
•

I,

Property of
Flood Control District of Me Library

Please Return La

~. 280 I W. Durango
Phoenix, AZ 85009

\\'ATER-RESO RCES REPORT 'UMBER FORTY - FOUR

ARIZa A STATE LA 0 DEPARTME T
ANDREW L. HErrWY, C01\I~IISSIO ER

FLl)()DS OF SEprrEMBER 1970

J r ARIZONA, UrrAH, AND C()LC)RAJ)O

BY R. H. ROESKE

I ...•• ••_.,. •••.

PREPARED BY THE GEOLOGICAL SURVEY
UNITED STATES DEPARTMENT OF THE INTERIOR

802.006

PHOE TIX, ARIZONA
APRIL 197]



•

ARlZO A STATE LAND DEPARTME T WATER-RESOURCES REPORTS

The following reports are available for distribution at the Arizona State Land Department, 422 State
OfftCL' Building, Phoenix, and at U. S. Gpological Sur'vey officC':, in' 2555 East First Street, Tucson; and
rl 017 FceJpral BuildIng, 2:)0 Nor·th )"\I'st An'nul', Phoenix. Thosc mar'ked with an astcr'isk <*) arc out of r>rint
Ind ar" availdhlC' on In"n only from th,' U. S. (;"ological Survey. 25:)5 Jo:ast Pirst Sln'pt, Tucson.

No.

'" I. )'unlpage and gl'ullnd-water levels in Ar'izOlW
in 1955. by P. W. Johnson, N. 0, White, and
,J. M. Cahill: 69 p" 30 figs., 1956.

* 2, Annual report on ground water in Arizona,
spring 1956 to spring 1957, by J. W. Harsh­
barger and others: 42 p" 18 figs., 1957.

* 3. Geology and gr und-water resources of the
Ha rquahala Plains a rca, Maricopa and Yuma
Counties, Arizona. by D. G. Metzger: 40 p..
2 pls., 7 figs., 1957.

"'~. Geology and ground-water resources of the
Palomas Plain-lJendora V;:l1ley area, Mari­
copa and Yuma Counties, Arizona, by C. A.
I\rmstrong and C. B. Yost, Jr.: 49 p., 3
pis., 4 figs., 1958.

* 5. Annual report on ground water in Arizona,
spr'ing 1957 to spring 19018. by W. P. Ha rdt.
J. M. Cahill, and M. B. Booher: 60 p., 19
figs., 1958.

* 6. 1\ nnual report on ground water in Arizona,
spring 1958 to spring 1959, by W. F. Hardt,
R. S. Stulik, and M. B. Booher: 61 p., 18
figs., 1959.

* 7. Annual report on ground water in Arizona,
spring 1959 to spring 1960, by W. F. Hardt,
R. S. Stulik, and M. B. Booher: 89 p., 22
figs., 1960.

* 8. Geology and ground- water resourees of the
McMullen Valley, Maricopa, Yavapai. and
Yuma Counties. Arizona, by William Kam:
72 p., 17 figs., 1961.

9. Hydrologic data and drillers' logs, Papago
Indian Reservation, Arizona, by L. A. Hindi
and O. J. Cosner, with a section on chemical
'luality of the w:lter by L. R. Kister: 116 p. ,
J figs., 1961.

*10. Annual report on ground water' in Arizona,
spring 1960 to spring 1961, by N. D. White,
H. S. Stulik, E. K. Morse, and others: 93
p., 32 figs., 1961.

'Co" It. Anllual report 011 gToulld water int\r"izona,

springl961tospringl962,byN. D. White, R.
S. Stulik, and others: 116 p. , 35 figs .. 1962.

No.

*12A. Geohydrologic data in the NavajO and H pi
Indian Reservations, Arizona, ew Mexico,
and Utah-Part 1, Records of ground-water
supplies, by G. E. Davis, W. F, Hardt, L.
K. Thompson, and M. E. Cooley: 159 p. ,
3 figs., 1963.

*12B. Geohydrologic data in the NavajO and Hopi
Indian Reservations, Arizona, New Mexico,
and Utah-Part II, Selected chemical anal­
yses of the ground water, by L. R. Ki ster
and J. L. Hatchett: 58 p., 2 figs., 1963.

12C. Geohydrologic data in the avajo and Hopi
Indian Reservations, Arizona, New Mexico,
and Utah- Part III, Selected lithologic logs,
drillers' logs, and stratigraphic sections,
by M. E. Cooley, J. P. Akers, and P. R.
Stevens: 157 p., 3 figs., 1964.

120. Geohydrologic data in the avajo and rJopi
Indian Res rvations, Arizona, ew Mexieo,
and Utah-Part IV, Maps shOWing locations
of wells, springs, and stratigra phic sec­
tions, byM. E. Cooley and others: 2 sheets,
1966.

12£. Geohydrologic data in the Navajo and Hopi
Indian Reservations, Arizona, New Mexico,
and Utah-- Pa rt I -A, Supplemental records of
ground-water supplies, by E. H. McGavock,
R. J. Edmonds, E. L. Gillespie, and P. C.
Halpenny: 55 p., 4 figs., 1966.

13. Desert floods-a report on southern Ari­
zona floods of September 1962, by D. D.
Lewis: 13 p., 18 figs., 1963.

*14. Basic ground-water data of the Willcox ba­
sin, Graham and Cochise Counties, Arizona,
by S. G. Brown, II. H. Schumann, L. R.
Kister, and P. W. Johnson: 93 p., 15 figs.,
1963.

*15. Annual report on ground water in Arizona,
spring 1962 to spring 1963, by'. D. White,
R. S. Stulik, E. K. Morse, and others: 136
p., 47 figs., 1963.

16. Effects of ground-water withdrawal In part
of central Arizona project d to I D6D, by

D. White, R. S. Stulik, and C. L. Raub: 25
p., 7 figs., 1964.

(Continued on inside back cover)

;



WATER-RESOlJR :ES REPORT :\UJ\IHER FORTY - FOL'R

ARIZa A STATE LA D DEP RTME T
:\J'\DIU:\\' L. BE:ITWY. CO,\1:\lISSJO;,\,ER

•
FL()()I)S ()I~ SEP 11~~jBl~J~ 1970

L Y A.RIZ()" TA, UrrAH, A" ']) C()L()RA1)()

BY R. H. ROESKE

TO THE BORROWER:

•••(---
Is Reseu,.,

" ..... MN·, .. .

