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MOUNTAINS

Colorado River and the piedmont slopes that are
underlain by the alluvium, Bouse Formation, and

Interior to maintain records of thediversions, return flows, and
consumptive use of mainstream water by each diverter, point of diversion,
and State (Condes de la Torre, 1982, p. ).

river. At present (1984), the apportionments to the upper and lower basins
are not fully used; the treaty delivery to Mexico is fully satisfied. In
the lower basin, California receives its full apportionment: Arizona will be
taking its full apportionment when the Central Arizona Project (CAP) canal
is completed in the 1990's, and Nevada is projected to use its full
apportionment shortly after the year 2000. The upper basin is projected to
use its full apportionment by 2040. The overapportionment of the water
supply is a problem that needs to be resolved before the demands for water
exceed the supply.

In 1984 the U.S. Geolojical Survey, in cooperation with the U.S.

mainstream of the Colorado River, including reservoirs thereon. Tributaries
provide water to the Colorado River system as surface-water flow in the Bill

Table 1.--Mean annyal precipitation for selected weather
stations for }931- n - nch

The seasonal totals of precipitation at selected stations in the
study area are shown on bar graphs (fig. 3). About 30 to 40 percent of the
precipitation occurs in the summer. The trend of the line on graphs showing
accumulated departures from the mean for the period of record indicates wet
and dry periods (fig. 3); downward trends indicate below-normal
precipitation, and upward trends indicate above-normal precipitation. Wet

streams to the lower Colorado River. Both rivers have dams located upstream
from gaging stations where flow into the lower Colorado River valley is

Ycalculated for 36 miles of river that averages 132 feet in width and
that has an average annual evaporation rate of 6.75 feet (Metzger and

flows from upstream irrigation with Colorado River water. Total fl,w has
been measured since 1903 and ranges from zero to 4,665,000 acre tt/yr
(fig. 5). Anndal flow near the mouth was measured from 1976 to 1962 and
ranged from 56 410 to 1,747,000 acre-ft (fig. 5). During low-flow years,
flow near the mouth ts higher than that near Dome because of return flow
from irrigatige water: during high-flow years, flow near the mouth 1s lower
because water from the river recharges the aguifer. The gage near the mouth
was submerqed‘iby high flows in the Colorado River in June 1983 and data
collection was (d1scontinued. The amount of flow measured near Dome each

year needs lo’be divided into its two components, Gila River water and

ground-water 1nflow to the flood plain of the Colorado River or to the river
and reservoirs from various tributary areas and has been estimated in

others, 1973, p. 61.)

Piute, Chemehuevi, Vidal, McCoy, and Milpitas Washes drain to the

rainfall. Most of this runoff does not reach the Colorado and Gila Rivers
because of rapid infiltration in sandy and gravelly washes. Average annual
runoff from precipitation was estimated to be 2,000 acre-ft for the Yuma
area (Olmsted and others, 1973, p. 105).

Table 3.--Unmeasyred average annual ;ribytu* inflow by redches
of the lower Colorado River, in acre-feet per year

Davis Dam to Parwxer Dam.
Unmeasured runoff.

water from Lake Mohave |s backed up Lo Hoover Dam during high lake stage
(Bentley, 1979¢c, p. 21). ‘

declining water levels. Pumping from storage decreases the amount of
discharge from the area and may eventually reverse the flow gradient.

Ground water discharges to the Colorado River through thermal
springs in the reach 0.5 to 5 mi south of Huover Dam (Bentley, 1979c). The
thermal springs were present prior to the construction of Hoover Dam.
Discharge of the major springs on both s:des of the Colorado River was
estimated to be at least 2,580 acre-ft/yr (Laney, 1981, p. 16). Bentley
(1979¢c, p. 26) estimated that 500 acre-ft/yr discharged from the Arizona
side of the river and stated that "this estimate should be doubled to
include the discharge from numerous seeps and uninventoried springs.” The

the Colorado River at an estimated rate of about 2,400 acre-ft/yr (Rush and
Huxel, 1966, p. 18) or 2,300 acre-ft/yr (Metzger and Loeltz, 1973, p. 36).

