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HYDROLOGY APPENDIX

This Hydrology Appendix presents detailed supporting data
for the Flood Control Master Plan for the County of Tulare, dated
June 4, 1971, including geography, normal annual precipitation,
storm systems, flood runoff, and procedures for developing the
flood hydrology of streams in the area.

GEOGRAPHY

Tulare County encompasses an area of approximately 5,000
square miles. The eastern two-thirds of the County consists
of part of the Sierra Nevada and adjacent foothills; the west-
ern one-third is valley-floor land. The County contains some
of the loftiest peaks of the Sierra Nevada, including Mount
Whitney, which has an elevation of 14,496 feet. West of the
Sierra Nevada are dissected uplands which extend to the foot-
hill line at an elevation of approximately 500 feet. Low
alluvial plains and fans extend westward to the bottom lands
of Tulare Lakebed. The western border of the County is at an
elevation of approximately 200 feet.

Geology

The Sierra Nevada were formed primarily from a single
gigantic block of crystalline rock which has been uplifted on
the eastern edge along a fault zone, forming a steep eastern
escarpment. The westward tilting of the top of the block
resulted in gentler slopes toward the west. Major rivers have
incised deep canyons into this western slope. Soils are typ-
ically shallow throughout the area.




The dissected uplands east and south of Porterville and
between Orange Cove and Woodlake include deeply weathered,
eroded and uplifted alluvial deposits. Weathering has pro-
duced dark reddish-brown soils; erosion has resulted in gul-
lies as much as 50 feet deep.

West of the foothill line the valley proper is a broad
plain of low relief. The plain consists of the three large
coalescing alluvial fans of the Kings, Kaweah and Tule Rivers.
The Kings River alluvial fan, the largest, is separated in the
upper portion from the Kaweah River alluvial fan by the Cotton-
wood Creek interfan and Cross Creek. The Kaweah River allu-
vial fan is separated in the upper portion from the Tule River
alluvial fan by Lewis Creek interfan area and Elk-Bayou. South
of the Tule River fan are smaller fans created by Deer Creek
and White River with intervening fans from smaller stream
channels. The soils of the fans are generally sandy, perme-
able and fertile, although hardpan is present in some areas.

In the interfan areas the soils are somewhat alkaline and less
fertile. The plains and fans form the largest part of the
valley floor, presently a highly developed agricultural area.

Overflow lands and lake bottoms -- which are flat, nearly
featureless areas -- are located in the western part of the
County. These lands were formerly inundated during flood
stages of Tulare Lake and supported growth of marsh and tule
vegetation. The soils generally have limited permeability,
but are fertile and mostly free from alkaline.

Drainage Areas

The eastern one-third of the County is drained by the
Kern River system, which flows in a southerly direction to a
point east of the City of Bakersfield, thence westerly through
Kern County to Bakersfield where it discharges onto the floor
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of the San Joaquin Valley. Buena Vista Lake and Tulare Lake
are the terminal points for Kern River water. Almost all of
the lands drained by the Kern River stream system within Tulare
County are located within the Sequoia National Forest.

The northeastern portion of the County is located within
the drainage area of the Kings River. All of the tributary
streams in this area flow in a generally northerly direction
through Kings Canyon National Park. The Kings River flows
onto the valley floor in a southerly direction and enters
Tulare County to the west of Dinuba. It flows through Tulare
County for approximately six miles and continues westward to a
bifurcation from which the waters flow either southward into
Tulare Lake or northward to the San Joaquin River.

The remaining portion of the County is drained by stream
systems which flow to the west and discharge onto the floor of
the San Joaquin Valley. The two largest stream systems which
drain these western slopes are the Kaweah and Tule Rivers. 1In
addition to these two major river systems, approximately 34
smaller drainage areas discharge water onto the valley floor
within Tulare County. Another six drainage areas discharge
water onto the valley floor outside the Tulare County bound-
aries; however, resulting flood flows may enter the County.
All 40 drainage areas are identified on Plate I and are listed
in Table 1, which also gives the area in square miles for each
drainage. Also shown on Plate I and listed in Table 1 are
those drainage areas in Kings and Kern Counties whose runoft
has some effect on Tulare County. Brief descriptions of some
of the watersheds which discharge onto the valley tloor are
contained in the following paragraphs.

Citrus Cove Drainage (Drainage Area 3). Citrus Cove
drainage encompasses the area between Wahtoke Creek and Granite
Hill. The maximum elevation in the drainage area is 1,500 feet
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and the elevation at the Friant-Kern Canal crossing is about
440 feet. Between Friant-Kern Canal and the Alta East Branch
Canal the channel is known as Navelencia Creek. Water from
Navelencia Creek is distributed by Alta East Canal into the
canal system of the Alta Irrigation District. The drainage
area above Friant-Kern Canal is 8.3 square miles.

Hills Valley Creek (Drainage Area 6). Hills Valley Creek
heads on Bear Mountain at elevation 3,355 feet and flows south-
erly about six miles to Friant-Kern Canal. The elevation at
the Friant-Kern Canal crossing is approximately 440 feet. 1In
the lower reaches the stream channel has been realigned by
recent land development. The drainage area of Hills Valley
Creek at Friant-Kern Canal is 10.7 miles.

Wooten Creek (Drainage Area 7). Wooten Creek rises in

Fresno County immediately north of the Tulare County line. It
flows in a generally southwesterly direction into Tulare County
in the vicinity of Orange Cove. East of Friant-Kern Canal,
Wooten Creek has been realigned during land development and
west of Friant-Kern Canal it is channelized from the Canal to
the Alta East Branch Canal about one and one-half miles west

of Orange Cove. The drainage area at Friant-Kern Canal is

11.3 square miles and ranges in elevation from 1,945 feet to
440 feet in the vicinity of Orange Cove. |

Sand Creek (Drainage Areas 9 and 10). Sand Creek rises
on the northern slopes of Goldstein Peak (elevation 2,814 feet)
From its origin Sand Creek flows in a northwesterly direction
about five miles, then turns and flows southwest about eight
miles to discharge onto the floor of the valley between Primero

and Curtis Mountains at an elevation of approximately 430 feet.
From this point Sand Creek is channelized between Orosi and
Cutler to the vicinity of Cottonwood Creek about 8ix miles




southeast of Dinuba. The drainage area at Friant-Kern Canal

is 38.8 square miles. The Soil Conservation Service classifies
runoff from the drainage basin as rapid.

Long Creek (Drainage Area 14). Long Creek drainage to
Friant-Kern Canal is a relatively narrow 11.2 square mile area
draining Long Valley, which is located between Tucker Mountain
and Sawyer Peak. Elevations at these two locations are 2,603
feet and 2,403 feet, respectively. Story Creek, a principal
tributary, joins Long Creek about one mile east of the Friant-
Kern Canal at an elevation of approximately 450 feet. Long
Creek channel west of the Friant-Kern Canal has been obliter-
ated by land development. Runoff from the drainage area is
classified as medium to rapid.

