U S Geol Survey

Sauer V B 1974 Flood characteristics of Oklahoma streams U S Geol

Survey Water Resources Inv 52 73



46 TECHNICAL MANUAL

Snipes R J and others

Colorado Kansas and

1850 D 97 p

1974 Floods of June 1965 in Arkansas River basin

New Mexico U S Geol Survey Water Supply Paper

Thomas D M and Benson M A 1970 General ization of streamflocharac

teristics from drainage basin characteristics u s Geol Survey Water

Supply Paper 1975 55 p

U S Geol Survey 1954 Campi lation of records of surface waters of the

United States through September 1950 Part 9 Colorado River basin

U S Geol Survey Water Supply Paper 1313 749 p 1955

1955 Compilation of records of surface waters of the United States

through September 1950 Part 7 Lower Mississippi River basin U S

Geol Survey Water Supply Paper 1311 606 p

1958 Compilation of records of surface waters of the United States

through September 1950 Part 6 B Missouri River b21sin below Sioux

City Iowa U S Geol Survey Water Supply Paper 1310 619 p

1960 Compilation of records of surface waters of the United States

through September 1950 Part 8 Western Gulf of Meolco basins U S

Ge01 Survey Water Supply Paper 1312 633 p

1964 Compilation of records of surface waters of the United States

October 1950 to September 1960 Part 6 B Missouri River basin below

Sioux City Iowa U S Geol Survey Water Supply Paper 1730 514 p

1964 Compilation of records of surface waters of the United States

October 1950 to September 1960 Part 7 Lower Miss issippi River basin

U S Geol Survey Water Supply Paper 1731 552 p

1964 Compilation of records of surface waters of the United States

October 1950 to September 1960 Part 8 Western Gulf of Mexico basins

U S Geol Survey Water Supply Paper 1732 574 p

1964 Compilation of records of surface waters of the United States

October 1950 to September 1960 Part 9 Colorado River basin U S

Geol Survey Water Supply Paper 1733 586 p

1969
souri

Iowa

Paper

Surface water supply of the United States 1961 65 Part 6 Mis

River basin Volume 3 Missouri River basin from Sioux City
to Nebraska City Nebraska U S Geo Survey Water Supply
1918 751 p

1969 Surface water supply of the United States 1961 65 Part 6 Mis

souri River basin Volume 4 Missouri River basin below Nebraska City
Nebraska U S Geol Survey Water Supply Paper 1919 805 p



MANUAL FOR ESTIMATING FLOOD CHARCTERISTICS 47

1969 Surface water supply of the United States 1961 65 Part

Mississippi River basin Volume 2 A kansas River basin U S

Survey Water Supply Paper 1921 878 p

7 Lower

Geol

1970 Surface water supply of the United States 1961 65 Part 8 Western

Gulf of Mexico basins Volume 2 Basins from Lavaca River to Rio Grande

U S Geol Survey Water Supply Paper 1923 786 p

1970 Surface water supply of the United States 1961 65 Part 9 Colo

rado River basin Volume I Colorado River basin above Green River U S

Geol Survey Water Supply Paper 1924 488 p

1970 Surface water supply of the United States 1961 65 Part 9 Colo

rado River basin Volume 2 Colorado River basin from Green River to

Compact Point U S Geol Survey Water Supply Paper 1925 618 p

U S Water Resources Council 1967 A uniform technique for determining flood

flow frequencies Washington D C U S Water Resources Council Bull

IS 5 p

1975 A uniform technique for determining flood flow frequencies
Washington D C U S Water Resources Council Bull In press J

U S Weather Bureau 1967 Normal annual precipitation normal May September
precipitation 1931 1960 Colorado U S Weather Bur map Available

from Colorado Water Conserv Board

Wooley R R 1946 Cloudburst floods in Utah 1850 1938 U S Geol

Survey Water Supply Paper 994 128 p 1947 J

a



Table 5 SsUlcted basin and clilootic parameteIs and flood dalacteI ietic8 foI garJing 8tafUnu1

in the Plains Region

llood dtcbarS fOT each plJ1n8 station are first line values used in multiple regression analysia second line veight d averages

r belov atation name arelatitude md longitude in degrees minutes 0 second8

0

0 00 o

3

I
0 0

l 1
Q

t
1

l
00 II

0

0 Q

8Station nae
0

Q 8
1

0

H n
f

0Q 0

0 Q0 1 n

0 go
o

0 gn 0 0

3g
0 l 5

0

0 0 0

0 0 S

SOuTH PLATTE RIVE BaSI
w w

06712000 CHEP R CREE aR J Qa TOolN COLO 615 J2 16 4530 11700 16300 31000 10 1

Ln 3 21 2 LOS 1 5 6 5010 13100 18400 36000

06712500 CHERRY CREE AR flVI COLO 336 5626 3 11 16 11810 29100 1100 18100 13

L T J9 35 2 La 1 11400 28MO 39600 16800

06821500 IKAREE I EQ noct IGl NE8R 4Z 980 3251 16 1300 30100 40000 66100 22 4

L T 0 01 5 LO i3 10 58 10 13100 322110 42900 151fl0

06825000 SOUTH Fall EP eLICIvFR 22 1300 369 I 19 16 lnoo 41900 5liOO 12100

NEAl IDALlA COL 19800 210C 4E00 89500

Ln J9 26 LO 102 14 32

06858500 fjORn FC 5 C ILl IoIEH 16 650 3070 12 13 16 6790 34400 64800 251000

NEAl MCALAS ER IO 5 1990 32100 57400 199000

Ln 39 01 01 l O 5 101 20 51

06858700 NOlnF0QK s c y ILL IiIVEH TJlI8UTARY 12 1 1 3260 82 66 18 85 1840 2 130 3110

NEAR wINe A KA 5 84 1850 2S20 48 0

LT 39 01 51 LO 101 17 07

06859500 lADDER C EE ELO CM L CttEEK 1460 2t4O II 18 7761 31000 66300 228000 11 3

NfAi SCOTT CITY s 9920 38800 65500 200000

LOT 2 LO 52 10

0681lO000 SMOKY HILL h fLr DEH KANS 35 3555 2625 I 11 18600 51510 83900 115000 12 f

LOT 3 LOC 10 51 19 0300 60000 B1000 lAOOOO

06860300 saul 8RAjC l iC Eii Y CREEK 49 6 2850 15 I 19 2380 810n 1 900 34400

NEAR ORIC 5AS 2590 8410 13200 32900

L T 5 LOC 42 10

06tlb0500 HACKBERRY C E f GC E KANS 18 26 2593 12 16 19 7480 29500 48200 131000

tAT 57 15 UJG IOC Z9 05 1110 21600 4HOO 112000

06811000 NOfITH FORSU O lPl h AT GLADE KANS 21 8 1154 10 21 11200 21400 26200 JROOO

I AT 39 LCotjG 9 8 30 11000 24100 33 00 60000

06871500 Ball CREEK Et 5 0C 10 KANS 23 JJ1 lAn2 21 5740 19400 31200 811500
LAT 39 3 LUIIG 11 O 5970 19800 J1300 63300

06871800 NO ltt FORSO OM 10 1 AT JRWIN KANS 25 1361 1660 21 4200 34500 47700 94400 24 5

I AT 39 39 J4 LVoG Ob 55 14000 36200 51400 105000

06872100 M1OlE OlE 11 51 10101 KANS 11 58 9 1160 18 11 2 3650 12900 20800 58600

Loll 39 5 21 LC C 9 O JS10 11800 18600 49300





0

T ie 5 e ted basin and a imatic paPWlete ant flood characteist1 08 for papilU tati018

