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MISSION OF THE COLORADO WATER CONSERVATION BOARD

..The Colorado Water Conservation Board was legislatively created in 1937 for
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® % =

SPECIFIC LEGISLATIVE CHARGES REGARDING THE FLOODPLAIN INFORMATION
AND MANAGEMENT PROGRAM ARE:

"To devise and formulate methods, means, and plans for bringing about
the greater utilization of the waters of the State and the prevention of
flood damages therefrom."

“To designate and approve storm or floodway runoff channels or basins."

""To make such designations available to legislative bodies of cities
and incorpcrated towns; to county planning commissions and to boards of ad-
justment of cities; and counties of the State."

"To promulgate a model floodplain requlation."
""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."

"To assist local governments on a continuing basis in determining what
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PREFACE

This manual was prepared by the U.S. Geological Survey in cooperation
with the Colorado Water Conservation Board. |t 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
Enabling Act of 1974," commonly known as House Bill 1041,

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 gaging stations have been coordinated
with other Federal agencies involved in flood studies in Colorado.
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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 locallty .and whose
channel is at all times above the water table.

equivalent years of record.--The number of years of observed record required
to provide an estimate of equal accuracy of that provided by a regression
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. - s

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 water quality
parameters {or any combination of these) are obtained.

log-~Pearson Type IIT 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.

mized-population flood area.--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.

natural-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.

-



permeable.--Pertaining to a rock or soil having a texture that permits pas-
sage of [iquids or gases under the pressure ordinarily found in earth
materials.

point of zero flow.-A term used herein to denote the elevation at a cross-
section on a stream at which the stream ceases to flow. The elevation
represents an average streambed at the section; thus, small crevices and
cracks in the streambed can be ignored.

pecurrence interval.--The average interval of time, in years, within which
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.

skewness.--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 established datum plane; 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 error of estimate.--A measure of how well 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 rill moving under
gravity flow to progressively lower levels in a relatively narrow but
clearly defined channel on the surface of the ground.

weighted 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 average is based on length of record of the
station data and equivalent years of record for the regression value.



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 information for the 10-,
50-, 100-, and 500-year floods at sites on natural-flow 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 applicable to a wide variety of studies 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-prone 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 evaluating field
conditions, such as channel width, and size of structures, such as bridges
and culverts, from existing topographic maps.

The limitations of the methods are discussed first to caution the user of
their range of applicability. Next, the methods are described and a step-by-
step procedure for applying the methods is presented with several examplies.
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.

Four previous reports have defined the flood frequency of streams in
Colorado. These previous reports cover-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, 1965}, 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 1}l method for fitting a frequency curve to gaging-station data and mul-
tiple-regression techniques for regionalization 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 limitations need to be observed when using 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 applicable 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. Estimating techniques are least reliable for sites on streams in
mixed-population flood areas. Flood-estimating techniques for these streams
need to be studied in more detail, but an interim estimating technique is
presented.

4. The applicability of regression equations for computing flood charac~
teristics at ungaged sites having basin and climatic parameters outside of the
ranges listed in the tables at the back of the report, is untested and, there-
fore, unknown.

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 INFORMAT|ON AT GAGED SITES

Flood information at gaged sites is listed in the tables at the back of
this report. Listed in the first 1ine for each gaging station are the 10-,
50-, 100-, and 500-year flood discharges 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, and seconds under each gaging station name.

Because of the possibility 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-sampling
error, is usually small for long periods of record but may he 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

[0y * Q]

QT(w)' N + E

where

QT(W)= the weighted discharge for recurrence interval T,

QT(S)= the station value of the flood for recurrence interval T,
QT(R)= the regression value of the flood for recurrence interval T,

N = the number of years of station data used to compute QT(S)’ and

E = the equivalent years of record for QT(R)' A value of 10 years as
recommended by the U.S. Water Resources Council {1975) should be used
in the weighting procedure for all gaged sites throughout Colorado.

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

gaged sites and is listed 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:

X
Ay
U )= Kg Ur(6)

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 foljows:

Flood Region Exponent, X

Plains 0.48
Mountains .79
Northern Plateau .50
Southern Plateau 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 UNGAGED SITES

This method consists of a series of regression equations which relate
flood characteristics to measurable basin and climatic parameters. The
resulting equations are of the form:

b
Yt=ax1 1x2b2

where

Y

N a fiood characteristic, either peak discharge or peak flood depth,
for recurrence interval t;

x1,%p= basin and climatic parameters as defined in a later section;

a. regression constant; and

by,by= regression coefficients,

Il

The basin and climatic parameters used in this study were selected based
on the results of trial regressions using gaging stations with 25 or more
years of record. The basin and climatic 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 reliable 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 outlined 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.$. 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 Water Conservation Board.
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S , .
Strearbed slope, ~S.--The 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 with 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 (charnel) slope, SB.-—The slope, in feet per mile, 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.

Regression 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 regression equations for peak discharges
and depths of selected recurrence-interval floods with
corresponding standard error of estimate

Standard error of estimate, in percent

Equation

Average . ‘Range
Qo = ]th0.528580.336 31 | +36 to -26
Qsq = 891A0.4825 0.154 24 +27 to =21
Qg = 1770A0.4635 0.086 28 +32 to -24
Qggg = 5770A0.432 b5 +55 to -35
Dyg = 35_555“0.h62 28 +32 to -2b
D5g = 52.15,70.300 23 +26 to ~20
Digg = 59.355‘0-517 21 +23 to ~19
Dggg = 77.35570.3%3 26 +29 to -23

Table 2.--Mountain Region regression equations for peak discharges
and depths of selected recurrence-interval flocds with
corresponding standard error of estimate

Standard error of estimate, in percent

Equation Average Range
Qo = 0.12A0.815p1.592 39 +46 to -32
Qsq = 0.91A0.735p1.110 37 +hl to -30
Qigo = 1.88A0.787p0,932 38 +45 to -31
Qsgg = 8.70A0.766p0.560 L +55 to -35
Dyo = 0.44A0.1%6p0.347 27 +31 to ~23
Dy = 1.05A0.132p0,133 28 +32 to -24
D,gp = 1-44A0.187p0.059 28 +32 to -24

DSOG = ].9}+AD'18“ 31 +36 to '26
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Table 3.--Northern Plateau Region regression equations _cp veok
discharges and depths of selected recurrence-interval | ocd:

with corresponding standard error of estimate

n ‘-\‘J

Standard error of estimate, in percent

Equation

Average Rancge
0y = 11.0A0.552p0,706 28 +32 to -2k
ﬁ Qsp = 70.5A0.509p0.289 29 " +33 to -25
i Qg0 = 135A0.43% pO.143 30 +34 to -26
Qsgg = 293A0.46% 34 +40 to -28
Dig = 13.95,70.288 24 +27 to -21
Dy = 16.65,70.311 22 +24 te -20
Dygg = 17.25.70.310 22 +2h to -20
Dggg = 19.053‘0-321 21 +23 to -19

Table 4.--Southern Plateau Region regression equations for pzak
discharges and depths of selected recurrence-interval flcods
with corresponding standard error of estimate

Standard error of estimate, in percent

Equation Average Range

Qg = 59.7A0.709 47 +58 to -36
_ Qsg = 89.1A0.709 50 +62 to ~38
i Qpgg = 103A0.710 53 +66 to -40
} Qsgp = 137A0.713 65 +84 to -46
; Dy = 1.25A0.261 25 +28 to -22
t D5g = l.shAU-iSH' 34 +40 to -28
j Digg = 1.64A0.25H 36 +42 to -30

DSOO = I.98A0'239 Ly +53 to -35




TECHNICAL MANUAL

12

‘uo(Bay sute|4 syl 404 3do|s uiseq
pue ea.ie abeuiesip Buj3ngiajuod 03 abueydsip yead 4elA-0Q0| 4O uUorle(dY--‘f sinbiy

SHTIN FHVADS NI (V) VHEYUV IDVNIVHEA

000 ‘0T 00t I =
i 2 _ e oot o

- 199] 2 W

w Jad S 555277 g

i soTTW 9aenbs g = T mm
L codwmow : =

T L g

pax= ,” ] ; l” \” : i ! e OOO ﬁo.—. m

1 il ‘“h] : T i 1 fi : o)

sl s cani i e sdinses HEH R R =

._.. i 1 ...ﬂ .i..,.. EESE = : § il JiSERTs o5 m
. i 551! i pHiESitiaEE= 2 : aads - —
gl HEE: —
i b AR " “ Q
_... : ‘ ZF =i L HHH HH = 1\ . m
; i +~ 000 "001 2
,_ : o
GLTH ] - It ¥ N eS|
it 21 TR HER _ ¥ E i
ME.M.H.EE:.:M.:H:‘MM..E: isaasa . 4+ 1] I 48 41 j] ! d
‘(98) 9018 ‘ 1l i c
- ,, _ 9

il i il { _ rxj
1 J _A m

e e M E ==== 000 '000°T m



13

MANUAL FOR ESTIMATING FLOOD CHARACTERISTICS

006

-uoibay sule|d 3yl 404 ado|s paguessis O yidep poojy 4esA-0Q| JO UOtle(dY--"H 3unbidg

FION ¥3d LAHA NI ‘(58) ddOTS QHEIWVIYLS
001 01

! i |
; |
BRI et e e 1 ] J-i4= ' HiHH —
m EE S R e S a At 11 FREIHINL _ T FFEE I 103 o +a = ooTer THE -
i g A v i : e v ME TH
I EIEIEES RN ; i : il ‘orrw xad 199] ¢g =88 JI0F| [T -
S D R ] i ¥ . ¢ srdwexe woxy [ iHEHT
I R LT ] T ! EERRRRANG S ST L AR AT e Fe =
TR e T 1 TR e e e i e T R R B R ENEE -
| T Rl AT R laeeeS  €769=""Q YT N
i Sap= St ESERESES SR TR HEE
i i e e s e R TR R T TR S HE
BEES il A iR T H == RS 1T SES
i ificlaRapaia R e e e et 11 R NG 4 - = AlH] BESES =
III
™
o
Hd P,
]
iz ; i : = RS

01

0¢

LAAA NI ‘(09 d) HLJIA J00Td UVIX-001

- - - . - s i s e i —— -



TECHNICAL MANUAL

14

0001

"up)Bay uireiunoy 84yl 4oy uogielidiooxd

|enpuue ueaw pue

pase abeuiedp Bullngraluod 01 abueydsip xead +edA-gQ( 40 uolIB|ayY-~'G adnb 4

SETIN FUVADS NI (V) VENV ZDVNIVEQ

00 1°
5,_.. _ _ il .W_ “ .__I“l
.%L.. g b : __ LT +_w .XJ pﬁw —H--
i ._m.\_ﬁ..,-_ Mﬁ g Ea
L..“.. s ﬂ - .‘u i e
- iesis BES= T. i iS5 .,. (5
L“umz i w .-. i T i ... HW M."
ﬁ FiE] Ll i
: G : st }
L : AiE ce ,
T S SRS = < !
1l ,M_ H A
i m i ! ;
i IS o e 1
t ! 7 i = Eass =SE
EEE e e puooas 1od j99) OIqND 087 ‘T =001 D) [
e T e T e e sayoutl gz = d pue
b e e LA e T soyTw axenbs 171, = V Joy i
i Vatlhs p ardwexe woag UL
i 7 T L e B g R 1o e L
% 7 izt ERTH T, ) A e v i i
01 L T e il ikl i P axsod saroV 881 oo EE
4_ ix‘ sf T T _ : E >ﬁu.P ;.,._ ‘ v w 4=
i, e T T
ﬂm“ __ .r.‘ \_51 A i T g,_ i i .# i : _ i i \— Bl
i [RILIEY y ! B 1=
0¢ H i SHHONI NI | f f. _ i T r B _ ‘
0b (d) NOLLVLIdIDAYd; R AR i
i TVANNY NVIN s i BRULIY IR
om T 3 B | i g i HipH R ¥

001

| 0001

000 ‘01

ANODIS ¥dd LAHEA 219N NI (1) andvHOSIA ¥VId dVHA-001



15

MANUAL FOR ESTIMATING FLOOD CHARACTERISTICS

‘uo(bay uleIUNOK Syl 404 uoijeldiosad (enuue uesw
pue eoJe abeujedp Buling}Jajuds Of yidsp pocls 4e24-0Q1 JO UOile(3Y--"g aunbig

SEMIN TEVADS NI (V) YIYY FOVNIVIA HDNILAGIYLNOD
00S 001

1

T S
T ;ﬁ
RN _
iBER il
Vi “""“_,Wm __‘_:
100] p =%1( 1 f
sayouy g7 = 4 pbue lejsanes L_‘ :
B3I SaeNnbs 1°L) = ¥ J0] il w w
it
ML
.H L. MU ﬁfJP
j iF

| SHTHONI A ]
(AYNOLLVLIdIDEYd [ 5§ jitsjEscesas
TYOANNY NYEWN & jinl R
Il mu JELLY i ;, |
] g T I ﬁ% T
it dilie

b } IO

I
et

| .
';,.
T
T

)

niw

RN

H Fown =
DAY WA S

i
i
f\ i f Hli R
I L g
il Il JilliiEd iR s EaE e
il e s e e
#. S R ; m filfleieacacesccot s
:wm ﬂ: E T :mm_ * _mw wnm&w%

N T I N L 3 e e e e e

Hd JO0Td HVHA 001

ILHFA NI ‘(%tq) HLd




TECHNICAL MANUAL

16

‘uoybay nesie|d ul4dayldon 3yl 40y uoiielididaad |enuue uesw

pue ease abeujeup Bujingraluod 03 abieydsip Yead 1B2A-QQ| 4O uoiIE(IY--"/ B4nbyy

SHTHN JYvVaDS NI

“V) VIYVY dDVNIVEd

1

4 puooas 1ad 300) 01q 855

_ gsayour 7] = d pue ad
gaTiw sxenbs p QL = V 10}

WEX9 WoIq +
TIHF J\W
Eitn
! i I
Ui HI(H R
SHHONI NI 1118
‘(d) NOLLV.LIdIOA¥d

TVIOANNV NVAIN poE
TR
I s

IEFII RN ]

001

000 ‘01

000 ‘00T

HVHOISIA IVHd UVIA-001

2

xr
.

