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CONVERSION FACTORS

For readers who prefer to use metric (International System)
units, the conversion factors for the inch-pound units used in this report
are listed below: :

Multiply inch-pound unit By To obtain metric unit

inch (in.) 25.4 millimeter (mm)

foot (ft) 0.3048 meter (m)

mile (mi) 1.609 kilometer (km)

acre 0.407 hectare (ha)

square mile (mi2) 2.590 square kilometer (km2)

acre-foot (acre-ft) 0.001233 cubic hectometer (hm3)

cubic foot per second 0.02832 cubic meter per second
(ft3/s) (m3/s)

cubic foot per second per 0.01093 cubic meter per second
square mile per square kilometer
[(ft3/s)/mi2] [(m3/s)/km2]

foot per mile . 0.1894 meter per kilometer
(ft/mi) (m/km)

Sea level: In this report 'sea level" refers to the National Geodetic

Vertical Datum of 1929 (NGVD of 1929)—A geodetic datum derived from a
general adjustment of the first-order level nets of both the United States
and Canada, formerly called "Mean Sea Level of 1929."



FLOOD HYDROLOGY NEAR FLAGSTAFF, ARIZONA
By

G.wW. Hill, T.A. Hales, and B.N. Aldridge

ABSTRACT

Peak discharges measured at 11 crest-stage gages near Flagstaff
were used to determine discharges that have recurrence intervals of 2, 5,
10, and 25 years. The discharges were related to drainage area and
urban development in order to provide equations for design of hydraulic
structures in the Flagstaff area. Peak discharges in various parts of the
city differ considerably. The differences are due to combinations of
several drainage-basin characteristics. Coefficients for the rational
formula were computed for drainages of less than 10 square miles.
Coefficients for undeveloped rural basins are less than 0.1; coefficients
for urban development range from 0.05 to 0.39. This range in values
indicates that, with some Ilimitations, coefficients found in general
engineering handbooks for urban types of land use are applicable for
design in Flagstaff.

INTRODUCTION

Control and disposal of storm runoff is a major concern of
urban planners and engineers who need to predict peak rates of runoff
from developed areas. In 1969, planners for the city of Flagstaff foresaw
that extensive urban development would take place on undeveloped land
within the city. Much of the undeveloped land is downstream from
national forest lands where development is not anticipated. In 1969, the
city entered into a cooperative study with the U.S. Geological Survey to
develop methods for predicting runoff.

The purpose of the study was to collect and analyze streamflow
data in order to develop methods that could be used to estimate flood
discharges from small drainage basins in and near Flagstaff. Because
development was anticipated in only parts of most basins, the study was
to provide methods for estimating peak discharges from undeveloped
(rural) and developed (urban) basins. Specific emphasis was placed on
testing the wvalidity of coefficients used in the rational formula. New
coefficients were to be defined if necessary. This report summarizes the
study and presents the equations that were developed. Computed peak
discharges using coefficients in engineering handbooks for undeveloped
areas in the Flagstaff area generally are much larger than measured
discharges from those areas; therefore, the applicability of the
rational-formula coefficients for urban types of land use in Flagstaff
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was investigated. Also, basins in the Flagstaff area produce lower peak
discharges than do similar-sized basins in most other parts of Arizona;
however, few measurements of peak discharges around Flagstaff were
available. A two-phase program—data collection and data analysis—was
chosen for a study of streams that originate in or drain through
Flagstaff.

The collection phase included (1) site selection and installation
of gaging stations, (2) operation of gages, and (3) computation of the
maximum discharge at each site during each year of record. The four
steps of the analysis phase were (1) to define the flood-frequency
characteristics at each site, (2) to derive coefficients for the rational
formula for selected basins, (3) to relate the discharges and coefficients
to basin characteristics that could be measured on maps, and (4) to test
the coefficients of the rational formula that were derived in this study
against the coefficients found in engineering handbooks.