Cottonwood Creek (Drainage Areas 22, 23 and 24). Cotton-
wood Creek drainage is bounded on the north by a ridge contain-
ing Mitchell Peak (elevation 3,574 feet). Several tributaries
flow south from this ridge and join in the vicinity of Cotton-
wood School to form Cottonwood Creek. Below this point Cotton-

wood Creek flows in a generally southerly direction about 14
miles to the south end of Colvin Mountain. It then turns west
and flows across the floor of the San Joaquin Valley to its
confluence with St. Johns River near U. S. Highway 99. The
waters of Cottonwood Creek and St. Johns River are conveyed by
the Cross Creek system southerly to Tulare Lake. The area
drained by Cottonwood Creek ranges from a maximum elevation

of 4,124 teet at Bear Mountain to about 430 feet at the south
end of Colvin Mountain. The total area drained by Cottonwood
Creek above Friant-Kern Canal is 88.1 Square miles. Runoff from
the northerly half of the drainage area above Friant-Kern Canal

is classified as rapid and from the southerly half as medium
to rapid.




Antelope Creek (Drainage Area 25). Antelope Creek rises
on the western slopes of Long Mountain and flows southerly
about five miles to the vicinity of Woodlake. The watershed
ranges in elevation from 2,516 feet to approximately 430 feet.
The drainage area above Woodlake is 20.7 square miles. The
natural terminal point for Antelope Creek water is the St.
Johns River near the Friant-Kern Canal. Runoff from the drain-
age area is classified as medium to rapid.

Dry Creek (Drainage Area 27). Dry Creek, also known as
Limekiln Creek, rises on the southern slopes of Park Ridge
about one mile south of the Fresno-Tulare County Line. 1It
flows in a generally southerly direction about 24 miles, dis-
charging into the Kaweah River approximately one mile below
Terminus Dam. The total drainage area at its mouth is approx-

imately 82 square miles. The basin varies in elevation from
a maximum of 7,540 feet to about 490 feet at the Kaweah River.
Runoff from the drainage area is classified as rapid.

Kaweah River (Drainage Area 28). The source of the Kaweah
River is a group of glacial lakes near Triple Divide Peak. The
main stream is formed by the confluence of the middle and East
Forks approximately five miles northeast of Three Rivers. Be-
tween this point and Terminus Dam the North and South Forks
discharge into the main stream. The total watershed above
Terminus Dam is 561 square miles. Elevations in the watershed
range from a maximum of 12,634 feet to about 500 feet at the
foothill line. Those portions of the watershed above 10,000
feet in elevation are characterized by mountain peaks and
ridges having either a very thin mantle of soil or exposed brush.

Mehrten Creek (Drainage Area 29). Mehrten Creek flows
generally in a northwesterly direction. The drainage area at

its crossing with Foothill Ditch and Highway 198 is 19 square
miles. From the Foothill Ditch crossing, Mehrten Creek water
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flows in a relatively undefined channel to Yokohl Creek near
the latter's confluence with Consolidated Peoples Ditch. The
maximum elevation in the watershed is 2,432 feet and the ele-
vation at Foothill Ditch is approximately 460 feet. Runoff
from the drainage area is classified as medium to rapid.

Yokohl Creek (Drainage Area 30). Yokohl Creek rises on
the western slope of Blue Ridge and flows in a generally north-

westerly direction about 16 miles to where it discharges onto
the valley floor at a point about four miles northeast of
Exeter. Yokohl Creek continues in a northwesterly direction
approximately 3.5 miles to its confluence with Consolidated
Peoples Ditch. The watershed contains approximately 71 square
miles and ranges in elevation from 5,733 feet to approximately
460 feet at the foothill line. Runoff from the drainage area
is classified as medium to rapid.

Lewis Creek (Drainage Areas 31 and 32). Lewis Creek rises
on the southern slopes of Blue Ridge and flows through the foot-
hills in a generally westerly direction for about eight miles.
It then flows for about four miles along the foothill line to
the Friant-Kern Canal immediately east of Lindsay. From this
point Lewis Creek flows northerly around Lindsay then westerly
to the vicinity of Outside Creek. Round Valley runoff enters
Lewis Creek about one mile east of the Friant-Kern Canal. The

Lewis Creek drainage area, including Round Valley, is approxi-

mately 32 square miles and ranges in elevation from a maximum
of 2,901 feet to about 420 feet. Runoff trom the eastern por-
tion of the drainage area is classified as rapid and in the
Round Valley area as medium to rapid.

Frazier Creek (Drainage Area 33). Frazier Creek rises at
an elevation of approximately 1,500 feet in the foothills north-
east of Porterville. It flows in a generally westerly direction
about five miles to discharge onto the floor of the valley.
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The watershed above a location one-half mile east of Road 256
contains 18.1 square miles and ranges in elevation from 2,308
teet to approximately 480 feet. West of Road 256 agricultural
development has obliterated the Frazier Creek channel. Runoff
from the watershed is classified as slow to medium.

Tule River (Drainage Area 36). The main stream of the

Tule River is formed by the junction of the North and Middle
Forks at a point about one mile northeast of Springville.

Below this junction the Tule flows in a generally southwest-
erly direction about seven miles to Success Dam. Tule River
channels continue westerly and terminate in Tulare Lake about
four miles south of Corcoran in Kings County. The watershed
above the dam contains 393 square miles and ranges in eleva-

tion from a maximum of 10,042 feet to approximately 500 feet at
the dam.

Deer Creek (Drainage Areas 37 and 38). Deer Creek rises
on the western slopes of Greenhorn Mountains and flows in a
generally northwesterly direction about 27 miles to where it
discharges onto the valley floor. Deer Creek channel termin-
ates at the Homeland Canal about 10 miles west of Pixley.
The watershed above Hungry Hollow Damsite contains approxi-

mately 124 square miles and ranges in elevation from a max imum
of 8,284 feet to about 500 feet. Runoff from the basin is
classified as medium to rapid.

Fountain Springs Gulch (Drainage Area 39). Fountain
Springs Gulch rises on Galley Mountain at elevation 2,852 feet
and flows westerly about eight miles. It then flows north-
westerly in an entrenched channel past Terra Bella to its con-

fluence with Deer Creek at an elevation of approximately 450
feet. The drainage area contains 35 square miles. Runofft
from the drainage area to the north of the community of Foun-
tain Springs is classified as medium to rapid, and to the east
as rapid.
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White River (Drainage Areas 43 and 44). White River rises

on the western slopes of Bull Run Peak in the Greenhorn Moun-
tains and flows in a generally westerly direction about 29
miles before discharging onto the valley floor. White River
channel essentially disappears about five miles west of Earli-
mart. The watershed above State Highway 65 near Vestal con-
tains approximately 120 square miles and ranges in elevation
trom 8,284 feet to approximately 500 feet. Runoff east of the
White River near Ducor stream gaging station is classified as
rapid and to the west as slow to medium.