‘(00! b) i

aNODJS Hid LHIHA JIdND NI



17

MANUAL FOR ESTIMATING FLOOD CHARACTERISTICS

00¢

-u0ibay neaje|d udaylitoN 3yl 404 ado|s p3gqueadls O3 yidasp poo|} Je3A-00L 3

SATIN ¥Ad LHAA NI (®8) dOTS AIGNVIULS
00l 01

T . T T m ! _
MW - i | ! _ t
- - - |‘_1 } _ ™ M1 il RN - .
S 0 — — - 171 .\ w —t—
i - sifaRss uji ] e i T
1t T T - T ! e 8 O ST T
A HHHH HHHHH H joo 9 = R gy -
R ee e RitEetesgREE: ———Hiftaprin gad 3097 02 = BS IO -
IR E R RE B EE SRR g 91dWEXd WOLT -

P fETaans i e Re e = s N i Se=s e
“. Ry AiEiiaad I R s P AR T _ B = 3
1 sEfA AREEEE R EE i ! i EABEEES=S ==

e T e EEsEE— : Ba oy = 00 (E
BEREE sEEEntE S otge-S LT ="
31k TR EZE == T
m N unmu - 111 :n- | ......,......,._,..,.,.m“..,..u_m“.. l..L; i H- H it - .,nl
14 i1 St iEERaan it 5
131 - o o o i o T F S T TR e fals aigmuy 1
[uw\.\‘ = 13 ] ERED 3 e iR T EERSER: SEa = —
il I ] I ] 1 UL L
LI HEEE .in:n[.. H4 ..A
| R S ke M e ey 3 223 = 3 e
ili

)

06

LAEA NI ‘(001Q) HLdHJ OOTA UVHa



TECHNICAL MANUAL

18

*uo)Bay neale|d utsyinog syl 4oy
eode abeujesp Bulingraivod o3 abueydsip dead aesA-gpl 40 uo|lER|9Y--°§ S4nbi4

SHTIN THVADS NI (V) vIHV FDVNIVHJ DNILNFIHINOD

ooor 001 01 i
001
= HH K ] fE==aE=2n: o
puco3s Jsd 1881 019 g =0ty
soTrw axenbs g-Lg = ¥V J0J
g erdwiexs worg
A 0001
000 ‘0T
000 ‘001

‘(P9 ®) IDYUVHOSIA IVAJ ¥VAX-001

(INQOOHS ¥dd LYHA J1dND NI



19

RISTICS

MANUAL FOR ESTIMATING FLOOD CHARACTI

‘ucibay neaie|4q ulaylnog Iyl 404
eade sbeuiedp Bujing|Jiuod o) yYidep poo|j JB3A-pOL JO UOilE|SY--"0) 24nb)4

SETIN FHVNADS NI (V) VIUV IDVNIVYA ONILAGIYLNOD
0001 001

01

T
il

i
m%

|
|
!
|

. : | -
i 144 1 SEEENNEN | H .
[ttt | : 109] 1"y =Q T LT
. A HA i ] " goTrwu axenbs g )¢ = ¥ I0] i H T —-
R v e ke iiisiiidhigl g sjdwexs WoIq ji Riestsalas
RS T 5 S iln 11N 1 EEERE - —f - 1] 1 T3
T e T e _
: ERE » . T o o e P . us. -
i EERRRREEN RIS R e 1 11 TS vezoV $9 7T =001 1l 2ESRE~= -
pHl : ot { 1k .w 3 : 1E3EN . o N _M w w; 147 111..!1\1 ER T e o
TiiR =g T R "
i B 4 ] e EEEooo NEE LS (R e F g ¥ P Lo e IREERceep FRER 3 Ti -
e I BB =
T il il EaazaR R RS B S il i EREEEES
~ piifsiyfas HIE T 1T e i gess=c=s N HHTHT 13 S A =
tf 1 4y - gt $ 1 i guikh H3 T3 7.1 1 B e 8 o 95 i o i il r -
T T T MG T 01
H1H 41 TLH - —— ik r H 441 H 1T
I AT 1S Hijeeagibn T 1 i T
d- HH 1
1 1] o
N I1hiiehaads lissiseabinnu n1114 ppeahEn
itk R e I i EERERE=mES iif ! EEEERERS
i ES EEReS HHE 4149 5 £ L ST ===igg

LAdA NI ‘(°'Q) HId3d dO0Td HVIA-001




20 TECHNICAL MANUAL

APPLLICATION OF METHODS

The user of this manual needs to follow the steps outiined below 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 additional information regard-
ing gaging-station locations, copsult the U.S5. Geological 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."

k., 1f the study site is Tocated 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 SITES

Peak discharge information for gaged sites can be obtained from
tables 5-8. The recommended values for use are the weighted-average dis-
charges listed on the second line 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.

Example 1.--Flood Frequency at a Gaged Site
Determine the best estimate of Qy5-, Q5p-, Q100-» and Qsgg-year recur-
rence-interval floods for station 06712000, Cherry Crezk near Franktown, Colo.
(1at 39°21'21", long 104°45'46", NE4 sec. 15, T. 8 S., R. 66 W.}.

Map coverage: Castle Rock North quadranglte, scale = 1:24,000
Denver quadrangle, scale = 1:250,000.

Determine the Plains regression flood discharges QT(R) at the station.
Basin parameters required are A and SB.
A=169 mi? and Sg=32 ft/mi, from table 5.

Qo () =1hhA0.528580-336=1hh(169)0-528(32)0»335=144(15.01)(3.20)= 6,920 ft3/s
Qs0 () =891A°-”BZSBU-15“=891(169)0-“52(32)0n15“=891(11.85)(1.7I)=18,050 ft3/s

QIOO(R)=1’770A0.h63580.086=]’770(169)0.u63(32)0.086
=1,770(10.75) (1.35)=25,690 ft3/s

Q500 (g)=5,770A%+*32=5,770(169) 0+ 432=5,770(9.17)=52, 910 F3/s
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Obtain station flood discharges from table 5:
Qiogg) = 4,530 ft¥/s
Qs0(g) =11,700 ft3/s
Q100 (g)=16,300 ft3/s

Q500(5)=31,000 fti/s

Compute weighted discharges QT(N) to be used at the gaging station.

IO G 6 el Il 2 TVl

T(W) ™ N + E

34 years, from table 5, and
10 years.

m
o

Quogyy =(( 4,530) (34)+( 6,920) (10)}: (3h+10)=( 154,020+ 69,200) 44
(W = 5,070 ft3/s

Qs ¢y =((11,700) (38)+(18,050) (10) 3+ (34+10)=( 397,800+180,500) +hk
™ =13,100 ft3/s

Q100 )= (16,300) (34)+(25,690) (10) }+ (34+10)=(  554,200+256,900) :
(W ~18,400 ft3/s

Q500 =1 (31,000) (34)+(52,910) (10) }+(34+10)=(1,05k4,000+529,100) =4k
(W) =36,000 ft3/s
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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 L, The first step
is to determine the drainage area ratio of ungaged site to gaged site. 1f
that ratio lies between 0.5 and 2.0, the equation given on page 4 should be
used to compute the required peak discharges. |f the drainage area ratio
lies 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 lies, The method is illustrated in Example 2.

Example 2.--Flood Frequency near a Gaged Site
Determine the Qyg-, Qsg-, Qip0~, and Qggg-year recurrence-interval
floods for Cherry Creek at State Route 83, .5 mi south of Franktown, Colo.
(fat 39°19'41", jong 104°4L'02', NWL sec. 25, T. 8 S., R. 66 W.}.

Map coverage: Russellville Gulch quadrangle, scale = 1:24,000
Denver quadrangle, scale = 1:250,000.

From table 5, note that station 06712000 Cherry Creek near Franktown,
Colo. (AGage=169 mi2), is located downstream.

Determine the contributing drainage area at the site (AU=]32 mi“}.

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

- = 2. ) '2=
AU'AG 132 mi4+169 mi<=0.78.

This meets the drainage-area requirement, and the following relation is used:

X
Qr (y)=AyAg) " ()

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:

Qo = 5,070 ft3/s
Q50 =13,100 ft¥/s
Q190=18,400 ft3/s
Q500=36,000 ft3/s

Compute discharges at ungaged site:

Qo =(132:169)0.48( 5,070 ft3/s)=0.89( 5,070)= 4,510 ft3/s
Q5 =(132:169)0.48(13,100 ft3/5)=0.89(13,100)=11,700 ft3/s
Qy90=(132:169)0.48(18,400 ft3/5)=0.89(18,400)=16,400 ft3/s

Q500=(132:169)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 lies entirely in a single region, then
Procedure 1 is used. If the basin lies partly in the Mountain Region and
partly in one of the other regions, then Procedure 2-is used.

Procedure 1.--Computation of flood characteristics of streams which lie
entirely in one flood-characteristic region,

1. lIdentify the flood region of the drainage basin on figure 2 and
select the appropriate equations for the basin from tables 1 through 4.

2. Compute the required basin and climatic 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.

Example 3.--Plains 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 39°30'46", long 104°32'32", NEZ sec. 22, T. 6 S.,
R. 64 W.).

The basin is shown on U.S. Geological Survey 7i-minute topographic maps
(scale = 1:24,000) as follows:

Watkins SE quadrangle
Cabin Gulch gquadrangle.

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 parameters be computed:

A =drainage area, in square miles,
S,=hbasin slope, in feet per mile, and
SS=streambed slope, in feet per mile.
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Using the procedures described on pages 5 a
for the required parameters were obtained:

Drainage area (A}=9.0 mi?

nd 6,

the following values

The drainage basin was outlined on the topographic map and the enclosed

area was planimetered.

Basin slorzs

(S ) =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(0.85)=5.8 mi

0.10L=6.8(0.10)=0.68

mi

Elevation at 5.8 mi upstream=6,400 ft

Elevation at 0.68 mi upstreamw6 075 ft

(sg)

Streambed slope

5 —(6 400-6,075) (5.

= 33 ft/mi (see fig. 1}.

-0.68)=64 ft/mi

Contour downstream from site=6,050 ft

Contour upstream from site=6,060 ft
Distance between contours=0.3 mi
SS=(6,060—6,050)€0.3=

33 ft/mi

The basin parameters are inserted in the appropriate equations which are

solved as follows:

Q1o

1l

Qso

Q100=1,770A0.h63580.086=1,770(9_0)0,h63(6q)0.086
=1,770(2.77) (1

Q500 =5,770A0-932=5_770(5.0)0.432=5 770(2.

D¢ =35.5S
Dgc =52.15
D1g0=53.35
D5g0=77-35

1f desired,

IhhA0'5285B0'336=

0,482g 0,154
891A SB

~0.462-35.5(33) 0.
=0.500-52.1(33)
~0.517=59.3(33)- 9.
70.553277.3(33)79.°°3=77.3(0. 14

LV T ¥ B ¥ ¢ B ¥

lﬁ4(9.0)0-528(6h)0-336

891(9.0)0-482(g4) 0. 154

Il

46235
-0,500.59

Qypq--refer to figure 3.

For A=9 mi?

and SB=6h ft/mi.

Dyg---refer to figure 4.

For SS=33 ft/mi.

From figure 4,

517;59.

From figure

144(3.19) (b.0b4)= 1,860 ft3/s

891(2.88) {1

.5(0.20)
.1(0.17)
)
)

3(0.16

7.0
8.9
9
10,

use a graphical solution for Qg9 and Digg:

D100=9.5 fi1

.90)= 4,880 ft3/s

43)= 7,010 ft3/s

58)=14,900 ft3/s

ft
ft
ft
ft

3, 0100=7,010 ft3/s.
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Example 4 --fountain Region

Flood information is required for Geneva Creek at U.S. Highway 285 cross-
ing (lat 39°27'35", long 105°39'47'", NEINEZ sec. 9, T. 7 S., R. 74 W.).

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
D=depth, in feet,

A=77.1 mi?.
P=28 inches {From U.S. Weather Bureau {1967) ischyetal map. Use grid
method to obtain P at 20 points in basin and average.)

