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SOURCES OF DATA

Each gaging station and periodic-measurement mis-
cellaneous site was given a designation based on the
stream name and the number of sites upstream from
the mouth (fig. 1). The station or miscellaneous site
number, period of record, and drainage area are given
in table 1. Ground-water levels were monitored at
four observation sites near Cottonwood Creek and
South Fork Cottonwood Creek (figs. 1 and 2). Water-
level data for the wells at these sites are presented in
Johnson and others (1989). The only interbasin trans-
fer to Cottonwood Creek is by the Anderson-
Cottonwood Irrigation District Canal (fig. 1), which
delivers an average of about 18,000 acre ft/mo to the
basin during the irrigation season (March through
September) (Anderson and others, 1990).

CONTINUOUS RECORDS AT GAGING STATIONS

Continuous streamflow records are available for
five U.S. Geological Survey gaging stations operated
through the 1985 water year (Fogelman and others,
1984, 1985, 1986; and Mullen and others, 1987) and
one gaging station discontinued in 1978 that was
operated by California Department of Water
Resources (table 1). Three gaging stations were
operated during water year 1986. A water year
begins October 1 and ends September 30; for exam-
ple, the 1985 water year ended September 30, 1985.

Records for the gaging station at South Fork
Cottonwood Creek near Cottonwood (S14) were not
used in the analysis of low-flow characteristics
because data collected by the California Department
of Water Resources were not readily available for
analysis. The stations, Cottonwood Creek above
South Fork Cottonwood Creek, near Cottonwood
(C12) and South Fork Cottonwood Creek at Ever-
green Road, near Cottonwood (S1), were established
in 1982 as part of this study.

PERIODIC MEASUREMENTS AT
MISCELLANEOUS SITES

Beginning in May 1982 and continuing through
1985, about 30 periodic measurements of inflow
(table 2) were made about once a month at miscel-
laneous sites on Cottonwood Creek, South Fork
Cottonwood Creek, and their tributaries. The criteria
for selecting miscellaneous sites included (1) locations
at the mouths of tributaries to determine surface
inflow, (2) locations on Cottonwood Creek or South
Fork Cottonwood Creek to define those reaches
between sites that had large gains (inflow) or losses
(outflow), and (3) easy access. Measurements made
during the winter were timed to avoid peak-flow
conditions because (1) data indicating winter low-flow
conditions in a reach were needed to compare changes
in flow regime with gains or losses that occurred
during the summer, and (2) wading measurements
could not be made during high flows at many sites.
These miscellaneous sites were selected so gaining
and losing reaches could be identified, and tributary
inflow could be measured at the mouths of all tribu-
taries. During the summer when precipitation was
low, the tributaries dried up and streamflow was
composed of inflow from the upstream reaches,
discharge from the ground-water system (base flow),
or a combination of base flow and seepage from irri-
gated fields and irrigation canals. The interaction of
surface water with base flow was estimated by
deducting tributary inflow into each reach.

Most precipitation falls during the winter; how-
ever, streamflow measurements at miscellaneous sites
during this period were timed to lag peak flows by
several days. Therefore, streamflows measured during
the winter at miscellaneous sites represent higher
base flow due to elevated ground-water levels, subse-
quent increased base flow to streams, and some
inflow from tributaries. Data from high and low
base-flow periods were used to describe the seasonal
interaction of surface and ground water within each
reach.
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Table 1. Gaging stations and periodic-measurement sites in ﬂhe Cottonwood Creek basin

[Location shown in figure 1. Information in parentheses following statjon name indicates continuous U.S. Geological
Survey gaging station number, period of record, and drainage area. mi“, square mile]

Station or site name Site No.

Cottonwood Creek

Cottonwood Creek at MOUth . . . ... i i e ittt C1
Patterson Creek on JB. Ranch . .. ... ... .. i i i ittt inne i inennr ey C2
Cottonwood Creek near Cottonwood (11376000, 10-1-40 to present; 92 ' mi ) ....................... C3
Cottonwood Creek above POWeErlines . .. ... . ittt ettt C4
Tributary at Holiday Ranch . .. ... ... . . i i i i e ettt it e iia e e e Cs
Tributary above Interstate Highway S,onleftbank ............. . ... . i, Ce6
DitchNo. 1l at Clark Ranch . . . ... .. it it ittt ettt naanns C7
DitchNo.2atClark Ranch . . . ... ... . i it ittt teneaanacteeraannnanss C8
Hooker Creek at Draper Road . .. ... .. oottt ittt ittt it ittt eeteeiiaaneraananann Co
Cottonwood Creek below South Fork . ... ... .. i i i it i it it eieeennnnn C10
Tributary at South Fork Cottonwood Creek,onleftbank ............... ... .. .., C11
Cottonwood Creek above South Fork Com&nwood Creek, near Cottonwood