in t M Plains Region Contlnued

i0 00 o

o o 0 co

ico
v

v

x titE ciS
0

0

StatiOfl name 0
0 0 8

H

00

0
0 ij

v

7
v

0
0 5

0

0 0

0 m

A JtI ANSAS RIVER P ASt Cn HIlUED

01128500 PU G TOIRE RI P NEA LAS ANIMAS COLO 35 3503 3875 19 15 36500 1810u 105000 190000 18 5

LAl 3 02 02 L G 103 12 00 310800 71100 104000 191000

07129500 RULE CREEK NE CADDO 0 10 435 3El90 5 13 8650 233O 33500 71200 21 8

A 37 59 se L G 103 9210 24900 35800 7500

07153501 DRY CIfo AkkOt I1ER toEAIi G MrX 32 545 4900 11 20 101 00 2980 44000 102000

LAT 36 S9 15 LONG 103 2S 25 12 OO 311110 105100 98600

071 4400 CARR ZOZO C EE E k IIE TC Ol l 17 III 4380 4 17 16 10 OO 235t0 31300 56200

LAT 3f 52 5S UiilG 103 III 05 7630 188t10 2620 1 51700

0715500 CIJolAIlRO i lvEOl AI KE 10 OKLA 21 1038 4n 6 10 16 22000 4 Zno 62900 116000

LAT 36 55 3 LOrG 102 57 31
20300 45500 61400 116000

07155000 CIMARPCRIVE 90vE UH CREEK 14 1819 3933 21 12 16 31 too 75610 105001 208000

NEAk tlOISE CITY 0 L 27 00 66600 92700 184000

Ln 36 5 4 lONG 1 2 37 06

117199000 CA AOlfoj III v EA t RC MEx 229 648 54 25 I 10800 33000 51500 131000

LAT 36 4 I LONG 0 27 42 lU500 30200 45900 116000

01201000 RATON CREEAT RAT loIIEX I 14 4 6640 I 105 I 1830 5140 7470 16300

LAT 36 54 lOflG lr2
2280 5750 8110 11000

E F I1RE HIGH JLlERS ELl TEl

OOE F I4JRE uw WTLlRS EUJlfJtvTED

IREGULATEO PERICD F RE1JU



51

Table 6 Selected basin and clitmtic pI1amete1 8 and flood chm w eristic6 for gafi rg statiorz

in tM Mountain Region

Flood dbcMJOgea 0 each gaging t ation are firat line values used in multiple regression analysf8 second 11 we1gt ed averages

NwlIbera below station name arelatitude and longitude 1n degrees minutes nd second

n

00 H 00 00

00 3v

n
00 v

Ife x 8 0

i 80 8Station name
o

8

H
0 xo

v v

E 0
o 8

E GO v

0 0 0

iu 0 b5
SOUTH PLATTE RIVER BASIN

116616000 NORTH FORK MICHIGAN RIVeR 21 i 1 2 8793 74 2 2 7 30B 322 350 3 1

NEAR GOULD COLO 319 339 380

LAT 40 3J 10 LONG lOb 00 3

06617100 MICHIGAN RiVER AT WALDEN COLO 24 las 8045 I7 18 855 1130 1240 1490 1

LAT 1t0 44 28 LONG 10 16 44 85 1110 1300 1610

06618500 ILLINOIS CREEK AT WALDEN COLO 2 29 8039 18 8 19 1150 2350 3010 550 9

LAT 0 t3 35 LONG 17 2 1150 2300 2910 5160

0662000 DOUGLAS CREEK ABOVE KEYSTONE loIVO 10 2 1 9300 7 211 30 80 1050 1110 1 60 5

LAT 41 II 00 LONG lOb I 730 902 993 120

06621000 DOUGLAS CREEK NEAR fOXPARK IlVO 2 10 8200 77 53 27 1470 1750 IB4 0 1990 1

LAT 41 04 52 LONG lOb 18 25 1450 1730 1830 2010

06622000 BIG CREEK AT BIG CREElRANGER STATION YO 0 7770 5 23 1200 1 0 1590 1790

LAT 41 03 00 LONG 106 31 30 1140 1420 1540 1790

06622500 fRENCH CREEK NEAR FRENCH wyo Xl 59 6 7500 158 lOb 2 1560 1900 2020 2260 3 0

r
LAT 41 12 30 LONG 106 31 30 1440 1690 1790 2040

06622700 NORTH BRUSH CREEK NEAR SARATOGA WYO 13 31 4 8020 70 0 932 1210 130 160 3

LAT 22 LONG 106 31 22 8 8 1050 11M 1450

06706000 NORTH FORK SOUTH PLATTE RIVER x30 127 8561 220 9 2 757 1040 1170 1470 2 6

I BELOll GENEVA CREEK AT GRANT COLO 778 1100 1240 1550

LAT 39 21 26 LONG 105 39 29

i 06716500 CLEAR CREEK NEAR LAWSON COLO 25 145 B080 170 327 1750 2280 2490 2950 2

LAT 39 5 57 LONG 105 37 32 1110 2220 2420 2890

l 06722500 SOUTH ST VRAIN CREEK NEAR WARD COLO 23 14 4 9312 220 232 3J 351 53 98 2 3

J
LAT 40 05 27 LONG 105 30 50 345 2 48 592

06725500 loIIDOLE BOULDER CREEK AT NEOERLANO COLO 28 36 2 8186 2 0 100 21 713 89 9 7 1130 9

LAT 39 57 42 LONG 5 30 14 95 8 934 1100

06729000 SOUTH eOULDER CREEK 42 1 8380 2 2 79 872 1060 2 3

N AR ROLLINsvILLE COLO 59 75 831 1030

LAT 39 54 53 LONG 5 30 05

J
06732000 GLACIER CREEK NEAR ESTES PARK COLO 24 2 7980 350 32 3l 340 31 8 3 2

LAT 40 20 41 lONG 105 35 00 342 22 052 518

t
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roO 6 Zected basin and climatic parameters and lood charaderieticB fop gaginetati0n8
111 the HowltainRegion Contlnued

n n

o

I
0 LO

e

i 0o

0
o o 0 0

sution nllme

0

le

i
O 0

81 i e

O 00
e n eo

2 e oo

j i o E g
l 5 5

SOUTH I LATH lIlvER clSh CO TlouEU

Or 7o8 Oll FALL C EEI E usnc COLO 13 3 9H 28 131 151 204 3 1
LOT B lvG 15 37 82 119 13 181

Oe 14f510 LITTLE b LI l1 CFEEI fAR IOYllLI1E COLO 0 9 10COO 58b 5 24 31 1

LOT J 19 lO G 1 5 39 40 30 44

06748530 LlFLf tl Il EIt Cl l ol OI RUSTIC COLO 13 J J 8350 732 23 145 215 31 0

Ll J7 3 LL G 115 JJ 52 141 210 40 315

Q6h860lJ SOUT01 fOhl CI HE LA POoDI I I JvEH 17 90 3 7591 no 74 74 4 1400 630 22S0 4 5

NEAk
USTH

C O 857 1290 1 90 2020

Ll 0 B Lv G 105 2 35

AIlI ANSA5 RIVEElASI

07u79500 EAST fOhJlktur SJ5 wIvEt 50 0 9700 b3 6 b97 b2 080 1380

NEA LEDvI LE ceLt b17 70 97b lZ40

L 7 3 l5 5 LLG llib 0 24

07081000 TENESSH Vol EllLE AOlILLf COLO 15 48 0 9760 75 27 41b 54b 5bb bOl 2 5

L l 51 L G 10 20 25 49 b34 b 18

01Oll3000 HALF OCN C El I EAW flALTA COLO 27 23 6 9fl30 300 89 5 392 4b3 4 7 532 b

L l 10 2 LC u lrt 23 19 35 44b 478 549

o UIH 500 CLEAR CIEE L301li CLEAl Cf tEI 28 61 1 8885 10 48 979 1300 110100 1760 3