Rag Gulch (Drainage Areas 49 and 50). Rag Gulch heads in
Kern County on Blue Mountain (elevation 4,356). It flows west-

erly for about 20 miles at an elevation of about 500 feet to
the Tulare-Kern County Line at Richgrove. Five Dog Creek, a
major tributary, joins Rag Gulch about five miles southeast of
Richgrove. From Richgrove westward to the Friant-Kern Canal,
the Rag Gulch channel has been almost obliterated by land
development. Rag Gulch drainage area contains 138 square miles
at the SPRR tracks at Richgrove.

Between the major watersheds described above are smaller
tributary areas which contribute significant stormflow to lands
on the valley floor. These areas are also identified on Plate I
and listed in Table 1. Runoff characteristics for these smaller
tributaries can be generalized as follows: north of Kaweah
River - medium to rapid; Porterville area (Drainage Areas 34
and 35) - rapid on the steep upper slopes and slow to medium on
the moderate slopes; foothill areas between Terra Bella and

Richgrove - slow to medium.







NORMAL ANNUAL PRECIPITATION

Normal annual precipitation within Tulare County ranges
from about seven inches in the southwest corner of the County
to over 50 inches in the northeast. Precipitation generally
falls in the form of rain below the 5,000-foot elevation and
as snow above this elevation. However, infrequent warm
storms can produce rainfall at higher elevations near the
crest of the Sierra with consequent high rates of runoff from
the upper basins.

Precipitation stations in Tulare County and in immedi-
ately adjacent areas are listed in Table 2 and located on
Plate II. Table 2 lists the station number assigned by the
California Department of Water Resources, source of record,
period of record, station elevation and normal annual precip-
itation for the periods 1911-60 and 1911-70 for those stations
for which the normals have been computed. The normal annual
precipitation values for the 1911-60 period have been developed
by the California Department of Water Resources as described
in "Precipitation in the Central Valley, Office Report, Coor-
dinated Statewide Planning Program, Sacramento District,
August 1966".

For purposes of this study, the 1911-60 normal annual pre-
cipitation amounts for 21 long-record stations in Tulare County
and adjacent areas were updated to 1970. The additional 10

years of record changed the normal annual precipitation amounts
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for these stations by less than one percent on the average.
For all practical purposes, precipitation amounts for Tulare
County stations for the 1911-70 period are the same as the
precipitation amounts for the 1911-60 period.

Precipitation, whether in the form of rain or snow, is
measured as depth in inches of water that falls at a given
location. At higher elevations where much of the precipita-
tion is in the form of snow, it is difficult -- if not im-
possible -- to "catch" the true amounts of precipitation in
rain gages. Therefore, rain gage data in these areas are
supplemented with snow course measurements of water content
in the snowpack. Snow courses and aerial markers in Tulare
County and in immediately adjacent areas are listed in Table 3
and their locations depicted on Plate II.

Distribution of precipitation over an area is depicted
by an isohyetal map -- a map showing lines of equal precipita-
tion amounts. The isohyets are developed from point precip-
itation amounts and knowledge of the orographic effects on
precipitation distribution. The normal annual isohyetal map
of Tulare County for the base period 1911-70 is shown on
Plates II and III. In addition to the isohyetal lines, drain-
age area boundaries are shown on Plate III. Isohyetal maps
and data from the Sacramento District, U. S. Corps of Engi-
neers, and the California Department of Water Resources were
utilized in developing the isohyetal map for Tulare County.
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STORM SYSTEMS

The storm systems that produce flood runoff in Tulare
County are significant to an understanding of the flood hydrol-
ogy of the area. Fall rains usually begin in November in the
San Joaquin Valley. However, in some seasons the fall rains
begin in September or October; in some years they are delayed
until December. Large storms are most likely to occur in the
months from November to April, although the predominant flood-
producing period is the two-month period December and January.
Recently major storms resulting in severe floods were exper-
ienced in 1966-67 and 1969.

The onset of fall and winter precipitation occurs with
the southward migration of the polar jet stream, which is the
maximum westerly wind in the upper levels of the atmosphere.

In September the wind maximum is located near Latitude 50 de-
grees North (about the latitude of Vancouver, B. C.), but by
mid-November it reaches Latitude 42 degrees North (about the
latitude of the California-Oregon border). This southward
swing of the westerlies causes the storm track to also move
southward, bringing weather fronts into the San Joaguin Valley.

The stronger fronts produce precipitation, the weaker ones only
cloudiness.

Pacific storm systems usually involve classic cold and
warm fronts and occlusions. Occluded fronts result when a

cold front overtakes a warm front in a wave cyclone. Stronger
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fronts bring period of precipitation which can be as brief as
six hours for a fast-moving front or as long as 24 hours for
a slow-moving front. Periods of Prolonged precipitation
usually occur when cold fronts become quasi-stationary in a
region. A stationary front lying parallel to a strong upper-
level wind flow will frequently develop waves (undulations)
which move along the front producing intense bursts of rain.
This wave mechanism, in combination with orographic lifting
of moist air, is the optimum condition for producing substan-
tial precipitation amounts. (Frontal lifting is a mechanism
of the storm itself; orographic lifting is caused by the flow
of air over topographic barriers.) 1In all major flood-produc-
ing storms affecting Tulare County in the past, orographic
precipitation has been quite significant.

December 1966 Storm

In the early part of December 1966 the polar jet stream
shifted southward over the eastern Pacific Ocean. The storm
track also moved southward along with the southward shift of
the jet stream. 1In California the series of storms began on
December 1 with the movement of a cold front into the State.
This front reached Tulare County on December 2, producing gen-
erally light precipitation.

On December 4 a stronger front moved into the State; pre-
cipitation began in Tulare County on the afternoon of the same
day. On December 5 the front became stationary in the south-
ern San Joaquin Valley; on the 6th the front surged northward
as shown by the weather maps in Figure 1. During the three-day
period from midday December 4 to the afternocon of the 6th,
heavy rain fell in the southern San Joaquin Valley. 1In the
Kaweah River Basin on the night of December 4-5, snowfall was
reported at Grant Grove (elevation 6,600 feet), and the snow
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level (elevation where precipitation changes from rain to snow)
was at approximately 6,000 feet. With the northward movement
of the front on December 6, the snow level lifted to 9,000 feet,
a relatively high snow level.

