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1. OVERVIEW

1.01 INTRODUCTION

From late December 1992 througl 19 ,
record breaking amounts of precxpltatmm"ﬁ .‘*sevese weather -acTOSS" Amona At this time“the -
state was in its third consecutive year of above average precipitation, upper watersheds were
saturated, and record breaking snowpacks were recorded statewide.

Heavy rains in January, estimated at 520% above normal, combined with the rapid melting
of the snowpack, caused intense runoff and flooding of streams and rivers throughout the state.
The 15 day period of heavy rain and high flood stages in early January 1993 was one of the most
damaging and extensive wet winter periods witnessed in recent times.

Governor Symington proclaimed a statewide emergency, and on January 19, 1993, a
Presidential Disaster Declaration was issued for 10 counties in Arizona: Apache, Coconino, Gila,
Graham, Greenlee, Maricopa, Navajo, Pima, Pinal, and Yavapai. On January 26, Cochise and
Santa Cruz Counties were added, and on February 5, Yuma County was added. The Federal
Emergency Response Plan was activated to provide individual and public assistance.

February 1993 storms followed after a brief respite, bringing precipitation of 400% above
normal for the month. Streams and rivers statewide, still partially full from January runoff,
experienced additional high flows for periods of up to 10 days. In some areas of the state, the
additional runoff caused flooding in areas not affected by the January storms.

Damages were widespread and significant. Total public and private damages are estimated
to exceed $400 million. Eight deaths and 112 injuries were reported by the Red Cross. Total
Federal flood related expenditures exceeded $220 million.

The agriculture industry alone, which accounts for about one-sixth of the Arizona
economy, suffered direct damages of approximately $70 million in lost crops, eroded or destroyed
land and buildings, and short term lost income. The consequences of reduced yields on inundated
acreage, associated job losses, and reductions in tax basis, will continue for years.

Flooding caused widespread damage to public infrastructure and facilities, impacted people
in over 100 communities, and affected the economy of Arizona in numerous ways. Tourism, an
important part of the economy in many counties, was below normal in many areas during months
of usually high activity. The mining industry suffered extensive physical damage, lost
production, and increased expenses. Environmental and economic impacts resulted from sewage
spills, loss of vegetation and wildlife in floodplains, and sedimentation and debris deposition
within Arizona rivers.

Painted Rock Dam and Alamo Dam, flood control projects built by the Corps of
Engineers, prevented in excess of $113 million in additional damages. A total of 15 other Corps
of Engineers built projects statewide, operated by others, prevented significant damages of an
unspecified amount.




1.02 SCOPE OF REPORT AND QUALIFICATION STATEMENT

1.02.1 Scope of Report

The Scope of this Flood Damage Report is to document the hydrologic, hydraulic, and
meteorologic parameters and associated response costs, damages, and impacts of the 1993 storm
events and floods in the State of Arizona. The report is intended to serve as a reference for the
Corps of Engineers, and others.

The report includes damages sustained by public and private entities, documents flood
response costs, and includes brief descriptions of impacts on local communities. Primary damage
centers are identified.

1.02.2 Qualification Statement

This Report is based upon information supplied by others. It is a summary report and
much of the data is preliminary in nature, however, every effort has been made to ensure the
accuracy of the information. No attempt has been made to catalog damages, costs, and impacted -
areas on a comprehensive basis, but only to report information which was readily available. As
such, this report serves to indicate major areas of damage and show the relative statewide
magnitude of the 1993 Floods. Actual damages and impacted areas are likely more numerous
than listed herein.

1.03 ACKNOWLEDGEMENTS

Throughout the preparation of this report, numerous individuals participated by supplying
information and data on an ongoing basis. Representatives at the local, county, state, and federal
levels all provided input. Many thanks and acknowledgements are due to numerous individuals
of the following agencies for their input and continuing coordination through review of the draft
Report and the significant assistance provided:

U.S. Bureau of Reclamation, Arizona Projects Office
U.S. Bureau of Reclamation, Yuma Projects Office
U.S. Environmental Protection Agency

U.S. Fish and Wildlife Service

U.S. Geological Survey

U.S. Soil Conservation Service

U.S. Federal Highways Administration

U.S. Bureau of Indian Affairs

U.S. Federal Emergency Management Agency

U.S. Small Business Administration

U.S. Red Cross

U.S. National Weather Service

Arizona State Department of Environmental Quality
Arizona State Department of Water Resources
Arizona State Department of Transportation
Arizona State Division of Emergency Management
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Arizona State Game and Fish Department

Salt River Project

Apache County Development and Community Services
Town of Camp Verde

Town of Clarkdale

Coconino County Flood Control District

City of Bullhead City

Cochise County Highway and Floodplain Department
Gila County Department of Emergency Services

Town of Globe

Graham County Engineering

Greenlee County Roads and Public Works Department
Town of Kearny

La Paz County Board of Supervisors

Town of Mammoth

Flood Control District of Maricopa County

Maricopa County Department of Transportation

The Navajo Nation

City of Phoenix Water Resources Department

Pima County Department of Transportation and Flood Control District
Pinal County Department of Civil Works . _

Santa Cruz County Flood Control District and Floodplain Administration
Santa Cruz County Planning and Zoning Department
Wellton-Mohawk Irrigation and Drainage District
Yavapai County Flood Control District

Yuma County Development Services Department
Yuma County Emergency Management




2. DRAINAGE AREA DESCRIPTIONS

2.01 GILA RIVER AND TRIBUTARIES.

2.01.1 Drainage Area.

The drainage area of the Gila River (see figure 1) covers approximately 58,000 sq. mi.
and extends from the Continental Divide in southwestern New Mexico to the Colorado River at
Yuma, Arizona, including practically all the southern half of the State of Arizona. The Gila
River, which is 654 miles long, rises in an area of high mountains and plateaus and flows
westward in a generally central course through the basin. The Gila River includes the following
major tributaries:

* the Salt and Verde Rivers, combined drainage area of 13,000 sq. mi.