HYDROLOGIC SETTING

Flagstaff is on a volcanic plateau at an altitude of about
7,000 ft above sea level at the south base of the San Francisco Peaks.
To the north, the terrain rises steeply toward the mountain peaks. To
the east, west, and south, the siopes are relatively gentle. The main
drainage for Flagstaff is provided by Rio de Flag, which flows through
the center of the city. Several small tributaries join Rio de Flag within
the city (fig. 1). Most streams are ephemeral and flow only in direct
response to precipitation or snowmelt.

The undeveloped areas in and adjacent to the city are mostly
forested. The dominant forest type is ponderosa pine; trees are widely
spaced with little undergrowth. In the small basins of the study area,
the forest is interspersed with open meadows. Some of these meadows
extend over several hundred acres and are covered mainly with
herbaceous plants and grasses.

The average annual precipitation at Flagstaff is 20 in., nearly
half of which occurs in winter mainly as snow (Sellers and Hill, 1974).
The average annual snowfall is 86 in. During late fall and winter, warm
Pacific storms drop heavy rainfall on the snow-covered and frozen
ground. In the spring, rapid snowmelt causes large amounts of runoff.
From July through September, the precipitation is from local
short-duration thunderstorms. The annual peak discharge may occur at
any time during the vyear.

The soils and surface geology of the Flagstaff area have a
- significant influence on runoff. The soils are divided into four
hydrologic groups according to their runoff-producing characteristics by
the U.S. Soil Conservation Service (1972). The amounts of runoff range
from little or none from group A soils to large from group D soils.
Groups B and C soils are dominant in east Flagstaff. The permeability
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rate ranges from moderately low (0.2 to 0.60 in./hr) to moderately high
(2.0 to 6.0 in./hr). Group D soils are dominant throughout the west half
of Flagstaff. The permeability rate in D soils ranges from low (0.06 to
0.20 in./hr) to moderately low (0.2 to 0.60 in./hr). In most of the area,
the soils overlie cinders, limestone, and highly fractured basalt, all of
which allow soils to drain freely.

DATA COLLECTION

When the study began in 1969, the only streamflow data avail-
able for the Flagstaff area were 5 years of record from a discontinued
gaging station on Rio de Flag, 6 years of peak-flow record on Fay
Canyon (a station operated in cooperation with the Arizona Department of
Transportation), and two measurements of peak discharges on tributaries
to Switzer Canyon. These data and the knowledge obtained from
observation indicated that flood-producing characteristics of basins near
Flagstaff differed greatly from those of gaged streams in most parts of
Arizona. in the study area, peak discharges per square mile were
expected to be extremely low and flood peaks were expected to occur
infrequently; therefore, flood data collected at long-term gaging stations
were not considered applicable to basins near Flagstaff. Peak discharges
measured during the study proved comparable to those measured at
similar altitudes in other parts of the State.

The first phase of the study was to establish a network of
gaging stations to measure peak flows from rural and urban drainages and
from Rio de Flag where it entered and left the city. Crest-stage stations
record only the peak stage of a flow event. The date of the event is
determined by field inspections, -records for nearby stations, precipitation
records, and information from local residents. Discharges are determined
from stage-discharge relations defined by current-meter measurements,
field estimates of discharge, and indirect measurements of discharge such
as flow through culverts and slope-area computations (Bodhaine, 1968;
Dalrymple and Benson, 1967). Sites used for crest-stage stations must
have channel characteristics that allow the discharge to be related to
stage.

The initial goal in the data-collection phase was to monitor peak
discharges from basins that had identifiable and unique soil cover and
land use in an area that could be delineated on a topographic map. The
plan was to gage undeveloped and totally developed basins. In an effort
to find suitable sites for gaging stations, all streams that drain more than
about half a square mile, originate in or flow through the city, and were
accessible by road were inspected. Streams that drain areas of less than
half a square mile were not inspected because flows were considered too
small to study. The initial goal could not be met. A few usable sites
were found on rural drainages but not on totally urbanized basins.