(11375815, 6-22-82 t0 9-30-85; 478 mi) ................... TP C12
Tributary at Moore Ranch (Gas Point Road) ........... ... . ittt iiiiiaeannnnn, C13
Evergreen Road Creeks, NOS. 1-4 . .. . ... ittt et e et e et iiaaaaeans Ci4
Cottonwood Creek at Joanne Lane . .. ...............c....... } ............................ Ci15
Little Dry Creek at Peterson Ranch . ........................ e e e C16
Dry Creek below Steele Ranch . ........................... R C17
Cottonwood Creek at Steele Ranch . ... ... ... .ttt ittt it tiennannnennnnnn C18
Antelope Creek at Meadow Oak Lane ....................... e it e C19
Tributary at Ponder Way . .. ... .. i i i i e e e e et C20
Tributary at Mansee Drive . ............c.0iiiiiiinennnnnng Lottt ettt et e e, C21
Cottonwood Creek near Olinda (11375810, 8-16-71 1o present; 395 mi2) . . .. ..o oo c22
Tributary at Corkscrew Ranch,onrightbank .......... ... ..ottt i iinineninennnnn. C23
DutchGulchat Gas Point Road . . . ... ...ttt i it i i ittt entein s C24

South Fork Cottonwood Creek

South Fork Cottonwood Creek at Evergree) 51 Road, near Cottonwood |

(11375900, 6-22-82 10 9-30-85; 397 Mi“) . .. ... v it ittt i i e e e S1
South Fork Cottonwood Creek near Bowman StOT€ . .. ........cuuulieninit e iinnnnnneeennnens S2
Tributary at Bowman Store . . ..........cotiitnntnr ittt DIV S3
Eighmy Road Creeks, Nos. 1-6 . .............ccoiivinunnnn.. e e et S4
PineCreekatBowmanRoad ... .............. ..., e et et S5
South Fork Cottonwood Creek above Pine Creek . ............... £t et e e e S6
Mitchell GulchatBowman Hall ........................... }' ............................ S7
Tributary below Shelter Haven Court . .. ... .. ... .. ... . ittt i, S8
Tributary below Farquhar Road, on left bank of South Fork Cottonwood Creek ...................... S9
Tributary at Farquhar Road, on left bank of South Fork Cottonwood Creek ......................... S10
South Fork Cottonwood Creek at FarquharRoad . ............... ....... R EEEEE R S11
South Fork Cottonwood Creek near Olinda (11375870, 11-1-76 to present; 371 mi“) . .............o.... S12
Dry CreeknearOlinda ......................... oo e et ienenn PXEREEREERERRRE S13
South Fork Cottonwood Creek near Cottonwood (11375820°, 10-1-62 to 9-30-78; 217 mi“) . ... .......... S14
South Fork Cottonwood Creek at Highway 36 . ... .. ... ... ittt ittt S15

See footnote at end of table. |
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Table 1. Gaging stations and periodic-measurement sites in the Cottonwood Creek basin—-Confinued

Station or site name Site No.
South Fork Cottonwood Creek--Continued
South Fork Cottonwood Creek below Wildhide Gulch . ... ... . ittt ittt ittt ennans S16
Wildhide GUICH . . .t ittt it et ettt it estees et esnnesneenneseeseaennasosennans S17
Red Bank GuUICh ... ittt ittt ittt i tee s seaeseeeeaseeesnnoesnsasanonsnssanns Si8
Unnamed tribUtAry . ... ... .0ttt ittt ittt ittt ettt it e S19
Cold Fork at Vestal ROAA . ...t i ittt it ittt ittt teteeenonsoeesosneaensossnensnasnsnss S20
South Fork Cottonwood Creek at Vestal Road . . .. .. vt vt it i i ittt i it ieroonsoennsonnnans S21
Middle Fork Cottonwood Creek

Middle Fork Cottonwood Creek above North Fork Cottonwood Creek ....... M1

Middle Fork Cottonwood Creek near Ono (11374400, 1956-75, 1977-79; 249 mi2) . ..o M2

Middle Fork Cottonwood Creek above Hightower Gulch . ......... .. . it ian, M3
Middle Fork Cottonwood Creek below Wiley Flat Gulch . ......... ... ... ... . i, M4
Middle Fork Cottonwood Creek near Chickabally Mountain ...............c0ittinuinnnnnnnrenns M5
North Fork Cottonwood Creek
(0 (03 2 s ()< N1
North Fork Cottonwood Creek above Crow CreeK . ..o v vt vttt ittt ettt e ittt taeennesnannenens N2
North Fork Cottonwood Creek at Gas Point . ................ Bt N3
North Fork Cottonwood Creek near Igo (11375700, 1956-80; 88.7mi“) . ............civvennen.... N4
North Fork Cottonwood Creek below Huling Creek .. ... oottt ittt it iinnenonnnnnnns N5
Huling Creek at North Fork Cottonwood Creek . ....... ..ttt ittt i iiirieeenennnnnnns N6
North Fork Cottonwood Creek below Bee Creek . ... .. ittt it ittt et ti i enennn N7
Eagle Creek (discontinued 6-1-84) . .. ... .. ..ttt ittt ittt iintineenananneeenns N8
North Fork Cottonwood Creek below Rector Creek . ... oo v it ittt it ittt ettt etetneennnn N9

1Gaging station operated by California Department of Water Resources.