ground-water recharge in the area downstream from lln;;orial Dam. Little or
no water penetrates below the soil zone even during wet years or periods of
intensive rainfall, except possibly in irrigated areds where the soil is wet

\

MONITORING CHANGES IN UNMEASURED TRIBUTARY INFLOW

Changes in unmeasured tributary inflow mn‘\ time can be determined
by monitoring mean precipitation, ground-water pumpage, and ground-water
levels. Mean annual precipitation is calculated fml moving 30-year perfods
by the U.S. Weather Bureau; the 30-year periods are dpdated every 10 years.
Tributary surface-water inflow estimates could bt) updated by the percent
changes in mean annual precipitation every 10 years.l Iributary ground-water
inflow also could be updated, assuming that no other [factors such as pumpage
changed. Ground-water pumpage is estimated ann%ally and needs to be

valley would show when the effects of pumping cause 1 change in the amount
of outflow from the basin. |
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.. INTRODUCT 10N north with increasing altitude. In most of the study area the mean annual estimate the mean annual runoff reaching the Colorado River (Loeltz and Most of the ground water that underlies the flood plain originated In California, annual ground-water dischirge was estimated to be Hely, A. G., 1969, Lower Colorado River water supply—its magnitude and
precipitation is less than 8 in. Mean annual precipitation exceeds 8 in. in McDonald, 1969, p. 70). The runoff rates were estimated by using mean as Colorado River water. Under natural conditions, the river was a losing 250 acre-ft from Vidal Valley (Metzger and others, 151], p. 61). Pumpage in distribution: U.S. Geological Survey Professional Paper 486-D,
- ; d p ) y ]
. The Colorado River Compact of 1922 divided the Colorado River about 15 percent of the area and 12 in. in 1 percent of the area. Areas of [ r annual precipitation computed for 1931-60. Mean annual precipitation stream and recharge occurred by direct infiltration of water from the river Vidal Valley is mainly for domestic or municipal yse, except that used to 54 p.
basin into upper and lower basins at the compact point near Lees Ferry, precipitation in excess of B in. are confined mainly to the mountains in the Inflow: ] ¥ computed for 1951-80 is not significantly different from that of the earlier and in flooded areas (McDonald and Loeltz, 1976). Since the agricultural irrigate less than 10 acres of citrus trees, and }Is probably less than Hely, A. G., and Peck, E. L., 1964, Precipitation, runoff, and water loss in
Arizona (fig. 1), and apportioned in perpetuity the exclusive beneficial northern part of the area, although most of Sacramento Valley receives more Average anrual flow below Alamo Dam 80,420 period (table 1) and the amount of runoff per unit area computed for the development of the flood plain and control of river flows at Hoover Dam 50 acre-ft/yr. Underflow from Chuckwalla Valley to Palo Verde Mesa was ! ! ; e ;
. . : ! 7 . * i the lower Colorado River-Salton Sea area: U.S. Geological Survey
consumptive use of 7,500,000 acre-ft/yr of water to each of the two basins than 8 in. (Hely, 1969, pl. 3). gzx:::::g )!:::::g: :::::} ;ggggg_“l" discharge 1:_888 Bill Williams River below Alamo Dam has not changed; therefore, the recharge occurs from direct infiltration anc from infiltration of diverted estimated to be about 400 acre-ft/yr (Metzger and others, 1973, p. 43). Professional Paper &GEHr 16 p:
(Hely, 1969, p. 39). The consumptive use assigned to each basin was based Estimates of unmeasured runSff And ground-water Fecharge i estimates for runoff and ground-water recharge were not changed and are Colorado River water applied to irrigated lands. Irrigation with river Prior to development, underflow drained to the Colorgdo River, but increased