« the Santa Cruz River, drainage area of 8,600 sq. mi.

* the San Pedro River, drainage area of 4,500 sq. mi.

* the San Francisco River, drainage area of 2,800 sq. mi.

* the San Simon River, drainage area of 2,200 sq. mi.

» the Agua Fria River, drainage area of 2,000 sq. mi.

* the Centennial Wash, drainage area of 1,800 sq. mi.

* the San Carlos River, drainage area of 1,027 sq.mi.

* others, including Queen Creek, the Hassayampa River, and Waterman Wash.

Elevations in the basin range from more than 12,000 feet in the San Francisco Peaks in
the Verde River basin to 130 feet in the vicinity of Yuma. Much of the northern part of the
basin is extremely irregular and rugged with elevations ranging from 7,000 feet to 12,000 feet
along the basin boundaries. This portion of the basin is mostly drained by the Salt River, which
joins the Gila River at mile 198, near Phoenix. The eastern half of the southern part of the basin
consists largely of long desert valleys lying between north-south ranges of rugged mountains; here
the elevations are generally lower but in places are above 10,000 feet. The southwest third of
the basin consists essentially of broad, flat, low-lying desert valleys and isolated mountains of
relatively low relief; comparatively few localities are more than 4,000 feet in elevation, and a
large part is below 1,000 feet; the elevation of the river mouth near Yuma is about 130 feet. The
major streams are delineated in Figure 1. The climate of the Gila River Basin is semiarid as a
whole, but, depending principally upon elevation, ranges from hot and arid to cool and humid.
The average annual precipitation ranges from less than 4 inches in the lower desert to 30 inches
or more in the highest mountains. Streamflow characteristics vary considerably throughout the
basin. The streams in the southern deserts have very little flow other than immediately after the
heavier rains, while the northern and headwater streams are perennial. During major storms, such
as those described in this report, streamflow increases rapidly, and in combination with steep
gradients and often-barren slopes, results in major floods. Snowmelt is a contributing factor in
most winter floods.
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Within the Gila River Basin are numerous dams, but only a few of these will exert an
appreciable influence on major floods:

» Roosevelt Dam on the Salt River, currently in the process of modification to increase
the total storage (including an added flood pool of 565,000 ac-ft) to 2,100,000 ac-ft.

* Horse Mesa on the Salt River, with a storage of approximately 245,000 ac-ft.

* Mormon Flat on the Salt River, with a storage of approximately 58,000 ac-ft.

» Stewart Mountain on the Salt River, with a storage of approximately 70,000 ac-ft.

* Horseshoe on the Verde River with a storage of approximately 131,000 ac-ft.

* Bartlett on the Verde River with a storage of approximately 178,000 ac-ft.

* Coolidge on the Gila River with a storage of approximately 1,100,000 ac-ft (currently
storage is restricted due to dam safety issues).

* New Waddell on the Agua Fria River, recently completed, with a total storage of
approximately 1,000,000 ac-ft.

+ Painted Rock on the Gila River, with a flood control pool of approximately 2,500,000
ac-ft.

The location of these water impoundment facilities is shown on figure 1.

2.01.2 Painted Rock Dam.

Painted Rock Dam is located in the southwest part of Maricopa County in the State of
Arizona about 20 miles northwest of the town of Gila Bend. The dam is on the Gila River, and
controls a drainage area of 50,800 sq. mi. Construction of Painted Rock Dam began in July 1957
and closure was made in April 1960. The dam has a rolled-fill earthen embankment with a crest
length of 4,780 feet and crest width of 20 feet. The dam crest is at elevation 705 feet NGVD,
which is 181 feet above the original streambed. The area and capacity of the reservoir formed
by Painted Rock Dam are 53,200 acres and 2,476,300 ac-ft at spillway crest (elevation 661),
respectively; the area and capacity at the top of the dam (elevation 705) are 90,100 acres and
5,575,000 ac-ft. The dam has gated flood outlets which are capable of releasing 30,000 ft’/s at
spillway crest - the maximum scheduled gated release is 22,500 ft'/s - and which are connected
to a 925 foot long, 25 foot diameter concrete-lined outlet conduit which discharges to an unlined
trapezoidal rock channel 330 feet long. The spillway is a detached broad-crested weir, located
600 feet beyond the right abutment. The spillway crest is 610 feet in length at elevation 661 feet
NGVD, and empties into a small canyon which enters the Gila River about 800 feet below the

downstream toe of the embankment.

2.01.3 Flood History.

Since the completion of the dam in 1960, significant inflows occurred in March - May
1973, March 1978, December 1978 - April 1979, February 1980, February - May 1983, October
1983, December 1984 - March 1985 , and February - April 1992, in addition to 1993. Figure
2 presents the flood history of Painted Rock Dam since its completion; hydrographs depicting
mean daily inflow and outflow, along with elevation, are provided.
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2.02 BILL WILLIAMS RIVER.