The time distribution of precipitation for December 2
through December 6 is illustrated in Figure 2 by the hyetograph
(plot of hourly precipitation) for the Exeter Fauver Ranch
station, which is at an elevation of 439 feet. Precipitation
amounts at other representative stations for the period Decem-
ber 2-7, 1966, are given in Table 4. It should be noted that
the observation time is not the same for all stations listed in
Table 4.

Precipitation totals for the period December 2-7 ranged
from about three inches in the Tulare Lake area and six inches
at the foothill line to 30 inches in the headwaters of the Kaweah
and Tule River Basins. Heavy precipitation at high elevations,
combined with the wet antecedent ground conditions resulting
from the rain of December 2, produced very heavy runoff; severe
flood conditions in Tulare County resulted.

Snow Accumulation 1967

The December 1966 storm was followed by another unusual
event -~ the rest of the winter season and the spring were
characterized by a record accumulation of snow in the southern
Sierra Nevada. Heavy deposition of snow came in March and April
1967 when a series of cold storms brought heavy precipitation
to the higher elevations. Because of relatively cold spring
temperatures, snowmelt did not begin until the middle of May.

To illustrate the magnitude ot the snow accumulation, the
April-July 1967 volume of runoff on the Kings River Basin was
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194 percent of normal, Kaweah River Basin 231 percent of normal,
Tule River Basin 291 percent of normal and Kern River Basin 214
percent of normal.

January 1969 Storm

The airflow pattern over the Pacific Ocean during January
1969 is typical of many which have resulted in severe storms.
The flow of cold air coming fron Alaska curves out over the
Pacific in a cyclonic arc to meet an extended current of warm,
moist air originating in the region of the Hawaiian Islands.
This flow enters California as a strong southwest or west-south-
west current and is heavily laden with moisture. As the air
currents sweep up over the Coast Ranges and the Sierra Nevada
copious precipitation can be produced. The areas crossed by
this strong air current receive the highest precipitation. in
the December 1955 and December 1964 storms the main current
entered Northern California; in the January 1969 storm it
crossed Southern California. Satellite pictures of the January
1969 storm clearly show a band of clouds stretching out over
the Pacific for a distance of 2,000 miles.

In 1969 this typical confluent flow pattern began on Jan-
uary 15. Precipitation came in two waves or concentrations
separated by one day; the first covered the period January
18-22 and the second January 24-28. The total 10-day precip-
itation in Tulare County ranged from about five inches in the
Corcoran area and 10 inches in the foothills to 45 inches in
the High Sierra. The weather map (Figure 1) shows streamlines
of airflow for the northern hemisphere at approximately 10,000
feet for the period January 15-31, 1969. The time distribution
of precipitation for January 18-28, 1969, is illustrated by the
hyetograph (Figure 2) for Exeter Fauver Ranch station. Amounts
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of precipitation at other representative stations, both record-

ing and non-recording, are given in Table 5.

February 1969 Storm

During the period February 21-28, 19569, the flow pattern

consisted of a series of fronts moving over California from the
northwest. These storms were colder than the storms in January,
with snow levels about 4,500 feet in the Kaweah and Tule River
basins. The cold front of February 24 was the most intense,
bringing 2.33 inches of precipitation at Exeter Fauver Ranch

in the 24-hour period ending at midnight February 24. Rainfall
was not confined to the passage of the front, but lingered after
the front because of the primary low pressure center remaining

off the northern California coast. The four-day precipitation !
totals for the February 23-26 period varied from about two inches
in the Corcoran area and five inches in the foothills to 20 inches
in the high Sierra.

The time distribution of precipitation for February 22-26,
1969, is presented for the Exeter Fauver Ranch station in the
hyetograph on Figure 2. Amounts ot precipitation at other
representative stations are given in Table 6.

Snow Accumulation 1969

The snow level varied during the period January 18-28,
1969, but remained at fairly high elevations during the times
of heavy precipitation. In the Kaweah River Basin the snow
level was about 6,000 feet during January 18-22. The station
at Grant Grove reported the heaviest accumulation of snow from
8 a.m. on the 21lst to 8 a.m. on the 22nd -- about 13 inches.
Then a cold front moving through the State in the early morning

of January 22 brought a cold air mass in its wake, temporarily
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ending precipitation. A significant renewal of the confluent
flow pattern occurred on January 24 and the resulting warm

air flow over the southern Sierra Nevada once again brought
the snow level in the Kaweah River Basin to 7,000 feet during
January 24-28.

More snow accumulated in the Kings, Kaweah, Tule and Kern
Basins during February and, to a lesser extent, March and the
first half of April, bringing the snowpack to record depths,
exceeding even those recorded in 1967. For example, the
station at Farewell Gap (elevation 9,000 feet) in the Kaweah
River Basin reported a snow water content of 67.7 inches on
February 4, 102 inches on March 4, 99.3 inches on April 7,

88.9 inches on April 26, and 67.6 inches on May 28. The April 7
reading of 99.3 inches is over three times the April 1 normal
of 31.7 inches.

In the snowmelt period, the month of April 1969 differed
from April 1967 in that the former had nearly normal tempera-
tures, allowing the 1969 snowpack to ripen earlier and start
an earlier melt. The volume of runoff for the April-July 1969
period on the Kings River was 277 percent of normal, Kaweah
River Basin 309 percent of normal, Tule River Basin 399 percent
of normal, and Kern River Basin 415 percent of normal.
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FLOOD RUNOFF

A thorough search was made to obtain all streamflow data
in the Tulare County area for flood periods. Federal, State
and local agencies were canvassed and engineers active in the
area were contacted to be sure all available data were obtained.
Particular emphasis was placed on obtaining flood data for the
smaller drainage areas located between the Kings, Kaweah, Tule
and Kern River watersheds. Table 7 is a summary of stream gag-
ing stations in the area that are pertinent to this study. The
location of these stations is shown on Plate I. Station his-

tories for the foothill gaging stations are presented on page 39.

The specific data required for development of rain-flood
hydrology for an area are principally instantaneous peak flows
during flood periods and records of runoff at sufficiently
short intervals of time during flood periods to define the
time distribution of runoff. The time distribution of runoff
may be plotted as a continuous curve of discharge versus time,

producing a "hydrograph", which pictorially describes the flood
event.

Every eftort was made to obtain sufficient detail to delin-
eate hydrographs of runoff for each major rain-tlood event.
For a variety of reasons, these efforts produced a limited
amount of usable data. While many years of streamflow records
were available for some streams, the data consisted of mean
daily or mean monthly flows suitable for water supply analysis:
detailed data for flood periods freguently were not available.
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In some instances, extreme floods of December 1966 and January-
February 1969 washed out or badly damaged stream gaging station
equipment. Other stations which had been operated by the U.S.
Bureau of Reclamation were discontinued in 1967 and thus no
record was obtained during the 1969 flood events. However,
immediately following the January-February 1969 floods, the

staff of the U. S. Geological Survey, Water Resources Division,
developed -- by accepted indirect methods -- estimates of peak
flows for many foothill drainage areas in Tulare County. Table 8
contains a summary of available peak flow data for Tulare County
and adjacent streams for December 1966, January-February 1969

and for the maximum previously recorded. Note that the peak
discharge sites are identified on Plate I.