on a computed average annual virgin flow at the compact point of 15 million e ety studie et Juated [for present (1988) b TOTAL 9_83‘_2_9 listed in table 3 water caused water levels in the flood plain to rise, which changed the ground-water pumpage on Palo Verde Mesa has caused water-level declines, Laney, R. L., 1981, Geohydrologic reconnaissance cf Lake Mead National
acre-ft between 1902 and 1921. In 1944, the Rio Grande, Colorado, and b g inNiE BN e e . ; direction of ground-water movement. Some of the river reaches adjacent to which have affected the flow across the flood-plan l‘kl ndar, A water-level Recreation Area—LasiVegas: Mashi to/Opal Mountain, Nevada: U.S.
Tijuana Treaty allotted a guaranteed ann l’ tity of 1 500' 000 -;t f cempisring mean Wonual BERCIPiravien for 190tECLNth Dhafuter 193780 for Ll | Sacramento Valley, La Fosa Plain, and Ranegris Plain inclliding e - . Sl .p ‘ .... y: Geological Survey Open-File Report 82-115, 23 p.
Eoierade 1 yr 1ok ¢t bgud i = x u;e ?uan :‘ : ¢ 19;9 ’ ‘2acreA d : selected weather stations in the study area (table 1). The differences in Evapotransyiration by phreatophytes 25,000 Butler Valley drain to the Colorado River flood plain in Arizona. crc?plands. Mhigre drainags facilities are englagediin prevest water 10oging; EbBLoun repslor 1981 shoned gm“"fj water Flowing bettiidirections gehoss the il
s: re;e co\:el (ulag:: : e de vere‘A 0, dxl;‘.‘n (He .V.] . P t.). . f mean annual precipitation are negligible even though precipitation varies E::gg:;:v‘\;ﬂi;:;:o::g:;g%ue lmg Sacramento Valley is drained by Sacramento Wash and average annual runoff gfln water from the aquffer. Localized ground-water flow a.long the Colorado boundary between the flood plain and the mesa (Owgn-Joyce, 1984, f\g.A‘J). Leake, S. A., 1984, fmethod for estimating groum.i-ualer return flo& to the
i P . ¥ i ‘: ]ecreebam-mr ""Wm u ;:T“ c°“::"(’;:)°‘" “s: J from season to season and year to year. Means for the two periods differ by | gt estimatdl (0 e 2,580 acre- it (MeUzger andiLeelts, 1973, 5.°35). River is depende‘nt on river and ]'_]ke stage. Water levels in the saturated Colorado River water is pumped to the mesa and 1§ used for irrigation; Colorado River in the Parker area, An.zona and California: U.S.
mainstream water o e lower basin among three States—2,800, acre-ft to less than one standard error of the mean and, therefore, are not TOYAL | 27.1_0_—9 Ua Posa Plain fsldrained by Tyson Wash and average annual runofll was deposits rise in response to rising river and lake stage and decline in average diversion was 14,750 acre-ft/yr from 1981 L4 1984. Water under the Geological Survey Water-Resources Investigations Report 84-4229,
.:;:l:::;e:':(:o;ggo :(::;::ct:bx: ‘::"‘r'e"o‘::’b?‘o“i-ozg ::"S'ezte:‘-‘r"e"“:;- significantly different. . estimated to be 2,600 acre-fl. Ranegras Plain is drained by Bouse Wash and response to declining river and lake stage. Water flows 10 to 12 mi between mesa is a mixture of Colorado River water and tribut §vy inflow water. 31 p
e 4 1p " Y . Sy Average annual (flow reaching the Colorado River 51.320 average annual runoff was estimated to be 4,800 acre-ft, (See Metzger and Hoover Dam and the north end of Lake Kohave during low lake stage, whereas Direct infiltration from precipitation iy & negligible source of loeltz, 0. J., end Leake, S. A., 1983, A method for estimating ground-water
]

return flow to the lower Colorado River in the Yuma area, Arizona
and California: U.S. Geological Survey Water-Resources
Investigations Report 83-4220, 86 p.