2.02.1 Drainage Area.

The drainage area (shown on figure 1) is bounded on the north by the Cottonwood Cliffs;
on the east by the Juniper and Santa Maria Mountains; on the south by the Date Creek and
Harcuvar Mountains; and on the west by the Hualapai Mountains. Elevations in the drainage area
vary from about 400 - 450 feet above sea level (at Lake Havasu formed by Parker Dam on the
Colorado River, which is the mouth of the Bill Williams River) to 8266 feet at Hualapai Peak
on the northwest boundary.

The Bill Williams River is formed about 47 miles upstream from its mouth by the
confluence of the Big Sandy and Santa Maria Rivers. From the confluence, the flow is southwest
for about 8 miles on an average gradient of 18 feet per mile to Alamo Reservoir. Bullard Wash
is the largest tributary along this reach. Below Alamo Reservoir, the river flows almost due west
to the Colorado River.

The drainage area above Alamo Dam is approximately 4,770 sq. mi. consisting essentially
of broad desert valleys and irregularly distributed ranges of rugged mountains. Relief is moderate
to high. Surface soils in the southern and central parts of the area and in the district along the
Big Sandy River vary in texture from fine gravels to clay with clayey soils occurring in
approximately 40 percent of the drainage area. Shallow, rocky soils occur in a few small isolated
areas near the mountain summits. The major watercourses are well entrenched with relatively
mild gradients compared to the ruggedness of the area.

The Big Sandy and Santa Maria Rivers, which form the Bill Williams River, are
essentially ephemeral. Segments of both rivers contain sandy beds which are dry most of the
year. Low perennial flow occurs only where ground water is forced to the surface by bedrock
constrictions.

The Big Sandy River, larger of the two main tributaries, drains an area of about 2,840 sq.
mi. This river, which is formed by the confluence of Trout and Knight Creeks, flows southward
about 49 miles on an average stream gradient of 38 feet per mile to the Santa Maria River
confluence. Burro Creek is the largest tributary in this reach.

The Santa Maria River drains an area of about 1,550 sq. mi. This river, which is formed
by the confluence of Kirkland and Sycamore Creeks, flows southwestward about 51 miles to its
junction with the Big Sandy River. The stream gradient of the Santa Maria River is about 30 feet
per mile. Date Creek is the largest tributary in this reach. The streambed gradients of many of
the minor upstream tributaries in the Bill Williams River system are more than 100 feet per mile.
Major streams in the Bill Williams River basin are also delineated on Figure 1.

Climatic conditions in the basin generally vary with elevation. The mean seasonal
precipitation ranges from about 8 inches per year near the dam to about 22 inches in the

* mountains and averages 14.7 inches over the drainage area. Runoff is erratic, with most runoff

occurring during and immediately after periods of heavy rain.




Precipitation records are available for 52 precipitation stations in and near the Bill
Williams River drainage area. The longest is for the Prescott gage, which has 67 years of record
(1905-1971). Normally, streamflow occurs only during and immediately following major storms,
except for occasional snowmelt runoff from headwater areas.

Except for a few small temporary diversion structures built by farmers, there are no
structures affecting runoff in the Bill Williams River basin above or below Alamo Dam.

2.02.2 Alamo Dam.

The multi-purpose project is located on the Bill Williams River on the border of La Paz
and Mohave Counties, Arizona, 37 miles upstream from its confluence with the Colorado River
in Havasu Lake, and about 2.5 miles downstream from Alamo Crossing. Figure 1 shows the
project location. The dam controls a drainage area of 4,770 sq. mi., generally mountainous, in
west-central Arizona.

Main access is from the town of Wenden, on U.S. Highway 60, approximately 36 miles
south of the reservoir. Alamo Dam was designed for a gross storage capacity of 1,043,000 ac-ft
of which 608,000 ac-ft was allocated for flood control, 200,000 ac-ft for sedimentation over a
100-year period, 230,000 ac-ft for water conservation, and 5,000 ac-ft for a recreation lake.

Construction of the project was initiated in July 1963 and completed in June 1968. The
U.S. Army Corps of Engineers is responsible for operation and maintenance of the dam and
reservoir, except that the Arizona State Parks Board and the Arizona State Game and Fish
Department are responsible for the removal of brush and debris above the log boom.

The dam is a zoned earthfill structure with a top of dam elevation of 1,265 feet NGVD,
a crest length of 975 feet, and a crest width of 30 feet. The height above the original Bill
Williams River streambed is 283 feet. The unlined-detached spillway, which was excavated in
rock at the north abutment, has a crest length of 110 feet at elevation 1,235 feet NGVD, and
discharges into a gully separated from the right abutment by a rock ridge. Flow rejoins the Bill
Williams River about 1,500 feet downstream from the toe of the dam.

The outlet works are located in the left, or southeast, abutment of the dam. The concrete-
lined outlet tunnel is 1,290 feet long, and is 12 feet in diameter except through the gate conduit
section. Discharge is controlled by 3 pairs of slide gates 5.5 feet wide by 8.5 feet high, installed
in tandem. The outlet works are operated to release a maximum flow of 7,000 ft’/s. When the
water surface exceeds the spillway crest by sufficient depth that outflow exceeds 7,000 ft'/s, the
outlet works are opened completely, and the outlet release can exceed 7,000 ft'/s.

2.02.3 Flood History.

Historical accounts indicate that there have been many floods in the drainage basin. The
floods of 1891, 1916, and 1927 in the vicinity of Planet Ranch road (approximate drainage area
= 5,140 sq. mi.) were the largest recorded flows, with estimated peak discharges of 200,000 ft'/s,
175,000 ft’/s, and 125,000 ft'/s, respectively.