Qg =0.12A0.815p1.592=0,12(77.1)0.815(28)1.592=0.12(34.51) (201.31)= 834 ft3/s
Q5o =0.91A0.795p1.110=0,91(77.1)0.795(28)1.110=0.91(31.64) ( 40.40)=1,160 ft3/s
Q10p=1.88A0.787p0.932=1 88(77.1)0-787(28)0-232=1.88(30.56) { 22.32)=1,280 ft3/s
Q5g=8.70A0.766p0. 5608 70(77.1)0.766(28)0.560=8.70(27.90) ( 6.50)=1,580 ft3/s

Dy =0.44A0.196p0. 34720 hU(77.1)0.196(28)0.357=0 44 (2.34)(3.18)=3.3 ft
Dgg =1.05A0.192p0.133=7 05(77.1)0.192(28)9-133=1.05(2.30)(1.56)=3.8 ft
Dygo=1.44A0-187p0.059=1 41(77.1)0.187(28)0.059=1 44(2.25) (1.22)=4.0 ft

Dggo=1.94A0.18%=1 94(77.1)0-18%=1.94(2.22)=4.3 ft

If desired, use a graphical solution for Qyg¢ and Djgq:
Qjgp--Refer to figure 5.

For A=77.1 mi? and P=28 inches.
From figure 5, Q1¢q=1,280 ft3/s.

Dygg--Refer to figure 6.
For A=77.1 mi? and P=28 inches.
From figure 6, Dygp=4.0 ft.
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Example 5.--Northern Plateau Region

Flood information is required at North Sand Wash secondary road crossing
(1at 40°4L'34", tong 108°26'13", NWINWi sec. 17, T. 9 N., R. 98 W.}.

Map coverage: Lone Mountain gquadrangle, 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,
D =depth, in feet, and

Ss=streambed slope, in feet per mile.

A =70.4 mi<.
P =12 inches {From U.S. 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=2.0 mi

SS=(6,120-6,080)%2,0=20 ft/mi

Q o =11.0A0.552p0.706=17 0(70.4)0.552(12)0.706=11.0(10.5)(5.78)= 668 ft3/s
Qs =7o.5A0-509PG-289=7d.5(70.4)0-509(12)0-289:70.5(8.72)(2.05)=1,260 ft3/s
Q) 0=135A0.494p0. 143=935(70.4) 0. 434 (12)0.143=135(8.18) (1.43)=1,580 ft3/s
Q500=293A0-469=293(70.4)0.462=293(7.35)=1,980 ft3/s

Dy =13.95,70-288=13.9(20) 70.288=13.9(0.42)=5.9 ft
Dsp =16.65,70-311=16.6(20)70.311-16.6(0.39)=6.5 ft
D1gg=17.25¢70-310=17.2(20) 0. 319=17.2(0.40)=6.9 ft
D500=19.05.70-321=19.0(20) 70.371=19.0(0.38)=7.2 ft

if desired, use a graphical solution for Qg and Dygq:
Qypg--Refer to figure 7.

For A=70.4 mi2 and P=12 inches.
From figure 7, Qyg0=1,580 ft3/s.

Dloo"RefEr to figure 8.
For SS=20 ft.
From 'Figure 8, D100=6.9 ft.
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Example 6.--Southern Plateau Region

Flood information is required for Hermosa Creek at lower
Park, 3/4 mi downstream from forks, Hermosa Park (lat 37°36'5
55'30", sec. 26, T. 39 N., R. 10 W.).

Map coverage: Elk Creek, Hermosa Peak, Engineer Mountai
quadrangles, scale = 1:24,000.
Parameters
A=drainage area, in sguare miles.
A=37.8 miZ.
Qyp =59.7A0.709=59,7(37.8)0.709=59.7(13.1)= 784
Q5o =89.1A0.709=89.1(37.8)0.70%9=89.1(13.1)=1,170
Qyg0=103A0.710=103(37.8)9.710=103(13.2)=1,360
Qsp0=137A0-713=137(37.8)9.713=137(13.3)=1,820

Dyo =1.25A0.261=1.25(37.8)0.261=7.25(2.58)=3.2
Dsg =1.54A0-254=1,54(37.8)0.25%=1 54(2.52)=3.9
Digo=1.64A0.254=1 _64(37.8)0.25%=1_64(2.52)=h.1
D5og=1.98A0-235=1.98(37.8)0.239=1,98(2.38)=4.7

|f desired, use a graphical solution for Qyqgqp and Djgg:
Q1pp~--Refer to figure 9.

For A=37.8 mi?2.
From figure 9, Qqp0=1,360 ft3/s.

D;gg-—Refer to figure 10.
For A=37.8 mi2.
From figure 10, Dygo=4.1 fr.

end of Hermosa
g, long 107°

n, Electra Lake

fti/s
fr3/s
ft3/s
ft3/s
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Procedure Z.--Computation of flood characteristics of streams in mixed-
population flood areas (see pages 43 and 44).

1. Compute basin and climatic 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 T, 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 oh-
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 targer depth for each recurrence interval
from 2 and 3. At points near the region boundary, an averaging or smoothing
process may be required.

Application of this procedure is illustrated in Example 7.

Example 7.~-Mixed-Population Flood Area

Flood discharges and depths for the 10-, 50-, 100~, and 500-year recur-
rence-interval floods are required for Troublesome Creek at confluence with
Bear Creek in Kittredge (lat 39°38'45'", jong 105°18'19", SW! sec. 35, T. 4 S.
R. 71 W.).

Map coverage: Evergreen and Squaw Pass quadrangles, scale = 1:24 000
Denver quadrangle, scale = 1:250,000.

Using figure 2 and the topographic maps, Troublesome Creek lies in the
Plains and Mountain Regions. Procedure ? 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 miles,
Sszasin slope, in feet per mile,
SS=s:reaﬂbed slope, in feet per mile,
P =rmean annual precipitation, in inches, and

R =reduction factor for site elevation from figure 11.
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(9000)
7500 T I T [ | , ] ' 1
[ \ Note: Elevations in parenthesis ]
\ applies to streams in the
~ \ Arkansas River basin —
(8500)
7000 |- \\ _
\\
L \\\ |
- \\\ |
(8000) \
6500 ] | | I | i i | i
0.0 0.2 0.4 0.6 0.8 1.0
REDUCTION FACTOR (R)
Figure ll-.—fReg%eSSion equation reduction factor above specified

elevation for foothill streams.
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Using the procedures outlined on pages 5 and 6, the following vaiues for
the required parameters were obtained:

Drainage area (A}
A=9.3 mi2,
Area below 7,500 ft=3.0 miZ Plains Region
Area above 7,500 ft=6.3 mi? Mountain Region

(s,)

Basin slope ‘"B

Determine basin slope (SB) 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)=0.3 mi
Elevation at 0.85 L=7,420 ft
Elevation at 6.10 L=6,900 ft

sB=(7,420—6,900)/(2.9-0.3)=520/2.6=2oo ft/mi.

Streambed slope (SS)

Contour upstream from site=6,880 ft
Estimated elevation at confluence=6,850 ft
Distance between points=0.27 mi

SS=(6,880—6,850)%0.27=30%0.27=111 ft/mi.

Mean annual precipitation (P)

P=19 inches (for that part of basin above 7,500 ft in elevation).

Reduction factor (R)

Site elevation=6,850 ft,
From figure 11, R=0.64.

This factor is applied to the Plains Region discharges.

Compute Qy4, Qsg, Qi9g, and Q5qp for Plains Region for area below
7,500 ft.

Qo = 144(A)0-528(s )0.336=  141(3)0.528(200)0.336
= 144(1.79)(5.93)=1,530 ft3/s
Qyg = 891 (A)G,h82(58)0_15'+= 891 (3)0.'482(200)0,154

= 891(1.70)(2.26)=3,420 ft3/s

Q100=7,770(A)0-”63(SB)0°086=1,770(3)0-“53(200)0-086
=1,770(1.66} (1.58)=4, 640 ft3/s

Qs500=5,770(A)0.432=5,770(3) 9-432=5 770(1.61)=9,290 ft3/s
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Muttiply Plains Region discharges by the reduction factor (R) to obtain
the discharges to be used for the Plains Region.
Q19 =0.64(1,530 ft3/5)= 980 ft3/s
Q5o =0.64(3,420 ft3/5)=2,190 ft3/s
Q1090=0.64 (4,650 ft3/5)=2,970 ft3/s
Q500=0.64(9,290 fr3/s)=5,950 ft3/s

Compute Qyp, Qs5p, Qipg, and Qgpg for the Mountain Region for area above
7,500 fr.

Q9 =0.12A0.815p1.592:0 12(6,3)0.815(19)1.592=0 12(4_ 48) (108.59)= 58 ft3/s
Q5o =0.91A0.793p1.110-0_91(6,3)0-795(19)1.110=0 91 (4,32) ( 26.27)=103 ft3/s
Qgg=1.8840.787p0.93257 88(6.3)0.787(19)0.9321 88(4.26) ( 15.55)=125 ft3/s
Q500=8.70A0.766p0.56028 70(6.3)0.766(19)0.560=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
Dyo =35.55¢ 0-462=35.5(111) 0.%62=35.5(0.11)=3.9 ft
Dsg =52-1SS-0'500=52-1(11])_0'500=52.1(0.09)=ﬁ,7 £t

D100=59.35¢ 0+517=59.3(111) 0.917=59.3(0.09)=5.3 ft
Dsgo=77.35¢ 0+553=77.3(111) 70.953277.3(0.07)=5.4 ft

Flood depths--Mountain Region

Do =0.44A0.196p0.347=0 44 (6,3)0.196(19)0.347=0 44 (1.43)(2.78)=1.8 ft
Dgg =1.05A0.192p0.133=7 05(6.3)0.192(19)0.133=1_05(1.42) (1,48)=2.2 ft
Dygo=1. 44AD.187p0. 0S92 4L (6.3)0.187(19)0,05%1 Ak (1. 41)(1.19)=2.4 ft

Dggo=1.94A0.18%=1.94(6.3)0.18%=1 94 (1.40)=2.7 ft

Use the flood depths computed from the Plains Region relations.
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DELINEATION OF FLOOD-PRONE AREAS

The following procedures can be used for outlining flood-prone areas.

Direct field measurement:
1. 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 use
surveying techniques to locate points on each side of stream which represent
limits 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-piain boundary points may be transferred onto topographic map.

Office measurement:

1. 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 1 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 reguired 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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Study reach

Flood depth

Flood depth J

zero flow

Point of
zero flow

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 cbserved data agree
with estimates from the regression equations. The standard error of estimate,
in percent, is the range of error found at about two-thirds 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 listed in tables 1-4.

Accuracy can also be expressed as equivalent years of record (Hardison,
1971) that represent the number of actual vears of streamflow record needed
to provide an estimate of equal accuracy as that of the regression estimate.
Values of equivalent years of record were computed for each peak discharge re-
gression equation listed in tables 1-4, but the computed values for the Plains
Region were extremely large and the values for the Mountain Region and South-
ern Plateau Region were abnormally small. The U.S. Water Resources Council
{1975) recommends that a value of 10 vears be assumed for equivalent years of
record. For consistency, a value of 10 years was used for equivalent years 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 climatic parameters of 258 gaged basins
in Colorado and adjacent States. These flood data are given in tables 5-8.
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.

Fach 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 information, 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 5-8 for each gaging station in this category.

FLOOD-FREQUENCY RELATIONS

For a stream where gaging-station records are available, a fiood-
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 {1l distribution. This procedure, generally accepted by most

Federal and State agencies, is referred to as a log-Pearson Type |11 freguency
analysis.
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Annual peak discharges through September 30, 1973, for each gacing sta-
tion used in this study were fitted to the log-Pearson Type 111 distribution.
A subjective appraisal of high and low outliers was made based on tke rea-
sonableness of the computed fiood-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 outliers cause large negative skewmess but in-
crease the standard deviation of the frequency distribution. To sore 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 outliers were elim-
inated, where warranted, and the flood characteristics were recomputed based
on the remaining annual peak discharges. The gaging stations where outliers
were eliminated are footnoted in tables 5-8.

The computed peak discharges for the 10-, 50~, 100-, and 500-year recur-
rence-interval floods for each gaging station used in this analysis are
listed in tables 5-8.

COMPUTATION OF FLOOD DEPTHS

Depths for the 10-, 50-, 100-, and 500-year floods were 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-fog 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. MNext, 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
Tisted 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 eliminating the least significant basin or climatic parameter
until only one parameter remained, The final regression equations are based
on basin and climatic 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 Plateau. 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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Plains Region

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 limit 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 accumulation, snowmelt 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 plocted 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 contributing drainage area of basins within the area.
Because of this problem, the gaging stations i1 the Sand Hills area were
eliminated 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.

The equations relating flood characteristics to basin parameters and
the standard error of estimate for each equation are Tisted in table 1. The
equations for the 100-year flood discharge and depth are depicted graphically
in figures 3 and 4, respectively.
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Mountain Region

The Mountain Region camprises all areas in Colorado in which fiooding is
predominantly caused by spring snowmelt runoff (fig. 2). The eastern bound-
ary coincides with the western boundary of the Plains Region. 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-New 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 regressions were attempted for eastern and western mountain 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 100-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 northwestarn 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 streans with
narrow uncut plateaus between. The annual precipitation ranges from 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
April. Summer thunderstorms produce high-intensity rainfall in the region,
but are usually limited 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 tasins
at lower elevations have not been adequately measured to provide reliable
estimates of flood characteristics; thus, the applicability of the regression
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.
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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 line 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 follows drainage divides to the Rio
Grande, then it follows 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
100-year flood discharge and depth are depicted graphically in figures 9 and
10, respectively.
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Mixed-Population Flood Arecas

Many streams in Colorado originate in high mountain areas and flow out of
the mountains to much flatter plain or plateau areas. Floods on these streams
at higher elevations are caused by snowmelt runoff 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 implied 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-Pearson Type 11! 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 stations throughout Colorado but were 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 prelim-
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 establish 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), Farmer and
Fletcher (1971), Butler and Marsell (1972), and Snipes ard others (1974);

2. Streamflow data collected by varicus State and Federal agencies; and
3. Field observations and measurements of stream channel characteristics.