In order to monitor urban runoff, sites were selected in four
basins where urban development existed in the downstream part of the
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EXPLANATION

A® GAGE-SITE LOCATION AND NUMBER

1. Rio de Flag at Hidden Hollow Road near Flagstaff
2. Schultz Canyon at Flagstaff

3. Rio de Flag at Flagstaff

4, Sinclair Wash at Flagstaff

5. Rio de Flag at Interstate 40 at Flagstaff
6. Bow and Arrow Wash at Flagstaff

7. Switzer Canyon at Flagstaff

8. Switzer Canyon tributary at Flagstaff

9. Lockett-Fanning diversion at Flagstaff
10. Harenberg Wash at Flagstaff
11. Fay Canyon near Flagstaff

—tce— e ——eee—m—  STREAM

osssesesesessssssme  B0UNDARY OF DRAINAGE BASIN

l e B - i 1
) . ‘

i [ o ‘.
R

“ A e IR
W ~ - b=
g MMMMMM i Lo, | :
«f / c o c o N 1 Wo | B 1
R | AREA OF P by :
@t IR P, | &
R IRREPORT =l L 4
P N f h e
iy : e | :
\ =
\. SN A= % '} l

3 ! | |

e
lme >—_“‘

Pt Wy
P T
8 Sl Y
) A g
‘;,—,\‘_ ~ \\‘/ —
o AT e s U™ -
L’ Yowa | % il e
— e i LALIIMILEN
.~ ! NS, H
~_ . o T h |
e ) Y —i
~.. [

~el | e i '
S e e e
O sl s

INDEX MAP

Figure 1



6 .

basin. The channels of Bow and Arrow Wash and Switzer Canyon
tributary were small and poorly defined where each stream left the
undeveloped part of the basin and entered the urban part. Channels
were much larger and more deeply incised downstream from the urban
development, which indicated that nearly all the runoff at these two gage
sites (fig. 1, sites 6 and 7) originated in the urban parts of the basins.
Gages downstream were expected to proviue a record of discharge from
the urban part. On Harenberg Wash basin (fig. 1, site 10), inexpensive
and experimental continuous-stage recorders were installed to measure
inflow to and outflow from the urban part of the basin. Expectations
were that (1) the peak from the urban part of Harenberg Wash would
precede the peak from the undeveloped part, which is upstream from the
urban part, and (2) peak discharges from the urban part of the basin
could be determined by hydrograph separation. Channel characteristics
indicated that most of the discharge of Rio de Flag originated in the
urban area and three stations along that stream provided peak-discharge
measurements from the urban part of the basin.

Development in the Bow and Arrow Wash basin (fig. 1, site 6)
consisted of residences. The other three partly urbanized basins—
Switzer Canyon tributary, Harenberg Wash, and Rio de Flag—contained a
large percentage of undeveloped land intermixed with residences,
businesses, schools, and parks. The heterogeneous development
eliminated the possibility of measuring runoff caused by a particular land
use. Small amounts of light-density urban development occurred in three
other basins, but the amount of development was considered too small to
measurably impact peak discharges.

The gaging-station network established in 1969 consisted of nine
stations in the Rio de Flag basin and included two stations on Rio de
Flag. A tenth station was instzlled in 1976 on Rio de Flag at Interstate
40 where a peak-discharge measurement was made in 1973. Peak
discharges at that site for 1970-72 and 1974-75 were estimated in order to
create 11 years of data for that station. At Fay Canyon, which is the
eleventh station used in the study, data collection continued under a
cooperative program with the Arizona Department of Transportation until
1975 at which time the station was incorporated into the city of Flagstaff
program. Six of the stations measured peak discharges from basins that
have little or no urban development; five of the stations measured peaks
from partly urbanized basins. Data collection was terminated at most
sites in September 1980 but was continued at the three stations on Rio de
Flag through 1982. The length of record available for the analysis
ranges from 10 to 18 years (table 1).

Peak-discharge data collected during the first few years of the
study indicated that the network was not going to provide as much infor-
mation as was expected when the network was first established. Data
showed high variability in peak discharges per square mile among the
undeveloped basins (table 1), and analysis of records for four of the
partly developed basins did not clearly show the amount of runoff that
originated in the urban parts of the basins. At that time, redesigning
the network would have been costly and would have delayed the study.