More recent floods of smaller magnitude have occurred in the vicinity of the Alamo Dam
site in 1931, 1937, 1951, 1978, 1979, 1980, and 1983. The peak discharges associated with these
events are 92,200 ft'/s, 106,000 ft'/s, 65,100 ft'/s, 78,000 ft'/s, 65,400 ft'/s, 82,200 ft'/s, and
69,200 ft'/s respectively.

2.03 LITTLE COLORADO RIVER.

2.03.1 Drainage Area.

The Little Colorado River (see figure 1 for delineation of the drainage area) drains
approximately 27,800 sq. mi. in northwestern New Mexico and northeastern Arizona, including
1,030 sq. mi. of closed basins. The river originates south of Springerville, Arizona, in the White
Mountains, and flows northward to Saint Johns, then in a northwesterly direction to its confluence
with the Puerco River upstream of Holbrook. From Holbrook, the river flows in a general
westward direction to its confluence with Clear Creek and Cottonwood Wash upstream of
Winslow. From Winslow it flows northwest past Cameron, Arizona, where it is joined by Cedar
Wash and Moenkopi Wash, and continues approximately 40 miles until it enters the Colorado
River and the Grand Canyon.

The Little Colorado River and its tributaries (see Figure 1 also for delineation of major
streams) generally are intermittent and flow only after precipitation within their drainage areas.
The only perennial water contributing to the drainage system comes from springs issuing from
lava beds in Coyote Creek. In contrast, a few areas of interior drainage occur in the lava-capped
plateaus of the easternmost portion of the basin. The largest area surrounds the region near
Quemado, New Mexico and is approximately 830 sq. mi. in extent; another large area is around
the town of El Moro, New Mexico, and is about 200 sq. mi. in extent. Elevations within the
drainage area range from 11,500 feet at Mount Baldy, southwest of Springerville, Arizona, to
approximately 3,000 feet at the mouth. The total length of the Little Colorado River is 320 miles
with an average streambed slope of 26 feet per mile. The streambed slope varies from a
maximum of over 270 feet per mile near the headwaters to a minimum of 3 feet per mile in the
desert section below Winslow.

The Little Colorado River drainage basin includes part of the Colorado Plateau’s
physiographic province, characterized by nearly horizontal rock formations, high altitude, and
broad valleys with extensive flat, mesa-like highlands. The southern boundary, known as the
Mogollon Rim, is characterized by lava-capped mesas, cinder cones, and high volcanic peaks.
Soils of the drainage area are closely related to the geology and topography. On the high
volcanic mountains and lava plateaus are covers of heavy, tight soils, that are fertile, but thin.
The transition from the lava fields and mountainous areas to the lower elevation desert-like region
is marked by a transition in the soils from gravelly, sandy soils in the higher portions to sandy
loams, and then clays near the floodplains.

The climate of the Little Colorado River drainage basin is dominated by topography, with
average temperature decreasing with elevation, while precipitation generally increases with
increased elevation. Most of the basin is arid to semiarid, although some of the higher mountains
along the southern edge of the basin receive substantial precipitation. Normal annual precipitation
ranges from less than 8 inches near Holbrook to more than 40 inches at Baldy Peak in the
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southern part of the basin. Little streamflow occurs except during and immediately following
intense rainfall, and during periods of snowmelt. Where streamflow occurs, it is of the flash-
flood type with sharp peaks and short duration.

2.03.2 Flood History.

Larger floods on the main river and the major tributaries result mostly from general
storms, usually occurring in the summer. Quantitative measurements of floods prior to 1950 on
the Little Colorado River are meager. Significant flows occurred on the mainstem in December
1919, September 1923, September 1926, June 1927, April 1929, February 1932, February 1937,
March 1938, July 1940, and August 1947. The peak flow of September 1923 near Cameron
(drainage area = 26,459 sq. mi.) is estimated to be the largest discharge since 1870. Very little
is known about floods in this region prior to 1900. There are accounts of major floods that
occurred in the Gila River system and other Arizona watersheds in 1833, 1862, 1869, 1880, 1884,
and 1891. Since 1950 there have been significant mainstem flows in January 1952, October
1971, October 1972, October 1974, and December 1978. 1993 discharge data is in Chapter 4 and
Appendix B.
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3. PRECIPITATION
3.01 METEOROLOGICAL DATA.

3.01.1 Antecedent Conditions.

The heavy rains of January and February 1993 in Arizona followed a heavy rainfall season
in 1991-1992, in which much-above-normal precipitation was measured at many stations.
Phoenix Airport, for example, recorded 11.70 inches of rain from July 1991 through June 1992,
compared with an annual normal of 7.66 inches.

These heavy winter rains in the southwestern United States were concentrated from
January through March and caused considerable flooding in Southern California and some in
Arizona. The 1991-1992 storms were associated with an El Nisio condition, in which warmer-
than-normal ocean water in the eastern equatorial Pacific indirectly contributes to a strong low-
latitude storm track across Southern California and Arizona from late December through early
April.

3.01.2 Conditions During 1992-1993.

The 1992-1993 rainfall season was not driven by El Nifio conditions. The water
temperatures in the eastern equatorial Pacific Ocean had returned to near normal values by the
beginning of the Northern Hemisphere fall of 1992.