RES RYO r COL 685 1200 1330 1650

Ln 39 5 LCIojG H Ib 38

07089000 COTTOt 1I0C C EEojELOII HOl SPRINGS 35 65 0 8S32 240 296 2b 551 79 904 1210 3 3

E AI Bl E A VISTA CGLO 512 93b 1230

Ln J8 LCOr lOb 13 18

07095000 GR CREEr IIESTeL IfF COLO 4 3 7690 52 0 1410 3490 900 9990 b

L l 3d 11 LONG 1 5 59 1440 3310 S40 8900

07114000 CUCAkAS J vE n 5JYD RANCH 38 56 0 778 230 III 2b 3b5 587 b81 9b 3 7

EAR L Yf a COL 08 b36 n3 955

L l 25 i2 l IlG 1C5 OJ 0

R O G NOE R Y Ji 8 51

082245UO KERlk CIo EK 1 r S1 EI RACH 41 38 0 8900 0 9b 2 225 382 4 1 b77 1 5

AR vI LA GRC E C00 n 4 515 123

L 7 J8 LJNG 1Gb Ob 57



hole G Selected ooein a11d JLinntic paronetel ll I1Ui f100d chatacteMatic8 for ga Jii 6QtiG

in the Mowitain Region wCO1tfnlJed

i
e

e

2

Station name

a
RANQ RIVER BASIN CONTINUED

21500 NOIHtI C E 5TONE CREENEAR CRESTQlE COLO
lAT 38 00 49 LON 105 41 34

230500 tA NERO tREt NEAR LA GARITA COLO

LAT 31 51 35 lON lOb 1 08

231000 lA GARtH CJlEfK NEAR LA ANnA COLO
lAT 31 48 4R lONG lOb 19 04

82400500 TRINCER4 CREEK 460VE TURNERS RANCfl
NElQ fORT GARLANO COLO

LAT 31 2Z Zq LONG 105 11 40

O 2401oao TRINCkERA CREEK ABOVE MOUNTAIN HOME

RESER OIR NEAR FORT GARLAND COLO

lAl 37 23 41 lONG 105 22 07

OB240l500 SANGRE lE CRISTO CREEK

NEAW FORT Afl ljlNO COLO
lAT 7 25 30 LONG 105 24 52

08242500 UTE CHEEK NEAR fORT GARLANO CO O

LAT 31 26 So LONG 105 ZS 3Q

08252500 COSTILLA CREEAeO E C05Tl LA OA N ME

LAT 36 53 52 LONG 105 15 16

06253000 C SIAS CREEK NEAR COSTILLA N HE

LAT 36 53 48 LONG 105 is 35

08253500 SANTISTEVAN CREEK NEAR COSTILLA N HEX
LAT 36 53 03 LONG 105 16 50

D82 OOO LATIR CREEK NEAR CE RO N MEx
LAt 36 49 45 lONG inS 32 50

Oblf40QO REO RlJE R IIE AIREO RIVEH N MEX
LAT Jb 37 20 lO 105 23 20

08261500 RiO HONOO EAR JALOlI N ME

LAt 36 32 30 LONG IDS 33 21

Od271000 RtO LUCERO NEAR ARHOYO SECO N EX
LAT 36 30 30 LONG 105 31 49

QO

o

8 10 7

50 11

53 61 0

5

32 61 0

51 190

50 32 0

22

35

36

32

3

n

o

8360

8 SO

8030

45 0 8520

6150

1900

a045

25 1421

16 6 Q40

1 9481

la 5 8280

19 1 1394

36 2 165C1

16 6 8051

t
e

e

i

8
o

0
o

0

MO 3S2

150 M

160 M

320

230

221 16

461 loe

R62 1 2

7D4 184

411 211

336 i16

40f 2610

o

c

56

o

oe

e Q
CI

e

1

3

3

21

0

25

2S

5

21

2S

oe
00

o

8

3

o

239

550
591

11100

HQ

12

421

3
335

315
3

59B
UTo
1C 4

27

192
225

133

6
ZI

100
109

O I

220

3f 0

213

e

PO

it

r

Sn
IoS

0

450

n

56

q

597

5

565

IbflO
I Hl

20

357

190
215

22

30

161

173

j l n

316

516

573

30
3

pe

0

8
J

0
3

g

711 1 JQ

1110

21020
2 330

725
75

73
730

114 1

1111

0
2

2eBO
2760

B

77

BO

213
2 2

2

34

191

203

33

35B

2

73

no
33B

53

n
e
0

i
e

0

r

8

J
0

2

7

935

973

2 3

3 7

32
900

3 0

11 1

631 3 7

53
5 6

20
30

43

71
B

46

95B
930

395
10



To l 6 Seiecud basin and clUootic paromete18 and flood charactelistim fOl iaqina stcltimw
in the Mountain hegion Contlnued

0

0 0 0 80 0

0

i2

g e
00

t
a

8 gSt tlOlnanle 0 F
1

c

g X 8 8
H i

0 0

O
o gn

0
o

co 0
0

f ii Z i
c

0 0

0
0 5

COLORAQO RIVER BASI

0901Z500 NORTH INLET Gl ANl LAKE COLO 10 45 9 8434 1220 1320 1570 5 7

L 15 LONG 105 39 1060 1140 1350

09016500 AHAPAHO CREEl Jll RCti LAKE Z7 46 9 8310 310 3l 1130 1310 1360 14M

OUTLET COL O 1000 1190 1250 1370

LAT 40 06 45 LUNG 10551

09011000 ARAPAHO CREEf BElO ON ARCH LAKE COLO 10 59 0 8244 3l 3l 1250 1140 1980 2600 5

Loll 40 07 50 LON 105 3 1020 1400 1560 1980

09020000 WILLOW CREEK fA lAtTBh COLO 9 09 8234 58 28 94 983 1060 7

LAT 40 10 50 LOflG lOb to 31 909 1150 1230 1400

09024000 FRASER RIVER E R MlflTER PARK COLO 27 b 8906 8 536 7 45 1090 3 3

LAT 39 54 00 LOflG lC56 34 75 759 9

09026500 ST LOllIS CREEK NEl FPl ASER COLO 32 9 8980 153 390 S

LAT 39 54 36 LO 105 2 40 o42 53 56 lB

12000 RANCH CREEK NEAR F ASER COLO 19 9 8685 2 7 323 34 360 3

LA7 39 51 00 LOtooj IDS 45 54 7 35 3 so

09032500 RANCH CREEl NE HBERNlSCOLO 5 51 3 11340 30 Z6 551 59 695 72 3 5

LA7 39 59 51 LOl105 9 23 54S 692 7 5 859

09033000 MEADOw CREEK NEAR TA8ERhlSH COLO 780 2 56 26 321 345 397 3

AT to 03 03 LOl105 6 31 ZU 282 306 360

09033500 STRAWBERRY CREE heAR GRiNSY COLO 10 1l 6 tl65l 24 27 116 66 90 7

LAT 40 05 12 LO 105 1 39 14j 7 3S 397

09035500 WILLIAMS fOlU BELC STEE MA CREEK COLO 5 Ib 3 9800 64 3l 38 3 1047 47 3

LAT 39 46 414 LO 105 S5 40 34

09Q36000 WILLIAMS fOQI EAk LEAL COLO 28 89 3 8790 3S 3Z 147l 1110 1790 1940 3

Loll 39 4953 LO 106 13 15 1390 1660 1750 lCJ30

0903 500 KEYSER CREEl hEAR LEAL COLO 10 13 8 9080 34 330 26 lBS 7 3l 263 5

L 39 54 21 LO 06 00
84 245 70 333

09Q31S00 llILLlAM5 FORK ojEA PAilSALL COLO 48 84 7809 26 1550 19M 2120 2410 3

LAT 40 00 01 LO G 10 10 1530 1980 2150 2540
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Table 6 Seleoted basin and cliflatio parametqrs
em