Surface-water inflow from tributaries in the study
reaches was measured at various times throughout the
year. The average inflow ranged from 0 to 4.7 per-
cent of the main-channel flow at the gaging stations
for the study reaches (table 2). These data also
indicate that, as a percentage of the flows in reach
S12 to S1 on South Fork Cottonwood Creek, inflow
is negligible for summer and winter. For reach C22
to C12, Cottonwood Creek above South Fork Cotton-
wood Creek, the similar percentages of inflow for
summer and winter, 4.6 and 4.7 percent (table 2) are
related to consistently proportional amounts of natural
inflow from tributary streams. The high rate of
inflow (4.1 percent) for summer, compared with the
1.8 percent for winter in reach (C12+S1) to C3,
Cottonwood Creek above South Fork Cottonwood
Creek, near Cottonwood, plus South Fork Cottonwood
Creek at Evergreen Road, near Cottonwood, to
Cottonwood Creek near Cottonwood (table 2), is

attributed to return flow from the Anderson-
Cottonwood Irrigation District Canal and infiltration
of ground water originally applied as irrigation water
upslope from the reach.

STREAMFLOW GAINS AND LOSSES

In this report, a gaining reach is defined as one in
which the flow increases in a downstream direction as
a result of in-channel flow, tributary inflow, ground-
water inflow, or precipitation. A losing reach,
defined as one in which the flow decreases in a
downstream direction, is when a stream is subject to
high rates of evapotranspiration or is contributing to
ground water. As such, flow gains and losses in a
reach represent the net effect of all hydrologic factors
affecting flow.

Streamflow Gains and Losses 7



MONTHLY FLOW DATA

The seasonal variation of flow gains and losses
throughout the study area was determined by using
monthly flow data obtained at gaging stations C3,
C12, C22, S1, and S12 (fig. 1). The seasonal varia-
tion of monthly flow at station C3, Cottonwood
Creek near Cottonwood (table 3), isindicative of the

combined effect of in-channel flow, precipitation,
evapo%anspiration, tributary inflow, and ground-water
inflow/outflow measured in the study reaches.
To.evaluate the cumulative effects on streamflow
of irrigation-return flow (drains), irrigation diversions,
canal seepage, and evapotranspiration, each year was
divided into summer and winter seasons. Low flow

Table 2. Surface-water inflow for selected reaches of Cottonwood Creek

[Location shown in figure 1. Site names given in tgable 1. Average flow at gaging station coincides with time when

periodic measurements of tributaries were made; f

/s, cubic foot per second]

Site Average Number of Average inflow Percentage of
Season No ﬂ‘gw periodic measurements in rgach average flow at
: (fto/s) at sites injreach (ft/s) gaging station
Reach C22 to C12
Annual C22 885 33 27.1 3.1
Summer C22 271 17 12.5 4.6
Winter Cc22 912 16 426 4.7
Reach S12 to S1 }
Annual S12 206 39 38 18
Summer S12 100 18 .00 .00
Winter S12 296 21 )| 24
Reach (C12+S1) to C3
Annual C3 1,010 26 25.1 2.5
Summer C3 584 14 1237 4.1
Winter c3 1,510 12 6.8 18

lEquals 1,410 acre-feet per month.
quuals 1,600 acre-feet per month.

|
|
I
,

|

Table 3. Seasonal variation of flow at gaging station Coﬁo@ood Creek near Cottonwood (C3)

[Location shown in figure 1. Average annual flow 1940-85, 54,000 acre-feet per month; average flow, winter season
(November-April 1982-85), 137,000 acre-feet per month; average flow, [summer season (May-October 1982-85), 19,400

acre-feet per month. Values are in thousands of acre-feet]

V;:;f’ Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept Annual
1982 906 888 241 136 153 143 162 524 226 129 636 679 1034
1983 105 364 153 278 398 662 183 150 509 225 104 976 1964
1984 117 100 334 878 48 485 342 221 851 510 408 582 409
1985 886 109 67 258 339 276 375 152 837 356 310 494 345

|
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generally occurred during the summer (May through
October), and high flow occurred during the winter
(November through April). During some winters,
low-flow conditions did occur, such as those meas-
ured January 8, 1983, and January 16, 1985. Average
flows at gaging station C3 during the winter for
1982-85 were 137,000 acre-ft/mo; average flows
during the summer were 19,400 acre-ft/mo (table 3).

Regression equations for estimating average
monthly flow for various reaches and seasons, based
on streamflow data for gaging stations in Cottonwood
Creek basin (table 1), are given in table 4. At gaging
station C12, Cottonwood Creek above South Fork,
near Cottonwood, only 8 months of data could be
obtained during periods of high flow that occur
during winter months of November through April for
most years. In the development of these regression
equations, data for the upstream gaging station were
considered the independent variable, and data for the

downstream gaging station were the dependent vari-
able. Flow data for gaging stations C22 and S12
were used to estimate flow for periods of missing
record at gaging stations C12 and S1.