OPEN-FILE REPORT AND SHOULD BE RETURNED TO THE FOLLOWING

ADDRESS WITHIN 30 DAYS, UNLESS WRITTEN PERMISSION IS

THIS IS A LOAN COpy OF THE ATTACHED U.S. GEOLOGICAL SURVEY

OBTAINED FOR AN EXTENSION OF THE LOAN PERIOD.
catla\S

f
~ ~~

~,\~~~~~
~~'::~;~.....,""',\,,.,

~\~~~~~~fr Tc,.. ~"lt'll ,1U-H U S G 1 . 1 S",'',"", k." f • • eo 0 g 1 C a u r ve y
~.;~.~\~ :;:::.;'~ ::"':"':' Hat er Re sou rce s Di vis ion.r._if_f o....s 111"'\ 14

or ['.....I·J/··"~ Federal Buildingnn 0 : 301 Hest Congress

Million [ Tucson~ Arizona 85701

.:"::~,:~:.. ~ay Flood Takes Toll of Death and Destruction
~~.,,}s: ~:'~:;~.h~7i:~~S: ~::::~.~~"::::::,~''!!.:~ ::~~ ..:::: County Is DecIaren Illtrrn..'h ,. ""'.. ... "t' ,.. 'lWblttt~ _'r, nltdo'

-""'. 1"l/l<'I~ , A.-. ~uI,:H. 10. ~Ul ~r ~WUo .. , • um.l.., ..... I" C" ,

:;~.::.~ 'Desaster Spllrs actIon ~: ;~:~ U 5 D· tAre
1 1 ,,... CAn.~ Isas er

.... - to JJ.TaI--d fl?",o,....d.,.... ",c,o...~,;,_,.t,~:.I.,"--u ..O....:~\....s,.. ~. • • _"-.. ....". .• 'K'" ... s",' ..._ ........~".Of ... • ~.. _ " _ '" .....'~ _po n ... :~~ ~,:~,*:tll' Ilf""d Flood Aftermath, lor en'If't"pnc) rb:od 4..,..." ."."-'" rnn- ;:::~,It:.:~~ :
n.'I,,~.TA.'I~1t\ •Noll n"'" ••••• "., l~d.\t......J"n.'''''"..1 Poq.,9Al"ldlQ. ~:.. Iltrfl~I'T.4t""lllilt. -- .. Ul.......

, ,•• \ ~. r ' •.•

PREPARED BY THE GEOLOGICAL SUR\'EY
U;,\,In~D STATES DEPARTME 'T OF THE INTF~RIOR

PHOENIX, ARIZONA
APRIL 1971



•
CONTENTS

1. Are a of re port - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2

•

•

Introduction -------------------------------------------------
Acknowledgments --------------------------------------------
The storm---------------------------------------------------
Description of floods ----------------------------------------­

Southern Arizona-----------------------------------------
Central Arizona - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -­
Northeastern Arizona------------------------------------ ­
Southeastern Utah and southwestern Colorado ---------------

ILLU ST RATIONS

FIGURE 1- 5. Maps showing:

2. Rainfall, September 4-6, 1970, in southern and
central Arizona --------------------------

Page

1
1
3
4
4
4

13
14

5

3. Rainfall, September 5-6, 1970, in northeastern
Arizona. southeastern Utah, and southwestern
Colorado -------------------------------- 7

4. Location of sites where flood data were collected
for flood 8 0 f S e pte m b e r 4- 7, 1970, in
Arizona - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 9

5. Location of sites where flood data were collected
for floods of September 5-6, 12-14, 1970, in
northeastern Arizona, southeastern Utah, and
southwestern Colorado-------------------- 15

ill



IV TABLES

Page

TABLE 1. Summary of flood stages and discharges ------------- 18



•

•

•

FLOODS OF SEPTEMBER 1970 IN ARIWNA,
UTAH, AND COLORAOO

By

R H. Roeske

Introduction

Record floods occurred inArizona, southeastern Utah. and south­
western Colorado on September 4-7, 1970 (fig. 1). The floods resulted
from heavy rainfall caused by the interaction of cold air from the northwest
and extremely moist tropical air from the south. The floods took the lives
of 25 persons and caused millions of dollars in property damage. Parts of
Arizona and Colorado were declared disaster areas by President Nixon and
were thereby eligible for Federal relief funds. On September 12-14, an­
other lesser storm caused flooding in southeastern Utah and southwestern
Colorado.

This preliminary report presents a brief discussion of the floods
and a tabulation of preliminary peak stages and discharges (table O. A
more detailed report including hydrographs and detailed estimates of dam­
age will be prepared later.

Acknowledgments

This report summarizes the work of several agencies. The National
Weather Service furnished rainfall data, prepared an isohyetal map, and
furnished a meteorological summary. The U. S. Forest Service furnished
rainfall, runoff, and flood- damage information. The Office of Emergency
Preparedness furnished information on flood damage. The newspapers of
Arizona and southwestern Colorado were reviewed for descriptions of the
floods.

1
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The Storm

The conditions that led to the storm of September 4- 6, 1970, began
to develop on September 2, when moist tropical air flowed into southern
Arizona as a result of tropical storm Norma located off the tip of Baja
California. The moist air continued to build up and spread, and by Septem­
ber 4 clouds had spread over all of Arizona and into southern Utah and
southwestern Colorado, and rain showers had started over most of the area.
In Arizona heavy rainfall was concentrated near the international boundary
southwest of Tucson (fig. 2). On September 5, a cold front entered Arizona
from the northwest and strong southerly winds developed over the State.
The combination of the upward motion of the air ahead of the cold front and
the orographic lifting of the moisture-laden tropical air on the south side of
the mountains in Arizona, along the Mogollon Rim, and in the mountains of
Utah and Colorado led to extremely heavy rains in central Arizona (fig. 2),
southeastern Utah, and southwestern Colorado (fig. 3). The heavy rains
began early on September 5 and continued most of the day as the front moved
across Arizona. In southwestern Colorado heavy rains began the morning
of September 5 and continued into the following day as the northern part of
the front advanced into Colorado. The southern part of the front had slowed
and weakened, and rain continued in southern Arizona on September 6.

The heaviest rainfall occurred in the mountainous areas of central
Arizona. Numerous precipitation stations recorded 5 to 8 inches of rain­
fall in 24 hours, and one station recorded 11. 40 inches, which is an alltime
record for 24-hour precipitation in Arizona. Several stations recorded in­
tensities of more than 3 inches in 4 hours.