Based on information from the above-listed sources, several methods were
tested for technical soundness and simplicity of application. The method se-
fected 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 applied 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 "Application of Methods."
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Tavle 5.--Selected basin and climatic parameters and flood characteristice for gaging stations
in the Plaine Region

[Flooit discharges for each gaging etation are:

Bombers below station name are latitude and longitude in degrees, minutes, snd seconds]

(first line) values used in multiple regreasion analydais, (second line) weighted averages.
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06712000 CHERRY CREEw NFaR FRAMSTDwNs COLO. 34 169 615v 32 28 16 4530 11740 16300 31000 10,7
LAT 39 21 21 LONS J7e &5 &b 5070 131c0 18400 36000
06712500 CHERRY CREE= ATAR wELvIne COLO. X229 336 h6Z6 34 17 16 11800 29700 41100 78700 13,2
LAT 39 35 42 LONG 176 48 44 11400 28600 39600 T6B00
06821500 ARIKAREE RIYER AT ~e]GLER. NEBR, 42 980 3z51 18 9 le 135900 30700 43000 56100 224
LAT 40 01 45 LONG 173 58 10 13790 azzng 42900 15ing
06825000 SOUTH FORK SER_ 8L I1C2w RIVER 22 Lipo 3693 19 19 16 2in00 41900 S1i00 12100 &
NEAR IDALIA. COLC, 19800 wztoQ 54E00 89500
LAT 39 26 55 LONG J02 1l& 32
0bB58S00 NORTH FHRK SM«Y r~]ILL RIVER +18 650 3070 12 13 18 6790 Jaung BLB00 257600 -
NEAR HCAL' AS“ERe KINS. 7990 32700 57400 199G00
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LAT 39 &2 &I LONG 99 18 20 11¢90 24900 33400 60000
D6BTLIS00 BOW CREEK ~Ef3 STOCrTO%w. KANS, 23 a»? 1802 9 3 21 5740 19400 31200 BR500 -
LAT 39 33 && LOWG 9% 17 04 5970 19800 31300 83300
06BT180U0 NORTH FORN SO_OMun WI¥ER AT KIRWINs KANS, *25 1167 1660 k4 % 21 t4200 34500 47700 9ua00 24.5
LAT 3% 33 3% LONG 9% 06 S5 14000 362no 51400 105000
O06BTZI100 MIDOLE CRET® AT WENSINGTON, KANS, 17 $8,9 1760 18 17 24 3650 129n0 2800 S8600 -
LAT 33 w3 21 LOWG 99 uZ2 06 351a 11800 18600 49300
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Table 5.--Selected basin and clirmtic parameters and flood charzzteristics for gaging statiors
in the Plaing Regicn--Continued

49

LAT 37 53 S7 LONG 103 18 11

.o - ) sg
[ L g tac
- [+ ] L =] O Lo
b3 A [T - L . O -
> + y L g 3 £ L9 £
P _—" o) L. [T v o -
U — u - [« Sy *3 [ - - o
- = ] — —_ —_ " oL ok — 1 —_ L)
-] -— 4~ n -— -— v o = —_ o v o e -
L o E v E 0 c D a = a Lo a
% StatTon name ] w e B . v &~ g e o . § . §u §
a o O - = - — c - - L™ -—
E [ e =T 4 a (-4 —— g 8 —_ - -
= L n e E @ a L] g -_—u - - -~
e Y- L 3 e Qo o o 3 = [Ra——t Y e —_ -t
Q@ *» O “r —_— u e cc F-1 - = £ “.a » o
[ o N i o P w o a n < 0 -3 =~ 3 - 2l * 3 - 0
o = > T o = > L E % o — LT 5 J o o LY o N
— =] < 2 [+ c m L i3 o bl bt =
- - C — L) - o (=] E > C (L [ 1 C
- = —_ G an =] W oo o —_ R t o— 1 .- - o - o—
by & s 3 a & 2 2 2 2 A 2
ARSANSAS RIVER paSIN
DTLEED00 FOUNTAIN CREEK NEAR FOUNTAIN. COLO. 15 676 5342 b 20 17 13900 24090 29200 43100 8,2
LAT 38 38 08 LONG 104« &40 13 16400 390820 EEYA] 54400
OD7L0ES0L  FOUNTAEIN CREEK #T PUEHLOs COLO. «30 920 4725 51 25 15 21700 49100 66800 128000 12,2
LAaT 38 18 27 LONG 10& 36 09 21200 47809 64700 L24000
07108500 ST, CHARLES RIVER NEAR PUEWLOs COLO. 13 468 4690 17 2z la 15%00 26700 jzroe 50000 - }
LAT 38 12 239 LONG 10w 31 57 16700 307100 38500 £4000
07I0B800 ST. CHAKLES RIVER NEAR vINELANDs COLO, 22 4Té 4619 106 le 1¥:] 23lo0 46100 58100 3000 17.7
LAT 38 123 37 LONG 104 29 54 21500 42800 H4300 38400
07119500 AFISHAPA RIVER NEAR FOWLERs COLOQ. +38 1125 4318 36 12 s 16500 391700 54000 107000 19.:
LAT 38 05 2R LONG 103 58 52 17100  40%00 55760 116000
07E21G00 TIMPAS CREEXK NFaR RUCKY FurDs COLG. 14 451 4220 at 10 12 16200 33990 3300 73700 20.6
LAT 37 S7 10 LONG 103 63 28 14200 3laco 2400 76700
078215300 TIMPAS CREER AT MOUTHe NEAR SWINK. COLO. 26 AGSH 4113 28 9 12 15200 4200 AS000 76700 20,0
LAT 38 Q¢ 10 LONG L03 39 18 14200 32900 h&00G 18900
BTL2R500  PUHGATUIWE RIVER AT TRINIQADS COLOD, +65 795 S977 B0 ar 19 19600 36200 L&F00 59100 13,2
LAT 37 Io 15 LONG 1G& 30 31 19800 37300 65600 73900
0T125G00 PURGATOIRE RIVER NEAR HOEMNE . COLO. 14 BS7 5T0S 50 19 18 2lso00 48009 &3600 11200€C 13.9
LAT 37 1o 5S4 LONG 104 24 11 2lg900 46100 61000 110000
0F125100 FRIJOLE CREEX NEAR ALFALFA, COLU, 12 80.0 S400 90 23 15 6370 17a00 25700 50100 15,7
LAF 37 12 00 LONG 104 11 37 6480 15200 23000 50200
0712550u SAN FRANCISCO CREEK NEAR ALFALFAs COLO. la 160 5320 160 23 i7 10900 23600 31000 33700 14,6
Lat 37 Jo 06 LONG 1064 08 60 11200 2310¢ Joooo 52900
07}26000 PURGATUIRE RIVER NEAR ALFALFA, COLO. 22 1320 5280 45 28 1a8 24700 54500 73400 138000 -
LAT 37 11 18 LONG 104 07 5é 24200 53400 71800 135000
071263500 PURGATOIRE RIVER a4l NINEMELE DaMs 47 2900 CY-L3 28 11 16 35600 80000 108000 204000 17.6
NE&KR HIGREEs COLO. 34400 78000 108000 290000
LAT 37 44 U8 LONG 1a3 29 &S
07120000 PURGATOIRE RIVER AT HIGHLAND DAM, 24 3376 398¢ 9 8 18 38600 89000 122000 243000 2l.0
NEAR LAS ANIMAS. COLO. A5600 83500 115000 226000
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LAT 38 02 02 LONG 103 12 00 34B00 TTI00  i04000 19)000C
+
07129%00 RULE CREEK NELR CaDDUa, CCLD. lg &35 3890 20 5 13 8650 23300 323500 T1200 21.8
LAT 37 59 S8 LONG 1p3 G~ 34 9200 24900 3se00 75400
07153506 DRY CIMARKON FIVER MEAR Go¥s No MEX, 32 545 4900 9y 11 2¢ 10700 29890 44000 102000 -
LaT 36 59 }5 LONG 103 25 25 12600 IiTnp 45100 988600
07154400 CARRIZUZO CREEW MEAR KENTONs OKLA, +17 111 4380 & 17 16 10560 235h0 31306 56200 -
LAT 36 S2 55 LinG 1p3 G1 0S5 Th30 186ng 26200 S1700
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XONE OR MORE HIGH OUTLIERS ELIMINITED.
ONE DR MORE LOW DUTLIERS ELIMINLTED.
WNREGULATED PERICD OF RECORD.
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[rlood discharges for each gaging statien are:

Table 6.--Selected basin and elimatic parameters and flood charactsristics for gaging staticrs

in the Mowntain Region

(first line) values uged in multiple regression analyuis, (second 1lize) weighted averages.
Numbera below station pame are latitude apd longitude in degrees, minutes, and seconds]
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SOUTH PLATTE RIVER BaSIN
96616000 NORTH FORK MICHIGAN RIVER -21 2l.2 B793 140 Ta 26 267 308 322 350 3.1
NEAR GOULDs COLO. 266 19 339 3a0
LAT 40 33 10 LONG 106 00 36
06617100 MICHIGAN RIVER AT WALDENs COLO. +24¢ 185 8045 - 17 ig 853 1130 1240 1450 4.1
LAT 40 44 28 LONG 106 16 4o 854 1170 1300 ¥610
06618500 ILLINDIS CREEX AT WALDENs COLO. 246 259 BGI9 18 8 19 1150 2350 3070 5450 6,9
LAT &40 43 35 LONG 106 1T 24 1150 2300 2970 5160
066206400 DOUGLAS CREEK ABOVE KEYSTONEs WYO. 10 2241 9300 T 211 30 804 1050 1170 1460 5.8
LAT 41 11 00 LONG 106 16 10 T30 02 993 1240
06621000 DOUGLAS CREEK NEAR FOXPARK, wyO. 26 120 az200 7t 53 27 1470 1750 1640 1990 a1
LAT 41 0& 52 LONG 106 18 25 l450 1739 1830 2010
06622000 BIG CREEX AT BIG CREEK RANGER STATION, WYO *12 1loe TITO - 45 22 1200 14RO 1590 1790 -
LAT 41 03 00 LONG 106 31 30 1140 1420 1540 1790
06622500 FRENCH CREEK NEAR FRENCHy wWYO, x4 59.6 7500 158 106 24 1564 1900 2020 2260 3.0
LAT 41 12 30 LONG 106 31 3¢ 1440 1690 1790 2060
06622700 NORTH BRUSH CREEK NEAR SARATOGA, WYO. 13 37,4 8020 - 0 20 932 1210 1340 1640 4.3
LAT &l 22 10 LONG 106 31 22 848 1050 1160 1450
Q6706000 NORTH FORX SOUTH PLATTE RIVER «x30 127 8561 220 69 26 157 1040 1170 1470 2.6
BELOW GENEYA CREEKs AT GRANT: COLO. 78 1100 1260 1550
LAT 39 27 26 LONG ]05 39 29
06716500 CLEAR CREEK NEAR LAWSONs COLG, +25  1las 3086 17¢ 227 26 k750 2280 2490 2950 6,2
LAT 39 &5 57 LONG 105 37 32 1710 2220 2420 2890
06722500 SOUYH 5T, VRAIN CREEK NEAR WARD. COLO. +23 14,4 9372 e2o 232 kX as) %53 498 610 2,3
LAT 40 05 27 LONG 105 30 S0 345 Loz 484 592
06725500 MIDOLE BOULDER CREEK AT NEDERLAND, COLO. 28 36.2 8186 240 100 27 T13 894 96T 1130 4.9
LAT 39 57 42 LONG 105 30 14 695 864 934 1100
06729000 SOUTH BOULDER CREEK *l2 42,7 8380 - 69 24 624 796 are 1060 2.3
NEAR ROLLINSVILLEs COLO. SGa 156 a3l 1030
LAT 39 56 53 LONG 105 30 05
06732000 GLACIER CREEK NEAR ESTES PaRK. COLO. 17 ea,.2 7980 350 3z 30 kI w06 431 486 3.2
LAT 40 20 41 LONG 105 35 00 342 422 w52 518
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Tazie b.--3¢lected basin and climatie parameters and flood charaeteristics for gaging stations
in the Mountain Region--Contlnued
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SUUTH PLATTE S1vER 6:SIv - CONTINUED
06748200 FALL CREE™ “EaR FUSTICs COLD. 13 3.6 976% - L] 28 91 131 151 end 3.1
LAT 40 33 65 LUNG 1ES 37 3% 82 119 136 181
06748510 LITTLE BEAVER CFEEK NEAR [DYLWILNE. COLO. +11 0,9 10¢0C - 1123 25 24 3y a4 41 241
LaT «u 3R )3 LONG 1(5 39 up 21 30 34 44
06768530 LITTLF BEavER CFEEK NEsi RUSTIC, COLO. 13 12,3 4350 - 73z 23 145 Zns 231 292 2.0
LAT & 37 23 LUNG 165 33 S2 141 210 240 315
06748606 SOUTH FURK CATHE LA POUDKE RIVER i7 90,3 7597 7z0 T4 2h 924 1400 1630 22%0 4,5
NE &k KUSTIL, CCwQ. 857 129¢ 1490 202¢
LAT &0 33 43 LUwG 175 29 35
AHRANSAS RIVEF BASIw
07TUTY500 EAST FOKK aRranSis ~IvER +12 50.0 9700 - 63 eé 697 962 10849 1380 2.9
NE AR LEADVILLEe CILC. 617 8T¢ 976 1240
LAT 3% i3 35 LUNG 1ok 20 24
07081000 TENMESSEE LwWETX MEZS LEADVILLES COLO. 15 48,0 9760 - 75 2T 476 546 566 &0l 2,5
LET 39 1S 51 LONG l06 20 25 499 634 681 788
07083000 HALFMOON CREE< NEAW mALTAy COLOD,. 27 23.6 SR3I0 3a0 8 25 392 463 487 L3z 2.8
LAaT 39 Ip 23 LONG 16e 23 19 358 446 478 s49
07ubb500 CLEAR CREE= t30vE CrEa- CHEER 28 67,1 4885 160 “8 25 979 1398 laa0 1760 Ja
RESERYOIR, £OL-a BBS 129¢ 1330 1650
LET 3% &3 3. LONG 1r6 16 38
070B9GOY COTTOMKQOCZ CrEEX SELGw HOT SPRINGS. 35 65.0 8532 240 296 43 81 7590 904 1210 3.3
NE Ak BUEw~A V15Tay CGLO. &72 B2z 936 1230
L&T 38 &8 &4 LONG ICS 12 1B
07095000 GRAFE CREEX NEaR @»ESTCLIFFEs COLO. 46 320 7690 82 29 20 i4l0 3490 4900 3990 6.8
LAT 33 [1 I9 LONG 1C5 28 59 1440 33loe 4540 8900
07114000 CUC=AKAS ~IvER AT E2YD RANCH. 38 56,0 rT8] 230 111 26 365 SB7 681 -3-1.] 3.7
MEAR LA VETas CULG. o8 638 733 955
LaT 37 25 i2 LaNnG 125 03 08 B
RIQ GRaANDE RIVE# BASIn
08224500 KERSZEk CRIEK AT &SH_EY RANCH. 4] 38.0 8900 220 96 28 225 382 “61 677 1.5
NEAR vI_ L& GRCrE. CCLD. 273 437 515 723