.
¥ S 5 . 3
others, 1973, 63).
g The water supgly off the 1ol Coloradd River s overapportioned 31-60 and 199]-80, 1n inches (] ) Colorado River flood plain in California. Estimates of average annual before rain occurs. The total quantity of recharige from local runoff is el o 4 el ¢ *e {863 Iioe = e
§ § f Tl n runoff are 1,000 acre-ft from Piute Wash (Metzger and Loeltz, 1973, p. 35), : : : . : . oeltz, 0. J., and McDonald, C. C., sedl el COnSUMpR VODRR UL HE SLOMET
and in the future will be fully used to meet the demands for water in the . Most of the estimates of ground-water inflow to the Colorado River small, and most of the infiltrated water is later evaporated or transpired. " . . -
2 i i " - ; Station 1931-60 1951-80 1,300 acre-ft from Vidal Wash, 80O acre-ft from McCoy Wash, and 1,200 ‘ Colorado River valley: Journal of the Irrigation and Drainage
CHU CKWALL % 2 United States and Mexico. Average annual virgin flow at the compact point * i ' ' valley are based on estimates of recharge from precipitation and assume that Flat water-table gradients adjacent to the mountains also indicate that Division. 'Aneriican Sociely of Civill Engineers w95 no. JR1
A 2 i1V Ay acre-ft from Milpitas Wash (Metzger and others, 1973, p. 61). Metzger and . T 1 Ol SAmETIIC AN i>0CHELY 0 9 5 Mo ’ : ’
VALLE ¥ 9 * was about 15.1 million acre-ft between 1906 and 1983 (John Billings, Boulder City 5. 29 5 54 Gila River 1 3 BT . recharge equals discharge (Metzger and Loeltz, 1973, p. 35). For most of recharge from runoff is small (Olmsted and others. 1973, p. 72). An pp. 65-78.
Y g hydraulic engineer, U.S. Bureau of Reclamation, oral commun., 1986). The Needles 4.64 4.39 w ARAREDRIES IR S S I noT mpo”_ Ry rRaEheneiiavt iush the tributary areas bounding the Colorado River valley, this relation is estimated 1,000 acre-ft/yr of ground water flows-|inio the Colorado River
! : basic appartionneuts tosthe Upperiand QEger basins and the treaty delivery ;;;:ﬁ; ;3; ;92 Ho-[\n the Gila River is measured near Dome about 12 mi upstream In the area downstream from Imperial Dam, precipitation in the still valid because ground-water pumpage s small. In some areas, pumpage valley along the Gila River near Dome (Olmsted and otners, 1973, p. 100). McDonald, C. C., and Loeltz, 0. J., 1976, Water resources of lower Colorad&;
QQ to Mexico total 16.5 million acre-ft/yr and exceed the natural flow of the Yuma Citrus Station 3.03 3.07 from the mouth (fig. 2). During low-flow years, flows near Dome are riturn local mountains produces runoff especially during periods of intense storm exceeds recharge and water is being pumped from storage as indicated by River-Salton Sea area as of 1971, summary report: U.S. Geologica

Survey Professional Paper 486-A, 34 p.

Metzger, D. G., and Loeltz, 0. J., 1973, Geohydrology of the Needles area,
Arizona, California, and Nevada: U.S. Geological Survey
Professional Paper 486-J, 54 p.

Metzger, D. G., Loeltz, 0. J., and Irelan, Burdge, 1973, Geohydrology of thé
Parker-Blythe-Cibola area, Arizona and California: U.S. Geological
Survey Professional Paper 486-G, 130 p.

Olmsted, F. H., Loeltz, 0. J., and Irelan, Burdge, 1973, Cechydrology of the
Yuma area, Arizona and California: U.S. Geological Survey
Professional Paper 486-H, 227 p.