The amount of rainfall in northeastern Arizona was low, but in
southwestern Colorado and extreme southeastern Utah total rainfall for 12
hours exceeded 4 or 5 inches in many places. The total precipitation in
several places in southwestern Colorado approached or exceeded previous
record 24- hour total precipitation for the locations. A rancher near the
Utah- Colorado line reported 6.0 inches of rain in 12 hours on September 5.
This is a new 12- hour and 24- hour precipitation record for the State of
Utah.

A similar storm, but. of lesser magnitude, struck southeastern
Utah and southwestern Colorado September 12-14, 1970. The largest total
3- day precipitation reported for this storm was 4.83 inches, and the largest
24- hour total reported was 2. 84 inches.
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Description of Floods

Southern Arizona

The floods in southern Arizona began on September 4, when heavy
rains near the town of Sasabe on the Mexican border caused flooding in the
Los Robles Wash drainage basin. In the upper part of the basin at Altar
Wash near Three Points (fig. 4, No. 56) the flood destroyed the State high­
way bridge and the gaging station. The peak discharge here was 22,000 ds
(cubic feet per second). The flood overtopped the gage and State highway
bridge onBrawley Wash near Three Points (fig. 4, No. 57) and halted traffic
for several hours. As the flood moved downstream it spread over wide
areas of desert and farmland and was reduced in magnitude. The discharge
at Los Robles Wash near Marana (fig. 4, No. 59) was only 4,320 cfs as
compared to a peak of about 32, 000 ds in 1962.

The Tucson area received only moderate amounts of rainfall, but
in the nearby mountains more than 8 inches of rainfall was reported; the
greatest amount occurred on September 6. Sabino Creek near Tucson (fig. 4,
No. 53) had a record peak discharge of 7,550 cfs. Adjacent basins had very
little runoff and as the flood moved downstream into Rillito Creek the peak
was reduced considerably.

Central Arizona

Heavy rainfall on the mountainous areas of central Arizona resulted
in sudden large floodflows in Tonto, Sycamore, Oak, and Beaver Creeks,
and the East Verde and Hassayampa Rivers. The floods claimed the lives
of 23 persons and caused millions of dollars in property damage. Peak
discharges of several hundred cubic feet per second per square mile were
measured at numerous stations. At several stations the peak discharge ex­
ceeded that of a hundred- year flood.

In the Tonto Creek basin many vacationers were spending the Labor
Day weekend at cabins or camping along Tonto Creek, a normally pleasant
mountain stream. Rainfall began in the upper Tonto Creek basin late on
September 4, continued through the morning of the 5th, and became very
intense in the afternoon. The resulting flood was described in the Septem­
ber 8 issue of the Mesa Tribune as follows:
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"Between 3:30 p.m. and 4 p.m. Tonto Creek ex­
ploded into a churning, boiling mass of water, rocks and
full grown pine trees and crested at over 30 feet in depth
in the flat spots.

II Campers, trucks, cars, trailers and cabins
were blown over and sucked into the fury of the avalanche
of water. Whole families disappeared into the wall of
water along with their cars and trucks. "

Fifteen persons were drowned in Tonto and Christopher Creeks,
as house trailers, campers, and automobiles were swept away and cabins
were washed off their foundations and destroyed. Several hundred persons
were stranded in the Payson area when roads and bridges were washed out.
The electricity was cut off in some areas when powerline poles were washed
away. The fish hatchery on Tonto Creek was damaged and 70, 000 pounds
of fish were lost.

A peak flow of 18, 400 ds from an area of 24.0 square miles was
measured by slope- area methods in Tonto Creek at Kohl's Ranch (fig. 4,
No. 61). This flow, combined with 11,900 cfs from Christopher Creek (fig.
4, No. 62) and a large flow from Haigler Creek, resulted in a peak flow of
46, 300 ds at Tonto Creek near Gisela (fig. 4, No. 64). Rye Creek near
Gisela (fig. 4, No. 65) had a peak flow of 44, 400 ds. The peak flows on
Tonto Creek and Rye Creek were displaced by only about 2 hours but the
peaks were of extremely short duration. Therefore, two separate peaks of
nearly equal stage occurred at Tonto Creek above Gun Creek near Roosevelt
(fig. 4, No. 67). The discharge at the higher stage was 53, 000 cfs, which
is the highest discharge recorded since the station was established at this
site in 1940. The records from two old staff gages at downstream sites in­
dicate this might be the highest peak since the early 1900' s. All flow from
Tonto Creek was stored in the Salt River reservoirs.

In the Cherry Creek basin east of Tonto Creek large flows came
from the extreme upper end of the basin and from a small area along the
west side of the basin. Peaks at the gaging stations on Cherry Creek were
of a magnitude that will occur frequently.

Flooding extended over the Mogollon Rim a short distance into the
headwaters of Chevelon and Clear Creeks but reservoirs on both creeks
prevented extremely high flows from reaching the lower parts of the basins.
However, the flows from these creeks contributed to the flooding along the
Little Colorado River as discussed later.
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Sycamor Creek, west of Tonto Creek, received at least 7 inches
of rain over most of the upper part of the drainage and as much as 10 inches
was recorded at one station during the storm period. The peak discharge of
Sycamore Creek near Fort McDowell (fig. 4, No. 96) was 24, 200 ds. The
flood washed out sections of State highway 87 between Phoenix and Payson
and a bridge over Sycamore Creek, stranding hundreds of motorists in the
Payson area. Three persons were killed as a result of the flooding in
Sycamore Creek.

The East Verde River, with headwaters along the Mogollon Rim,
had a p ak discharge of 23, 500 cfs at the gaging station near Childs (fig. 4,
No. 87). Beaver Valley, a community of summer homes on the East Verde
River about 6 miles north of Payson, suffered extensive damage from wash­
outs and from deposition of sediment and debris.

In the area between Camp Verde and Flagstaff, intense rains fell
on the headwaters of Oak and Beaver Creeks. More than 6 inches of rain
fell over a large part of the area. Much of this area is covered intensively
by precipitation and streamflow stations of the U.S. Forest Service, Rocky
Mountain Forest and Range Experiment Station. South of the area, the West
Clear Creek drainage received only moderate rainfall. Oak Creek near
Cornville (fig. 4, No. 71) had a flood peak of 24,700 ds. The peak discharge
is approximately equal to that of March 1938, which, reportedly, is the
highest flood since at least 1885.

Motorists and campers were stranded in Oak Creek Canyon near
Sedona due to rock and mud slides and pavement washouts, Damage to
roads, bridges, and culverts was common throughout the area.