The only hydrographs available for foothill streams for
the December 1966 flood are Sand Creek near Orange Cove (Fig-
ure 3), Cottonwood Creek above Highway 65 (69) (Figure 4), Dry
(Limekiln) Creek near Lemoncove (Figure 5); and for the January-
February 1969 floods, Sand Creek near Orange Cove (Figure 3),
Deer Creek near Fountain Springs (Figure 6) and White River
near Ducor (Figure 7).

Snowmelt floods are characterized by an increase in runoff
over a period of days or weeks rather than hours as in a rain-
flood and by relatively low peak flows and large volumes of
runoff. The many years of stream flow records collected on
the larger streams in Tulare County for water supply purposes
pProvide an adequate record for hydrologic analysis of snow-
flood runoff.
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HYDROLOGIC ANALYSES

The development of the flood control concepts presented
in the Flood Control Master Plan required that runoff amounts,
both peak flow and volume, be developed for each foothill
drainage area. In addition, precipitation intensity-duration-
frequency analysis and procedures were developed for use in
studying small drainage areas in the foothills and on the
valley floor.

Peak Flow and Volume Analysis

Estimates of maximum flood peak discharge and volume to
be expected for given frequencies or "return periods" are
essential for hydrologic design purposes and economic analyses.
"Return period" is defined as the average interval of time
within which a flood of a given magnitude will be eqgualled or
exceeded once. Because of the short period of available rec-
ord, caution should be exercised in using frequency or return

periods to describe a given historical flood or storm event.

The basic flood hydrology data available were inadequate
for a rigorous solution of discharge frequencies at each re-
quired location by standard methods. Very few of the stations
had continuous records for long-term frequency analysis. Most
records consisted only of peak flows and stages for one or
two major floods. In order to estimate flood peaks and l-day,
2-day, 3-day and b5-day flood volumes for the many drainage
areas affecting Tulare County, a regional flood frequency
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analysis technique, based upon procedures described in USGS
Water Supply Papers 1543-A and 1687, Vol. 2, was utilized.

The objective of a regional flood frequency analysis is to es-
tablish the relationship between normal annual Precipitation

and physical characteristics of drainage areas, so that esti-
mates of flood runoff -- both peak and volume for given return
periods for any watershed in the study area -- can be made.

The drainage areas for which some runoff records were
available and which were used in this regional analysis are:

Station No.
Shown on Plate I Stream Flow Station

1 Kings River above North Fork nr. Trimmer

2 Kings River at Piedra

3 Mill Creek near Piedra

4 Sand Creek near Orange Cove

6 Dry Creek near Lemoncove

7 Dry (Limekiln) Creek near Mouth

9 Middle Fork Kaweah River nr. Potwisha Camp

10 Marble Fork Kaweah River nr. Potwisha Camp
X7 North Fork of Middle Fork Tule River
nr. Springville
20 Tule River near Porterville
22 South Fork Tule River near Success
24 Deer Creek nr. Fountain Springs (Kilbreth)
26 White River near Ducor
27 Kern River near Kernville

Review of the records for these stream flow stations indi-
cate that the period 1943-69 could be used as a base for fre-
quency evaluation. The period of record includes 1943, 1950,
1955, 1966 and 1969, all of which were years of major flooding.
The frequency evaluation was based on the maximum annual peak
discharge for each year of record. Many of the stream gaging
stations did not have continuous records during the base period.

As a result, it was necessary to establish an order of magnitude,
since specific values could not be obtained. Data for individual
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stations were ranked by size of flood and plotted on semi-log

paper against "return period". Return period (Tp) was computed
as follows:

T = (years of record +1)
P rank

Individual magnitude-frequency relationships for the
stream flow stations were then used to develop a regional fre-
quency relationship. First, non-dimensional curves for each
drainage area relating the 25- and 50-year floods to an index
flood were developed. These non-dimensional plots were compared
and an average relationship between the index flood event and
the 25- and 50-year flood event was established for the region.
Index floods were also used to establish the relationship be-
tween flood events and the physical characteristics of the
drainage areas.

Many factors enter into the relationship between flood
peaks, volumes, and physical characteristics of the basin; how-
ever, with limited data it is only possible to utilize a few
factors. After studies of basin characteristics it was deter-
mined that flood peaks could be most effectively related to
drainage area, elevation, basin orientation and normal annual
precipitation; flood volumes (maximum daily volume) could be
most effectively related to drainage area and normal annual
precipitation. The physical characteristics of the basins
(area, elevation and orientation) were taken from 1:250, 000
topographical maps and USGS guadrangle sheets. Normal annual
precipitation was taken from the isohyetal map shown in
Plates II and III. In the development of the relationships
it was assumed that the peak flows would be channelized to
the locations for which flow estimates were required.
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The runoff relationships presented here were adjusted to
conform to the long-term frequency characteristics of the area.
As previously noted, the 1943-69 period contained five major
flood events, which is an exceptionally high number of flood
events compared to runoff records in the area dating back to
1897. A study was made to determine the relationship between
the 1943-69 period and longer periods of record. A frequency
pPlot tor the period 1911-69 was made for the South Fork Tule
River near Success. The 25- and 50-year floods for the long-
term period appeared to be about 70 percent of the flood esti-
mates developed from the 1943-69 data. Similar but smaller
differences were noted on other drainage areas for which long-
term records were available. Therefore, the ratios of the
25- and 50-year floods to the index flood were adjusted to
85 percent of the plotted values in order to make allowance
for length of record in the study period.

Peak Flow and Flood Volume Relationships

The charts expressing the relationship for peak index
flood discharges are shown in Figures 8 and 9. The nomograph
in Figure 8 is used to obtain the peak index flood discharge
for (a) areas greater than 10 square miles, regardless of
normal annual precipitation amount and (b) for areas less than
10 square miles with normal annual Precipitation amounts greater
than 16 inches. The relationships in Figure 9 are used to ob-
tain the peak index flood discharge for areas under 10 square
miles with normal annual pPrecipitation 16 inches or less.

Nomographs and curves providing estimates of l-day, 2-day,
3-day and 5-day flood volume indexes are shown on Figures 10
and ll. Figure 10 is used to obtain the maximum l-day index
flood for (a) areas greater than 10 square miles, regardless
of normal annual precipitation amounts and (b) for areas less
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than 10 square miles with normal annual precipitation amounts
greater than 16 inches. Figure 1l is used to obtain the 2-day,
3-day and 5-day index floods.