1ood i lr ri t C3 Y g J J stati

in the MOWltai 1egion Contlnued

tlGO 00 H

0 e 0

1 H0
00 00

0
v

0

fe
vv

o

v

0

Station name v
c

0 0

c 0 o o 0

1
o

H eo

g0 00
e

c 0

c
0 0 vo 00

0 v v e o v o

n

3
0 c c c

g o 0

0 0 0 0 0

0 0 3

COLO UOO RIVER E JlSIN CONTINUED
w

O O OOOO EAST FO t TROUBLESOME CREEK NEAR 27 76 0 7670 83 127 30 57 9 0 1150 1690 3 5

TROUBLESOME COLO 671 100 1210 1610
L 09 27 LONG I 16 58

090101000 MUDDY CREEK NEAR KREMMLING COLO n 87 4 7856 21 3 715 1010 t12e 1400 4

L 40 17 JT LONG 10 28 59 94 1210 l320 1570

09001100 AfIITELOPE CREEK NEAR JREMMLlNG COLO n2 11 5 7933 3 0 i69 2 3 In 27i 713 2 5

L 40 14 26 LOfllG 10 22 23 106 2 4 270 54

09010 6600 BLUE uIVEl JljEAR DILLON COLO i I 9120 67 88 IJO l530 2010 3

L 39 55 LONG 10 02 19 1000 11o O 1 r O 20fl 0

091107000 BLUE RIvER T DILLON COLO so 128 8621 140 39 1020 1170 1220 1290 4 0

LAT 39 3 so LONG 10 03 os 1050 1250 1330 11050

0901075VO SNAI E RIvER NEAR MOtlTEluMA COLO 2 57 7 9320 730 6S 33 933 1150 1230 1360 10 1

LAT 39 3 20 LONG lOS 5 33 911 lI I 1220 1310

090107700 KEYSTONE GULCH NEAR OILLOfll COLO i I 9350 360 192 21 78 119 138 5 1 0

L 39 3S 40 LONG IOS 58 19 10 IS PT 23i

090106000 SfIIAKE IVER AT DILLON COLO 42 90 9 1l1 70 39 3 1000 1230 1310 1470 3 5

L 39 3 45 LONG 10 02 30 Inl0 1270 13 l 15100

O 050 100 TENMIUCREEK RELO NORTH TENMILE CREEK I 93 3 9090 150 68 3 11080 1760 1 50 2010 4 3

AT FRISCO COLO 1330 1650 1750 19 0

L 39 34 3T LONG 10 o 33

091S0500 TENMILE C EfK DILLON COLO 40 III 8818 120 2 3D 1540 1670 1990 22rO 4 0

LAT 39 36 45 LONG 10 03 15 14RQ 1630 1960 2220

09052000 RUCK CREEK NEAR OILLON COLO 21 15 8 6503 400 2 30 2 3 8 3J 352

L T 39 43 23 LONG 10 07 4i 262 3 U 346 95

09053000 SLATE CREEK NEAR OILLON COLO 11 16 8228 40 211 3 263 320 343 394 2

L 39 40 54 LONG 10 10 02 31 390 16 4T

09053500 BLUE RIVER AIOvE GREEfII MOUNTA IN 1 511 79107 2 30 10541 230 5430 51Ao 4 T

RESF RVOIR COLO 101o1C1 5310 5550 bIfiD

LAT 39 49 55 LOfllG 10 13 20

09050000 LACK CREEK 8ELOlr HLACK LAKE i 15 0 8150 42 355 23 51 514 2 5

r NfAl OILLON COLO 38 54 478 514

LAT 4T 9 LONG 10 I 04



Table 6 Seie ted ba8in and climatic pZlG7ete18 and flood ClJuucteI BtilJ OJ gaqing 8t ti01le
in tJw Mountain egion ContJnueli

oc oc

0

H
mo 0

0

0
0
0 axe o

Station namoe go h
i KO

H i
0

0 v

o 00 n
m 0

50

020 0 0 0 g
0 x i i

C LO O J RiVEP ASIN COfjTINUEO

0905 O HLACK C EEK A OVf GREE vNTAIN 10 18 5 79M b 37 506 5b5 710 2 8

IoIESfIlVOlk c OLO I 531 573 b80

l T 3 51 21 lONG lOb 15 07

0055000 OTTfR O EEl OVE Gl EE vuNTAIN 10 8 1980 8 27 0 119 131 157 I

RESflolvOIJl COLO 110 155 17 I

LAT 39 51 10 LOG lOb Ib 02

090555IJO CATARACT CQEE A90VGEE MQUlTAIN 10 13 6 8320 17b 35 3b8 55 93 5A s

RESEROI COLO 32 15 8 527

l T 39 51 CO LOIoG 10 17 27

09058500 PINEY PIVE R EELO PINEl L E 17 13 0 9145 240 72 7 398 41 42 2 7

NEAk 1 10 COLO 362 9 467

LAT 39 2 LllNG 10 5 36

0060500 ROCK C EEt1 1111 TOPvN S COLO 47 6 8544 I 38 4 t 8 5 518 3 3

LOT 0 O it lONG I 39 46 544 583 b77

09003000 EAGLE JVEI TPtU CLIFf COLO 70 0 8048 6 2b 8 1010 1110 1310 3

LOT 39 30 LUNG 111f 22 00 737 1010 1110 1330

90 3400 TURKEY CREEplfli EO CLIFf COLO 10 23 9 8f18 I 8 711 813 1050

l T 39 31 2lO G llib 15 58 b 712 881

09UO 00 TUIIKEY CREE Eu CLiff COLO 1 29 6 8642 90 3 3 663 7 9 1020 3 2

LOT 39 30 50 LONG I 2 00 3 51 132

09064500 HOMf5TAKE C Eft 4R PtO CLlfr COLO 34 58 3 878 150 38 37 1100 1250 1300 1370 3

LOT 39 2 24 LONG le6 22 O 1 090 1250 131 0 1400

OlU05100 CROSS CHEEK f4Q MINTutN COLO 13 33 5 7990 8 3b 71 783 Bll2 8n 3 7

LOT 39 4 05 LOPliG HI24 45 b81 787 81 9 885

01005500 GUIH CREEH UPPER STATIO 14 3 8620 3 IO t 22 37 7 b 6 5 783 3 8

N AIMI TliN COLO S 594 87

LOT 39 37 40 LONG 1 6 lb 4

09061000 BLACK GURE C EEI r EM MIllJ N COLO I ll fI llBO no 169 33 309 36 31 n 415 3

LOT 39 35 47 lU G I 15 52 83 345 317 413

0900 400 RED SI OSTO E CIlEfl fill lNTU N COLO 10 7 3 915u I 38 172 235 62 n 2 b

LOT 39 4 58 lONG 100 24 03 185 23 26 31S

09060S00 GJ 1 EEl i IlR MI TlIN CULO 12 100 7156 90 9 32 1640 1850 1910 2010 9

LOT 39 3 53 LO I 2 22 1470 1160 1850 2030

t



Tab e 6 Seiected ba8in and ciunatic Jarameter8 and Frood rrteri8t 8 for gogi q 8tat

in the Mountain Regim ContInued

i
o

Station name

COLO ADO RIVER BASIN CONTINUED

09069500 GYPSUM CHEEK NEAR GYPSUM COLD
LAT 39 3Z 44 lO G 106 56 03

09013500 OARING FORK RIVEH AT ASPEN COLO
lAT 39 11 22 LONG 106 48 50

09014000 HUNTER CREEK NEAR ASPEN CulO
LAT 39 IZ 21 LONG 106 41 49

09018000 FRYINGPAN RIVER AT OR IE COl9

LAT 39 19 51 LONG 106 39 21

09018100 NORTH fORK fRYINGPAN RIVER
ABOVE CUNNINGHAM CREEK NEAR NO RIt COLO
LAT 39 ZI 32 LONG 106 34 04

090182UO CUNNINGHAM C EEK NEAR NORRIE COLO
LAT 39 20 03 LONG J06 34 29

09018500 NORTH fORK fRYINGPAN RIVER
NEAR NORRIE COLO

LAT 39 20 34 LONG 106 39 55

I
I

f

9082800 NORTH THOMPSON CREEK
NEAR CARAONOALE COLO
LAT 39 19 41 LONG 107 19 58

09084000 CATTLl CREEK NEAR CARBONDALE COLO
LAT 39 28 00 LONG 107 03 06

09096000 PLATEAU CREEK AT UPPER STATIO
NEAR COLLBRAN COLO
LAT 39 13 25 LONG 101 48 05I

I
09096800 8UZZARO CREEK BELOW OWENS CREE

NEAR HEIBERGER COLO
LAl 39 14 10 LONG 107 38 00

09097600 BRUSH CREEK NEAR COlLBHAN COLO

LAT 39 19 30 lONG 107 50 30

09099500 BIG CREEK AT UPPER STATION
NEAR COLLeRAN COLO
LAT 39 07 55 lONG 107 55 05

09110500 EAST RIVE NEAR CHESTEO BUTTE COLO
LiT 38 52 05 LONG 106 54 38

1

12 63 4

13 109

11 40 0

Z9 90 6

10

10

31

10

13

13

15

12

11

11

H

0

0

Q

1600

1885

8610

8410

12 0 9410

7 1 9600

42 0 8400

26 8 1112U

31 1 1640

24 1 788

49 1 8206

6 B183

20 2 11590

90 3 8atlo

o

j

57

n 0

K V Ii Ii H H
0

Q

g2 ii 8

Z g g g

o

o
0

176

1

3

92

1

201

21 0 6r

162

300 117

48

r 60 352

35

100 Z2

30

30 2630

2020

34

30 1440

1340

37

30

2Y

29

27

31

33

27

36

33 1190

1210

300

524

5
816

310
98

213

173

917
8 4

376

374

273
318

391
386

6 4

11

217
18

38

28

il

71S

301 1

2610

110
qq

J7ao

1690

362
32

26
27

12no

1090

5 5

Se

438

602

565

638
807

5

047

591

1350
1460

573

8 8

38 0

29S0
4630

540

I PO
1050

1910

1820

2190

2100

39
2

295
2 7

1320

1 0

532

55

n

4S

7 3
64

76

5 1

12

14

6i1

110 20
1550

711

1030

2 9

6 6

12eo
Il70

3 5

5 8

1

327

295

2

1580

1440

9

62
668

j

5

596

7

843

8

1120

1160

911
639

fl

1020
8 2

3 6

1580
1150

1



htl b tcd basin and cwltic plreteJ6 and lo1 c hu rer ti1 I gagirlJ IHatio18

i the Mountain RegioContl 1ued

0 00 0 0

e 8 E 8

H00
E 0

g 8Station name

H j
8

H

0 0H EI 0

00
0

E
0 00

n

3
0 0

0 0 g
0 5 0 5

COLOf AOU RIVER s COTI uE

09111500 SUlE IVEQ f C SlED BUTTE COLO 70 1 8827 100 10 35 1220 1291 lJ O 170 3
L B 52 0 lO G 00 9 3B 1160 1 30 1390 15 0