The Verde River received little runoff upstream from Oak Creek,
but with Oak Creek, Beaver Creek, and East Verde River contributing large
fioodflows, the peak on the Verde River above Horseshoe Dam (fig. 4, o.
89) was 67,500 cfs, the highest peak since 1951. All the floodflow from
the Verde River above Horseshoe Dam was stored in the Verde River
reservoirs.

Heavy rains on Sept mber 5 in the Bradshaw Mountai s and sur­
rounding areas led to the flooding of the Agua Fria and Hassayampa Rivers,
As much as 7 inches of rain was reported for the storm period at several
stations, At Agua Fria River near Mayer (fig. 4, No, 101) the peak stage
was about 3 feet above the previous maximum, but farther downstream local
residents reported that floods of equal magnitude had occurred several times
in recent years. All the runoff upstream from Waddell Dam was stored in
Lake Pleasant. The Agua Fria River gained several thousand cubic feet per
s cond of runoff between Lake Pleasant and the mouth of New River. The



1

13

peak flows from the upper end of New River were the highest since records
began in 1960 but the peak discharge decreased rapidly downstream. Above
Skunk Creek the discharge of New River was less than the maximum of
record. Downstream, the discharge was about equal to the previous maxi­
mum during the period of gaging- station operation but was much less than
the estimated 38,000 cfs for the flood in 1943. One person was drowned in
New River when his car stalled in a road crossing.

The Hassayampa River at Box damsite near Wickenburg (fig. 4,
No. 111) had a peak of 58, 000 cfs, which is more than twice the previous
known maximum of 27, 000 cfs, which occurred in 1927 and in 1951.

In the upper part of the Hassayampa River basin, at least one home,
which had been in existence for over 100 years, was washed away com­
pletely. Extensive flood damage occurred at Wickenburg but no lives were
lost. The sewage plant was flooded and a sewerline running to the plant was
washed away, allowing raw sewage to run into the river. Several homes
and a number of house trailers were destroyed, leaving about 50 persons
homeless. Ranches along the river were flooded and buildings, livestock.
vehicles, and trees were swept away. Electricity was cut off in part of the
area when powerline poles were washed away.

In Scottsdale more than 250 homes were evacuated due to flooding
when drainage channels overflowed and breaks occurred in irrigation ca­
nals. A funnel cloud reportedly touched ground in Scottsdale dUring the
storm and damaged a number of roofs along its path. Many streets in Phoenix
were closed due to flooding and homes and businesses were flooded.

Heavy rains in Buckeye and northward caused extensive flooding.
The Roosevelt Irrigation Canal 3 miles north of Buckeye overflowed and
flooded fields and homes. Homes and businesses in Buckeye were flooded
and m any homes in the area were evacuated. The Buckeye waterplant was
flooded and the contamination of city wells was reported. Railroad tracks
were washed out both east and west of Buckeye. Several deep wells caved
in and many irrigation canals were washed out.

Northeastern Arizona

Rainfall in northeastern Arizona generally was about 1 to 2 inches.
Runoff indicates that rainfall may have been greater in the higher elevations
of northeastern Arizona but data are too scarce to provide a true measure
of rainfall in the area.

~--------...........
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Large flows from the Puerco River caused flooding along the Little
Colorado River at Holbrook on September 6. The peak on the Little Colorado
River at Holbrook (fig. 4, o. 43) was 20, 000 cfs, which is only one- third
of the peak discharge of 1923. Farther downstream, flows from Chevelon
and Clear Creeks increased the flow in the Little Colorado River and caused
flooding at Winslow. At Holbrook 120 persons were evacuated from their
homes, and at Winslow about 200 homes were surrounded by water when
dikes along the Little Colorado River were breached.

Dinnebito Wash, which drains from Black Mesa into the Little
Colorado River, had an extremely high flood peak, but no rainfall data for
the mesa are available. Chinle Wash near Mexican Water (fig. 5, No. 41)
reached a peak of 9,880 cfs on September 7, which is the highest flow in at
least 20 years and is nearly three times the previous maximum, which oc­
curred in 1964.

Southeastern Utah and Southwestern Colorado

The floods of September 5 and 6 in so theastern Utah and south­
western Colorado occurred in the upper Rio Grande basin and in the Dolores
River basin in Colorado and in the San Juan River basin in Colorado and
Utah. Considerable damage was caused to roads, bridges, utilities, irri­
gation systems, and private property; many people as well as livestock were
isolated by rapidly rising floodwa ers. Much of the damage to homes and
private property occurred along the Animas River and in the vicinity of
Vallecito Reservoir in Colorado. At Silverton, Colorado, the sewage dis­
posal system was damaged by flooding. The Denver and Rio Grande Western
Railroad sustained heavy losses due to roadbed and track washouts in many
stretches of the narrow- gage line between Durango and Silverton. Resi­
dents of a nursing home at Durango were evacuated because of flood danger.
Two persons were drowned near Aneth, Utah, when their vehicle plunged
into McElmo Creek where a bridge had washed out. Considerable crop and
farmland damage was reported in the area between Cortez and Dove Creek,
Colorado, and near Bluff, Utah. The water supply for the community of
Dove Creek was cut off when a recently completed pipeline from the Dolores
River was washed out.

Floodflows on the Dolores River were less than record peak flows.
The Dolores River at Dolores (fig. 5, No.4) peaked at 5, 180 cfs compared
to the peak of record of 10, 000 cfs in October 1911. The San Miguel River
at Uravan (fig. 5, No.8) reached a new record peak of 8, 910 cfs, surpass­
ing the previous high of 6, 690 cfs in April 1958.
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In the San Juan River basin record flood peaks occurred at several
sites in Colorado and Utah. The Rio Blanco near Pagosa Springs, Colorado
(fig. 5, No. 16), reached a peak discharge of 2,500 ds, the highest peak
discharge since the record began in 1935, and the Piedra Rive r near Piedra,
Colorado (fig. 5, No. 22), reached a peak of 7,980 ds, the highest since the
record began in 1938. At Durango the Animas River (fig. 5, No. 28) peaked
at 11, 600 cfs. The two highest flood discharges known at this site are
20,000cfs in June 1927 and 25,000cfs inOctober 1911. In Utah flood peaks
on McElmo Creek near Bluff (fig. 5, No. 34) and Montezuma Creek near
Bluff (fig. 5, No. 37) far exceeded any previous floods in the eleven years
of record at these sites. On the San Juan River near Bluff (fig. 5, No. 42)
the peak discharge of 52, 000 cfs on SepteITlber 6 has been exceeded only
three times since 1914.