Table 1.--Annual peak discharges for small drainage basins near Flagstaff, Arizona 7

Annual peak discharge,
Date in cubic feet
per second

Site number . . . Drainage area, Water
(see figure 1) Location of gaging station in square miles year

09400590 RIO DE FLAG AT HIDDEN HOLLOW ROAD AT FLAGSTAFF

1 Lat 35°14'31", long 111°41'02", 31.6 1970 8- 3-70 12
in SW5Swh sec. 32, T. 22 N., 1971 8- -71 0
R. 7 E., Coconino County, at 1972 12-26-71 11
Hidden Hollow Road, 1.4 mi 1973 4-28-73 153
northwest of Museum of 1974  ---eeee- 0
Northern Arizona, and 3.4 mi 1975  -------- 0
northwest of downtown 1976  ----=---- 11
Flagstaff 1977  ==mmee-- 11

1978 4- -78 144
1979 5- -79 93
1980 2-20-80 110
1981  -------- 0
1982 3-12-82 133

09400595 SCHULTZ CANYON AT FLAGSTAFF

2 Lat 35°13'37", long 111°39'29", 6.09 1970 -==----- 0
in SE%SW45 sec. 4, T. 21 N., 1971 —mmmmm-- 0
R. 7 E., Coconino County, 1972 ===e---- 0
at U.S. Highway 180, 0.6 mi 1973 4-28-73 48
south of the Museum of 1974  —==—e=—e- 0
Northern Arizona in Flagstaff 1975 ---m-e-- 0

1976 ====---- 0
1977 ------e- 13
1978 7- 6-78 17
1979 3- -79 41
1980 3- -80 35

09400600 RIO DE FLAG AT FLAGSTAFF

3 Lat 35°13'18", long 111°39'24", 51.0 1956  -meeeee- 0
in NW%NE4% sec. 9, T. 21 N., 1957  --==---- 0
R. 7 E., Coconino County, at 1958 4-20-58 56
west side of Crescent Drive 1959  --e-eee- 0
in Flagstaff 1960 3-24-60 11

1970 8- 3-70 110
1971 9-30-71 10
1972 ===----- 0
1973 4-28-73 2235
1974 4- 3-74 3
1975 4- -75 10
1976 2- 9-76 35
1977 5-15-77 8.5
1978 4- -78 128
1979 5- -79 90
1980 7- -80 104
1981 ~=eeeee- 14
1982 3-12-82 240

09400650 SINCLAIR WASH AT FLAGSTAFF

4 Lat 35°09'50", long 111°40'48", 8.16 1970 9- 5-70 3401
in NwhNwh sec. 32, T. 21 N., 1971 7-21-71 62

R. 7 E., Coconino County, at 1972 12-28-71 105

Holmes Avenue in the commun- 1973 10-19-72 135

nity of Palmerville at 1974 8- 1-74 11

Flagstaff 1975 10-30-74 74

1976 4- -76 44

1977 8- 9-77 23

1978 2-28-78 37

1979 12-18-78 295

1980 2-20-80 70



Table 1.--Annual peak discharges for small drainage basins near Flagstaff, Arizona--Continued

Annual peak discharge,
Date in cubic feet
per second

Site number
(see figure 1)

Drainage area, Water

Location of gaging station . -
in square miles year

09400655 RIO DE FLAG AT INTERSTATE 40 AT FLAGSTAFF

5 Lat 35°11'04", long 111°37'56", 83.4 1970 9- 5-70 4350
in SE%SE% sec. 22, T. 21 N., 1971 7-21-71 450
R. 7 E., in Coconino County 1972 12-28-71 4100
on left bank 80 ft upstream 1973 4-25-73 300
from bridge for eastbound : 1974 8- 1-74 40
lanes of Interstate 40, in 1975 10-30-74 470
Flagstaff 1976 2- 9-76 134