The recurrence of heavy storms during the winter of 1992-1993 was caused in large part
by abnormal water temperatures in the North Pacific Ocean. Warmer than normal water in the
Aleutians energized storms passing over these waters, brought warm air northward from the
subtropics, and built a warm high-pressure cell to the east of the region--over the Gulf of Alaska.
At the same time, storms moving through cooler than normal water in the lower-latitude North
Pacific drifted eastward to the south of the building high pressure cell.

As these low-latitude storms approached the West Coast, they intensified when they
encountered warm water off the California and Baja California coast. They were further
energized by cold air from northwestern Canada, streaming southward around the large northern
high. These storms developed a large, persistent low-pressure center off the Northern California
coast. Cold fronts and lines of thunderstorms were repeatedly driven directly into Southern
California and eastward into Arizona by a moist flow of air just south of this low. Each of these
features brought moderate to heavy rain to much of the southwestern United States.

3.01.3 December 1992 Precipitation.

The heavy rains of the winter of 1992-1993 began in early December, when the first
major storm of the season moved across Arizona on the 8th, with 1 to 2 inches of precipitation
at many stations and damaging winds at some locations. A minor storm moved into Arizona at
the end of the month, with 0.2 to 0.3 inch of precipitation (some of it snow) at several mountain
stations. These December rains and snows served to partially saturate the ground prior to the
storms of January and February 1993.

12




3.01.4 Storm of 5-9 January 1993.

The storm of 5-9 January was set up by a large, nearly stationary high in the Gulf of
Alaska and a deepening low off the Northern California coast. This resulted in an increasingly
strong, moist flow of subtropical air across Southern California and Arizona. Following a few
light showers on 3 January, a minor disturbance in this moist flow of air resulted in light to
locally moderate showers on 5 and 6 January. Heavier precipitation began during the night of
6-7 January, as a well-developed warm front moved into Arizona from the southwest. Snow
levels were mostly 7,000 to 8,000 feet, and areas above these elevations picked up 6 to 10 inches
of new snow.

This warm front was followed by a strong cold front on 8 January that brought even
heavier precipitation, with amounts exceeding 4 inches in the Salt and Verde River drainages.
The storm had spread to the entire state by the end of 8 January, and areas around Tucson
recorded 1-2 inches. Phoenix Airport measured 1.94 inches for the storm.

3.01.5 Storm of 10-11 January 1993.

The second significant storm of the month began on 10 January, as a complex low-
pressure trough with a warm front and a pair of cold fronts moved into Arizona from the west.
The heaviest precipitation spread across the central part of the state during the afternoon and
evening of the 10th, with eastern mountains getting heavy rain and some snow during the night
and into the early hours of the 11th. Precipitation totals ranged from about one-half inch in the
deserts to 1.5 to 2.0 inches in the higher mountains. Snow levels were above 7,000 feet until
near the end of the storm, when they dropped to about 5,500 feet.

3.01.6 Storm of 12-19 January 1993.

A series of closely spaced storms hammered Arizona during these eight days in the middle
of January. A strong high, entrenched in the northern Gulf of Alaska, forced a deep low farther
south than normal--just west of Northern California. A very strong west-to-east subtropical jet
stream to the south of this low swept numerous storms through Central and Southern California
and across Arizona and southern Utah.

a. Storm of 12-15 January. The first of these was associated with a very deep surface low-
pressure system. Early on 13 January, the intense storm was centered just west of San Francisco,
with a warm front along the southern border of Arizona and a cold front moving through
Southern California. Light precipitation began late on the 12th in most of Arizona and became
moderate on the 13th. Another warm-and-cold front combination brought additional rain and
showers into the 14th. Light showers recurred into the morning of the 15th.

Precipitation amounts through the afternoon of 15 January ranged from 0.2 to 0.5 inch

in the deserts to more than 1.5 inches in the mountains. Snow levels were mostly near 7,000
feet, and some high-elevation stations accumulated more than a foot of new snow.

b. Storms of 16-19 January. The afternoon and evening of the 15th were mostly er, but
another large swath of subtropical moisture was already sweeping into Southern California from
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the southwest and was approaching Arizona. The precipitation moved into the northwestern part
of Arizona on the 16th, with Bagdad measuring .21 by 8 a.m. and Kingman collecting .86 inch
by 5 p.m. Most Arizona stations reported 1 to 3 inches of precipitation from the 16th through
the 19th, as disturbances in the fast, moist flow over the region produced frequent periods of
precipitation. On the 19th, the last front of this storm period moved eastward, and nearly all of
the precipitation had ended by the afternoon of the 19th. Only isolated light showers continued
into the early morning of the 20th in eastern Arizona. By now, the primary low-pressure system
had weakened and had moved east of the Rockies, and a cool, dry northwesterly flow had
developed over Arizona. :

During the 72 hours from 5 p.m. on 16 January through 5 p.m. on the 19th, Payson
received 3.01 inches of rainfall, including 1.47 inches during the first 24 hours. Flagstaff
received a total of 2.37 inches, and 1.56 inches were recorded at Tucson. The higher mountains
received even more precipitation, with snow levels dropping to 5,500-6,000 feet on the 18th and
19th. Flood warnings and flash flood watches were required on many streams as a result of this
storm series, and a flash flood warning was prompted for the Santa Cruz River from Tucson
northward on 19 January.

3.01.7 Storm of 8-10 February 1993.

After a minor storm of 30-31 January 1993, which produced little runoff, the next
significant storm moved into western Arizona during the late evening of 7 February, as a deep
low-pressure center, along with a warm front, cold front, and squall line, approached from the
west. This storm--like those of January 1993--was driven far to the south of the normal eastern
Pacific storm track by high pressure over the Gulf of Alaska and northwestern Canada.