Floods occurred again September 12-14, 1970, in the same areas
of Utah and Colorado, and record flood peaks occurred at several. sites,
but generally flood peaks were lower than those of September 5- 6, 1970.
The East Fork San Juan River above Sand Creek, near Pagosa Springs,
Colorado (fig. 5, No. 12), reached a peak of 2,030 ds, which is the highest
peak discharge since the record began in 1956. The Navajo River at Banded
Peak Ranch, Colorado (fig. 5, No. 17), reached a record peak of 1, 350 ds,
surpassing the previous high of 1,340 cfs in May 1941 and the September 6
peak of 1,200 cfs. Cottonwood Creek near Monticello, Utah (fig. 5, No. 10),
reached the highest peak discharge since the record began in 1949.

No reports of damages by the floods of September 12-14 were found .
Probably whatever damages resulted were small in comparison with the
destruction caused by the earlier floods.
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4.660
2.040

7,980
7,050
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754
3,070

5,660
8,910
6,350
3.500
4,400

2,030

11,600
672

1,700

1,400
2,100
2,880

13. 100
830

2,400
40,700

4,240
1,020
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9,880

52.000

585
6,580
2, C,OO
1.3!)0
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132
1.370
2,520

1.860
5, 180
5,710

2,610
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4,530

Ol&charge
(cIs)

5.54
4.39

9.44
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8. 13

6.72
5.70
7.5

5.08
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8.50

8.83
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3.72
4. 50
8.28

4.20

5.63
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25,000
4,750

1,210

1,500

2,980

2/6,870
- 1,530

2/1,980

750
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3,040
1,140

2,070

25, 000
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2/1,340
~/I, 340
21 399
~/2, 840
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3,280
2/70,000
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10.000 6
6

8. 14
3.84

7.02
5.95
4.32
6.55

6.32

4.84

7.30

8.60
3.43
4.36

16.70

7. 14
4.38
7.58

10.88

17.8

32.0

11. 0
1 I. 36

9.80

6. 15
3/10.2

8.0

~I 8.50

9.21

4.64
3/11.75
- II. 33 I

1911
1927

1941

1967
1968
1967
1962

1927
1941

1957
1965
1949

1911
1957
1941
1957
1941
1942

1967
1958
1941
1959
1957

I'''' --

1964

1------
1968
1967
1964
1927

,-­
1952
1911
1920
1922
1942

Maximum previou"ly known

I r eago ,-
Year heIght Ou:charge

(feet) :ch.)
Period

1959-70

1963-70
1984-70
1950-70
1914-70

1968-70
1910· 70
1935· 70
1936·70
1956·70
1935- 52
1935-70

1970

1038-70
1982-70
1930;-70
1968-70

1920-43
1951-70
1967·70
1968-70
1951-70
1959-70

1917- 29,
1940· 70
I 66· 70
1954· 62
1936-54
1949-70
1949-57

1912· 14,
1919-29,
1939·70

189,· 1970
1920-70

1952-70
1895- 1970

1917-22

14.0

58.0
6<1. K
6.4

"I

172
32.2

172

550

6~12

331

HI
72. I
~j. q
11. 0
51. 7

105

I. 080

1,910

85.9
1.550
4,350

115
2~8

Drama It'

Olre-a
(sq mIl

16.0
2·1.5

350
720

8.45
10.7

1. 200
203
80.7

2.5
5/3.660
23,000

San Juan River basln

------ ----.-----,-----~

Str~am and place of d~tt'rmlOatlon

Antmas Riv~r ... 1 Duranro <.'010"
L.tPlalu Hlver at Co10rad New ~f'XlCO

Stat~ line.
Mancos Ri.ver near Towaoc. Colo"

[eN 08 Pos Wash nf! r Tf'ec Nos Pos, Ariz.
TSltah Wash near' Te-ec OR Pas. Ariz ... " ....
McElmo Creek near Colorado- Utah State Hne .
MeElmo Creek near Blufr. Utah .
Dove Cr~ek at Dove Creek. Colo I
Big Ca.nyon Creek ncar Dove Creek, Colo .
Montezu.ma Creek near Bluff. Utah .
Recapture Creek near Bluff, Utah .
Alack Mountain Wash near Chinle, Ariz .
rhtnle Wash trtbutary nt'ar Rock Point, Ariz ..
Chinle Wash near M,-,xlcnn "'olter, Ari.t. .
San Juan River near Blufr. I'tah .

---------------T
1:.018t Fork Sun Juan R1Vt:'t· ahove Sant.l Crt't'k, 64. 1956-70 19571

n('ar Pa~oba Sprin('!1 Colo.
Ecl~t Fork San Juan RiveT n{'.dor PJ,~o";,, 86. 1935-70 1941

SprtnJi( Colo.
Wolf Cr('~k n~tlr I .J~llf;" • IrJll~b. Co 0
SRn .Tunn Hlvi'r at I':\~O~.I ~;:)t'1fl1'5 Colo.
RiO Bhlnl'o near P3~OHa Sprlll,Q"~, Colo.
:"i4lV.IJO RIVf"I' '\1 U;allllt·d I'f'.\k Hnndl Colo
~ .. vaJo River above Chromo, Colo .
Little avaJo River at Chromo, Colo.
NavajO River at Edith, Colo .............•..•
Middle Fork Piedra River ni'ar Pn~oB8

Sprin~lI. Colo.
Plt"dra Rlv~r nt"ar Pil·~lrn. <. 010
VaUf'cito Cr~f"k n aT Bayfi('ld, Colo .
\OIm~8 Rtvtr t lIow.lrllsvl!ll·, Colo.
~llneral reek above tlv('rton. Colo ..
\1meral Creek below Uear Creek at

Silverton, Colo
f!prmosa Cree-k near fll~rmof:la, Colo .....

Pol",rl"'A Rtv .... r Lf"luw Rlto ("010

lltJlort Ii River at Oul r·f>~. ("qlo.
l>olor,.. Rlv .... r at l\t'drork, C 10.

San Mlguel River ilt Nrllurll Colo....