The maximum l-day flood volume for areas under 10 square
miles with normal annual precipitation of 16 inches for less is
obtained by multiplying the peak flows derived from Figure 9
by the following percentages:

Drainage Area

Normal Annual Percentage of Peak Flow for
Precipitation 1:25 year 1:50 vear
12" - 16" 18% 19%
10" - 12" 16% 17%
Less than 10" 13% 14%

Procedures for the application of the peak tlow and flood

volume relationships and examples are presented below.
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Procedure to Estimate Peak Flows for:

3 B

(a) Drainage areas greater than 10 square miles,
regardless of normal annual precipitation amount.
(b) Drainage areas less than 10 sguare miles with

normal annual precipitation amounts greater than
16 inches.

Determine drainage area parameters:

a. Drainage area in square miles.

b. Orientation of the principal axis of drainage
basin from headwaters to outlet (for basin
orientation factor see Figure 8).

c. Elevation index, computed as the mean eleva-
tion of two points, one at 10% and the other
at 85% of the channel length measured from the
outflow point of the basin.

d. Normal annual precipitation from isohyetal map
(Plates II and III).

Using the parameters developed in 1, determine the peak
index flood factor from the nomograph in Figure 8.

Multiply this peak index flood factor by the factor
selected from the basin orientation diagram on Figure 8
to obtain the peak index flood discharge value.

Multiply the peak index flood discharge value by the
following values to estimate the magnitude of the
25-, 50- or 1l00-year occurrences:
Index Flood 25-year 50-year 100-year
Peak Flow 4,2 6.0 8.0
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EXAMPLE

Determine peak flows at Sand Creek near Orange Cove for return
periods of 25, 50 and 100 years.

1. Drainage area parameters:

a. Drainage area = 31.6 sqg. mi. (Table 1).

b. Basin orientation factor = 1.2 (Figure 8).
c. Elevation index = 1,050 feet

d. Normal annual precipitation = 18.2 inches

(Plates II and III - Table 1).

2. Peak index flood factor = 530 cfs. (Figure 8).

3. Peak index flood discharge:
53 ects''x 1.2:" ="' 636" cfs.

4. Sand Creek near Orange Cove peak flows:

1:25 yr. peak flow = 636 cfs x 4.2 = 2,671 cfs.
1:50 yr. peak flow = 636 cfs x 6.0 = 3,816 cfs.
1:100 yr. peak flow = 636 cfs x 8.0 = 5,088 cfs.

=2




Procedure to Estimate Peak Flows For Drainage Areas Less than

10 Square Miles with Normal Annual Precipitation 16 Inches or

Less

1 Determine drainage area parameters:
a. Drainage area in square miles.
b. Normal annual precipitation, from isohyetal
map (Plates II and III.

2 Using the parameters developed in l, determine the
peak index flood discharge from Figure 9.

3. Multiply the peak index flood discharge value by the
following values to estimate the magnitude of the
25-and 50-year peak flood occurrence:

Index Flood 25-year S0-year
Peak Flow 4.2 6.0
- .



Determine peak tlows for Granite Hill Drainage at Friant-Kern

EXAMPLE

Canal (Area 4) for return periods of 25 and 50 years.

s

Drainage area parameters:
a. Drainage area = 3.6 sg. mi. (Table 1)

b. Normal annual precipitation = 13.8 inches
(Plates II and II1 - Table 1).

Peak index flood discharge = 90 cfs. (Figure 9)
Granite Hill Drainage at Friant-Kern Canal peak flows:

1:25 yr. peak flow = 90 cfs x 4.2 = 378 cfs.
1:50 yr. peak flow = 90 cfs x 6.0 = 540 cfs.
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Procedure to Estimate 1-, 2-, 3=, and 5-Day Flood Volumes for:

(a) Drainage areas greater than 10 square miles,
regardless of normal annual precipitation
amounts, and

(b) Drainage areas less than 10 square miles with
normal annual precipitation amounts greater
16 inches.

2 B Determine drainage area parameters:
a. Drainage area in square miles.

b. Normal annual precipitation, from isohyetal map
(Plates II and III).

2.4 Using the parameters developed in 1, determine the maximum
l-day index flood from the nomograph in Figure 10.

35 Using the maximum l-day index flood value from 2, determine
the 2-day index flood value, 3-day index flood value, and
S-day index flood value from Figure 11.

4. Multiply the l-day and multiple-day index flood values
by the following figures to estimate the magnitude of the
25-year and 50-year occurrence.

Index Flood 25-year S0-year
l-day S 5.8
2-day 3.4 4.8
3-day 33 4.6
5-day 33 4.6

5. The l-day and multiple-day flood values are total volumes
expressed in second-foot days. To obtain the volumes in
acre feet, multiply the second-foot day values by 1.98.
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EXAMPLE
Determine l-day, 2-day, 3-day and 5-day flood volumes for Sand
Creek near Orange Cove for 25- and 50-year return periods.
1. Drainage area parameters:
a. Drainage area = 31.6 sqg. mi. (Table 1)
b. Normal annual precipitation = 18.2 inches
(Plates II and I1II - Table 1)
i Maximum l-day index flood = 205 second-foot days (sfd) (Figure 10).
s Multiple-day index flood values (Figure 11)
2-day index flood = 270 sfd
3-day index flood = 330 sfd
5-day index flood = 400 sfd

4, Sand Creek near Orange Cove flood volumes (second-foot days):

1:25 Year Flood Volume

l-day flood volume (205 sfd) (3.5) = 718 sfd
2-day flood volume (270 sfd) (3.4) = 918 sfd
3-day flood volume (330 sfd) (3.3) = 1089 sfd
5-day flood volume (400 sfd) (3.3) = 1320 sfd
1:50 Year Flood Volume
l-day flood volume (205 sfd) (5.2) = 1066 sfd
2-day flood volume (270 sfd) (4.8) = 1296 sfd
3-day flood volume (330 sfd) (4.6) = 1518 sfd
5-day flood volume (400 sfd) (4.6) = 1840 sfd

5. Sand Creek near Orange Cove flood volumes (acre feet):

Flood Volume

1:25 year 1:50 year

l-day 1,420 af 2,110 af

2-day 1,820 at 2,560 af

3-day 2,160 af 3,000 af

5-day 2,620 af 3,640 at
~31e




Procedure to Estimate Flood Volumes for Areas Less than 10

Square Miles with Normal Annual Precipitation 16 Inches or

Less

p 1 Determine peak flow for the required return periods by
following procedure on page 28,

r & Multiply the peak flows by the following percentages
to obtain the maximum l-day flood volume:

Drainage Area

Normal Annual Percentage of Peak Flow For
Precipitation 1:25 year 1:50 vear
12"-16" 18% 19%
lo0"-12" 16% 17%

Less than 10" 13% 14%

3. Maximum l-day flood volumes from 2 are expressed in
second-foot days. To obtain the volumes in acre feet,
multiply the second-foot day values by 1.98.
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EXAMPLE

Determine the l-day flood volumes for Granite Hill Drainage at

Friant-Kern Canal for 25- and 50-year return periods.

i Peak flows (page 29)
1:25 year = 378 cfs
1:50 year = 540 cfs

i Granite Hill Drainage at Friant-Kern Canal maximum l-day
tlood volumes (second toot days)
(Normal annual precipitation = 13.8")

(378 cfs) (0.18) 68 sfd
(540 cfs) (0.19) =102 sfd

1:25 year

]

1:50 year

3% Granite Hill Drainage at Friant-Kern Canal maximum l-day
flood volumes (acre feet).