The regression equations in table 4 were used to
estimate the average monthly flow during periods of
missing record at gaging stations at the downstream
ends of the reaches. Because these regression
equations were developed on the basis of streamflow
characteristics for present basin conditions, any
changes in the basin, such as reservoir construction,
will alter the historical flow regime. As such, the
regression equations in table 4 could be compared
with new regression equations that may be derived on
the basis of newly altered basin conditions. However,
a comparison of this type requires that the changes in
flow regime for the altered basin be larger than the
errors inherent in the regression analyses.

Table 4. Regression equations for estimating average monthly flows at gaging stations in the Cottonwood

Creek basin for various seasons

[Location shown in figure 1. acre-ft/mo, acre-foot per month]

Reach Regression equation Numrr(;:g:l'sof _ Flow (acre tymo) g&?ﬁlgggz
Maximum Minimum r? (percent)
Annual
C22 10 C12 C12 = -389+1.06 C22 28 60,000 673 99.7
S12 to S1 S1 = -1,632+1.16 S12 39 199,000 1 99.5
(C12481) to C3 (C12+81) = -4,216+0.918 C3 28 109,000 3,560 99.3
Summer season (May-October)
C22 0 C12 C12 = 12440931 C22 20 23,800 673 99.2
S12 to S1 S1 = -8.71+0.903 S12 21 56,900 1 99.9
(C12+S1) to C3 (C12+81) = -3,772+0.918 C3 20 50,900 3,560 98.7
Winter season (November-April)
C22 w0 C12 C12 = -1,160+1.09 C22 8 60,000 15,400 99.7
S12 to S1 S1 =-2,388+1.18 S12 18 199,000 7,030 99.6
(C12+S1) to C3 (C12+S1) = -2,522+0.965 C3 8 109,800 25,900 98.9

Streamflow Gains and Losses ¢



Regression equations in table 4 indicate that
variability of flow gains and losses in study reaches
- is highly dependent on the season and discharge. The
reach downstream from the mouth of South Fork
Cottonwood Creek [reach (C12+S1) to C3, curve A,
fig. 3] is a gaining stream throughout the year on the
basis of average annual flows. The reaches upstream
from the mouth of South Fork Cottonwood Creek
~ (reach C22 to C12, curve B, and reach S12 to Sl1,
curve C) indicate flow losses when flows are less than
about 10,000 acre-ft/mo (fig. 3).

A summary of flow gains and losses by month for
the reaches from Cottonwood Creek near Olinda
(C22) to Cottonwood Creek above South Fork, near
Cottonwood (C12), from South Fork Cottonwood
Creek near Olinda (S12) to South Fork Cottonwood
Creek at Evergreen Road, near Cottonwood (S1), and
from the confluence of Cottonwood Creek and South
Fork Cottonwood Creek (C12+S1) to Cottonwood
Creek near Cottonwood (C3) is shown in table 5.
The data indicate that the reaches Cottonwood Creek
above South Fork (C22 to C12) and South Fork
Cottonwood Creek above the mouth (S12 to S1) both
gain and lose flow, depending on the season. Only
the lower reach of Cottonwood Creek [(C12+S1) to
C3] consistently indicates a flow gain.

100,000 T T T T T T T T

[ C3, Cottonwood Creek near Cottonwood
[ C12, Cottonwood Creek above South Fork
- Cottonwood Creek, near Cottonwood

C22, Cottonwood Creek near Olinda

S1, South Fork Cottonwood Creek at

Evergreen Road, near Cottonwood
$12, South Fork Cottonwood Creek
near Olinda

L3 1ty

10,000

TTYTTTT—

CURVEA—"
| (C12451) -4,216+0.918 C3

1 L4 1

STATIONS S1, C12, AND (C12+S1)
3
3

FLOW, IN ACRE-FEET PER MONTH, AT GAGING

F o 3
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FLOW, IN ACRE-FEET PER MONTH, AT GAGING
STATIONS C22, S12, AND C3

Figure 3. Relation of monthly flow gains and
losses for selected reaches of Cottonwood Creek
as a function of average annual flows.

Flow gains based on data for 1982-85 in reach
C22 to Cl12 (table S) show averages of
1,497 acre-ft/mo for the winter months (November
through April and using 1985 water-year data for
Novem$er through February). In the summer months
(May through October), the stream loses an average
of 181 acre-ft/mo, based on data for 1982-85.

On the basis of data for 1982-85, average gains
for reach S12 to S1 were 5,960 acre-ft/mo during the
winter months (most of this gain is attributed to
runoff, ' precipitation, and tributary inflow) and
average losses were 726 acre-ft/mo during the
summeT months. In this reach, gains and losses
during |both seasons are highly dependent on the
magnitude of streamflow.

FO;L the reach downstream from the mouth of
South Fork Cottonwood Creek [(C12+S1) to C3], the
stream gains an average of 4,670 acre-ft/mo during
the year (using monthly data for November through
February for the 1985 water year). The relations of
monthly flow gains and losses for summer and winter
seasons in the reach downstream from the mouth of
South Fork Cottonwood Creek (C12+S1 to C3) are
shown in figure 4. These curves are based on regres-
sion equations given in table 4. The apparent
increase in inflow during the summer (fig. 4)
compared with the winter, which is usually affected
by inflow from tributaries, is attributed to irrigation
return flow from the Anderson-Cottonwood Irrigation
District Canal (fig. 1) during the summer.