Drv Crt'~k near ~Qturtta. Colo.
San Mlgu«>l Rav,,"l" at Uravan Colo.
Dolores River at Gateway. Colo .
Cottonwood Creek near Monticello, Utah .
[ndian Crerk above Harts Oraw near

MonUct"llo, Utah

09175500

003 J9900

09340000

093610;00
0'1360·,00

09.141200
O•.\42500
09143000
0 1 :,-1-1000
09.144300
0934i500
09346000
09347200

09~4 1500
09, i2900
09H7500
OUJ<a900

09J 71000

0~301000

09378600
09378650
09379030
09379080
o 37nOO
09379500

091 r,,>000
09 titi 100
09169~00

09371100
09371200
09372000
09372200

o 175900
O~ 177000
o 179500
09187000
09187500

Perm.neont

!It lion
number

l..)olorf's River baslO

18

12

13

27

14
I>
16
I"

18
19
20
2 I

30

22
23
24
2~

26

7

8
9

10
II

31
32
33
34
35
36
37
38
39
40 I

41
42

2M
20

No

Oft:! 17:,00 RIO (;r lnd,... at W.I ·'m .... l·t~l Gap Colo
Od.! 1 500 South Fork Rw Grandt' t Sot..th Fork, Colo ...__'-- L

LillI Colorado River basin

• I

45

47
4d
4!l
~o

51
~2

(Ill I 11000

093 '8000

093Qd500

o 3"9400
09400200
00400650

09'''1000
09401100
09402000

C'hf'Vt'lon Crf"('k tu.'low Wtld at Canyon, n,..ar
Winslow. Ari7.

Cheve-Ion Cret'k near Winslow. Ariz ..

Ch-ar CreE'k below 'A t1low n-ek. n("ar
Wtns10w. A ri.z .

•Ia k8 Canyon CT~f'k nrilr \\ 101'10...... ATt7..
Sll'Olrnboat Wash trtbutary n"..lr Gan.lelo. Ariz ..
Stnclalr Watlh At FLq:Hl ff. Ar11 , .
I.l!tlt' Color do Hlv("r at r.rand t-"All .. , AnI ..
Ihnneoblto Wash near Oralbl. Ariz .
Llltlt' Colorado River nrar Cameron, ArlL..

VII,IOO

51 27~

5/ 994

51 J21

2ij!'"l

.5

6.1Ei
." 2 I. 200

,- 261

5/26, '>00

1870-1070
1949-70
1947· 70

1916- 19,
1929-70
1947-70

1969 70
1963·70
1944-70
1923-70
1968-70
1947-70

1923
1968
1952

1952

1952

19.8

21.5

8,28

47.0
4.64

20, 7

80,000
24,200
19,800

25,300

16,400

o now
383

120,000
5,890

24,900

13.95

13. 58

17.54

20.90

3. 0;6
8.23

10,3
15.6
10.0
14.54

20,000

11,100

8,010

15 300

3
370
401

11,400
28.900
12,600

Set" footnotes at t'nd of tablt'.
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Table 1. - -Summary of flood 8tagee and di8charge8-Continu~d

P~rrt1an~nt Drainage
Maximum prevtou.ly kno....n MU:lmum September 1970.1./

IYear I Cage

Oate I Cage
No. slatlon Stream and place of determination are. Period heiiht IDischarge hel(hl IDiochar,.

number (aq ml) (feet) (cr.) (feet) (cfa)

--
Gila River basin

75

72 09504800
73 I 09505200

74 ,-- -- -------

1.170 1962-70

2~~. 0 I ~~~~-_~~ __
24: :61---;;~;~;~--

430 I 1964-70
122 , 1965-70

6.52 1 1963-70
675 1940-70

47
7.670
1.5;0

10.500
3.990
4.100
1.220

1,700

46.300
44.400

2.800
53.000

980

3.480

23,500

4.320
4.300

18.400
11.900

265

9,000
19.800

4.480
5.700

670
24,700

2.260

1.940

16.100
136

1.470
24.200
14.500
I. 070
3.200

67,500

3.590
26.600

200
I. 050
2,820
1.220

7.550
7.340

12,900
22.000
13.200
6.140

9.84

to.21
6.57

6.8

9.27
9.62

4.32

6.02
12.41
4.91

14.90

19.2
13.18
18.85

9.5

12.69
7.93
9.35
4.99

9.50

22.0
2.55
6.26

20.2
11. 32
2.35
3.72

11. 5
14. 16
7.65
5.42
6.01
4.36

5.50

29.2
29.0
11. 90
18.2

13.85
1~). 8

11. 4
10.9
16.49

6
6
4
4
4

4

5
5
5
5
5
5
5

5
5
5
5
5
5

10.700

698

2.010
2.710
2.770

437

30,000
8. 130
1,370

45.400

19.200
53

6.150
363

2.160
10.600

115
6.510
1.350

399

13.000

6,660
222

32,000
6.620

7.650
391

I. 900
15,800
31.300

2.000
1.500

38.800

122

6,400
12.200

54

363

330

17.000
5,990

'!J 100. 000

430

9.65
7.89

4.45

3.50

4.65

5.07

9.52
9.98
5.59
8.3
3.82
3. 13

2.42

7.62
5.7 J

3.70

6.75

11.00
19.0

12_ 3

19.0
9.0
7.75

16.55
16.70

12.00

10.40
13.0

8.61
4.96
6.80

15.0
12_ 75

3. 12
3.0

9.3
6.91

6/23
- 15.18

14.68
6.51

11. 62
3.50

1965

1966
1965

1966
1962
1962

1962
1965

1965

1965

1965
1969
1966
1965

1965

1969
1969
1965
1965
1967
1961

1941
1955

1965

1965
1965
1963
1952
1965

1966
1965
1938
1965
1966
1969
1965
1967

1965
1967
1938

1965

1967
1963
1965
1959
1965

I
1967
1967

1940-70

1932-70
1940-70

1966-70
1962-70
1962-70

1963· 70

1961-70

1957-70
1962-70
1962- 70
1963-70

1963-70
1961-70
1963-70

1963-70

1961-70

1961- 70
1967-70
1925-70

1965-70

1961-70
1963- 70
1963-70
1959-70
1961-70
1961-70
1961-70

1957-70
1960-70
1964-70
1964-70
1961-70
1959-70

1942-70
1963-70

1885-1970
1939-70

35.5
219

30.4
460
776

1.077

3. 18

118
588

.89

4.40

24.31
I. 19

357

I

.
05

1III
I. 42

4.92

1
328

37
5/5,872 I

- 4.581

I
9.8 I

4.
49

1

53.4
2.6

15
165

5/6.600
- 142

49.4 I
~~: ~ I
2.82

I
24.6 I

142 I

3.42

1

'

241
6.65

Sabino C'reek near Tucson, Ariz .
Tanque Verde Creek at Tucson. Ariz .
Bailey Wash near Sasabe, Ariz .
Attar Wash near Three Points. Ariz .
Brawley Wash near Thre Points. Ariz .
Brawley Wash al Mile Wide Road near Turson.