Precipitation became moderate to locally heavy across the northern and western portions
of Arizona by the morning of the 8th, as the cold front passed through. The front weakened as
it moved into southern and eastern Arizona. The squall line that passed across Arizona on the
9th brought more precipitation to the west but also dropped moderately heavy precipitation on
the east-central mountains of the state. The National Weather Service issued flood warnings on
several major rivers and a flash flood watch for the entire state. The southeastern deserts of
Arizona were spared this storm.

Precipitation totals for the 8-10 February storm period ranged from less than 0.25 inch
in the southeastern deserts (0.16 at Tucson) to 4 inches or more in the northwestern areas of the
state (Kingman measured 4.37 inches, and Bagdad recorded 3.87 inches). Most mountain stations
received from 1.5 to 3.0 inches. Snow levels, which began the storm above 9,000 feet, lowered
to about 6,000 feet toward the end of the precipitation, and heavy snow advisories were issued
for areas above 6,500 feet.

3.01.8 Storm of 14-16 February 1993.

The next storm to hit Arizona resulted from a pair of fast-moving disturbances frgm out
of the north. In a case opposite to that of the preceding storm, the northwestern portions of
Arizona (e.g., Kingman and Bagdad) received zero precipitation, while the mountains of eastern
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and central Arizona picked up 1-2 inches: Mt. Lemmon recorded 2.09 inches, while Hannigan
Meadows had an incomplete total (one day missing) of 1.35 inches.

3.01.9 Storm of 19-20 February 1993.

Throughout mid-February 1993, a large high-pressure cell continued in the northern Gulf
of Alaska. By the 17th, it had become very strong and cut off from the rest of the flow, and
another deep low moved eastward in the low latitudes south of the high. This low and an
associated cold front began to move into California on 18 February. By the morning of the 19th,
precipitation was again falling in Arizona, as a pair of cold fronts began moving into the state.
These fronts and the strong flow of moist air from the southwest brought widespread precipitation
to all portions of the state through mid-day 20 February.

Like most of the other storms of the winter of 1992-1993, the snow levels during the
heaviest part of this storm remained above 7,500 feet, lowering to about 6,500 feet near the end
of the storm.

Totals for the two-day storm ranged from less than 0.10 inch in the western deserts to
more than 5 inches at high-elevation stations. Flagstaff measured 5.08 inches. Bagdad picked
up 3.22 inches. Numerous watches and warnings were issued by the National Weather Service.

3.01.10 Storm of 24 February 1993.

On 22 February, a new disturbance in the low-latitude flow moved into Southern
California. This progressed slowly eastward into Arizona by the 24th. A warm front and two
cold fronts brought several periods of showers to various parts of the state during a half day, with
snow above 6,000 to 6,500 feet. Most precipitation totals were less than one-half inch, but a few
stations, such as Kingman, measured more than 1 inch.

3.01.11 Storm of 28 February 1993.

The last significant storm of February 1993 moved through Arizona on the 28th, as a cold
front and several minor bands of precipitation raced from northwest to southeast. Precipitation
amounts were mostly under 0.5 inch, with zero at some eastern mountain stations. A few stations
in opposite corners of the state, however, received more than 1 inch of precipitation, with 1.41
at Kingman, 1.05 at Gila Bend, and 1.30 at Mt. Lemmon. The latter precipitation was almost
all snow, as the snow depth at that station increased from 19 inches before the storm to 32 inches
at the end. Snow levels were generally near 6,000 feet in this last storm of February 1993, with
some snow falling below 5,000 feet at the very end.

Following this storm, the large high in the Gulf of Alaska moved southeast and formed
a full-latitude high over the western United States, blocking out future storms for several weeks.
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3.02 PRECIPITATION DATA.

3.02.1 Total Storm Precipitation.

APPENDIX A lists the total precipitation at all available stations in Arizona and in the
Gila River drainage of western New Mexico for the major storm periods 5-19 January and 8-28
February 1993. The stations are grouped by river drainage basin. These two periods cover
nearly all of the precipitation that fell during these two months. Minor storms at the beginning
and end of January, and at the beginning of March, occurred outside of these periods.
Precipitation gaging stations are shown on Figure 3.

The January and February storm totals varied widely from the lower deserts, where very
little precipitation fell at some locations, to the higher mountains, some of which received a total
of more than 30 inches during the two storm periods because of the orographic uplift of the moist
air caused by the mountains. The Salt River Project (SRP) estimated the basin average rainfall
for the Salt and Verde River watersheds combined to be 8.76 inches for the month of January
alone.

The following excerpts from APPENDIX A illustrate the centers of heaviest precipitation
and the smallest reliable amounts that fell at some desert and northeast plateau stations.

Station Agency Drainage 5-19 Jan 93 8-28 Feb 93
Promontory Snotel SCS Little Colorado 21.40 10.50
Workman Creek Snotel SCS Gila 22.10 12.30
Tonto Creek Fish Hatchery SCS Gila 19.89 7.18
Santa Cruz R. @ Continental PCFCD Gila 2.87 1.04
Centennial Levee FCDMC Gila 1.89 1.46
Beaverhead Ranger Station, NM SCS Gila 2.80 1.60
Page SCS Bill Williams 1.38 1.25

Some of the totals in the 5-19 January 1993 storm period approach or even exceed the
mean annual precipitation at the respective stations. A few of the 8-28 February 1993 totals
approach the mean annual. The totals for the two periods, however, considerably exceed the
mean annual precipitation at most stations.