1977 -------- 13
1978 2-28-78 153
1979 12-19-78 421
1980 2-20-80 165
1981  ---mme-- 0
1982 3-12-82 370

09400660 BOW AND ARROW WASH AT FLAGSTAFF

6 Lat 35°09'58", long 111°39'10", 2.14 1969  -------- 45
in NWsNE% sec. 33, T. 21 N., 1970 9- 5-70 42
R. 7 E., Coconino County, at 1971 8-15-71 73
Zuni Road in Flagstaff 1972 12-28-71 26

1973 -------- 10
1974 8- 2-74 12
1975  -------- 13
1976 7- -76 7
1977 8- 9-77 24
1978 10- 6-77 20
1979 11-11-78 17
1980 2-18-80 40

09400680 SWITZER CANYON AT FLAGSTAFF

7 Lat 35°12'44", long 111°38'21", 1.87 1969 9-12-69 112
in SW%SE% sec. 10, T. 21 N., 1970 9- 5-70 61
R. 7 E., Coconino County 1971 8- 3-71 12
at Turquoise and Oak Streets 1972 12-28-71 15
in Flagstaff 1973 4-13-73 79

1974 8-10-74 18
1975 9- -75 10
1976 2- 9-76 51
1977 7-22-77 5
1978 2-28-78 90
1979 12-18-78 135
1980 2-19-80 107

09400700 SWITZER CANYON TRIBUTARY AT FLAGSTAFF

8 Lat 35°12'03", long 111°36'46", 51.20 1968 8- 2-68 262
in NE4SE% sec. 14, T. 21 N., 1969 9-12-69 70
R. 7 E., Coconino County, at 1970 9- 5-70 178
gravel road 500 ft upstream 1971 8- 3-71 42
from Interstate 40 and 1972 12-28-71 15
0.25 mi downstream from U.S. 1973 7-16-73 73
Highway 66 in Flagstaff 1974 8- 6-74 100

1975 7-16-75 65
1976 2- 9-76 45
1977 8- 9-77 47
1978 7-15-78 76
1979 8-12-79 103

1980 9-19-80 84



Table 1.--Annual peak discharges for small drainage basins near Flagstaff, Arizona--Continued 9

Annual peak discharge,
Date in cubic feet
per second

Site number . . . Drainage area, Water
(see figure 1) Location of gaging station , in square miles year

09400730 LOCKETT FANNING DIVERSION AT FLAGSTAFF

9 Lat 35°13'19", long 111°35'58", 1.05 1969 9-12-69 85
in NWsNE% sec. 12, T. 21 N., 1970 9- 5-70 65
R. 7 E., Coconino County, 1971 8-22-71 66
at Linda Vista Drive in 1972  =======- 0
Flagstaff 1973 7-16~73 17

1974 8- 6-74 12
1975  -==----- 0
1976 7-14-76 46
1977 8- 9-77 11
1978 7-26-78 54
1979 12-18-78 59
1980  ----=--- 0

09400740 HARENBERG WASH AT FLAGSTAFF

10 Lat 35°13'09", long 111°35'16", 2.41 1969 9-12-69 183
in SE%NW% sec. 7, T. 21 N., 1970 9~ 5-70 146
R. 8 E., in Coconino County, 1971 8-19-71 74
at AT&SF railroad tracks at 1972 7-24-72 30
the east edge of Flagstaff 1973 7- -73 125

1974 8- 6-74 120
1975 9- -75 24
1976 7-13-76 85
1977 8- 9-77 44
1978 2-28-78 42
1979 2-17-79 57
1980 7- =80 57

09400910 FAY CANYON NEAR FLAGSTAFF

11 Lat 35°08'06", long 111°37'48", 2.76 1964 2 ---=---- 0.3
in NwhNw% sec. 11, T. 20 N., 1965 9-18-65 9
R. 7 E., Coconino County at 1966 12-30-65 87
Lake Mary Road within 1967  ===mmme- 10
corporate limits of 1968 4~ -68 4
Flagstaff 1969 1-25-69 10

1970 9- 5-70 13
1971 8-15-71 12
1972 10~-24-71 31
1973 10- -72 110
1974 8- 6-74 13
1975 9- =-75 11
1976 =-mese-- 110
1979 ==-me--- €70
1980 2-19-80 33

1Estimated on the basis of observations made at the gage after the flow event.