DAILY FLOW DATA

The relations of flow gains and losses for selected
reaches using mean daily discharge (table 6) were
determined by regression analyses based on annual,
summer, and winter seasons. The resulting regression
equations with correlation coefficients averaging
98 percent are given in table 6 and are shown in
graphi¢ form in figures 5 through 7.

The flow curves in figure 5 for the reach between
gaging stations Cottonwood Creek near Olinda (C22)
and Cottonwood Creek above South Fork Cottonwood
Creek, near Cottonwood (C12) indicate that the flow
gains or losses throughout the reach do not vary more
than about 3 percent of the gaging station flow,
regardless of the discharge or season.

10 Streamfiow Gains and Losses and Selected Flow Characteristics of Colionwood Creek, North-Centrai California



Table 5. Flow gains and losses for selected reaches of Cottonwood Creek

[Location shown in figure 1. Values in thousands of acre-feet. Gains are positive; losses are negative. --, no data]

Water

year Oct. Nov. Dec.  Jan. Feb. Mar. Apr. May ane July Aug.  Sept.
Reach C22 to C12
1982 - - - - - -- - - - 0.340  -0.030 -0.150
1983 -0.360 - -- - - - - - -144  -1.990 -320 .350
1984 .230 - - - - -0.210 0.11 -0.23 020 -.030 -106  -.110
1985 -.040 4.60 209 062 088 45 1.23 49 12 -122 -236 .00
Average -0.057 - - - - 0.12 0.67 0.13  -0433 -0451 _-0.173 0.022
Average annual loss, 668 acre-feet per month; average gain, winter season, 1,497 acre-feet per month; average loss,
summer season, 181 acre-feet per month.
Reach S12 to S1
1982 -- - - - - - -- - - 043 -0.112 -0.160
1983 -0.29 -0.45 7.83 24.1 16.90  29.50 227 532 329 -.81 -51 -.200
1984 -040 116 17.6 55 .94 1.37 -77 -52 -51 -439 -064  .001
1985 -531 437 -1.19 -1.62 -67 -1.86 -3.24 -51 -46 -.106 .00 -.148
Average -0.287 5.17 808 768 572 9.67 -0.58 -2.12  -142 -0231 -0.172 -0.127

Average annual loss, 2,620 acre-feet per month; average gain, winter season, 5,960 acre-feet per month; average loss,

summer season, 726 acre-feet per month.

Reach (C12+S1) to C3

1982 - - - - -
1983 584 - - - -
1984  6.65 - - - -
1985  6.05 539 9.9 439 259

Average 6.18

-0.51
2.84
1.16

- - - 4.58 430 5.81
- - 710 7.40 429 47
5.85 5.24 200 34 325 4.56
3.88 4.48 442 294 266 3.60
4.86 4.86 451 459 362 467

Average annual gain, 4,670 acre-feet per month; average gain, winter season, not determined;

average gain, summer season, 4,738 acre-feet per month.

Flow gain-and-loss curves for the reach between
South Fork Cottonwood Creek near Olinda (S12) and
South Fork Cottonwood Creek at Evergreen Road,
near Cottonwood (S1) (fig. 6) indicate that flow
losses occur durin3g all seasons when flows are less
than about 300 ft°/s. Only when flows exceed this
amount is there evidence of gaining flows in this
reach.

Flow gains for the reach Cottonwood Creek above
South Fork Cottonwood Creek (C12) and South Fork

Cottonwood Creek at Evergreen Road (S1) and the
gaging station Cottonwood Creek near Cottonwood
(C3) generally are least during the winter and greatest
during the summer seasons (fig. 7). Flow gains
during the summer season in this reach average more
than winter flow gains for all discharges. No flow
losses in this reach have been measured during both
winter and summer seasons, indicating that ground
water contributes to the stream regardless of possible
irrigation seepage or return flows from Anderson-
Cottonwood Irrigation District Canal.

Streamflow Gains and Losses 11
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Table 6. Regression equations that relate gains a
Creek basin

[Location shown in figure 1. Regression equations based
second]

nd losses between gaging stations in the Cottonwood

on mean daily discharge at gaging stations. f63/s, cubic foot per

Flow (fi/s) Correlation
Reach Regression equation mil:s?r?r;:xfts Maximam Minimam fzoe(gf;:ézl:l:,)
Annual
C22t0 C12 C12 = 2.69+0.967 C22 967 757 17.6 95.2
S12 to S1 S12 = 43.8+0.830 S1 1,003 672 0 98.4
(C12+S1) to C3 (C12+S1) = -68.4+0.989 C3 682 1,780 62 96.7
Summer season (May-October)
C22 to C12 C12 = 1.33+0.941 C22 610 436 15.5 97.0
S12 to S1 S12 = 7.51+1.05 S1 459 575 0 97.5
(C12+S1) to C3 (C124S1) = -45.3+0.829 C3 413 714 62 922
Winter season (November-April)
C22 to C12 C12 = 4.75+0.986 C22 315 757 113 95.6
S12to S1 $12 = 56.6+0.825 S1 544 672 58 98.4
(C124S1) to C3 (C12+S1) = -34.5+0.960 C3 278 1,720 114 95.4