LET 38 L4 €8 LING 1CS 06 ST



Table §.--Selected bustn and elimatile parareters and flood characterietics for gaging ataticrmz
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GRANDE RIVER BASIN +~ CONTINDED
27500 NORTHM CRESTONE CREEX NEAR CRESTONEs COLOS 38 10,7 8360 600 3%2 24 7239 %23 E8Y) 1394 3.2
LAT 3B 00 49 LONG 105 &) 37 216 5T B12 117¢
230500 CARNERO CREEX MEAR LA GARITA, COLO. sS4 117 81590 150 L1 2e S50 iled 1460 2420 LYY
LAT 37 1 35 LONG 106 19 ¢8 591 1160 1459 2310
3231000 18 GARITA CREFK NEAR LA GARITAs COLO. 53 61,0 4030 160 &6 3 412 633 LE4] 935 2.3
LAT 37 4B 4B LONG 106 19 O& “27 656 751 973
240500 TRINCHERA CREEK ABOVE TUANERS RANCh. 51 65,0 d%20 329 86?3 324 96 738 L1144 3,7
NERR FORT GARLAND, COLO. 335 597 730 iy
LAT 37 22 29 LONG Lo5s 1T a0
QU2K1G00 TRINCHERA CREEK ABOVE MOUNTAIN HOME 3z 61,0 8154a 210 56 21 EX L) Sea Glh fR3e 3.0
RESERVOIRs NEAR FORY GARLANDs COLG. 3l 565 562 L2
LAT 37 23 41 LONG 105 22 07
0BZ61500 SANGRE LE (RISTD CREEK 51 190 1900 T4 29 14 602 1270 1660 2880 13.1
NEAR. FORT GARLAND, COLD, 598 1240 1610 2180
LAY 37 25 30 LONG 105 24 S2
0BZuRS00 UTE CHEEX NEAR FORT GAWLAND. COLO, +So 32.0 B04uR 230 81 20 282 416 &TB 53T 3.7
LAT 37 26 S0 LONG 105 2% 30 F4 4 813 &7t LT3}
08252500 COSTILLA CREEX ABOVE COSTILLA DAMs M. MEK, w2 29.1 9429 eet 9& 26 192 Ieo ELI 534 -
LAT 36 53 52 LONG 105 18 16 225 357 416 564
G825300¢ Ca51A5 CREEK NEAR COSTILLAy N, MEX, +35 14,6 8404 461 106 2% 133 120 213 264 -
LAT 36 53 48 LONG 105 15 35 163 215 242 3a6
68253560 SaNTISTEVAN CREEX NEAR COSTILLAs N. MEX. a5 241 487 862 A22 25 i6 ez 2 e -
LAT 36 53 03 LONG 105 16 50 Zt Eld 34 43
08263000 LATIR CREEK NEAR CERRDs N. MEX, 3z 10.95 8280 Toh a6 25 ipo 161 191 M -
LAT 36 49 o% LONG )05 32 &) o9 173 2nl 283
06264000 RED RIVER NEAR RED REVEH, M. MEX. 24 19.1 9394 A7TT 211 27 206 4] 338 L4 -
LAT 36 3T 20 LONG 105 23 20 220 3in 158 4%6
0BZ6TS00  ATO HMOMOO NEAR VALDEZy N. HEX, 38 36.2 7650 336 176 25 356 ST6 682 958 -
LAT 36 32 30 LONG 105 233 2) 3eq 5T3 673 930
0dZTL000 RIO LUCERC NEAR ARRDYQ SECUs N. MEX, *aZ 6,6  805) 406 266 E7 223 350 330 395 -
LAT 36 20 30 LONG i0% 31 &9 223 3ng 338 410
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Tasie 6.--3elected basin end climatic parameters and flood characteristice for paging stations
in the Mowntain Region--Continued
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COLORADO RIVER PaASIN
09012500 NORTH INLET AT GRAND LAKEs COLO. +la 45.9 8434 - Ra 32 992 1220 1320 1570 5.7
LAT 40 15 12 LONG 105 43 3% 834 1060 1140 135¢
09016500 ARAPAMO CREEK AT MONARCH LAKE 27 4649 83190 310 24 33 1130 1310 1360 1460 4,1
QUTLETs COLO. 1000 1199 1250 1370
LAT 40 DB 45 LDNG 105 &% 57
09017000 ARAPAHO CREEK BELOw MONARCH LAKE, COLO. 10 59.0 Brua - 31 3l 1250 1740 1980 2600 5.4
LAT &0 OT S0 LONG 105 &8 30 1020 1400 1568 1380
PP020000 WILLOW CREEK NELXR GRANBY. COLO. % 109 Br34 S8 38 2B ané 941 983 1060 L7
LAT &0 10 S0 LONG 106 €30 31 %09 1150 1230 1400
09024000 FRASER RIVER NE&R wINTER PARK, COLO. 22 27.6 Bgpe - 4B 28 536 TaB 845 1c90 3.3
LAT 39 S& 00 LON: 105 &6 34 “8] 675 159 972
09026500 §T. LOUIS CREEX NEAR FRASERs COLO. *24 32.9 8980 - 153 34 3%0 4468 466 436 2.5
LAT 39 S5& 386 LONS 105 52 &0 “hg 532 S60 618
r° 32000 RANCH CREEX NEAR FRaSER. COLO,. *15 19.9 &685 - 264 28 272 323 kLY 380 3.0
LAT 29 57 00 LON; 105 45 54 274 asz aaz 450
09032500 RANCH CREEK NKEAR T4SERNASr, COLO. +25 51.3 B340 - 30 26 551 659 £9% TE? 3.5
LAT 39 5% 51 LON 10S ~9 223 545 692 Tu5 as9
09033000 MEADOW CREEK NEAR TABERMNASH, COLO. cl 4,0 9780 203 56 29 262 iz 345 97 3.7
LAT 40 03 03 LONS 106 &6 37 222 28z 306 350
99033500 STRAWBERRY CREEX hEAR GRANBY. COLO. 1o 11.6 B65¢ - 248 27 116 166 150 254 2.7
LAT 40 05 12 LONS 105 &7 39 e 207 235 e7
09035500 WILLIAMS FORK BELC¢ STEE_MAN CREEK+ COLO. +15 16,3 5800 - 166 3 383 &332 w6t 470 3.4
LAT 39 46 44 LONG 105 55 &0 343 411 W3e 484
09036000 WILLIAMS FOOK NEAR LEAL., COLO. +428 89,3 8790 160 35 3z 1470 171lo 1790 t940 4.3
LAT 239 49 53 LORG 106 33 15 1390 1660 1750 1930
09036500 KEYSER CREEK MEAR LEAL. COLC, 10 13,8 S080 340 330 26 185 217 20 263 2.5
LAT 39 56 27 LOnG 106 01 00 186 24% ZT0 332
09037500 wILLIAMS FORK WEA> FARS-ALLs COLO. +#48 ]84 7899 - 26 25 1550 1960 2leo 2670 4.3
LAT &40 00 0] LOMG 106 10 45 1530 1980 Z2i50 2540



Table 6, --Selected basin gnd elimatie parameters and Fiood crarcrieristica for gaging statio—w
in the Mowitain Region--Lontinued
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COLORADO RIVER BASIN - CONTINUED
09040000 EAST FORK TROUBLESOME CREEK NEAR 27 76,0 TeT0 83 127 k] ST9 9L0 1150 169N 1.5
TROUBLESOME . COLD. 671 19«0 1210 1670
LAT %0 09 27 LONG 106 16 58
09041000 MUDDY CREEX NEAR KREMMLING, COLO. 22 87,4 785¢ - 21 3% 775 1010 1120 1400 “,7
LAT 40 17 37 LONG 106 28 59 LT 1210 1320 1570
09041100 ANTELCPE CREEK NEAR KREMMLING. COLO. x12 11.5 7933 360 169 26 63 177 2T 713 2,5
LAT 40 14 26 LONG 1D6& 22 22 106 24 270 5468
09066660 BLUE ALIVEKR NEAR DILLON, COLO. le 119 9120 - &7 28 889 1340 1530 2010 3.9
LAT 39 32 55 LONG 106 02 19 10040 1620 1560 2080
CSvLTO00 BLUE RIVER a7 DILLONe COLO, +50¢ 128 8821 140 39 27 loza 1170 1220 1290 bG,n
LAT 39 36 S0 LONG K06 03 05 105¢ 1250 1330 1450
0907500 SNAKE RIVER NEAR MONTEZUMA. COLO. 26 57.7 9320 230 65 33 933 1159 1230 1369 “.3
LAT 39 36 20 LUNG 105 56 33 911 llep 1220 1370
09047700 KEYSTONE GULCH NEAR DILLONy COLO. 16 9.1 350 60 192 2a 18 119 138 185 1.8
LAT 39 35 4«0 LONG 105 56 19 104 158 177 231
09048000 SNAXE RIVER AT DILLON. COLO. 4z 90.9 HATQ - 39 33 lo00 123¢ 1310 1a70 3.5
LAT 39 3p 45 LONG 106 02 30 inla 127o 1350 1540
09050100 TENMILE CREEX HELOW NORTH TENMILE CREEKSs 16 93,3 9090 150 &8 37 laBn 1740 13S0 2010 4.3
AT FRISCOs COLO. 1330 1650 1750 i960
LAT 39 34 37 LONG 106 06 33
09050500 TEMMILE CREEK AY DILLONs COLO. 49 111 8818 120 &2 30 15449 1870 1990 2240 4.0
LAT 39 36 45 LONG 106 03 15 le8p 1830 1960 2220
09052000 RUCK CREEK NEAR DILLONs COLO, 21 I5,8 8503 400 248 30 265 k-] a2 as? 7.6
LAT 39 43 23 LONG 106 07 41 z6e 374 346 395
09053000 SLATE CREEK NEAR DILLON. CULO, 11 16.6 8228 al0 211 3r 263 3izn 343 394 2.7
LAT 239 46 %6 LONG 106 10 02 315 39n sl6 a76
09953500 BLUE RIVER ABOVE GREEN MOUNTAIN #19 S1i 194T - 22 30 45460 5230 %430 5780 4,7
RESFRYOIRy COLO, 4Ly 5370 5650 6180
LAT 239 49 S5 LONG 106 13 20
09054000 ULACK CREEK BELOW HLACK LARE, la 15.0 8750 - LL] 6z 355 w23 5] 514 2.5
NEAR DILLON. CULO. kLY. w56 «78 514