(68 sfd) (1.98) = 135 af
(102 sfd) (1.98)= 202 af

1:25 year

]

1:50 year
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Precipitation Intensity - Duration - Fregquency Relationship

Relationships for estimating precipitation intensities
(Figures 12 and 13) for return periods of 2 to 100 years and
duration of ten minutes to six hours in areas of Tulare County
below elevation 2,000 feet were developed from hydrologic
analysis of available data and studies of the U. S. Weather

Bureau and the California Department of Water Resources.

Precipitation amounts derived from the intensity-duration-
frequency relationship represent maximum hour amounts (as dis-
tinguished from clock-hour amounts) and a partial duration
series (as distinguished from an annual series). The maximum
hour is the maximum 60-minute period, rather than the single
maximum clock hour of the 24-hour day. A partial duration
series represents all events during the period of record; an
annual series represents only the maximum event of each year.
Although the relationships were developed from clock-hour and
annual series data, they were adjusted to maximum hour and
partial duration series through procedures described in U. S.
Weather Bureau Technical Bulletins 24, 25 and 28.

Although the intensity - duration - frequency relationship
presented here can be applied to larger drainage areas, its
Primary tunction is in the determination of flood runoff trom

drainage areas less than one sguare mile in size.
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Procedure to Estimate Precipitation Intensities at Any Loca-

tion for Return Period of 2 to 100 Years and Durations of

10 Minutes to 6 Hours

1. Determine normal annual precipitation at the site from
isohyetal map (Plates II or III).

2. Using Figure 12 and the normal annual Precipitation from
l, determine the one-hour precipitation intensity for
the desired return period.

3. Using Figure 13, determine the intensity factor for the
desired duration using the normal annual precipitation

amount from 1.

4. Multiply the one-hour precipitation intensity value by
the intensity factor from 3. The product is the precip-
itation rate in inches per hour for the desired frequency

and duration.

5. To obtain total precipitation in inches, multiply the
precipitation rate (from 4) by the duration in hours.
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Determine for a location adjacent to McKays Point control struc-

EXAMPLE

ture the total rainfall that would be expected to occur for a

duration of 30 minutes (1/2 hour) on the average of once in
25 years.

l.

Normal annual precipitation = 13.1 inches (Plates 1I or III).

One-hour precipitation intensity for return period of
once in 25 years = 0.96 inches per hour (Figure 12).

Intensity tactor tor 30 minutes (1/2 hour) = l.5>
(Figure 13)

Precipitation rate that 1is expected to occur for 30 min-
utes on the average of once in 25 years = 0.96" x 1l.55 =
1.49 inches per hour.

Total precipitation expected to occur in 30 minutes on
the average of once in 25 years = 1.49 in./hr. x 1/2 hr.
0.75 inches.
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STREAM GAGING STATION HISTORIES

The following are station histories for foothill gaging
stations in Tulare County shown on Plate I. The stream gaging
station numbers are those listed in Table 7.

Sand Creek nr. Orange Cove (Stream Gaging Station No. 4)
Location: NW% Section 15, T15S, R25E, MDB&M, on right

bank 3.8 miles east of Orange Cove.

Drainage area: 31.6 square miles

Record: Station was installed by USBR in 1943. USGS
operated station and published record 1944-1954. USBR operated
1954-1967; unpublished records available in USBR files. From
1968 to 1971 recorder operated by Kaweah Delta Water Conserva—
tion District (KDWCD); however, no analysis made of record.
USGS reactivated station in February 1971 under a cooperative
agreement with Tulare County.

Cottonwood Creek above Highway 65 (69) (Stream Gaging Station No. 5)

Location: NE% Section 14, T16S, R26E, MDB&M, on right

bank about one mile upstream from bridge on
Highway 69 (formerly 65) over Cottonwood Creek.

Drainage area: 52.2 square miles.

Record: Station installed in 1956 by USBR. Unpublished
1956-1967 records available in USBR files. From 1968-1971 re-
corder operated by KDWCD; however, no analysis made of record.

USGS relocated station to Highway 69 bridge over Cottonwood Creek

in February 1971 under a cooperative program with Tulare County.
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Dry Creek nr. Lemoncove (Stream Gaging Station No. 6a)
Location: SE% Section 15, T17S, R27E, MDB&M, on right

bank 0.5 mile downstream from Bequette Canyon
and 4.4 miles north of Lemoncove.
Drainage area: 75.6 square miles.
Record: Station installed at present location in 1969.
Gage previously installed in 1959 in NWk Section 26, T17S,
R27E (Station No. 6); drainage area 80.4 square miles. USGS
operates station and publishes record.

Dry (Limekiln) Creek nr. Mouth (Stream Gaging Station No. 7)
Location: SW4% Section 26, T17S, R27E, MDB&M, on right
bank approximately 4,500 feet upstream from
confluence with Kaweah River.
Drainage area: 82 sqguare miles.
Record: Station installed in 1943 by USBR. Unpublished
records are available in USBR files for 1943-1954.

Yokohl Creek East of Exeter (Stream Gaging Station No. 8)
Location: NW4 Section 23, T19S, R27E, MDB&M, on left
bank approximately 8 miles east of Exeter at
a point 200 feet upstream from County bridge.
Drainage area: 75 square miles.
Record: Station installed in 1962 by USBR. Unpublished
records available in USBR files. Station destroyed by flood
runoff on December 6, 1966.
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Deer Creek nr. Fountain Springs (Kilbreth) (Stream Gaging
Station No. 24)

Location: NE% Section 10, T23S, R29E, MDB&M, on left
bank 1.0 mile upstream from Pothole Creek,
6.3 miles northeast of Fountain Springs.

Drainage area: 83.3 square miles.l/

Record: Station installed in 1919 for Terra Bella Irri-
gation District. Operated and record maintained for water
supply purposes by Althouse-Strauss Engineering Services (and
predecessors) until 1966. Peak flow data not available during
period 1919-1966; however, maximum 1943 peak estimated by
Althouse. USGS reactivated station in 1968.