SURFACE- AND GROUND-WATER
INTERACTION

Hydrographs of daily mean discharge (fig. 8) and
a review of hydrogeologic data collected (Johnson and
others, 1989) reveal some characteristics of the
surface- and ground-water interaction in the
Cottonwood Creek basin. South Fork Cottonwood
Creek at Evergreen Road, near Cottonwood (S1)
commonly dries up during the summer. The narrow
South Fork Cottonwood Creek valley contains only
shallow deposits of alluvium that overlie the Tehama
Formation; therefore, it has minimal ground-water
storage capacity that might sustain streamflow during
periods of no precipitation. For example, for the test
hole drilled at Taylor Ranch (fig. 2) the lithologic log
described the Tehama Formation as silty, sandy clay
that overlies tight clay which in turn overlies a sandy
zone from 91 to 101 ft (Johnson and others, 1989).
The potentiometric head in the sandy zone was
reported between 1.5 and 6.7 ft below the bottom of
the South Fork Cottonwood Creek channel from June

1984 through June 1985 (Johnson and others, 1989).
The test-hole data indicate that a hydraulic potential
exists throughout the year for flow from South Fork
Cottonwood Creek to the shallow ground-water
system at the Taylor Ranch site. As shown by the
relation of flow for this reach (gaging stations S12 to
S1, fig. 3), South Fork Cottonwood Creek in the
vicinity of Taylor Ranch is considered a losing reach.

The hydrographs for gaging stations C22, C12,
and C3 (fig. 8) show that Cottonwood Creek was
flowing at these sites even when there was no flow at
the gaging station on the South Fork Cottonwood
Creek (S1). Some summer baseflow at gaging
stations C22, C12, and C3 may be contributed by
ground water stored in Quaternary alluvium in the
wide Cottonwood Creek Valley.

The ground-water flow in the Quaternary alluvium
at Libera Ranch (fig. 2) was toward the stream.
Johnson and others (1989) found that ground water
tended to move upward from the Tehama Formation

Surface- and Ground-Water interaction 13
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Figure 8. Discharge at selected streamgaging
stations for water year 1985. Names of stations
given in table 1.

to the overlying alluvial deposits throughout most of
the year (June 1984 to June 1985). They also
reported that a well screened at 60 ft below land
surface in the Tehama Formation flowed year-round.
These data indicate that Cottonwood Creek near the
Libera Ranch is a gaining stream much of the time.

At Sartori Ranch (fig. 2), the water level in the
Quatemary alluvium is below the level of the adjacent
stream bottom throughout the year (Johnson and
others, 1989). The potentiometric head, at a point
160 ft below land surface in the Tehama Formation,

is always at least 10 ft lower than the water level in
the alluvium. This indicates that there is potential for
surface water to infiltrate to the ground-water system
near the Sartori Ranch. The hydrographs and relation
of flow losses for the upstream reach (between gaging
stations C22 and C12, curve B fig. 3) indicate that the
net transfer of water in this reach is from the stream
to the ground-water system during much of the year.

During the summer, Cottonwood Creek seems to
gain significant flow between stations [(C12+S81) and
C3] (figs. 4 and 7). Johnson and others (1989)
reported that ground-water levels in the Quaternary
alluvium at Cottonwood Creek Ranch are above the
stream-channel bottom year-round, as is the potentio-
metri¢ head in the Tehama Formation measured in a
well screened 85 ft below land surface. These data,
as well as the relation between flow gains and losses
(figs. 4 and 7), indicate that Cottonwood Creek
between stations C12 and C3 may gain significant
flow from the ground-water system. Water-level con-
tour maps for October 1982 and March 1983 indicate
that ground water flows toward and into Cottonwood
Creek between the mouth of South Fork Cottonwood
Creek and the town of Cottonwood (Fogelman and
others, 1985). Ground water discharging to the
stream from the alluvium in this area is partly
responsible for the increased flow (fig. 7) downstream
from the mouth of South Fork Cottonwood Creek.

FI.OYI CHARACTERISTICS
VOLUME OF FLOW

For average flows of 19,400 acre-ft/mo during the
summer at gaging station Cottonwood Creek near
Cottonwood (C3) (table 3), the corresponding volume
for %ottonwood Creek below South Fork (S1+C12)
was abour 14,000 acre-ft/mo (see equations in table
4). However, surface inflow from tributaries in this
reach during the summer averages about
1,410 acre-fiymo (23.7 ft3/s, table 2). Applying a
flow-volume budget for this reach, ground-water
inflow, which may include irrigation seepage, would
be 19,400-14,000-1,410 = 3,990 acre-ft/mo, which is
20 percent of the average monthly summer flow at
gaging station Cottonwood Creek near Cottonwood.

|
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LOW-FLOW FREQUENCY

Analyses of low-flow data for the three long-term
gaging stations on Cottonwood Creek were made by
developing frequency curves for durations of 1, 7, and
30 days, as shown in figures 9-11. The convex shape
of the curves for gaging stations C22 and S12 is
attributed to losses to ground water and possibly to
irrigation pumpage. Lower return periods for a given
discharge are smaller for gaging station Cottonwood
Creek near Cottonwood (C3) because of probable
ground-water discharge to the channel and irrigation-
return flow and seepage attributed to the Anderson-
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Figure 9. Frequency curve of annual lowest 1-day
mean discharge for selected gaging stations.