Bureau of Reclamation, began a study to develop an accounting system for and dry periods occur during the same time intervals throughout the study Colorado River |irrigation return flow, for use in the accounting system Nevada Arizona California amount of water discharged from springs below river level is not known. monitored to determine areas of declining water levels in which ground-water
water and consumptive use along the lower Colorado River. The accounting area. 'Both the 1931-60 and 1951-80 periods of record overl-p periods of — — Discharge from the major springs on the Nevada side would be about levels will need to be measured periodically. | Any changes in the Owen-Joyce, S. J., 1984, _A meullod for estimating ground-water reu_u”n flow to
system will use a water budget to estimate the amount of consumptive use. below-rormal and above-normal precipitation. Hoo;:;eg):mr:g Earv‘i?fnam: 6 i e 2,080 acre-ft/yr. ground-water gradients at the discharge areas woyld indicate a change in the Colorado River in the Palo Verde-Cibola area, California and
E x P L A N A T I 0 N Digital-image analysis ‘of satellite imagery will be used to distribute Ground‘v‘waterud?schar e: : ' o In Nevada, ground water probably flows eastward from Eldorado outflow. The results of this study indicate that pumpage has increased in . Arizona: U.S. Geological Survey Water-Resources lavestigations
annual consumptive use by agricultural water users. MEASURED TRIBUTARY INFLOW E?gg::gg s:‘{f: Valiey 1 }'gg N Valley through fractures in the volcanic rocks of the Eldorado Mountains Ranegras Plain and caused a decrease in the ground-water gradient, which Repostiis 4236, 48 §. -
] Tributaries are defined in a decree by the U.S. Supreme Court ) UNMEASURED TRIBUTARY [INFLOW Springs Y z,_qgg 1.000 toward the Colorado River valley; flow was estimated to be 1,100 acre-ft/yr decreased the ground-water outflow. Periodic measurgments of ground-water Pfaff, C. L., and Clay, D. M., 1981, Map showing ground-water conditions in
D(iJAlsEtu: 1SEDIMENTS—-Corresponds to the flood p]ain of the fISoa)ats Snanei oo Gl i eaaRt s TRAL metizak)y. dran fngp Lhe The Bill Williams and Gila Rivers are the two major tributary Unmjnured ST lEatary Anflow consists of surface-water and T0TAL 4,380 2. 1DINE R (Rush and Huxel, 1966, p. 17). Ground water discharges from Piute Valley to levels at the discharge areas of basins that du{n to the Colorado River the Sacramento Valley area, Mohave County, Arizona—1979: U.S.

Geological Survey Water-Resources Investigations Open-File Report
81-418.

1
Williams and Gila Rivers and surface-water and ground-water flow within the ) Davis Dam to Topock 1,300 7,600 3,100 About 50 percent of the natural recharge occurs in Nevada and an equal :

| fang]omerate Codorado Ri 1 d f di Basi 3 2 Estimat f th measured. Each year the amount of flow reaching the Colorade River needs to previous studies. Estimates of surface-water inflow were based on Topock to Parker Dam  -.--- 8,100 6,900 m t occurs in Calif i Rush and H 1, 1966 15) About 200 Rushy - Tep etifes B, L™ 42 . , JISEs, Sipupd-water SEpiinal o8 M
PISTRSLN e S LR S (OISR SRS . Estinates ;. be determined for input into the water budget. Whipple Mountains  a-aee - 1,150 smguid wecire dn Californiy Whgsigrapien gy T i - SUMMARY Eldorado-Piute Valley areas, Nevada and California: Nevada

amount of unmeasured tributary inflow that reaches the river each year are
needed because tributary inflow is a component in the water budget that will

precipitation| dgata, rainfall-runoff relations, character of terra'n, and
other parametefs in addition to using channel geometry and precipitation-

Unmeasured runcff from
tributary streams:

acre-ft/yr of ground water discharges to thke river in the Colorado River
valley (Rush and Huxel, 1966, p. 18). Rush and Huxel (1966, p. 17) reported