2Reported to be the highest for period 1938-81l. Data are insufficient for a historic adjustment.
3Reported to be highest since 1944; historic adjustment made to that date.

4Estimated on basis of records for Rio de Flag at Flagstaff and Sinclair Wash at Flagstaff.

SArea downstream from Cedar Street; excludes 6.1 mi2 upstream from Cedar Street that was
noncontributing during the study.

€Known to be greater than peaks in 1977 and 1978.
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Project managers saw little chance for improving the network and decided
to continue the network although some analyses might have to be based
on "worst case" conditions or unsupported estimates of runoff from urban
areas.

MEASUREMENT OF URBAN AREA

The amounts of wurban development were determined by
measuring the area of urban shading on U.S. Geological Survey
topographic maps and areas of closely grouped residences and large
business complexes outside the shaded area. The maps used are in the
7%-minute quadrangle series, scale 1:24,000, and were photorevised in
1974, which was midway in the study period.

The amount of development in most basins remained moderately
stable during the study period. Small amounts of scattered residential
development occurred in previously rural parts in the basins of Bow and
Arrow Wash, Harenberg Wash, and Rio de Flag upstream from gage
site 3. The amount of additional development was insignificant relative to
existing development, and therefore it did not have a significant impact on
discharge. Many residences were built in the noncontributing rural part
in the basin of Switzer Canyon tributary, but the flow into the urban
part of the basin did not increase. The flow into the urban part was
documented by frequent inspections of the channel where the stream
enters the heavily urbanized area. Construction of shopping centers and
parking lots increased the impervious area in the basins of Switzer
Canyon tributary and Harenberg Wash and may have caused some increase
in the runoff from the urbanized parts of those basins. Considerable
development occurred in the Rio de Flag basin between sites 3 and 5 from
1974 to 1983. Available data do not permit an adequate assessment of the
changes in these three basins.

The extremely heterogeneous mixtures of development in
Flagstaff made it impractical to attempt a precise measurement of the
impervious areas without large-scale photography. Photography at a
large enough scale was not available. Approximations of the impervious
area were made to permit data from the Flagstaff study to be compared to
discharges computed from equations developed by Sauer and others
(1983).

DATA ANALYSES

Flood-Frequency Analysis

The annual peak-discharge data for each gaging station were
analyzed to obtain discharges that have recurrence intervals of 2, 5, 10,
and 25 years (table 2). Recurrence intervals are average intervals of