Cottonwood Irrigation District Canal (fig. 1). As
seen in figdre 11, flows at gaging station South Fork
Cottonwood Creek near Olinda (S12) less than 1 3 /s
for periods as long as 30 days have a recurrence
interval of about 2 years. However, at gaging station
Cottonwood Creek near Cottonwood (C3), low flows
of 60 ft> /s for periods as long as 30 days have a
recurrence interval of 2 years; this indicates that low
flows are maintained by contributions from ground
water. The steep slopes of the curves for South Fork
Cottonwood Creek in figures 9-11 indicate that there
is less ground water available to maintain flows in the
South Fork Cottonwood Creek basin.

PROBABILITY

1000.98 0.95 090 0.50 0.20 0.10 0.05 0.02 0.01

—_
o

i llJJll

lvrlllll

A

-

l]llll'
Lbrggl

DISCHARGE, IN CUBIC FEET PER SECOND

T
1

1
1

0.1 1 i 1 11 1 ¢ 3 1 1 1
1.02 105 1.11 1251417 2 2533 5 10 50 100

RECURRENCE INTERVAL, IN YEARS

Figure 10. Frequency curve of annual lowest 7-
day mean discharge for selected gaging stations.
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FLOODFLOW FREQUENCY

Three gaging stations in the Cottonwood Creek
basin, C22, S12, and C3, had the most complete
records of the six stations used in the study.
Annual peak data for the period of record at these
stations are shown in table 7. Floodflows at these
stations generally are unaffected by regulation or
diversion; only during the drought of 1976-77,
when annual peaks were very small, were floods
possibly affected by diversions. A comparison of

the timing of annual peaks at the three stations
indicates that the average traveltime for reach C22
to C3 is 4.4 hours, and for reach S12 to C3 is
2.4 hours. The recurrence intervals of selected
annual peaks at gaging stations Cottonwood Creek
near QOlinda (C22) and Cottonwood Creek near
Cottonwood (C3) are given in table 8; the
frequency analyses are based on procedures given
by the U.S. Water Resources Council (1981). The
recurrence interval is the average interval of time
within which a given size event (flood or low flow)
will be equaled or exceeded once (Langbein and
Iseri, 1960). The recurrence interval of peak flows
for gaging station South Fork Cottonwood Creek
near Olinda (S12) was not determined because the
length of record is only 10 years. At gaging station
Cottonwood Creek near Cottonwood (C3), the
floods| of February-March 1983 (recurrence interval
about | 47 years) and January 1974 (recurrence
interval about 24 years) are the largest recorded
during the 46 years of operation.

other procedure for evaluating the signifi-
cance of floods is on the basis of the volume of
flow for selected durations. Because major storms
and spbsequent flood runoff in the Cottonwood
Creek|basin generally last up to 8 days, intervals of
flow \Lsed in this study are durations of 1, 3, and
8 days. The 1-day volume may be compared with
peak flows. The 3- and 8-day volumes were selec-
ted to identify the segment of runoff that is
associated with the storm duration.

)
\

Flpod data for durations of 1, 3, and 8 days at
gaging station Cottonwood Creek near Cottonwood
(C3) indicate that the floods of January 1974 and
February-March 1983 are the largest on record
(table 8). For the 8-day volume, the February 1986
flood is the third largest on record and has an
18-year recurrence interval.

|
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Table 7. Annual peak data for the period of record for three gaging stations in the Cottonwood
Creek basin

[Location shown in figure 1. ft, foot; f6/s, cubic foot per second]

Stage Flow Stage Flow
Date (f) (frg/s) Date (f0) @
Cottonwood Creek near Olinda (C22) Cottonwood Creek near Cottonwood (C3)--Continued
(Gage datum 498.01 feet above sea level)

January 23, 1972 9.02 2,620 March 19, 1949 12.04 21,900
January 16, 1973 14.95 10,700 February 6, 1950 8.63 10,700
January 16, 1974 2144 36,900 December 14, 1950 10.31 14,800
February 12, 1975 15.59 13,200 December 27, 1951 14.15 32,600
February 26, 1976 10.35 4,500 December 7, 1952 12.03 20,300
September 19, 1977 7.53 827 January 28, 1954 11.82 19,500
January 16, 1978 16.08 13,600 January 19, 1955 7.59 7,020
February 20, 1979 11.36 5,580 December 22, 1955 15.23 4,900
February 17, 1980 16.73 16,000 February 24, 1957 10.80 15,900
February 14, 1981 16.04 14,100 February 19, 1958 15.20 48,600
December 19, 1981 19.18 24,300 February 16, 1959 1140 18,900
February 28, 1983 20.19 33,000 February 8, 1960 12.78 26,100
December 11, 1983 15.46 15,900 January 31, 1961 10.80 16,700
November 27, 1984 11.30 6,040 February 15, 1962 11.26 18,300
February 17, 1986 17.86 23,800 January 31, 1963 12.28 23,100
South Fork Cottonwood Creek near Olinda (S12) January 20, 1964 13.25 13,000
(Gage datum 501.28 feet above sea level) December 22, 1964 19.24 60,000
_ January 5, 1966 13.88 14,700
March 16, 1977 2.79 486 January 31, 1967 14.70 22,800
January 9, 1978 10.86 16,500 February 20, 1968 14.14 19,400