09112000 CEMEtT CREEot NfUI C ESTED tlUTTE COLO 12 26 1 9050 0 22 32 311 390 J 512 2
B 50 5 LO 10 9 3B 00 51 6

0911200 UST I lvER L O T COLO 5 B9 8006 2 32 38nQ 560 6590 9200 B o

L 3B 39 57 LONG 1 t 50 50 3660 53 n 6140 8 10

09113300 OHIO C EEl 8 LDlr COLO 12 47 2 HI OO 05 31 627 B 930 1130 3 t
8 5 Sf LO 1 7 0 28 6 66 3 11 0

0911JOU OHIO C EO A HAlO IN COLO 121 8180 110 59 24 11110 135f1 1440 1610 5
LilT 3d OS lOloG Ho 59 52 1150 14M 1570 11100

09115500 TJMIC I Clp 5AJGNT5 COLO 84 120 43 666 9 991 11 l 3
L 3 5 LOG 6 25 20 754 1050 Il60 1420

0911 lOOU QUARTZ CREfNE4R OHIO COLO 24 106 8430 150 5 583 1n 780 886 2 P

L 38 33 35 LONG 100 38 09 7 9 2 98 llBO

09122000 CEBOLLA CRE P JllU IoO CULO I 800 62 35 2 1550 259r 3110 4500 3

L 38 17 38 La 10 66 1680 nIlO 31flC 4420

0912 OU SOAP C EEl o l11 5A I 0 COLO lJ 57 4 7791 160 28 35 lOBo 1270 17AIl 4 t
30 33 39 La 1 19 29 7 1000 1150 15 0

09123500 LtlIl 11 Lt E C11Y CULU I 8663 100 3 9 1260 1580 1710 2010 4 5
38 Q 30 La 107 10 2 1240 1610 1750 20AO

091c4S0U LAKE ORK tTfVH ll COLO 36 4 7Fl2 H 21 2490 lJM 3440 4070 9

17 5t LU 17 4 2510 250 3550 42tO

09125000 Cul EC n C t F IoE llk 5APINtRU COLO 21 35 0 7Pb7 130 68 29 os 510 548 628 2 7

Jb 29 15 LOG 107 24 5 21 547 592 694

0 U060U 5T LIOOY C EE 10 7 5 865 no 106 38 218 383 699 5
NEAkAGGE D J ooTap COLO 210 320 370 506

L 9 07 LO 1H 4 9

09132900 oIfST Jt AP C E oof ii JouNIIl COLO 13 2 4 94 27 34 7 109 J 2
L 39 Ol LUoo j I 36 47 9 105 131



Table 6 Selected basin and clv at
parce riJ ard co civ eri3 c orga j1 7 8t C

in the MOWltaiP1 egwP1 Cont nueo

o

o

Station name

00

E

o

0

Q

COLO 400 QIvE eASIN CONTINUEO

09244500 EL HEAO C Ef NEA CLA COLO

LAT 40 43 59 LONG 107 10 18

XmE CR KRE HIGH OOTLIERS ELIMINATED

lIjE CR KRE LClW JTLIERS ELIMINATED

NlEGUlATED PERIOO OF RECCRD

I

I

I

t

16 45 4

o

n
0
o

o

o

0

UlOO

o

00
o
0

65

o

00

0

31

00

00
O

o

0
o

00
0

00
o
o

28

O

0

i
o

1000

24

o

o

12n

104 0

0

o

o

o0

00

0

o

0

1300
1130

59

L

o

o
o

0

0

0
o

1440
12QO

5
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T Ie 7 Se eGted basin and climatic parameters and iood cnaracteristic8 for gaghU6tatwnB
in tM Nopthern PZatec mRegion

Flood discharges for each gaging station are first line values used Inlllultiple IegTe9810n analysts second Hne welghte l aver 8eB
N mbers below station name arelatitude and longitude indegreea minutes andecondo

g gH 0

e 3

Hiei
00

0

n H

Station nacne 8
0 0 8 8

0 0H II 0

ji co L 0 L

0 mL

f
0 0

u 2 0

g 0

CULOALJO IVEI Slo

0939500 YAMIA JVE n S E l A T S IIIt GS COLO bO 695 5 26 30 130 060 700 7070 6 5
Ln 0 1UM Itt 9 5 5ClOO 5910 6500 6920

09c41000 l lvln Clt CuLU 206 7 68 9 50 JA 3610 10310 45 O 5160 5

Ln L1 0 lOC 106 54 55 3450 4090 4330 48RC

Qll 42500 H IiIVEH NtAIl IULL COLO 12 LIS 659 O 3L OO 5940 t 2 0 6840 6 3

LH 30 rJ 3 1 6 57 12 520 5 0 5390 59 0

09io 00 E LII1E A 1 CPEfI 04ELl tAD CULO 21 64 2 683C li0 70 1300 lSfO 16 0 1850 5 0

L 0 15 lllNG 1 7 17 10 1 0 1 i i 0 1660 1920

09205500 NOITlI FOI E LKoEl U CiU1 15 21 0 6940 6 23 837 1290 15 0 20 0 3

NEA ELlHE AO COLD 718 11110 12EI0 111 0

0 50 lUG lC7 17 10

092 600 EAST fOHK 0 IoILLIl S FO I 16 10 7100 23 1 6B 30 1 50 1750 1860 2100 4

AtOvE llLOW HE E COLO 1510 1860 2010 2310

T 15 0 to 1 7 17 35

249000 EAST fU K 0 hLI4 S FOIl 10 150 6fl3J 1 I 5 28 1450 1920 2110 2620 3 3

NEAR PAr onA COLC 1590 lOAO 2290 2780

T LO 18 45 lOo6 1 19 10

0925 000 LITTLE SI AIE 11IE 1 1 SLATUh COLO 28 285 6f 3 6 29 2 lllO 3710 39 0 4360 6
LO 50 Sf lOIo 08 3 980 3600 3830 310

09254500 SLAH fOl BU TEI Oi 10 80 0 7070 13 5 1230 13 0 H2O 1
Nf A SlATEw COLO 1 160 1450 1 6 0 2000
Ln 53 22 LUIoG 1 1 19 9

09255000 SLA1 fO L SLt HI CvLO 101 6600 15 1 320 740 19U 2340 111

Ln 58 54 lO G Hi 22 1 380 1650 200 2500

09256000 SAvEJly CREE 1 11 5A EkT YO 30 330 66RO 2 25 1950 2370 2510 2740 6 3

LeT OS 5Z LOIo 1 22 53 120 630 O 317t

09t57000 LlTTLf 5N41R vE ji r lal UIJ ON 1011 Ll 9 6331 8 15 6 1050 9000 97 10 11600 10 10