Ariz.
Los Robles Wash near Marana, Ariz .
Cherry Creek near Globe. Ariz .
Tonlo Creek below KohJls Ranch, Arh .
Christopher Creek near Kohtts Ranch. Ariz .
Christopher Creek tributary near Kohl's

Ranch, Ariz.
Tonto Creek near Gisela. Ariz. ............•.
Rye Creek near Gisela. Ariz .
Gold Creek near Payson, Ariz .
Tonto Creek above Gun Crf"ek, near Roosevelt.

Ariz.
Slate Creek near Sunflower. Ariz. .
Tortilla Creek at Tortilla Flat. Ariz. .
Munds Canyon tributary near Sedona, Ariz .
Oak Creek near Cornville. Ariz .

Oak Creek tributary nI~aT Cornville, Ariz .
Wet Beaver Creek near Rimrock. Ari7 .
Beaver Creek Watershed No. 13

(U. S. Fore., Service).
Beaver Creek Watershed No. 10

(U. S. Forest Service).
Beaver Creek Watershed No. 7

(U. S. Forest Service).
Red Tank Draw near Rimrock. Ariz .
Woods Canyon near Sedona, Ariz I

Bar M Canyon near Sedona, A rh .......•....
Beaver Creek Watershed No. 8

(U. S. Forest S rvice).
Rattlesnake Canyon near Rimrock. Ariz. .
Dr)' Beaver Creek near Rimrock. A ri'l. .
Dirty Neck Canyon near CHota Well, Ariz. .
Wesl Clear Creek near Camp Verd . Ariz .
East Verde River near Vine, Ariz I
Webber Creek above West Fork W bber Creek,

near Pine, Ariz..
Ea.st Verde River near Child., Ariz. .
Wel Bottom Creek near Childs. Ariz .
Verde River below Tangle Creek, above

Horseshoe Dam, Adz.

I
West Fork Sycamore Creek above Mcltarland

Canyon. near Sunflower, Arb.
West Fork Sycamore Creek near Sunflower,

Ariz.
East Fork ycamore Cr ek nrar Sunnowcr.

Ariz.
Sycamore Creek near Sunflower, Ariz .
Camp Creek n ar Sunflower. Ariz. .
Rock Creek near Sunfiower, Ari'l. .
Sycamore Creek near Fort McDowell, Ariz. .
Verde River near Scottsdale, Arit .
Indian Bend Wa.sh near Scottsdale. Ar1'l .
Indian Bend Wash at Thorn... Road. at

Scottsdale, Ariz.
Ash Creek near Dugas, Ariz .
Agua Frta River near May r. Ariz .

09486800
09487000

09i84000
09484500

09498600

09487250
09497980

09498800
09498870
09498900
09499000

09501300
09504400
09504500

09505250

09510100

09505300
09505350
09505600
09505800
09507600
09507700

09510070

09507980
09508300
09508500

09510080

09510150
09510170
09510180
09510200
09511300
09512100
09512150

09512500

53
54
55
56
57
58

64
65
66
67

59
60
61
62
63

68
69
70
71

87
88
89

90

77
78
79
80

91

76

92

81
82
83
84
85
86

93
94
95
96
97
98
99

100
101

,.

I..

I

I
•
I

I

See footnotes at end of table.

Ap,ull Frio River 01 Avund lr. Arl •..•..•.. , .. !!./2.013

I
102
103
104
105
106
107

108
109

110

09512800
09513650
09513780
09513800
09513820
09513835

09513860
09513910

Agua. Fria Rivel' near Rock Springe. Ariz .
Ague lo rla River at El Mirage. Ariz .
New River near Rock Springs, Ariz .

I New River at New River, Aru .
Deadman Wash m~ar New River. Ariz .
New River at Bell Road. near PeorIa, Ariz .

Skunk Cr ek ne r Phoenix, Ariz .
New Haver near Glendale, Ariz. .. .........•..

I. 130
5/1.637 I
- 67.3 II

85.7
11. I

187

64.6
323

1970
1963-70
1962-70
1960-70
1959-10

1963.
1965-70
1960-70
1943-70
1961-70
IU60·70

1967
1967
1967
1959
1967

1964
1943
1967
1067

4.05
10.7
9.12
7.0

13.5

10.48

6.7
12.70

3.200
10.600
12,600
I. 850

14,600

11,500
38.000
19.800
20,000

21. 48
4.60

13.0
9.98
5.58

II. 03

12.24
9. 12

11. 2

40.100
5.000

18.600
19.500
I. 630

11.900

9,650
19.200

20.000

---------------------- lIIIIIiI.I.d
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I lbl(' I. - ·SUUllllal·Y uf nov.! stt'tlt'8 am..! ditlcharg('s-Contlnucd

Maximum ~ept~mber 197()1/

~te -h~7:~j;scharge
(fe.t> 1 (cf.)

.L

M:Ulmurn previouMly known

, r Cage ~I' D••charge
Period Year height

(feel) I :cr.)

Drainage
ar~a

Clq mil
tream and place of d~termirultton

Gda RlvC'r lUBin-Continued

"
09Sl~~OO I lIuJt.-.:ayanlpa Rivt'r 1.11 [lox d..lmsttc, lwax

Wll'kenburg. Ariz.
09515800 Hartman Wash near Wtc;k(>nburg. Arl7 .
09518500 lIassayampa River near Morristown. Ariz.

III

112
113

114 oo~ 17000 11 MMKy mpa Rtv('r near Arllnl.~on. Ani .

417

:>. ~7 I

774 I

1,470

1021-70 1951 18.3 27.000

1963-70 1967 I 8.05 2,600
1930-47, 1065 11. 6 9,280
19~4- 56.
1064· 70
1061-70 1064 3/ 6.05

34.6

7.00
19.05

~8, 000

1.600
47.500

39,000

~ I Provisional figuree.

2/ The m8'C:lmum nood \o..OO"lllo'O occurred in 1911. 9ta).!t" and dischargE'
at thIs sUe are \ulk.nown.

3/ Slte od datum tilt. 0 111 U8.~.

~J Includif'8 eome noncontributing ar~R. or diflCharf,te if?
materially aHeeted by storage or regulation tn reservoir8 above
statton.

6/ Peak stagl' at upstream !llde of bridge; ~age is located on
downstream 8HIt'.