LAT 39 47 59 LOUNG 106 16 04
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Table b.--Seiected basin and climatic parareters and flood characteristice for gapging stations
in the Mountain Region--Continued
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COLDRADY RiVER® MASIN = CONTINUED
09054500 HLACX CREEX ASOVE GREEN MUUNTAIN 10 18,5 7960 - 264 &0 3are S06 565 718 2,8
RESERVOIH. COLD. 419 £3] ST2 680
LAT 39 51 21 LONG L06 IS 07
09055600 OTTEFR CHREEK AROVE GHEEN MUUNTAIN 1n .4 7980 - 98 a4 90 119 134 15T lob
RESERVODIR. CULO. 1io 155 174 219
LAT 39 S1 10 LONG 106 16 02
09055500 CATARACT CREE< AS0VE GREE™ MOUNTAIN lo 13.6 8320 - 176 s kL2 455 493 583 2.5
RESERY(IR. COLO, 329 mMs “68 527
LAT 39 S| CO LOnG J0& 1T 27
050585U0 PINEY RIVER EfiLQe PINEY LAXES 17 k3,0 9145 240 222 43 347 198 412 442 2.7
NEAR MINTu=W. COLO. 362 419 436 467
LAT 39 42 23 LUNG l¢o 25 38
0906050V ROCK CWEEK MEAR TOPONESs CULO, 420 4t.6 8544 140 38 24 W34 82 455 S18 3.3
LAT «U 02 £8 LONG 1CH 39 19 436 544 583 677
09063000 EAGLE R]JVER &7 RPEw CLIFF. COLO. 45 70,0 B648 - 62 26 Ta8 1910 1110 1310 3.4
LAT 39 30 34 LuNnG l0s 22 09 737 1010 1110 1330
"g063600 TURKEY CREER WE2R RED CLIFFs COLO, 10 23,9  BagS - 148 34 78 711 B13 1050 2,9
LAT 39 31 227 10nM6 166 22 15 4«58 5460 712 8gi
09063500 TURKEY CREER AT wEU CLIFF« COLO. «ld 29,6 8642 290 96 3z 473 663 759 1029 3.2
LAT 39 30 S0 LONG l(e 22 00 4T3 651 132 4k
09064500 MOMESTAKE CFEEK NEAR RED CLIFFs COLO. a34 568.3 8783 15¢ 38 37 l100 1250 1300 13re 3.0
LAT 39 2R 24 LONG 1oe 22 (2 lLoso 1250 1310 1400
05065100 CROSS CREEK ™FaR MINTURNe COLO. 13 33.5 1990 - 1] 36 e 783 ap2 83z 3.7
LAT 39 34 05 LUNG 16 24 45 681 187 8,9 885
DY065500 GUHRE CREEK AT UPPER STATIONSs 19 14,3 8620 380 a2 37 “97 675 675 783 3,8
NEAH MINTU-=N+ COLO, 439 553 Sk &BY
LAT 39 37 «0 LONG 1r6 1t 24
09066000 BLACK SURE CREEX WEAR MINTURM. COLO. 19 11.8 9180 zie 169 i3 309 a6z 3ien 415 3.0
LAT 39 35 47 LONG 196 15 52 7B3 345 3BT 413
09UbbeY0  RED SaNOSTOME CREEK NEAR HINTURN. COLC, 10 7.3 915¢ - 1RS IR 172 235 ang 3eh 2.8
LAT 39 40 58 LONG 10b 24 03 18% 243 2656 NS
09066500 GURL CHEEX ~EaR MINTURNG (ULO, 12 1loe 7756 190 95 32 1640 1850 1918 2010 &9
LAT 39 36 33 LONG 108 20 22 1470 1760 1859 2030

-



Table 6.--felected basin and olimatie parameters and flood churccteristics for gaging stat<c=a
in the Mountain Begion--Continued
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COLORADD RIVER BASIN - CONTINUED
P9069500 GYPSUM CREEK NEAR GYPSUMs COLO, .12 63,4 7600 - 176 30 300 51 523 711
LAT 39 32 44 LONG 106 56 03 524 715 alp 103¢
999073500 ROARING FORK RIVER AT ASPENs COLO, 13 109 1885 - 148 30 2630 3ann 3820 L6306
LAT 39 11 22 LONG 106 «8 SO 2020 2650 2950 3540
09074000 HUNTER CREEK NEAR ASPENs CULO, 11 40,0 8610 - 734 34 954 1120 11%¢ 1280
LAT 39 [2 21 LONG 106 &7 49 ais 996 133w 1170
89078000 FRYINGPAN RIVER AT NORRIE. COLO, 29 90,6 Balo - 92 30 1469 1780 1910 2190
LAT 39 19 51 LONG 106 39 27 1340 1590 1820 2100
09078100 NORTH FORK FRYINGPAN RIVEK it 12.0 94lq L 127 37 310 162 379 “11
B ABOVE CUNNINGHAM CREEK, NEAR NORRIE, COLO. 298 362 33z 426
H LAT 39 21 32 LONG 106 34 04
09078200 CUNNINGHAM CREEX NEAR NURRIE. COLO. i0 7.1 600 - 20l 30 213 2h6 235 327
LAT 39 20 03 LONG 106 34 29 173 227 ZaT 795
09078500 NORTH FORK FRYENGPAN RIVEKR 31 42,0 8400 2A0  P6& Py 917 12no 1320 1580
NEAR NORRIE. COLO. 824 1090 1220 1460
- LAT 39 20 24 LONG 106 39 S5
!
X 29082800 NORTH THOMPSON CREEK 10 26,8 s120 - 162 29 376 489 532 624
i NEAR CARRONDALE, COLO, 374 Sng 5546 668
g LAT 39 19 &7 LONG 107 19 5B
%: 09086000 CATTLE CREEK NEAR CARBONDALE. COLO. +13 31.1 7640 3¢ 117 27 273 3%8 3N 445
f LAT 19 28 00 LOMG 107 013 06 318 438 &ag 596
3‘} 09096000 PLATEAY CREEX AT UPPER S$TailOn, 3 24,1 7B8Y - T0 31 391 6ng To3 967
* NEAR COLLBRaN, COLO. 386 565 541 843
; LAT 39 13 25 LONG 107 o8 05
: 09096800 BUZZARD CREEX BELOW OWENS CREEX, 3 “9.7 8206 - 48 32 674 838 926 1120
i NEAR HEIBERGER, COLO, 677 897 978 1160
1 LAT 39 14 10 LONG 107 38 QO
) 09097600 BRUSH CREEK NEAR COLLBrAM. CCLO, 12 9.6 8183 460 1352 27 217 419 5237 911
i LAT 29 19 30 LONG 107 50 20 1 R4 325 &72 639
) 0909950¢ BIG CREEK AT UPPER STAaTION, 11 20,2 RS590 - 56 36 438 647 T4y 1020
, NEAR COLLBRAaMs COLO. 428 591 651 :1¥4
LAT 39 07 55 LONG 07 55 0%
09110500 EAST RIVER NEAR CHESTED BUTTEs COLO, +11 90.3 8BBO 106G 22 33 1190 1350 1420 1580
Y LAT 38 52 05 LONG 106 54 38 1210 labo 1550 1750

LR SRR P KPR W S R L s
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Tatie 6.--lg.coted basin and elimatie parmmeters and flosd charccteristios for gaging statiors
in the Mowntain Region--Continued
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COLOKARY RIVER RaSIN =« CONTLWUET
99111500 SLATE RIVER WEAS CRESTED BUTTE. COLOD. +11 T0.1 8827 100 10 s ie2o 1290 1320 1370 3.4
tL.AT 38 52 OD LONG 106 &9 38 1160 1330 1390 1573
09112000 CEMENT CREER NEAH CHESTED SUTTEs COLO. 12 26.1 050 190 622 az 1 396 43) 512 2.8
LAT 38 50 D5 LOMG 1D§ &9 3B 306 475 s17 614
09112500 EAST REIVER a7 fLMCNT. COLD, 45 289 8n0e S2 47 32 3Bng 5650 65590 200 B.n
LAT 38 39 57 LONG 150 S0 S0 3660 3370 6le0 8370
09113300 OHIO C<EEx o7 BALDWIN, COLU. 12 47,2 H500 - Qs 3 &27 842 930 1130 3.6
LAT 38 45 %6 +On3 127 03 28 64 860 9431 1160
09113200 OHIO C~EEX MEIAR BALDwIN. CULC, 24 121 8180 11e 59 24 1100 L350 1440 1610 5.k
LAT 38 a7 0B LONG 106 S99 52 1150 46D 1570 1800
0911550¢ TOMICHI CREER LT SARGENTS, COLO. 4] 149 Bals 120 43 Ph 666 Gng 991 1196 3.7
LAT 38 23 45 LONG 176 25 20 54 1950 1160 1420
09118000 QUARTZ CREF* NEAR OHIDs COLO, 24 106 8430 150 73 25 583 T7e 780 686 2.8
LAT 38 33 35 LONG 1li6e 38 09 677 Frg Se7 1580
09122000 CEBOLLA CREEK LT #OwDikhORMe COLO, 18 340 800y Bz 35 el E550 2590 3110 4500 K|
LAT 38 17 38 LONG 107 06 5] 1580 210D 3180 4420
09122500 SOAP {=Efx mEAY SAPINING, COLO. 11 57.4 7190 160 a8 28 735 Lokp 1270 17an 4,8
LAT 38 33 4% LONG 147 19 29 &97 1000 3150 1530
09123500 LaAKE FOURK AT L2<E CIT¥, COULU. 14 115 8665 loo 43 29 i2en 1580 1710 2010 4.5
LAY 38 4§ 30 LONG 107 16 28 12uan I610 1750 €080
09124500 LAKE FORK AT GLTEVIEws COLOU. 36 334 TAZR 7 50 27 2690 31460 3440 4070 4.9
LAT 34 17 56 LUND 137 13 46 2510 325¢ 550 4210
09125000 CURECANTI C~EFx NEaKR SAPINEKUs COLO. 27 15,0 rae? 136 88 29 405 Slo 5648 628 2.7
LAT 3b 29 15 LUNG 127 20 Si 2] 567 592 696
0¥1l30600  WEST muDDY CHEE® 10 7.5 5658 270 108 3R 218 3a3 46T 699 St
NEA= KAGGED %I)unkThln, CuULD, eln 320 ERii] 506
LAT 39 07 51 LUNG 107 3s 29
09132900 WEST mudbaR: CFEEm NEAW FAUNIAe COLO. 13 2ete 964 - 327 kT 72 97 109 139 2.6
LAT 3% 01 56 LUNS 107 36 a7 70 94 105 131
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Tazle 7.--Se¢lected basin and climatie parameters and fiood characteristics for gaging stations
in the Northern Plateau Region

[Flood discharges for each gaging statlon are: {first line) values used in multipie regression analyeis, (eecond lime) welghted averagen.
Kumbers below station name are latitude and longitude Iin degrees, minutes, and seconds}
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CULURALO RIVEK EaSIN
09239500 YAMPA ~IVES AT STEa~pfAT SPRINGS. COLO, 6T 606 6695 S 26 30 5130 5060 6700 re70 5,5
LAT «0 29 0] LUNG 1t6 &9 5S4 5000 5910 6560 6920
09241000 ELK KIVER AT CLARR, COLU. 47 206 7268 S8 50 kL) a61q 4310 45R0 5160 5.8
LAT 4@ 47 03 LUNG 106 5S4 S5 3450 4090 4330 4080
09262500 ELK KIVEH NEAR TwULLe COLO, 12 415 6591 - 20 34 L200 5940 6230 6840 6.3
L&% 40 30 S3 LONG LU & ST 12 «520 S150 5350 G9R(
092450064y ELKHEAL CREFR NEAW ELKHEAD. CuLO. 21 64,2 6830 15¢ 70 27 k300 1560 1650 1ase 5.0
LAT «0 40 1S eONG EFT 17 RO 1240 1550 1660 tope
09245500 NURTH FURK ELK+=AD CREEK 15 21.0 6990 - 62 23 837 1290 1500 2040 3.k
NE AR ELXHEAD. COLD. 718 l1tng 1260 1710
LAT w0 &0 50 LUNG 187 k7 10
09208600 EAST FORK OF Wl L[2a%S FOREK le 108 7100 210 6B e 1650 1750 1860 2100 4,9
AHCOYE WILLUW CREEX. COLOD. 1510 1860 2q00 2310
LAT 40 IS5 «D LOANG IF7 17 35
3264006 EAST FURK 0OF wl.LIa™S FURK ln 150 6R30 10 59 28 1450 1920 2130 2620 3.3
NEAR PAGONA, COLC. 1599 €080 2290 2780
LAT &0 18 &5 LONG IRT 19 10
09253000 LITILE SKeAKE BIvER nHE€aw SLATER. COLC. 28 2BS 683] 6 29 2B Jilo 3rio 390 4360 6.2
LET 40 S9 S8 LONG 107 08 34 #980 3600 3830 4310
9925450y SLATEN FORX AT JAATEY mANCH, 16 80.¢ 7070 -~ 132 25 Ly 1230 13%0 [T20 4.1
Nf Ak SLATER. COLO. Lo60 1450 1620 2000
LAT &0 53 22 LONG 177 19 49
09255000 SLATEw FORR KELS SLATEH, CuLd, +42 161 6600 - 15 22 1320 1740 192¢ 2340 11.1
LAT wy SR Sa LOMS 107 22 S8 1380 1850 2050 2590
09256000 SAVERY CREEX NEAR SAYEWYs WYO, 30 330 6680 62 36 25 1950 2370 2510 2760 6.3
L&T &k uS 52 LONG 10n7 22 53 #l20 #6120 EL ] 317
09257000 LITTLF SNAKE RIvER KEaK U1IAUKy WwWY(Q, @1 988 633] S8 15 26 10590 9000 9730 11600 io,&
LAT «] 0] 42 LONG 107 32 %5 649 Ba2p 9140 10800
09260000 LITILF SNARE RIVEw NEak LILYs COLD. S0 3730 568% - & 14 3560 11600 12600 16600 9.2
LaT 4D 32 S0 LUNS 108 25 25 1570 11300 12430 14500
09302600 NOR1m FOPK wHI"F RIVER nNEak BUFORD. COLO, 17 223 T34 L20 o7 36 179¢ 2060 2150 2330 L)