Ln I OJ 42 lOli3 Il 32 55 16 0 8 20 9 0 10ROO

09260000 L111LF SNA E R vEf faw LILY COLO 5 3730 568 6 lL Is960 11600 1ZMO 1 600 9

Ln LO SO LOr 3 108 25 1570 11300 1241 0 14500

09302800 iOR1 fO t1 f f lvfY l E toloi RufORD COLO 17 3 73Ol I i 30 1790 2060 21 50 2330 4 t
U l 0 02 lOr03 101 31 13 i 0 2450 ZSiO Z840
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Table 7 SelectebaEi Gnd cLi w pm r etes d rLc1 e erif 8 01 gi1ate

in the NOl thern P1atea f egion Continued

Station name

E E C
j

g o 5 g g

v 1 0 J

j j b D i0
o

COLllAQU PIVE ASPl CONTINUtO

09 vJOOO OOlTH fORK oI1TTE IVER tlUFO U COLO 25 7fllO 7 35 2 300 3330 4110

LA7 39 59 15 LOG 107 50 2 2 J90 3370 4060

09 O3 OO SOUTH tURK ITf IfIVE R NEA jlJfOR1 COll 157 74611 150 10 15 25 I 11 3480 4210 0

IT 39 55 19 lONG 107 J3 03 2 41 3180 378u

0l30 0CO SOUTH FURK w JTf RIVk uFCfJO C0Lc 23 1 697 06 T 242 2 M 1060 300 6 1

l T 39 5R 28 LONG lOT 37 30 23 3 2120 2990 4 0

09 1 200 nIlE RIvER eOV COAL CREEK 12 600 641 1 11 II 31 UO 0 210 43Ao 5

NEA MEEKER COLO 41 0 600 0 170 5190

LOT 0 00 I LUNG 107 49 2

09304500 iTE f IVER r fAR MEEKE ClllO cs 72 6 001 4 J b O 5540 890 6620 4

L T 40 02 01 LONG loT 51 2 40 0 531 5880 6620

09 4800 JoHITE RIVER E ELOol MEEKEfCOLO 12 1040 592 21 6 r C O 400 490 4fl40 6

LOT 0 00 26 LONG 10M 06 02 4520 22t 47n 990

0930 OlO 0 I LLOCREEK fjEAIol OURAY UTAH X 15 0 48JC 18 14 23 0 SOrD 1650 11900 5

l T 39 56 30 LOfl 104 3 00 2e lO 93 250 9970

uCR Ol E HIGH OOTUERS ELIMINATED

QE CR lUtE LCIW CUTUERS ELIMINATED

LNEGlJATED PERICO F RECCRO
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TableS 5eie ed basin and cZimat r pwF@t l and tGod ho octel i ltics for gagifl atati0n8

in the Southern PZatelUi um

Flood diAchargee for NCb gtlg1llg station are Hrat line values u8ed in multiple 8re88100 analys1a llecond 110e v lghted averagea
lfuaberi below station name are latitude and longitude in degn ea minutea d IllcondaJ

n n
GC 0

i
o 0 82

i 1j
0

E o 0

8Stationn
0

Hi0

o e u q

Eg v
co

i 0 0 0

1 0

5 50 x

RIO Gl tlllOt fHVE ll llSp

08216500 wILLOw C EEI C EElf COL 23 35 3 8880 350 If 27 Jln 59 599 13 J J
Ln 31 2C LO 100 55 31 4 6 B09 1040

08218000 GOOSE CREEl t L t GOI EEL GIlP COLO 15 53 6 BlleO 20C IOJ 2 nl 1500 1180 2530 2 1

LOT 31 15 lOh3 Ob 53 19 9 4 1500 1160 2460

08218500 GOOSE CREEP n Io AUG EEL G1P COLO 19 90 0 8460 6e 51 2 EH 1020 1180 If110 2
Ln 31 01 La 06 9 b 9 4 1420 1640 2220

08219500 SOUTH fORK 10 Rl OE OT SOJTI FORK COLO 50 216 8222 12 36 JOi O 5100 6230 9550 3
LOT 31 39 25 LO 106 3 55 29 rO 4920 5970 9010

0022000 PINOS CREEK Ilf i EL U TE COLO 53 0 8480 250 RB 4610 753 as 1220 5
L T 31 3S 3Q LO G 100 26 5rz 900 1050 1440

0l2ZJ500 DC c EtO E4 TE VISTa COLO 25 32 9 8230 260 III 32 11 5 256 282 332 3 J

LT 31 29 25 lO 100 IS n D5 553

36000 ALA IOSA ClfEK zFO E T Ii ACE 101 8600 99 18 36 19 0 220 3910 5950 2
RESE vOIl COLO 18 fI 3080 3720 5570

LOT 31 22 29 lO G H6 03

08245500 CONEJOS RIv1 LATOC LO 14 44 4 9800 7 55 38 13 0 1540 Ib20 1800 3
L T 31 21 1 LO 106 31 2 11 0 1450 1580 1900

0f 246S0l CONEJOS RlYER A orOTE COLO 282 8272 4 1 JJ 29 44i 0 b480 1 10 10300 1 9

L T 31 OJ LO c 1116 11 13 421 0 b180 7160 9800

0lU47500 N A ITOlo I EI 1 QOHZ t OLO 4 7970 54 J 25 111 0 1100 1980 2670 5 J
LOT 36 59 35 La lOb 02 11 1200 1640 2140 2860

01 28000 LOS PlrOS lIvE1 kAt OTIl OLO 55 161 8040 0 II 25 2310 3010 3360 3990 6 6

Ln 30 56 56 LO G lOb 23 23 0 3110 3440 4190

0828500 SAN ANTuNlO RIVEk WTh 50 348 7650 20 1800 2440 2660 3060
NEAR A ASSol CJLC 2lJO 2geO 3310 4030
LOT 31 10 37 LO G 105 52 39

01281200 WOLf Cf E E K A C 6 l N J 13 27 7 8310 96 141 25 1230 22tO 2860 4770
LAT 30 20 Lv G to 32 to 969 1 90 2090 3330

082l 00 RIO O 6 A PIIP lEI N J 33 OS 7280 0 42 21 69ao 9760 11000 14000 r
LAT 36 15 LVoG 1 O 3 0 63 0 89300 10100 13000
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Table 8 Selected basin and cZiratio Dill7r t r orA fko lPr eristi 8 01 gQ1ir g st t 3

in the SouthePn Plateau HeliGn Cont i nued

0 00 00

0

I H
cO

0

i
00

g e 0 0

Station name S 8 80

1
0 0

ji
0

H 0

o cO cO0 00 n

o 00
0 o o 0

c
o

0
0 o 0 c

au 0

0
0 0 0

0 0

RIO G A OE RIVER BASIN CONTINUEO

Q82E14000 RITO DE TIERRA AMARILI A 12 49 1520 138 7 J 1130 1320 181l
T1ERRA AMARILLA N HEX oJ J260 1470 2000
LAT 36 41 55 LONG 106 33 25

08284500 WILLOCREEK NEAR PARIIIIEw N HEX 13 694 40 3 18 2460 J70 4900 7260
LAT 36 40 05 LONG 106 42 15 10 3990 4770 6930

COLOHADO RIVER BASIN

090 9500 PINEY RIVER NEAR STATE t ItIL rE COLO 2 86 2 7272 no 8 28 4 IDa 1190 1300 4

LAT 38 48 00 LONG 106 35 00 1060 1380 1510 IBID

09061500 EAGLE RIVER AT EAGLE COLO 14 628 6560 36 29 6630 1940 81 20 9450 6 7

LAT 3 39 24 LONG 106 4 29 0260 8210 9071 11200

09068000 BRUSH Cf EEK NEAR EAGLE COLO n 69 7 7450 350 101 28 551 42 84 70 3 7

LAT 3 33 26 LONG 106 45 45 1140 1330 18 0

09070000 EAGLE IoIIVER BELOW GYfSUM COLO 944 677 64 n 5930 1 60 7880 8960 7 6

LAT 3 38 58 LONG 106 57 II 6440 P 570 9490 11700

09081550 CRYSTAL RIVER AT PLACITA OLO 13 10 737 6 3 1900 2160 2120 2230
LAT 3 08 34 LONG 10 15 26 1790 230 2430 2930

09081600 CRYSTAL RIVEf ABOVE AVALANCHE CREEK 18 167 6905 140 59 33 3170 J780 4000 4470 I
NEAR REDSTONE COLO 2840 J630 3960 4750
LAT 3 13 56 LONG 107 13 36

09082500 CRYSTAL RIVER NEAR REDSTONE COLO 29 2 9 64A 3 3880 540 4770 5220 f
LAT 39 17 55 lONG 10 I 49 3610 4S0 480 5570

09063000 THOMI1S0N CREEK NEAR CARBONOALE COLO 14 75 7 64S0 no In 34 B 1170 1310 1b40 I J
LAT 3 I 50 LONG 10 13 1120 1480 1690 Z210