7/ Peak or 1891 probably exceeded 150.000 cf•.
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17, !-.ffN·ts 01 gr'ound-\I at r \lithdcawal, 1954-63,
in thl' 10\1 c lIarquahala Plains, laf'icopa
County, .'\rizona, by H. S. Stulik, 8 p., 5 figs.,
1 64.
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•

•
&.

•

•

~

I

I
~

*18.

19,

20.

21.

22.

*23.

*24.

25.

26.

:n.

Basic ground-\I ater data for \lE'stC'rn Pipal
County, l-izona, hy IV. F. lIardt, R. E.
Cattany, and L. R. Ki'ter: :)f) p., 4 fig".,
1 64.

Annual repot't on gcound watl'C in f\rizona,
spring 1963 to spring 1964, by N. D. \\hitl',
R. . Stulik, E. K. MorsC', and othf'l''>: 60 p. ,
27 figs., 1064.

I'ydrologic and drill-hoI data, an. 'avier
Indian R sE'rvation and vicinity, Pima County,
f\rizona, by L. '. fll'indl and . D. White:
48 p., 3 figs., 1965.

Basic hydrologic data for San Simon basin,
Cochise and Gl'aham Counties, l\rizona, and
Hidalgo County, N w :\I(':-.ico, by . D. \I'hill'
and C. R. Smith: 42 P., 4 figs .. 1965.

Bibliography of U.S. Geological urvey water­
cesources rE'ports, f\rizona, 1891 to 1965,
compH d by the rizona District. \later Re­
sourcC's Division, L.,. Geological Survey:
',9 p., 1965.

(>ohydrology of thC' Datf'land - Hyder area,
\i. ricopa and Yuma Countips, Arizona, by
\1. G, \pi. t, Jr.' 46 p. , 8 figs., 1965.

Annual l'C'»or't on ground \I atel' in l\rizona,
spring 1964 to spring 1~65. by N. D. Whit
and othl'rs: 62 p., 22 figs., 1965.

An appraisal of the ground - \\ater rl'SOUl'CC'S
of AVI-u and Al tar Valleys, Pima County,
ilrizona, by N. D. White, vI,. G. Matlock,
and II. C. ch\, alen: 66 p., 12 figs., 1966.

Basic hydrologic data of th(' lIualapai, Sacra­
mento, and Big Sandy Val C'Y , \Iohavl' County,
..\ri zona, by J. B. Gilkspi l', C, B. Bentley,
and \1 illiam Kam: 39 p., 6 figs., 1966.

BaSIC gl'ound-\lutC'r data for "C'stern ,.alt
Riv('r Valley, i\laricopa County, Arizona, by
\\ illiam "am, II. II . .'ehumann, L. R. Kister,
and F. E. : rtcaga: 72 p., 11 figs" ID66.

30. lIydrologi<.. c: nditions in the Doug1a,' b"sin,
CochisE' County, l\rizona, by N. D, \\hi ( and
Dallas Childers: 26 p., 9 figs., 1967.

31. Compilation of flood data for 1aricopa
County, .! rizona, thl'Ough SC'ptemb r 1965, by
L. L. 1\ C'rho: 36 p.. 1 fig., 1967.

*32. Annual report on ground "atel' in lu'izona,
spring 1 65 to spring 1066, by E. B, IIodges
and others: 61 p.• 22 figs., 1967.

33. Basic ground-\\ at I' data for south('rn
oconino County, \rizona. by E. II. lcGavock,

4~ p., 4 figs., 1D68.

34. Spring no,," into the Colorado Rive r- L es
F('rry to Lake Mead, Arizona, by p. IV.
Johnson and R. B. Sand 1'son: 26 p, , 5 fig s, ,
1968.

35. Gt'ound watC'r in Paradisl' Vall('y. :vIal'icopa
County, rizona, by F. E. _ f'tl'aga, '. D.
1\ hite, :vi, E. Coo ey, and A. F, . uthC'im ('r,
76 p., 15 figs., 1D68.

36. l\nnual r port on gr'ound \\ att'f' in ! rizona.
spring 1966 to "pr'ing 1967, by C, J, Co:-. and
others: 43 p" 30 figs., ID68.

37. Ground-watc'r conditions in the l\atC'rman
Wash arl'a, :vIaricopa and Pinal Counti(·s.
!\rizona, by E. E, Denis: 23 p.• !) figs .. ID68.

38. Annual rE'port on ground \\ ;,rtel' in -"rizona,
spring 1967 to spring 1968, prepared undC'r
th" dir'C'ction of fl. M. Babcock, Distl'icl Chid,
Arizona Distd t, W,ltpr Resourcl's Division,
C.S. Geological SUf'VC'y: 54 P.. 32 figs., 1D6D,

3D. lIydrologic conditions in th(' Gila Bend basin,
:vIaricopa County, Arizona, by R. S. Stulik
andOtlo .10osburnC'r: 63 P., 10 fig., 196,.

40. Ground-\\atC'/· condition,,; in :\lc:vlull nVall ...y,
:vIaricopu, Yum, and Yav pai Counties,
Arizona, by p. C. Briggs: 31 P.. 9 figs., 1969.

•I

28..\I1ticlpatf'd changes in the nO\\ r gimen
Lau"l'd by thC' addition of \latC'r to the East
VC'rd" Hiv r, Ar'izona, by H. \\. Hp1man;on
and E. 'i. Oavidson, lOp., 3 figs., lf166.

29. Infiltration and recharge fro m the now of
pril 1965 in the alt Riv r near Phoenix,
ri zona, by p. ,B riggs and L. L. I rho:

12 p.. 7 figs., 1966.

41. Ground - \\ a I c r onditions in the Ranegr<J"
Plain, Yuma County, rizona, by p. C.
Briggs: 28 p., 7 figs., 196 .

*42. Annual report on ground water in rizona,
spring 1968 to spring 1969, pr('p;1r'ed under
th dirt'ction of 1l.:vI. Babcock, Di"tJ'i"t Chil f,
Ari zona Disll'il'l, \\ alPl' fksou rcp" Division,
C.. Gl'ological ~UI'Vf'Y: 46 p., 33 figs .. lD6'!.

d
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43. Annual report on ground water in Arizona,
spring 1969 to spring 1970, prepared under
the di rection of H. M. Babcock, District Chi ef,
Arizona District, Water Resources Division,
U.S. Geological Survey: 44 P.. 30 figs., 1970.

44. Floods of Septemuer 1970 in Arizona,

Utah, and Colorado, by R. H. Roeske:

2U p., 5 fig s., 1971.