Table 2.--Frequency-discharge values and rational-formula runoff coefficients 11

Site Peak Runoff, Rational coefficient!
number Station Station Percentage Recurrence discharge, in cubic
(see number name of urban jnterva], in cubic feet per Rural Urban
fig. 1) area in years feet per second per basin basin
second square mile
1 09400590 Rio de Flag 0 2 7 0.2  ==--- =-=-
at Hidden 5 110 3.5  ==e=- ——-
Hollow Road 10 165 5.2  ===-- ———-
at Flagstaff? 25 200 6.3  =m--- ————
2 09400595 Schultz Canyon 0 2 2 .3 <0.01 ----
at Flagstaff? 5 30 4.9 <.01 ----
10 48 7.9 <.01 ----
25 69 11 <.01 ----
3 09400600 Rio de Flag 0.4 2 10 .2 mmees ----
at Flagstaff 5 140 2.7 meme- -
10 190 3.7 =---- ----
25 340 6.7  ====- ----
4 09400650 Sinclair Wash 30.5 2 65 8.0 <.01 ----
at Flagstaff 5 133 16 .02 ----
10 196 24 .02 ----
25 300 37 .02 -—--
5 09400655 Rio de Flag at 4.2 2 156 1.9  =-==- 0.05
Interstate 40 5 289 3. ===-- .07
at Flagstaff 10 397 4.8 ===-- .09
25 554 6.7  ==-=- .10
6 09400660 Bow and Arrow 3.0 2 22 o e=--- .13
Wash at 5 45 21 ===e- .20
Flagstaff 10 62 29 ===-- .24
25 88 L .29
7 09400680 Switzer Canyon 2.7 2 - 50 27 .03 --=-
at Flagstaff 5 105 56 .05 ----
10 130 70 .05 ----
25 155 83 .05 ----
8 09400700 Switzer Canyon 158 2 73 61  ----- .12
tributary at 5 130 w08 00000 === .18
Flagstaff 10 175 146 000 ====- .19
25 240 200  m=-=- .22
9 09400730 Lockett-Fanning 0 2 13 40 .01 ----
diversion 5 68 65 .05 ===
at Flagstaff? 10 80 76 .05 -——-
25 98 93 .06 ----
10 09400740 Harenberg Wash 15.6 2 61 25 ===e- .21
at Flagstaff 5 117 49  ===-- .31
10 165 68 0 ===-- .37
25 208 8% 0 =---- .39
11 09400910 Fay Canyon 0 2 8 2.8 <.01 ----
near 5 36 13 .01 -——-
Flagstaff? 10 66 24 .02 ----
25 98 36 .02 ----

IComputed for basins of less than 10 mi2 using 30-minute rainfall intensity for recurrence intervals of
2, 5, 10, and 25 years. Rural coefficients are based on actual area and discharge. Urban coefficients are
computed for only the urban part of the basin and are based on the assumption that peak discharges from
partly urbanized basins originated entirely in the urban part of the basin except for Harenberg Wash, which
is based on an adjusted discharge.

2Frequency data computed by graphical methods.
3Light density development; has no impact on runoff.
4Based on contributing area downstream from Cedar Street.
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time, in years, in which a given discharge can be expected to be equaled
or exceeded as an annual maximum. Guidelines for computing recurrence
intervals are provided by the U.S. Water Resources Council (1977, 1981),
Riggs (1968), and Chow (1964). The log-Pearson Type !ll frequency
distribution that uses the mean, standard deviation, and skew of
logarithms is recommended by the U.S. Water Resources Council (1977).
The discharge, Q, at a selected recurrence intervai is computed from the
equation

Log Q = X + KS, (M

where

X|

= mean of the logarithms,

K = a factor that is a function of the skew and recurrence
interval, and

S = standard deviation of logarithms.

Basic requirements for flood data set by the U.S. Water Resources
Council (1977) are (1) a minimum of 10 annual peaks must be in each data
set and (2) at least 70 percent of the annual peak values must be greater
than zero and must be actual figures of discharge rather than discharges
that are tabulated as less than some specified base.

The log-Pearson Type |lI frequency analysis was used to
compute frequency data for those records in which the distribution of
peaks were suitahle. Flood-frequency relations were based on a general
regional skew of -0.1, as specified by the U.S. Water Resources Council
(1977). The distribution of peaks in records for several stations
precluded the log-Pearson analysis. At four gages, flow did not occur
during one or more years, and several peak discharges were too small for
the stage to be recorded on the crest-stage gages. At Rio de Flag at
Hidden Hollow Road and Schultz Canyon at Flagstaff, usable flow events
occurred in less than 70 percent of the years. At some stations, the
maximum peak during the period of record is the highest known in many
years. The occurrence of many low peaks and a few high peaks within
the short period of record greatly distorted the statistical distribution in
the sample of peaks. The effect was especially pronounced- in the
computed skew coefficients, which differed greatly.

The fit between observed data and frequency relations, which
were computed by using guidelines from the U.S. Water Resources Council
(1981), generally was poor. The poor fit caused a high degree of
uncertainty in the discharges computed for various recurrence intervals,
especially for the 25-year flood. Graphical-frequency methods were used
for four records in which the distribution of peaks was not suitable for
statistical computations as indicated by footnote 2 in table 2.
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Rural Areas

The logarithms of discharge (Qp) for each recurrence interval
were correlated against the logarithms of drainage area (A) to produce an
equation of the form:

Log Q, = Log K + x Log A, (2)

which, when transformed, yields an equation of the form:

Qy = KA. (3)

For each recurrence interval, the exponent (x) computed from the
Flagstaff data alone is less than 0.3, which is much lower than exponents
for similar equations developed for other parts of Arizona.