March 27, 1979 7.54 7,700
February 17, 1980 9.35 12,100 January 13, 1969 15.48 23,500
January 28, 1981 9.95 13,400 January 24, 1970 19.46 58,500
January 16, 1971 15.57 31,300
December 19, 1981 11.88 20,400 January 23, 1972 9.39 4,670
February 28, 1983 15.38 35,800 January 16, 1973 1543 27,400

December 11, 1983 11.52 20,200
November 27, 1984 5.26 4,350 January 16, 1974 20.15 70,000
February 17, 1986 11.30 19,500 March 7, 1975 15.88 30,600
February 26, 1976 8.99 3,220
Cottonwood Creek near Cottonwood (C3) August 20, 1977 8.52 2,210
(Gage datum 363.80 feet above sea level) January 9, 1978 17.92 39,100
March 1, 1941 15.40 52,300 March 27, 1979 12.94 13,200
February S, 1942 14.10 42,600 February 17, 1980 17.27 36,300
January 21, 1943 13.42 32,000 January 28, 1981 15.97 27,500
February 3, 1944 6.70 5.800 December 19, 1981 19.70 64,400
February 2, 1945 9.88 16,100 March 1, 1983 21.59 86,000
December 27, 1945 12.06 22,000 December 11, 1983 16.39 32,800
February 12, 1947 9.84 13,200 November 27, 1984 11.22 8,660
April 29, 1948 8.40 9,870 February 17, 1986 17.64 53,000

Flow Characteristics 17
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Table 8. Peak flow, flow volume, and recurrence interval dang various durations for selected floods
for three gaging stations in the Cottonwood Creek basin

[Location shown in figure 1. Flow volumes in thousands of acre-feet. ft3/s, cubic foot per second; yr, year]

1-day volume 3-day volume 8-day volume
Peak  Recurrence
Date flow interval Recurrence Recurrence Recurrence

(f3/s) (yr) Flow interval Flow interval Flow interval

(yr) (yr) (yr)
Cottonwood Creek near Olinda (C22)
January 16, 1974 36,900 16 4.64 17 84.0 12 134 10
February 28, 1983 33,000 8 40.1 12 ' 98.4 18 172 20
February 17, 1986 23,800 4 35.1 9 ‘ 679 7 126 9
South Fork Cottonwood Creek near Olinda (S12)
January 16, 19741 18,700 (2) 29.8 (2 5712 (g) 86.3 (g)
February 28, 1983 35,800 (2) 28.8 (2) ‘ 504 (2) 75.8 (2)
February 17, 1986 19,500 29.2 73.0 * 155 *
Cottonwood Creek near Cottonood (C3)

March 1, 1941 52,300 6.7 57.5 7 135 9 234 9.5
December 22, 1955 49,000 6 73.2 13 125 1 230 9
December 22, 1964 60,000 12 79.7 18 161 17 238 10
January 16, 1974 70,000 24 108 63 199 37 289 20
March 1, 1983 86,000 47 85.9 24 224 67 362 50
February 17, 1986 53,000 7.8 70.6 11 151 12 282 18

l

1Data from station South Fork Cottonwood Creek near Cottonwood (S 14).

2period of record too short to estimate recurrence interval.

SUMMARY

A study of streamflow data for 5 continuous-
record gaging stations and flow measurements at
periodic sites was done to determine gains and losses
in flow for selected reaches of Cottonwood Creek.
Regression equations prepared for annual, summer,
and winter conditions indicate that rates of gains and
losses in flow depend on the season and magnitude of
streamflow. The reach downstream from the mouth
of South Fork Cottonwood Creek gains more flow
during the summer than during the winter.
Surface-water inflow from tributaries in the basin
ranges from O to S percent of the flow in the main
channel, depending on the reach and season.

F
l

Tﬁe gain in flow downstream for the mouth of
South| Fork Cottonwood Creek is attributed to
grounh-water inflow and irrigation-return flow. For
gaging station South Fork Cotgonwood Creek near
Olinda, flows are less than 1 ft3/s for periods up to
30 days with an average recurrence interval of about
2 years. For gaging station Cottonwood Creek near
Cottonwood, low flows for durations up to 30 days
are about 60 ft /s for an average recurrence interval
of 2 years; the peak and 8-day flow of the February-
March 1983 flood is the largest on record (1940-86),
and the recurrence interval of this flood is about
47 ye

18 Streamflow Gains and Losses and Selected Flow Characterislics of Cottonwood Creek, North-Central California
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