090115000 ROARING FORK RIVER AT 59 1451 121 26 13900 11400 IA700 21500
GLENWOOD SPRINGS COLO 13400 PIOO 18600 22000
LAT J9 32 J7 lONG 107 I 44

090 6500 I1L4TEAU CREEK NEAR COLLBRAN COLO 35 80 4 1130 PO 176 30 18Z0 440 2740 3540 5 1

LAT 3 15 02 LONG 107 50 24 1711 2340 2650 3450

090 H500 BUZZARD CREEK NEAR COLLtiRAN COLO 5 143 6955 46 28 1140 1670 1890 2390 T

LAT 3 16 20 LONG J07 51 00 1280 1890 2150 2770

r



Table 8 S6 ewd oo8iand climatic parGleter8 and flood choracteri8tic8 for gaging gtatioM
in the Southern PLawau Resion Contlnuel

n

0 Ie 0 00

E 8 E g q

1

i
St tioo name 80

ii 00

i z0 n 0

E
0 i 0 0

0 a
0

0

0 5 0

CULOMIIDU IVII laSIN Cl TINl O

O 12bOuO CIlo AQI Q1vE E1 ct IIl COLO 66 6 8650 191 lOB 32 14 0 2110 2450 3380 1

l 3e OS LC C 01 32 3 1330 1910 ZZ90 3130

09123 00 SIoITH fuOI NE CR FOI C COLO 38 43 7 7091 S 2A 23 B3I 912 1090 3

l i lvOc 107 22 7 928 1040 1290

09130500 AST JOY to Eft 10 1 o IN COLO 9 132 665 130 2S 29 1600 23 0 270 3780

l l 31 00 4 l0S 107 21
1110 2540 2950 4010

09132500 NOIHH RK GU 15U 1 11 1 0 531 6039 15 48 29 5550 7H 0 7790 9150 5

N AI Su EkSET CO
O 5460 72So 8010 9120

l l 55 L0 If7

0913 500 L I OUX C EEI fl CEDAEOGt COLO 35 1 7 55 n 17 33 1070 13Ql 1530 1850 5 5

l 38 55 3S lOG 1 7 35 1320 1470 1820

0914OUl UNCOo1GI E t vP O A t COLO 42 0 7800 32 1 01 JO It 70 25 0 3010 310 9 9

COI 30 01 V7 lOG 107 4 32 DJO 2010 2370 3330

6000 UNCOMPoAo1 E lvEiElO C AY COLO 76 0 7 7u 220 9 32 UIO 2800 303Q l540 5 3

l 38 5 lOIiG 101 00 2B lEi60 24M 272e 3330

09 4600 UNcomlJ l1GR EAR kIJIoIAY COLO 15 9 687B 2 H oO 2060 220 2400 5 0

lAT 3B 11 G2 LOG lel 3
Ji40 21 70 2711 3440

091t OO wEST FJf K OALLAS C tEK EJ F IDjloAY COLO 15 13 1 8400 6 1l 192 0 250 29S 13 5

LA 38 5 LO 51 02
44 371 43 l 59

09141500 EAST FuRl OALLAC Ef loElo RIOc IOAY COLO 16 8 7980 51 25 35 62 317 33 r 31 2

38 05 lOG 01 7 331 1 48 50 25

09146600 PLEAST I t LLOY CI Eft E NO L COLO 12 B O 8681 2 0 3 21 381 620 72a 991 3 2

l 38 lOio 1755 0
326 515 Ol 815

09147100 CO CEElI NlJR IC wAv COLO 45 4 1620 370 101 1080 1 30 1140 2280 5 2

lH 38 LO 173k 3 1010 110M 1670 2210

0 1 750lJ UNCO HGIf I r R C0l0A COLO 56 3 6319 50 22 2860 3010 4210 5130 5 5

l 3B 19 53 LO 1 7 6 3110 4250 4750 5950

09150S00 I OlJBIuu C E f 0 T 16 242 4f16 n5 22M 3S30 4140 5730 B B

NlAUELTA C U 2520 3850 4500 6170

CO 5 LO led 0
t
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Table 8 Seleoted bas f caul Ufll tio Fc r r1eOe s cr1 Zcc C n 8tioa cr G w 8

the SoutheIl1 pWteau eqion Can t i nued

c

H 0

L
L

0 0
0 L

0

0 Station name Vb 0 0

0

j
0 0

H 0

n c

Il
D c

0

0

i
e

0
0 0

CUUJ JIv RIvER I1l SIN CONT l U O

115200t Ktlli AH CIoI 1 ErR wHIT IITEI CUI D 5 f 1 J 61 35 4EO 1 1 0 1 51 19100 1
lOT 3M 57 42 LDflG lOb 13 41 lr2J 111 1 20 200

0 1611 0 DOLORES I V I qtLUW flICu ULO 2 Ins Ii IZC 0 ll 4 0 en l 3250 5
lOT 3R 0LONG 100 03 D I r 2 0 27 0 420

0916600 lluLORES RIVER OOLOf S t OlO 59 556 691J 4 10 63 J 9 1 1 00 13700 9 0

lOT J1 2 16 LONG lu8 3 15 I J O I C 0 13510

0111 7000 LOST ANYON CREF OULOk S ClLP 13 81 0 h920 5 2 Ir J 1 70 17 23 0 0
lOT 37 27 41 LUNG 108 03 I 110 20 1 610

0916750u UOLO ES IolIvEfl EAk iICPHI E COLO 14 793 1 60 16 5 883 14 O 4C 22700 9
L 37 34 37 LONG 10 34 19 19 12410 1 0 19900

Q916ojlUO DISA PjI ITM NT C EEK tAl 15 145 64211 53 3 337 S10 32 0 13600 14 9
DOVE CREE COLO e 510 31 0 10100
l T J 52 3b LONG ifnI 34 57

09172000 Fol Ll CREEE AR FALL CfoIEEK COLO iT 33 5 792 7 1 151 31 42 e 4 1230
L 31 51 30 LONG 10 00 19 531 I 913 1400

091725uo MIGUEL RIVER IIEAR PLACI f TLLE COLO 3 30 1056 30 31 3230 3 Jr 460 4 9
L T 36 02 05 LUNG 10 01 IS 255 f 40 13 5310

0917UOO A TUllfTA C EEI NEAR NUI n DOl OLO 11 27 1 101 1 59 1 7 1 0 300 Ino 4f L 31 32 LONG 10 19 3 7 O 200 1600

01175500 SO MIGUEL I IVfR NATU ITA COlO 5 1080 193 j 3 10 t r 13410 9

f L 3 13 04 LOrG 1 33 620 15 l I 00 141100

Y

t
0J1775VO TAYLOR CktEI NfAGATEWAY CULO 2u 12 0 11120 IAr 3 4 7 l 1510 4 0

L T 38 3I LONG 109 o 33 fo 339 1210

I
1l9il100U OllION C EEK NEAR MOAl UTAH 11 18 8 12n ll l 163 2 4 2510 3150 4

L 38 43 JO LUG 109 20 40 11 6 1510 ITlO 2PlC

0 d1l5501l KATCH ijASH NtAR L SAL UTtH 2 3 501 5J 1 19 90 790 13400
L 36 14 36 LOJolG 109 26 22 262 sno 13 O 12700

0 116500 INGUN CREEK AAOVE COTTONwOOU CHEfl 21 312 6290 S I Ino PHI 3810NEAk MONTlCELLU UTAH
553 1190 1611 3100L 31 58 30 LONG 109 31 05

t
t



Ta le 8 e ted basin and lwatic parameters and ood cJvlradeTi t S foI gagistation8
in tM Southern Plateau Region COrltinul d

n n

I
e

00

E K
Stat ion name i 8 8

H n 0 0

n

n
u

E
n

E g
o g

o

CULV liDv lvl l 6S1 CD TI vtc

O11t 70uU COHm oIaO Cft EIlI U llCfLlO UTAH 16 115 34J 71 18 2090 flO6 8800 18700 15 R

CO 3 0 SLUr 1 34 25
190 170 6570 13100

O 3 q9uu lASl f OWII J 4 hI 6 OvE SANl CkfEI lb 64 1 79Sf flr J S 1nl0 1 00 1730 2310 5