LAT a0 02 vb LONG 107 31 13 2160 26590 2550 28B40



Table 7.--Selected basin and siiratte parareters arid flood chi-e

in the Northern Platezu Segion--fontinued
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COLO=ADU RIVER RASIN = CONTINUED
. 09303000 NORTH FORK wHTTE RIVER AT BUFORLs COLO,. 25 254 mle 47 53 a5 2711 3300 3330 4110 Gy
LAT 39 59 15 LONG 107 36 S0 227 3190 %ato 4060
09303500 SOUTH FURK wm]TE RIVER NEaR BUFORDs COLO. 15 157 Fabn 150 10 EE 2579 118N X480 4210 LI
LAT 39 55 19 LONG 107 33 03 gaan 2740 aLao 3789
093040C0 SOUTH FURK weITF RIVER AT wsUFCHDe COLL. 23 17 5970 r] Sh 3 gugn 2280 1060 3500 6.1
LAT 39 S8 28 LONG 167 37 30 2179 2320 990 3430
09304205 WhITE KIVER aBOVE CUAL CREEK. 12 660 6400 - 31 1 37en «110 @210 «380 5.7
NEAR MEEKER. COLO. “1"0 wbng 176 5190
LAT &0 00 1B LUNG 107 4% 29
09306500 wHITE RIVER NEAR MEEXEH, CULD. AS 0 TE? 6301 46 32 29 4620 5549 5890 6620 AL
LAT &40 02 01 LUNG Ln7 51 a2 46" 0 5530 5880 5620
03304800 wWHITE HIVER BELOW MEEKER. COLO. 12 104D Se28 - 21 26 “ &0 @400 #4aG0 L 6.7
LAT 40 00 26 LONG J0B 0& 02 #5210 T22n §470 5990
P93UB000 wILLOw CREFK NEAR QURAY. UTAH X+15 890 48731 - 18 Ie 2340 Soeu 6650 11900 5.¢
LAT 39 56 30 LONG JOY 39 00 2610 «33r 6250 9970

‘ *ONE R MORE MIGM CUTLIERS ELIMINATED.
*ONE OR MORE LOW OUTLIERS ELIMINATED,
*UNREGULATED PERIOD OF RECORD,

g
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Table 8.--Seiecved basin and climatic pararetere and flood chavocteristios for gaging etations
in the Scuthern Plateau Kegiom

[Flood discharges for each gaging station are: (first 1ine) values uded in multiple regression analysis, (pecond line) weighted aversges.
Fumbers below station name are latitude and longitude In degrees, minutes, and seconds]
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RID GRAENDE RIVER BASIN
08216500 wWILLOw CPEEK AT CREEDE. COLS, 23 3%.3 AR&N 350 143 27 BT 539 599 132 3.3
LAT 37 5] 27 LOAG 108 55 37 496 T4 an9g 1040
08218000 GOOSE CREEX NELP sAGUNSFEEL GAP, COLO, 15 53,6 8R00 200 103 28 921 1500 1780 2530 2.7
LAT 37 &) 15 LOnG 106 53 19 9ha 1500 1760 2460
08218500 GOOSE CREEK AT WAGGNeHEEL G&P, COLO. 19 90.0 8460 Iel 57 21 &1 lo2e 1180 l1sle 2.8
LAT 37 4% 07 LOWS 106 &% &b Sué 1420 1640 220
0BZ2L9500 SOUTH FORK RIO GRAMDE AT 50Tk FORK, COLO, 50 21& 8222 120 o8 36 3niro s100 6230 9550 8,1
LAT 37 39 25 Lun3 106 38 55 2970 4920 5970 9010
08220500 PINGS CREEK NES&F Lft ®USTEs COLO. Xa0 53.0 8480 250 ag 28 4155 753 BB& 1220 5.5
LAT 37 35 30 LOWG 106 26 e 5T2 900 1050 Lesd
08223500 KHOCK (REEX MEAD MUNTE ¥iSTae COLO. 25 32,9 8230 260 1§l az 135 256 282 332 3.3
LAT 37 29 25 LOW5 loe 15 37 335 4a6 553 Ti0
36000  ALAMOSA CREEK 2ROsE TERRACE a5 loT 2600 99 a8 36 1940 3220 3910 5950 by 2
RESERY01d, COLO. 18%0 08¢0 aT2o 5570
LAT 37 22 B9 L0453 1C6 20 03
082645500 CONEJOS RIVER AT FLATORDs COLO. &4 4l 4 9800 Te 55 38 1330 1540 1620 1800 3.4
LAT 37 2] la& LOWG 106 31 2B 1160 k450 1580 1900
08246500 CONEJOS RIVER NE&w »OGOTE. COLO. ®43 ZBZ 8272 L] 33 29 “420 6480 T510 10300 T.9
LAT 37 03 14 LONG Lob 11 13 4200 6180 7160 9800
0BZ47S00 SAN AMTUNIO RIVER aT ORT{Zs COLU. +48 110 7970 6o 31 2% 1100 1700 1980 2670 5.3
LAT 36 59 35 LOWG 1oo 62 17 1290 1840 2140 2889
0r248000 LOS PINGS RIVER Neat OWTIZs TOLO. 55 167 8040 -3¢ 31 25 23l 3070 3360 3990 b6
LAT 36 58 S6 LO4G 106 04 23 230 3110 3440 4190
08248500 SAN ANTUNIO RIVEK AT wDUTH, S0 348 7650 - & 20 1800 2640 2660 3060 8,1
NEAR MANRSSA. COLO. 2139 29890 3310 #0030
LAT 37 10 37 LOWG 105 52 239
0H2B1200 WOLF CREEK NEAR C-A%Es N, MEX, 13 27.7 8310 296 141 25 1230 Zeeo 2860 w170 -
LAT 36 57 20 LOLWG lue 32 1o LG 1699 2090 3330
OBZ83500 RjQ CHAMA AT PARE VIEws N. MEX, 33 a5 1280 a0 w2 2T 6940 9760 11000 14000 -
LAT 36 44 1S LONG 10£ 34 4 6340 8950 10100 13000



Table 8.--Selected basin and elimatic pararaters erd flsod charceteristics for

in the Southern Plateau tegion--Continued
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RI0O GRANDE RIVER BASIN = CONTINUED
0B2B40C0 RITO DE TIERRA AMARIL1LA AT 12 &9, 7 i52n 138 T 21 733 1130 13290 tale
TIERRA AMARILLAs N, MEX. 533 1260 1470 2900
LAT 36 4} S5 LONG 106 33 25
082B4500 wILLOw CREEK NEAR PARK VIEWe N. MEX,. +33 193 6945 48 36 13 26460 “970 4300 1260
LAT 36 40 05 LONG 106 42 15 2aT0 3990 alt0 6930
COLORADO RIVER BASIN
09059500 PINEY RIVER NEAR STATE BRIDGE., CCLO. 29 B&,2 Tere 210 av 28 kLY 1130 1190 1309
LAT 38 48 00 LONG 106 35 0D 1360 1380 1510 1810
09067500 EAGLE RIVER AT EAGLE, COLC. la 628 6560 - 36 29 6630 1960 Bhzoe 450
LAT 39 139 24 LONG 1086 &9 29 672610 210 aGTe 11200
09066000 BRUSH CREEK NEAR £AGLE. COLOC. 22 69,7 Tu50 350 101 28 551 sy 984 1379
LAT 39 33 26 LONG 106 45 45 757 1140 1330 1830
09070000 EAGLE w~IVER BELOW GYPSuMs COLQ,. 24 Gay 6775 b4 ah 7T 59130 1360 7880 8950
LAT 39 38 58 LONG ]06 $7 11 fu4g E570 9490 117600
09081550 CRYSTAL RIVER AT PLACITAs COLO. +i3 107 RN - 60 k1 1900 29560 2120 2230
LAT 39 9B 34 LONG 107 15 26 17190 Z230 2630 2930
09981600 CRYSTAL RIVER ABOVE AVALANCHE CREEX 18 167 €905 140 549 33 3170 3780 4000 4670
NEAR REDSTONEs COLO. 28490 3630 3960 4750
LAT 39 13 56 LONG 107 13 38
090682500 CRYSTAL RIVER NEAR REDSTONEs COLO. 29 229 EaBa - 70 34 3BBO 4540 4o 5220
LAT 39 17 55 LONG 167 12 49 3610 4450 4800 5570
09083000 THOMPSON CREEK NEAR CARBUNDALE. COLO. 14 5.7 E4S() 220 132 34 823 1170 13t¢ 1660
LAT 3% 19 S0 LONG 107 13 2o 1n2o 1480 1690 2210
09085000 ROARING FORR RIVER AT #59 145] a721 - 26 28 13900 17400 18700 21500
GLENWOOQD SPRINGS. COLO. 13anp 17100 18600 22000
LAT 39 32 37 LONG [07 19 44
09096500 PLATEAU CREEX NEAR COLLBRAN. COLO,. #+35 BQ.n 11390 170 178 30 1820 2440 2740 540
LAT 39 15 02 LOKRG 107 S0 24 1710 2340 2650 3650
Q9097500 BUZZARD CREEK NEAR COLLBRAN. COLO. 32 143 6955 - 44 28 1140 670 1890 2399
LAT 39 16 20 LONG 107 51 00 1280 iB8%q 215¢ 2770
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Table 8.-~Seiecied basin and climatic parcreters o flood characteristics for gaging stationa
in the Scuthern Plateau Region--Continued
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CULORADU RIVER RASIN = CONTINLED
p9126000 CIMARRUON RIVER KEAR CIMKRFUN, COLO. 16 66.6 B65C 196 108 iz 1420 211o 2450 3380 o7
LAT 32 15 45 LGNG 107 32 39 1330 1970 2290 3130
09124500 SMITH FuRK NEAR (RAx<FOKL, COLOD. 38 43,7 093 250 75 28 623 831 912 1090 1,6
LAT 2& 43 &7 LUsG 107 3 22 674 978 1040 12%0
09130500 EAST wLuDY CHEEK NEAR pARCINEs COLO. ¢ 132 6655 13n 25 29 1600 2389 27F0 T80 4.8
LAT 34 00 4& LUNG 107 21 28 1710 2560 2950 40k0
09132500 NORTH FIRK GUNNTSUN HIVER “0 531 6039 180 8 29 5550 T1i60 7790 S150 Se6
NEAR SUMERSET. CCoT. 5460 72%0 8010 s120
LAT 34 S5 4% LONG 107 26 53
09134500 LEROUX CTREEX mFi~ CEDA=EOGLs COLO. 28 35.1 7255 270 176 33 lo70 139¢ 1530 185¢ 5.5
LAT 38 5% 3S LOnNG 107 &7 35 986 1320 1470 1820
09145000 UNCOMEZAGRE $IVES AT DLS&~y COLO. la 42.0 7800 32c  14i a0 1¢70 25%0 3olo 4310 9.9
LAT 36 0} U3 LING 1067 &2 32 1330 2010 2370 3330
46000 UNCOMPARGRE ~1VES EZL0s GURAYs COLO. 16 76.0 76U 220 26 32 2210 2800 3030 1540 5.3
LAT 38 €1 52 LONG 107 &5 2B 1660 2640 272¢ 3330
09146200 UNCOMPLIHGRE WIVE® NEAR KIDGWAYy COLO. 15 49 6878 - 39 26 1400 2060 2200 2490 S.0
LAT 28 1} G2 LONG 1CT w4 &3 1840 2470 2TH0 LT
09k46L0G WEST Fumt DALLRS CHEEx REaw RIDGWAY. COLO. 15 13.1 8400 6B0 192 35 160 250 29% 413 1.5
LAY 38 Lt £5 LONG L(7 51 02 2ha am 431 591
09146500 FEAST FURK DALLAS C~EEx NEAH RIDGWAY, COLG. i6 16,8 7980 sS40 325 3% 262 n7 v 376 2.7
LAT 38 05 3% LONG 107 &8 47 331 ang 501 62%
059166600 PLEASANT YALLEY CREFK NELS NUELy COLO. 12 8.0 8680 220 358 21 i8] é20 128 991 3,2
LAT 38 08 «& LONG 107 55 09 ki 315 6n2 B1S
09147100 COw CHEEK NEAR SICoWav. COLO. 18 45.4 7620 afo 151 3z 1n80 1530 1740 2280 S.2
LAT 38 0R 5% O~ 167 38 39 Inlg 160 1676 2210
09Lu7500 UNCOMZARGRE RTvER AT COLONA. COLO. 56 46l 6319 - 59 22 2860 3810 4210 5136 5.5
LAT 38 19 53 1083 117 =b 6& 3110 4250 4750 5950
09150500 ROUBILEAU CRIEr AT MO Tes 16 242 LABY - 275 14 2260 3530 4160 S730 a,8
NEAS DELTA= COLL. 2520 nse 4500 6170