Isohyetal maps showing total storm precipitation for the 5-19 January and 8-28 February
1993 periods are shown on figures 4 and 5, respectively.

3.02.2 Incremental Precipitation.

Selected graphs of January and February incremental and cumulative precipitation
observed at 18 of the 290 gages are presented in Figures 6 through 23, at the end of this section.
The graphs present precipitation on each of the 3 major watersheds: the Gila, the Bill Williams,
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Isohyetal Map, 08-28 February 1993
State of Arizona

¥33H0  FINIHO

(o
FINGRMAM
[ehi2

BIG SANDY RIVER

4" ~ i \n 149 143
N 477’ON4N ~ (e)
61~
x
~
~
~
~
\
~
~
~ ~ -

LEGEND
e , AZISOFE.CDR
— 6 — Isohyetal Lines Represent Total
—— 8 — Pracipitation Depth In Inches
. |

Bill Williams River Basin and NW Arizona
£ Little Colorado River Basin

@ Gila River Basin and SE Arizona

G ainbi4



and the Little Colorado. The Gila River Basin has been emphasized due to its large size, the
severity of the observed precipitation (and runoff) at some locations within this watershed, and
the spatial variability of the precipitation totals over the watershed. In these figures, precipitation
is presented in 2-, or 24-hour (daily) increments, depending upon the data provided by the various
agencies.

Of the 236 gages for which daily precipitation was available, daily totals of 2 inches or
more were observed at 34 locations on a total of 54 gage-days. Three inches of precipitation or
more was observed at 9 gages, and 4 inches or more was observed at 4 gages. No gage recorded
a daily total equalling or exceeding 5 inches. The heaviest daily precipitation totals in January
(see the tabulation following) were observed at White Tail on Mt Lemmon in the Tucson area,
along Tonto Creek (a tributary to the Salt River at Roosevelt Lake), and in the vicinity of the
confluence of the Verde and East Verde Rivers northeast of Phoenix. In the Bill Williams River
watershed, the Bagdad gage recorded 3.01 inches on 10 February. The White Tail gage recorded
1.57 inches in a 2 hour period beginning at 6:00 AM on 7 January; 2.63 inches were observed
over a 4 hour period beginning at 4:00 AM on the same day. However, short-duration
precipitation records were not provided for most gages. Locations with 1 day totals exceeding
3 inches were:

g . " s
Station Agency Drainage Pl! Date Return Period
E. Verde R. diversion nr Pine SRP Gila 4.56 8 Jan 25-50 yr
E. Verde R. - Childs SRP Gila 3.13 8 Jan 2-5yr
Verde R. blw E. Verde SRP Gila 435 8 Jan 25-50 yr
Sunflower SRP Gila 4.12 8 Jan 5-10 yr
Tonto Fish Hatchery #2 SRP Gila 3.86 8 Jan 2-5yr
Kearny NWS Gila 3.01 9 Jan 10-yr
White Tail (Mt Lemmon) PCFCD Gila 4.88 7 Jan 50-100 yr
Cooks Mesa FCDMC Gila 3.07 7 Jan 5-yr

Mt Union FCDMC Gila 327 7 Jan 2-5yr
Bagdad NWS Bill Williams  3.01 10 Feb 10-25 yr

*Return period range based upon NOAA Atlas II 24-hour rainfall. Location by latitude and longitude was not
provided for all gages. Listed precipitation is total for day and may not be maximum 24-hour precipitation.

The Salt River Project (SRP) estimated the combined basin average precipitation for the
Salt and Verde Rivers to be 1.83 inches on 8 January. Locations with 2 day totals exceeding 4.5
inches were:

Station Agency Drainage PEe—c)ig Dates
in
Cherry Creek - Globe SRP Gila 5.16 7-8 Jan
E. Verde R. diversion nr Pine SRP Gila 6.01 7-8 Jan
Kearny NWS Gila 5.10 9-10 Jan
Mt Union FCDMC Gila 4.68 7-8 Jan
Sunflower SRP Gila 6.30 7-8 Jan
Tonto Fish Hatchery #2 SRP Gila 5.81 7-8 Jan
Verde R. blw E. Verde SRP Gila 5.52 7-8 Jan
White Tail (Mt Lemmon) PCFCD Gila 7.87 6-7 Jan
24




The highest basin-wide February rainfall on the Salt and Verde River watersheds
combined, as estimated by SRP, was 1.66 inches for 19-21 February.

3.02.3 Snowfall.

December storms brought early snow to the Arizona mountains. The storm of 28-30
December was warm and produced rain in much of the snow zone, melting some of the
snowpack. The remaining snowpack was full of free water. Snow surveys conducted just before
1 January throughout Arizona showed snow densities exceeding 35% on many snow courses.
Despite the density of the snowpack, the San Francisco - Upper Gila River basin snowpack water
equivalent measured only 69% of average at this time, due to snowmelt during the warm rain.
Elsewhere in Arizona, the snowpack water equivalent measured between 96% and 167% of
average. A tabulation of snowpack depths follows this narrative.

By the beginning of February the water equivalent depths of the snowpacks were well
above average. In addition, average snowpack densities were 30 to 35%, higher than normal for
this early in the season.

Seventeen snow courses in Arizona, half of the manual network, and ten snow courses in
New Mexico that drain to Arizona, set records for snow water equivalent depth for 1 March.