Deer Creek at Hungry Hollow (Stream Gaging Station No. 25)
Location: NW4 Section 22, T22S, R28E, MDBSM, on left
bank 5 miles east and 2 miles north of
Terra Bella.
Drainage area: 124 square miles
Record: Station installed in 1962 by USBR. Unpublished
records 1962-1967 available in USBR files.

White River nr. Ducor (Stream Gaging Station No. 26)
Location: NE¥% Section 27, T24S, R28E, MDB&M, on right
bank 500 feet downstream from bridge at
Gilliam Ranch, 3 miles downstream from Coho
Creek and 8 miles southeast of Ducor.

Drainage area: 92.9 square miles.

Record: Station established by USGS in 1942. USGS oper-
ated station and published record 1942-1953. Station operated
during 1954 by USBR; unpublished record available in USBR files.
Operated by Delano-Earlimart Irrigation District 1954-1958:
recorder charts available in District's files; however, no
analysis made of record by District. Operated by USBR 1959-
1967; unpublished records available in USBR files. USGS re-
activated station in February 1971 under a cooperative agree-
ment with Tulare County. New station located approximately 300
feet upstream from old station.

sl ]

1/ 67.0 square miles published by USGS in 1967-68 -- corrected
in 1968-69 WSP.







DEID
DWR
JGB
KDWCD
KRWA
PC
SCE
SDF
UCF
USBR
USCE
USFS
USGS
USWB

ABBREVIATIONS USED IN APPENDIX

Delano Earlimart Irrigation District
California Department of Water Resources
J. G. Boswell Co.

Kaweah Delta Water Conservation District
Kings River Water Association

Private Cooperators

Southern California Edison Company

State Division of Forestry

University of California Forestry, Berkeley
U. S. Bureau of Reclamation

. Corps of Engineers

Forest Service

. Geological Survey
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uU.
U.
U
U.

Weather Bureau







TABLE NO. 1

DRAINAGE AREAS
and
NORMAL ANNUAL PRECIPITATION AMOUNTS

No.
Shown Drain-
on age
Plate Area
No. I Drainage Area Designation (Sg.Mi.)
1 Mill Creek nr. Piedra Y27
2 Wahtoke Creek at Friant-Kern Canal (FK) 41.5
3 Citrus Cove Drainage at FK 8.3
4 Granite Hill Drainage at FK 3.6
5 Surprise Creek at FK 2.3
6 Hills Valley Creek at FK 10.7
7 Wooten Creek at FK 11.3
8 Orange Cove Drainage at FK Fel
9 Sand Creek at FK 38.8
10 Sand Creek nr. Orange Cove 31.6
Il Curtis Mtn. Drainage at FK 1.0
12 Negro Creek at FK 5.3
13 Avenue 424 Drainage at FK 0.7
14 Long Creek at FK 1k.2
15 Avenue 416 Drainage at FK 8.4
16 Stokes Mountain-West Drainage at FK 1.3
17 Stokes Mountain-South Drainage into FK 1.8
18 Stone Corral Canyon Drainage at FK 2¢7
19 Road 180 Drainage at FK 1=0
20 Avenue 384 Drainage at FK 233
21 Colvin Mountain Drainage into FK 2.4
22 Cottonwood Creek at FK 88.1
23 Cottonwood Creek at Elderwood 83.4
24 Cottonwood Creek above Highway 65 (69) $2.2
a5 Antelope Creek at Woodlake 2047
26 Antelope Mountain-Woodlake Drainage
at Bravo Lake 3'01/
27 Dry Creek nr. Lemoncove 80.4
28 Kaweah River at Terminus Dam 561
29 Mehrten Creek at Foothill Ditch 19.0
30 Yokohl Creek at Hamilton Ranch 70.6

Y Station moved upstream 1969, draimge area 75.6 sqg. mi.

Normal
Annual
Precip-
itation

{Inches)

24.7
15.4
14.3
13.8
13.8

15.6
15.2
Y37
17.4
18.2

13.2
14.1
i
15.4
L3S

12.4
12.6
13.4
13.4
13.¢

12.4
18.4
18.8
20.9
14.3

13 .2
23.4
36.7
13.8
17.5






' T-1
| Continued
I TABLE NO. 1 (Continued)
l DRAINAGE AREAS
and
l NORMAL ANNUAL PRECIPITATION AMOUNTS
No. Normal
Shown Drain- Annual
l on age Precip-
Plate Area itation
No. I Drainage Area Designation (Sg.Mi.) (Inches)
I 31 Lewis Creek nr. Strathmore 18.3 15.9
32 Lewis Creek at Road 236 32.) 14.7
33 Frazier Creek 1/2 mile East of Road 256 18.1 12.9
I 34 Lewis Hill Drainage at Porterville 3.6 10.8
35 Rocky Hill Drainage at Porter Slough 7.9 138
I 36 Tule River at Success Dam 391 28.4
37 Deer Creek at Hungry Hollow 124 22.2
38 Deer Creek nr. Fountain Springs (Kilbreth) 83.3 25.7
l 39 Fountain Springs North Drainage at
Deer Creek 19.3 11.1
40 Fountain Springs Gulch at Deer Creek 35.0 11.8
l 41 Terra Bella-Ducor Drainage at FK 16.9 9.4
' 42 Ducor East Drainage at SPRR 13:9 9.9
43 White River nr. Vestal 120 15.1
I 44 White River nr. Ducor 92.9 16.5
45 Orris East Drainage at SPRR 1.8 8.9
I 46 Vestal East Drainage at SPRR 7.8 8.8
47 Vestal Southeast Drainage at SPRR 2.6 8.3
48 Richgrove East Drainage at SPRR 28.4 2.0
49 Rag Gulch at SPRR 138 11.4
l 50 Rag Gulch nr. Villard Ranch iy i B 12.4
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FIGURE 4
TULARE COUNTY FLOOD CONTROL DISTRICT FLOOD CONTROL MASTER PLAN—HYDROLOGY APPENDIX
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TULARE COUNTY FLOOD CONTROL DISTRICT

FIGURE 5
FLOOD CONTROL MASTER PLAN— HYDROLOGY APPENDIX
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I FIGURE 9
TULARE COUNTY FLOOD CONTROL DISTRICT FLOOD CONTROL MASTER PLAN — HYDROLOGY APPENDIX
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TULARE COUNTY FLOOD CONTROL DISTRICT
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EXAMPLE

Station: Sand Creek near Orange Cove

Drainage Area: 31.6 sq. mi.
Normal Annual Precipitation: 18.2 in.

From Nomograph:

Maximum One-Day Index Flood= 205 SFD

FIGURE |0

FLOOD CONTROL MASTER PLAN—HYDROLOGY APPENDIX
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FIGURE I

FLOOD CONTROL MASTER PLAN—HYDROLOGY APPENDIX
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