Roeske (1978) showed three flood-frequency regions in or
adjacent to the Flagstaff study area. Except for a small area on the
slopes of Elden Mountain, Flagstaff lies entirely in the northwest plateau
area. Several of the streams that flow into Flagstaff drain from the
high-elevation region discussed by Roeske (1978). The boundary between
the northwest plateau area and the central mountains area follows the
south boundary of the Flagstaff study area. Exponents for the equations
from Roeske (1978) range from 0.78 to 0.85 for the high-elevation region
(mean basin altitude greater than 7,500 ft), from 0.45 to 0.66 for the
northwest plateau area, and from 0.60 to 0.67 for the central mountains
area. Mean altitudes of basins used in the Flagstaff study range from
6,950 to 8,130 ft. Observed data from the Flagstaff study have been
compared with the equations from Roeske (1978). The graphical
comparison of the 10-year peak discharge in figure 2 is typical of
comparisons for other recurrence intervals. The data for the rural
basins in the Flagstaff study scatter along both sides of a line
representing equations for the high-elevation region and are consistently
less than the discharges computed from the equations for the northwest
plateau and central mountains areas. Roeske (1978) did not have data
available to define regional boundaries near Flagstaff. The Flagstaff data
indicate that the equations for the high-elevation region give better
estimates of peak discharges in Flagstaff than do the equations for the
northwest plateau.

For each recurrence interval, observed data for Sinclair Wash
and Fay Canyon (fig. 1, sites 4 and 11) plot moderately close to the line
for the high-elevation equation. Observed data for Shultz Canyon and
the main stem of Rio de Flag (sites 1, 2, and 3) indicate that discharges
are about 30 to 35 percent of those computed from the equation.
Observed data for Switzer Canyon and Lockett-Fanning diversion (sites 7
and 9) indicate that discharges are 200 to 300 percent of those computed
from the equation.

The grouping of above- and below-average discharges appears
to have some geographical orientation as distinguished from random
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Figure 2.--Relation of 10-year peak discharge to drainage area of small
streams near Flagstaff, Arizona.
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scatter, but the data base is not adequate for a multiple correlation of
basin characteristics. A study of drainage patterns, channel size, vege-
tation in and near channels, and scour scars along channels and the
observations made during periods of runoff generally support the fact
that some geographical areas produce higher peaks than others. Large
sections of the study area have had no large peak discharges for many
years. Low discharges are apparent in the basin of Rio de Flag upstream
from where that stream enters Flagstaff. Discharges that are greater
than the average in the study area appear to be confined to the basins of
Switzer Canyon, Lockett-Fanning diversion, and the western part of

Switzer Canyon tributary. |If the differences in discharge generated in
the various rural basins are not due to chance, they could be caused by
the rainfall distribution—which was not measured—or by basin

characteristics—such as slope, shape, soils, or forest cover. The differ-
ences, which cannot be explained by any single basin characteristic,
appear to result from combinations of characteristics. The density of
forest cover appears to be about the same in the two rural basins that
have high runoff—basins 7 and 9; otherwise, few of the same character-
istics are found in both basins. (See section entitled "Description of
Gaged Basins.") Group D soils are dominant on the mild to moderate
slopes of basin 7; groups B and C soils are dominant on the steep slopes
of basin 9. Basin 7 is on a west-facing slope, and basin 9 is on a south-
facing slope. Basin 2 and the noncontributing part of basin 8 appear to
be similar in all aspects to basin 9 but produce little runoff. Group D
soils on the gentle north-facing slopes drained by basins 6 and 11
produce much less runoff than the group D soils on the south-facing
slopes north of the city. In basins 6 and 11, the forest cover i<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>