FAiPAGOS ylI GS ULU 1061 1581 1620 2BO

UT 23 25 l 110 50 25

093 UUUU liST FOR 1 I tlt EA 39 86 9 1598 0 103 4 1t 70 231 2120 3510 4

PfGClSA S l s COL 11 20 2330 2670 3470

37 22 10 O j tI 53 3

0l34v Vll oIlST 00 tI io lk toUlE ElnkNS LtlKl 17 41 6400 40 49 7 1150 1540 1710 2140 3 0

Nl f OS A 9 11 5 CClU 1030 1430 HIO 2010

CO 3 H 0 n53 30

04 41uu lST FO 51 JJ F RJ t t Ak 81 1614 1 2150 3010 3 OO 4310 4 5

P G SA SPI S COl 1 50 2770 3 40 4080

COT 37 22 Lv G 1 0 53 0

0 J 2 Ol tlN 0 I li r Pc E Stl 5PHJI GS COLO 2 7052 70 3b 38 6350 15400 22 200 51600 13

J T 37 15 lV S jfll 37 580 13500 19 00 43500

ll343nou RIO Bt tllCO NEll PrUS S fljN iS COLO 37 SA I 795 0 190 53 14M 2090 nfl O 3150 2

l AT 37 12 f l U 1 0 47 1380 1980 2 10 3010

Ol 4 00U NAlAJO I I If HIollktl FtAI I AlCH 37 f9 J 91 QI 1060 1450 1620 2040 3 3

NEll C kOU rOLO 1090 1530 Ino 2210

LilT 37 05 01 LO Ob 4 20

Ol3443UO NAVAJC o ltf OVE C O I COLO 1 96 10 7100 1 58 33 1I80 1120 1 90 2720 3

LAT JO OJ 50 LONG lOb 43 5b 320 11 0 2 0 3010

0934b1 1I0 NAIAJv H VE H T COL 3b 172 70 3 A3 SO 31 1670 2110 3250 4800

LAT 37 00 111 lOG 10 54 5 1810 2610 3010 4930

0934b20u kJA A GO lILCE E IS lb8 t 7 O I 19 2000 3110 3170 54i 0

n J LUNG 00 00 2100 3i SO 3B30 5370

Il Joo4U I N JIJAWI litO EA AIlJ ACAS COLO II 1230 bO O 29 712l 11100 13000 187 00

en 00 LU G ln1 42 ll14 l 17400 14500 11100

0934901 PlEuRA IVE Ao PEIWl COLO 3 3Tl 6510 90 52 3 4t91 8670 11000 18500 9 0

en luG 107 20 32 4520 8040 10100 16400

09l l 50u ON JUM l IE ROStl ME 42 1 90 5980 40 13 30 J800 nOOO 28000 42200

Ln 00 LVoG 10 24 10 1 100 72300 27000 40000 t
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Table 8 Selected luli and climatic parunetQl 8 and flood c arccterifJti 8 orgaf c iJ 2 1 J

in the Southe1ll Ptateau Re ri r Cont Irwed

0000 00

j i
H

o

o

Ife n

O 8 8Station name 0 0

n

fi
8

0

0
n

00 n c

i0 i cO

2
u

j
00 i

0 0

g
0 0

CULU AOO QIV t ASIN COflTINU l

O J OIlOO VAUUlkOS CANYON lAIl GOtlEHNAOOR N M X 16 60 0 040 Al 14 1261 32nO 452l 9 O

L J 43 20 LUNG 101 1 SO 1190 2590 3511 61 0

093 2500 LOS PtliOS PIVER dElO SNOwSLluE CANYON 13 5 3 10120 31 3 1110 1420 6 1

NEAW MlrUCHf ASS CUtU 927 1070 4QO

L 37 3 20 LONG 107 20 QO

O SlqOU LlECJTO f IoIEEK NEA4 RAYfIElU CILO 10 72 1 19 t 141 41 1 0 1790 1670 2020 3 7

U1 31 39 l JNj 1 32 35 14 0 1820 2010 2410

OJ J5000 LOS PIl OS RIVF NEA AYflE L1lt COLO 12 270 83 40 3f140 lo840 5 O 600

LA1 J1 22 S LONG 1 34 31 3530 10180 5350 6biJO

Q9J 40uO LOS PItIOS RIVER A1 IGNACIO COLO 11 4 8 649 33 32 5130 7 70 B1AO 11lo00

LAT 31 01 s LON 101 31 SO 4910 13 0 81040 11100

01355700 GOBERlAllOR CANYON N AJ lJOijE NAOOR N MlJ 1 19 8 41o 3 14 1210 1630 1770 2090
LOT 3 41 OS LOIlG 101 2 10 9 1260 390 1700

09356500 SAN JUAN tvER NEA HLANCO N ME 27 3560 5540 11 12 2S 19310 J JOO 35500 4QlOO
LA1 3 43 50 LONG lOr 4 SO 9410 30000 35200 1o 4110

09351500 ANltoAS RIVER A1 HOflA OSvIlLE COLO 3 i5 9 9617 240 2 1480 190 lflO 2770 4

LAT 31 49 59 LONG 101 3S 1390 1870 2100 26 0

09359000 MI ERL CREFIl NEAl SILVlRTON CUlO 14 3 9 9319 no 51 31 1310 1910 200 030 5 1
L 31 4 50 LOlG 101 40 1130 1650 1910 261n

09359500 ANIMAS RIVER ABOVt TACOMA COLO 11 8 520 A1 be 3f 460 10710 11600 13500 7 9

LAT 31 34 13 LONG HI 4 4 6230 290 9200 IlJnO

09361000 SALT CREEK NlAR OxFORD COLO 43 112 6706 110 12 3J 2240 3710 4441 6360 6 1
LA1 37 2S 19 LOtoG 101 SO 40 2250 660 4350 6180

09J61500 ANIptAS RIVER AT OUIolANU CULO S3 7 6501 64 lA 3 1000 18400 233fJO 395fJO
LAT 31 16 LOflG 10 52 41 95 1 1f900 21300 35500

093 2000 LlGHTEk CREE K NEAIo OUIo ANGO COLO n 6 n 613 4 110 29 J420 l820 li20 6O 0 f

LA1 31 1 12 LUNJ 101 53 1340 2410 3120 50 0

t
09363000 FLORIOA Fllvlk NEAk OURANO CULO 4 6 0 7102 lBO At 38 J840 2820 3300 4f20 S Ii

LA1 31 19 31 LONG lor 44 54 17130 2720 31130 44 0



Table 8 5 eted basin and cZinutic parametera D1j flood characterstic8 01 gaging utatic ns

in the Southern Plateau RegionnCorltlnllcd
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o

o

00
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00

v

2
c

o

0

V

5
00

0
0

00

5

8
v

2

o

8

o

Stat ion name

E

o

00

o

00

Q i

ICOlO r llU RIwD flASlr Cl1 TlNUED

093631UO SALT CWEEK E O f0lO COLO H 7 6470 53 16 618 1110 1320 lPf O 5

LAT 31 2 lOG 107 10 510 9 1010 1480

0 3b3200 fLORIOA RI AT tiO AO COLO 12 221 6010 30 Jl 120 210 bOO 3f150 5 1

LAT OJ 24 LOG 101 52 09 1930 3030 35f10 5020

0 363500 ANI A5 HIVfW h A CEDAP HILL ME 28 1090 59 0 50 31 10300 14500 1650C 21600

LAT 02 17 LOr G 101 52 25 9830 14000 16000 1200

09360500 ANIMAS kIVE iT FAR JNGjON ME X 51 1360 5278 I 28 115 1 16100 19100 20900

LAT 36 43 12 LONr lOt 12 08 11300 16400 18800 24700

09369000 EAST ANCOS kIVElNEJQ ANCOS COLO I 11 1 4SJ 201 28 15 202 221 259 I

LAT 22 14 LOIG 10e JJ 53 9 32 65 69

09372000 MCELO CREEK fAI COLOt O UTAH STATE LINE 23 350 4890 30 15 2100 3331 3950 5640 5 9

LoT 19 27 LOoG 101 00 54 2620 4040 7S0 6600

093B2000 PARIA RIVE LEES FE Y ARIZ 1010 3123 3 I J 0700 16800 21100 28700 17 C

LOT 36 52 20 LOr G III 35 3B 10200 16510 19710 21900

E CR 101 HlGi OJTLERS ELHUNATEO

11E CR lRELClo o TURS RI INAT3J

LNl EGUoHED PERICC CF RECffiD