LAT 38 «& .5 t0n3 ig L9 &0
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Table 8.--Salected basin ond olimetie pargreters g

in the Southern Plateau fegion--(Lontinued

rrzlevigtion

Ter g

6h

-3 - = IJ-'U
L T c th
o o3 - O
L [ = o Ay -
> ] a e = = L P =
- - i Z e G n =
o — L L4 o " o v “ a
- (=) [ — ~— - O "o " - ] T ks o
o -— “ m — -— o u ] - T -] oo -
. L = v E ® - = - = [+ 8 a
I R o - @0 [ o Lo 2 2 bl
H Station name o T - e oy oy &, B i R 9.z g
2 e e ] U a v a —_—— o a — - -
=3 w T E £ ¢ a ] —_— —_2 - 1 M- —
g % we 25 2% 33 ¢ Y% Ts t .3 Ly
c °3 & ER ] oow c & [ P E @ 3 ]
=l o T @ - > -— E - [ — R " oo u u U O e
= a =] Q = q = © c > £
- — < —r v 0 - o U c c m > o > = o [ = [
- Lo oo o = s "o P - v s = o - o
- & & 3 1 Ire £ 2 2 2 e
CULGRADU RIVER haSIN « CONTLAUED
6152008 KANNAY CHEEX WNEAR WHITEwWATER. CULU. 45 61.9 a6t 350 a8 in | K 1D 1550 196n 1.5
LAT 38 57T 42 LONG loB 13 47 Lz 1130 1620 enno
09165C¢08 DOLORES RIVER BELUW HiCUs+ LULD. 27 105 ha2l 1e¢ LT 5 182 2ak0 2690 37250 Sk
LAT 37 3A 20 LONG 1l0% 03 33 a3 -] 2730 3420
09166500 DULORES HIVER AT GULORESs COLO. 59 956 6919 - ’a o 63"y G270 13700 .0
LAT 37 24 16 LONG 108 30 15 L “al0 13550
09167060 LOST CANYON CREFX AT OQULGKES. COLD, 13 81.0 B0 - 25 ce Lra2 14370 1730 2310 6,7
LAT 37 27 4] LUNG 108 30 03 1zc 3 1740 2030 7670
0916750y  UDOLOKES RIVER NEAK MCPHEE, COLO. le 793 LT - 18 25 88313 14370 Leann 22700 E
LAT 37 34 37 LONG 108 34 19 198" 12anq Labag 19900
COledlup  DISAPPCINTMENT CREEK NEAR +15 145 6420 LT 53 23 337: 5210 3280 13600 16,9
DOVE CREERy COLO. il L] Siz0 43P0 10100
LAT 37 S2 3& LONG 108 34 57
09172000 Fall CREEK NEaR FaLb CHEERs COLOS x17? 33.5 1929 271 151 31 42" 12 Sag 1230 G, n
LAT 37 57 30 LONG 108 00 19 511 Gaf ¥593 1400
G9172%00  SAN MIGUEL RIVER NEAR PLACERVILLE. COLO. 3 308 7056 Ao a4 3n 231~ REST 3e36 4620 5.9
LAT 38 02 05 LUNG 1n# 07 15 255’ 3tan “130 5360
09175000 W™NATUR[TA CREEX NEAR NUKwWOOL. (OLO, 11 27,7 TarL - 5% ap 1.70 oo 1730 s,.0
LAT 37 5A8 32 LONG 108 19 3w 156G 1200 l60e
09175500 SAN MIGUEL RIVER 4T NaTuWITAs COLO. 45 1080 5993 Gy a2 2u GH" L~2e0 13400 9.7
LAT 38 13 06 LONG 108 33 S7 625" 1300 1464040
091775v0 TAYLOR CHEEK NEAR GATEWAY, CULG, +20 12.9 8120 1Rc L1 23 G- Teg %8 1510 [N
LAT 38 31 08 LONG 109 0& 33 k- L 139 1280
09181000 ONION CNEEK NEAR MDAB, UTAM +11 18.4 “l2n - 121 12 163~ 2aen 2310 3150 4,7
LAT 38 43 3n LONG U9 20 &0 lrat 1310 1710 2180
0%IH5500 HATCH WASH NEAR LA SaLe UTan 22 2378 5500 - 31 1) §gan w558 ~790 13400 7.6
LAT 38 14 36 LUNG 109 26 22 262¢ 5730 &840 12200
09186560 INLIAN CREEK AROVE COTTONWUQD CHEEK+ =21 31.2 6290 - 141 25 “5) 1270 1510 3810 AR
NEAR MONTICELLU, UTAH 553 1190 ielo lloe

LAT 37 SB 30 LUNG L09 31 05
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Taube B.--Seleoted basin and elimatic purameters and flood characteristice for gaging etations

in the Scuthern Plateau Region--Continued
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CULUKADU RIVEW raSlh — CONMTIANVED
0Y1BTOUU  COTTOLWODY CwFie HEAR #UNTICELLO: UTAM 16 115 S387 - Tt 18 2099 6060 BBOO 18700 15.R
LAT 38 03 %5 LUns 149 34 25 19590 a720 6570 13100 N
69339900 EAST FORK Sam Jsah wlwkr aplvE SAND CREEK. +X16 64,1 795n P &3 L3 inlo 1500 173n 2370 5.0
NE A PAGOSE SPHINGSe (OLU 106G 1580 1820 2480
LAT 37 23 25 _Un3d 11v S5v 25
p93uu0uy EaST FORK sa™ Jian HIyEk REAK 39 86.9 15%8 210 103 4b 1670 2390 2720 3510 Lot
PAGOSA SP=IN~5+ COL%. 1620 2330 2670 34790
LAT 37 27 10 Ohg 1°0 53 3u
09360500 WEST FURK SAN a:nn RIvER 2oUVE BNRNS LAKE, .17 4l.2 B40Q0 490 249 47 1150 1540 171¢ 21a0 3,0
NE AR FALGOSE SFFINGS. COLU 1nae 1430 1610 2076
LAT 37 &9 1U P UNG 176 33 30
DY 361500 wbST FORK Sa Ja RIVE= NEAK Z2r B7.9 7614 ehN [ ah 2150 jole 3408 4370 4.5
FAGHSE SP-1ntSe COLZ. 1%50 2tto 3140 4080
LAT 37 22 =3 LG5 120 53 56
0946 2N00  San JUAN RIwtk 87 PLEDSE SPRINGS, COLO. 46 798 7052 170 as 38 6350 15490 22200 51600 13.7
LAT 37 1% 5% LusG 107 30 37 5600 13500 19¢00 %3500 i
99363000 RI0 Bl ahCD wEAF PaGUSA SPRINGS. COLOS a7 5A.0 7950 190 53 a4 lasn 2090 23R0 3150 2eb
LAT 37 12 & LUNG 17 &7 38 1380 198y 2870 3010
09344000 NAVEJG hIVEx &7 BENDEDR FEAK WANCH, 37 69.8 7961 2on (34 a5 1660 1450 1620 2060 3.3
NEAS CmkO™Us COLO, 1090 1530 1720 2210
LAT 37 05 07 LOKG 106 &1 20
B9344300 NaYAJC wlyF~ £30VE C-~0M0, COLO. i 96.0 7700 120 58 33 1189 1T20 1990 272y J.? H
LAT 37 01 5% LONG 196 43 56 1329 1950 2280 3070 i
09366600 NavAJu RIVESR T EulTr. COLU. =36 172 7033 a3 50 n Is7T0 2710 3250 LE0D byt '
LAT 37 00 10 LONG 06 54 25 1810 zatoe Jsin #9300
09366200 KID AvAFGO a7 JULCEs M. MEX. 15 168 &7T20 - 16 19 2000 317a 3770 Su20 -
AT 4& 55 L0 LONG 107 00 OO 2100 3250 3830 537¢
UYIess0D  SAN JUAN HT vEF ME2R CaRkACAS: COLC, 11 123¢ 6690 - 23 29 T12¢ 11100 13000 18200 -
LAT 37 0n «5 LuwG InT 18 42 Blan 12400 14500 19900
09365500 PIERRA wIVE® REaw PIZDRA, COLOC. 34 371 6510 9P Se¢ 32 Lt94 8570 tiooe 18500 9.0 -
LAT 37 13 &7 LunG 107 20 32 8520 BO40 10100 16400
09350500 SAN JURh RIVES 2T RO38s N. MEX. W42 1990 S9HB0 4Q 13 30 13800 23000 28300 62200 - i
LAT 37 0f 2% LUNG 107 24 10 13700 22300 27000 40000 T
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CULURADO RIVER HASIN = CONTINULD
09350800 VAQUERGS CANYON NEAK GOHEHNADORYy N. MEX. +16 60,0 6640 - Al 1a 1260 Jenp 4520 9340 -
LAT 36 43 20 LUNG 07 16 S0 11%0 2590 3510 6750
09352500 LOS PINDS RIVER dilLOw SNOWSLIUE CaNYUNs 13 25,3 10120 - €0 iz 653 963 11n0 1420 6,7
NEAKR WEMINUCHE PASS. COLU 76 927 1070 1400
LAT 37 38 20 LUNG 107 20 90
09352900 VALLECITO CREEK NEAW BaYFLELD. CULU. xlo 2.1 1866 - 1al ) 1560 17¢0 1870 2020 3.7
LAT 37 29 39 LOUNG §DT 32 35 l4nq 1824 2010 2460
09353500 LUS PINOS RIVER NEAK HAYFIELDs COLO. 12 279 7584 - ECTY 4q 3aaq &840 5270 6060 6,4
LAT 37 22 58 LUNG 10T 34 37 3330 &TRO 5350 66840
09354000 LOS PINOS RIVER AT 1GMACIC. COLU. 817  4il 6469 - 31 3z 5130 16570 8780 11400 -
LAT 37 07 %S LONG 107 37 50 w914 13130 B4bLn 11100
0935570¢ OGOBERNADUR CANYON NEAK GOHERNADQR, N, MEX. LS TN 19.8 balo - 37 14 1270 1630 1770 2099 -
LAT 36 &1 05 LONG 107 25 10 Se7 1260 1390 1700
09356500 SAN JUAN RIVER NEAR BLANCOs N, MEX, 27 3560 5540 17 12 25 19300 39300 35500 49100 -
LAT 36 &3 S50 LUNG 107 4B %0 13400 32000 IS200 a84&ng
09357500 ANIMAS RIVER AT RUWARDSVILLE. CGOLO,. 38 55,9 3617 240 as 29 1480 1944 ZiR0 27720 &7
LAT 37 49 59 LONG 107 35 56 1390 1870 zlco 2660
09359000 MINERAL CREFK NEak SILVERTUN. COLO. HES “3,.9 9399 230 S1 a7 i3lo 1900 z200 3o3o 5.1
LAT 37 48 50 LONG 10T &1 40 1130 1650 1910 2610
09359500 ANIMAS RIVER ABOVE TaCuma, COLO. 11 348 1520 B7 &R 3 B460 10700 ileqn 135n0 7.9
LAT 37 34 13 LUNG 107 46 4B 6230 5290 9200 11300
09361000 SALT CREEK NELAR OxFORDs COLD. 43 172 6706 116 12% 33 2240 iTio Gaan A360 6.7
LAT 37 25 19 LOUNG 107 S0 40 2250 36640 4350 61840
09361500 ANIMAS RIVER AT DUHANGU. CULO. $3 632 6501 [ 18 34 10200 18400 22300 39500 9.2
LAT 37 15 45 LONG LDV 52 &7 9560 15960 21300 35500
05362000 LIGHTNEKR CREEK NEar DUNMANGO. COLO, 22 S6.0 6534 170 b4 29 1420 Z8zq 3620 6080 b7
LAT 37 16 12 LUNG 107 53 38 1340 24RO 2120 5030
09363000 FLORIDA WIVER MEAN DURANGOs CULO. 46 36,0 7302 180 81k as 18an 2820 3300 “620 3.6
LAT 37 19 31 LUNG 107 44 54 1780 2720 3180 4430
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COLORADU RIVER RASIN = COWTINUED
09363100 SALT CREEX mEAZ OxFGADs COLO. +12 16.7 6470 - 53 le 678 1110 1320 LE&0 Seb
LAT 37 08 23 LONG 107 45 10 570 90a 1070 14RO
09363200 FLORIDA RivER 4T s0NDAL. COLOD, 12 221 6000 - 30 n 1250 2150 2600 3A50 5.1
LAT 37 03 24 LUNG 107 52 09 1930 3030 AS80 5020
aY363500 ANIMAS RIVER hEAR CEDAF HMILLs N MEX. #28 1090 5950 52 e 3 10300 14500 1650¢ gieoo -
LAT 37 02 17 1ONG 107 52 25 9830 14000 16060 21200
09366500 ANIMAS RIVER T FARMINGTUNs N, MEX, #57 1360 278 (3} 26 28 11500 16706 19160 24500 -
LAT 36 &3 12 LONG 10k 12 0B 113090 i&s00 18800 gsT00
09369000 EAST MANCOS RIVER NEAR =ANCOS, COLO. xla 11.1 [£3-10 - 201 28 157 2n2 220 259 1.B
LAT 37 22 1l LONG 10E 13 53 229 arz 365 w69
09372000 MCELMO CREEX “EAR COLD=AUO=UTAH STATE LINE 23 350 4890 - 30 15 2100 3330 3950 S640 S.9
LaT 37 19 27 LONG 109 00 54 2620 4060 4750 6640
09382000 PFAR[A RIVER AT LEES FEFRYs AR1Z. +48 1410 123 31 24 16 10200 16800 20100 28700 17.5
LAT 3& 52 27 LONG 111 35 38 10200 16500 19700 eT900

XoNE OR MRS HIGH CUTLIERS ELIMINATED.
*ONE R MORE LW QUTLITRS ELIMINATED,
*UNREGULATED PERICC OF RECORD.