Records were broken in all Arizona snowpack areas. Sites where records were set include

the following:
Snow Water Equivalent, inches
Elevation (ft) 1 March 1993 Previous Record

Little Colorado River Basin

Baldy 9220 16.7 15.0
Bearpaw 10,100 45.0 33.6
Cheese Springs 8600 10.5 9.70
Snow Bowl #1 Alt. 10,260 342 182
Snow Bowl #2 11,000 45.4 329
Snowslide Canyon 9750 41.5 24.0

Bill Williams River Basin and NW Arizona

Bright Angel 8400 25.8 22.5

Gila River Basin

Hannagan Meadows 9090 27.0 204
Maverick Fork 9050 22.4 209

source: Soil Conservation Service, Arizona Basin Outlook Report, March 1, 1993.

A few storms brought additional snow during March, however, strong melting of the
snowpacks began in the latter part of the month. The Verde River basin snowpack showed the
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largest decline, with a water equivalent of only 66% of average by April 1. All other basins
retained above average snowpacks.

Summaries of snowpack depths, water content, and comparisons to normal (average)
conditions throughout the winter are presented below:

Basin and Location Snow Depth, inches Water Content, inches
Jan 1 Feb 1| Mar 1 Apr 1 Jan 1 Feb 1 Mar | Apr 1
I Little Colorado River
[ | Baldy 20 42 54 36 4.7 11.2 16.7 13.9
Bearpaw n/a 74 119 99 14.6E 26.5 45.0 434
Cheese Springs 14 30 37 17 3.7 8.7 10.5 6.3
Snow Bowl #1 Alt. 33 62 107 80 10.2 20.8 342 32.6
Snow Bowl #2 48 80 140 127 13.2 242 454 478
Snowslide Canyon n/a 68 109 86 10.2E 22.0 41.5 39.0

Bill Williams River
and NW Arizona

Bright Angel 21 51 76 59 5.9 19.0 25.8 23.0
Gila River

Hannagan Meadows 20 58 83 60 5.6 18.7 27.0 23.8
Maverick Fork 25 55 68 51 7.8 16.7 22.4 21.7

E: Estimated
n/a: Not available
source: Soil Conservation Service - Snow Course Data and Basin Snowpack Summary.

Basin Snowpack, % of Average

Central Mogollon Rim 96 122 154 132
Chuska Mountains 128 215 198 241
Grand Canyon 150 255 272 202
Little Colorado River - Southern Headwaters 108 141 169 148
Salt River 128 189 233 182
San Francisco Peaks 167 217 284 227
San Francisco - Upper Gila River 69 166 224 188
Verde River 128 180 217 66
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Gila River Basin Precipitation
Gila Bend Mountain Gage #5050

120-{ dt daia projided by FCDMC g'gg
1.16 sliminary g0
1.12-4 o
sl Z 5.20
1.04-} 520
1.00- Z a.00
—~ 0.96} e
é 0.92-4 460 €
0.88- g
S 080] 400 O
- o— s o
g ot g
2 o72+ 60 4=
L o6t - — gg a
o r 7 o
S 064 // 320 g
0.60 —— : @
= - 280 O
— 0. 056+ Z Z 2%
— 052} — ; &
*(-u‘ 0.481 gg 2
L 044+ y 7 20 5
& s - 200 ©
E 0.40-<' 7 200 35
i ed Vi 160 £
8 o0 7 140 3
c 0.28 7 7 Ll o
L 0241 | 120
0.20 y/ 0‘80
0.16+ 0.80
0.124 7 oo
0.08- ” 040
0.04- 7 o
0.00-
6 Jan 7 Jan 8 Jan 9 Jan 10Jan [11Jan |12Jan | 13Jan | 14Jan | 15Jan | 16 Jan | 17 Jan 18Jan | 19 Jan

No PPT on 5 Jan

(Date 06 Jan '93 to 19 Jan '93)
Incremental (24 hr) —— Cumulative

OL 34NOI4




Ll 34N5DIH

(43

Incremental Precipitation (in)

Gila River Basin Precipitation
Garfias Mountain Gage #5670

2.80 . 14.00
270 P'ﬂmm}-w-h prouided by FCOMC | 44 g4
2,60+ 13.00
2,50+ // 12.50
240+ 12.00
2.30 11.50
220 11.00
210+ 10.50
2.00] // 10.00
1.90 /,/ 9.50
1.804 W ;> — 9.
1.7+ % == 8.50
1.60-11 8.00
1.5011 o 7.50
1.4011 7.00
1.30+ 6.
1.20] 6.00
1.101 y 5.
1.001 5.00
0.9011 4.
0.80] 2 4.00
0.7071 / 3.50
0.60 7, 3.00
0501 7 250
0.40+1 Z 200
0.301 1.50
o.gf 1.00
0.10+4 . 0.50
0.00 f 1 e — (.00
6 Jan 7 Jan 10Jan | 1t Jan | 12 Jan 15Jan | 16Jan | 17Jan |18 Jan 19 Jan

No PPT on 5 Jan

13 Jan ‘ 14 Jan

(Date 06 Jan '93 to 19 Jan '93)

V] Incremental (24 hr) —— Cumulative

Cumulative Precipitation (in)



Gila River Basin Precipitation
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Gila River Basin Precipitation
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Gila River Basin Precipitation
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Gila River Basin Precipitation
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Gila River Basin Precipitation
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Bill Williams River Basin Precipitation
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Little Colorado R. Basin Precipitation
Chevelon Ranger Station Gage #1574
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Little Colorado R. Basin Precipitation
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Little Colorado R. Basin Precipitation
Chevelon Ranger Station Gage #1574
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