Department of Conservation and Natural Resources, Water-Resources

‘ L : ) ) ) . Piute Wash 500 00 ----- 500 stimates of tribitary inflow by basi Reconnaissance Series Report 36, 29 p.
115° ?BEDROCK dCo;‘r‘gspgnds 30 th% moun@alnous aregs that be used to estimate consumptive use along the lower Colorado River between altitude relajions. Estimates of ground-water inflow were basel on an Sacramento wash  aeo-- 2,50 0 ----- that annual discharge by wells from [ldoradu, Piute, and the Colorado River ’ t “m: esl TN lnd Ov' lyh D llreadaﬂ(: by'su:jfa:e
- o 3 v . g PRI pa o ezmece M MMNGIODA N - B e 1 re r = A 9 Eiavs
: arg ut e;.aIn { sedimentary, 1igneous, an Hoover Dam and the northerly international boundary with Mexico. The decree empirical reljption belween precipitation and ground-water recharge Grosf‘\;k:;;l‘;’:’:(:;‘r’;;'s”b"(“ 4,000 valleys was less than 100 acre-ft; the largest withdrawal, about 50 acre-ft, uaber (:'r glfou:bt;a e; ArE p]re!sin el' ‘t"d e ‘ant :’ :m”.e £ d Sangers s MpdgRaiit oy O oo 1991, Beps: Shownigropoing wities comiatin:
i i ! : . r n . s N .
= metamorpnicC rocks . does not affect the rights or priorifiies of the States to water in the ' by - determined fof central Nevada (Eakin and others, 1951) and adjusted for Davis Dam to Tegoek N m N was nade at Searchlight For public supphy. subreaches in tabular form otal estimated ave wetl" ua . ributary inflow in the Bill Williams area, Mohave, Yavapai, and Yuma Counties,
< ) . . | . ’ Bill Williams River climate condit {ons in the lower Colorado River basin. The percerta;e. of Topock to Parker Dam  ----- 480 400 to the Colorado River between Hoover Dam and Mexico, ‘encluding the measured Arizona—1980: U.S. Geological Survey Water-Resources
b= tributaries except to that in the Gila River. [Tributary waters are Piute Valley 1150 b e 1.150 cribitartes. fs 85.000 acne- it R oot 1 it of lthe 1.5 millio
ipi i N 5 ; . ' ries, . re-ft, or erign " illion -Fi X
; accountable under the decree upon entry into the mainstream of the Colorado i T i e e . precipitation {hat contribute to ground-water recharge in Nevada were taived Sacramento Valley. o eiaes 18,000  -i--- r ”ﬂ‘ ik gy g e t‘:“ s :’ ’l‘; Fih g i Investigations Open-File Report 82-87.
2 SPRINGS—Number$ 1,000, is the combined estimated River. Tributary water used by the States that does not reach the Colorado 36 mi upstream from Lake Havasu (fig. 2). Alamo Dam was completed in 1968 by Metzger and{lLoe’tz (1973, p. 35-36) for use in the lower Coloradu hiver g?]e’]“*z‘ﬁ“’:‘:‘:‘;f:“ T PRy i_QQ 260 In Arizona, ground water in Sacramento Valley is used mainly for :c:e d/yrR? °;"l° '::r :aszr apport o;eth ‘: '?'( ¢ 'esn iy ‘ 0:" U.S. Geological Survey, 1985, Annual summary of ground-water conditions in
discharge of springs along the river, in acre-feet River fs ot considered o be an inflWiconponent in a water budget for the i 4 el hidu b A g REEin Vbt vec IRRNUESE NG REe s Flautrasie conditions ok, seshiS G stEED industrial and municipal supplies. Ground water withdrawal has caused local e TR PR [ L Arizona. spring 1983 to spring 1984: U.S. Geological Survey
- 2 “, . and flow below the dam has been regulated since > nna CWsinave precipitation jnd the small percentage of precipitation that falls as snow TOTAL 2.950 36,680 13.460 water-level declines of about 25 fU in the northern part of the valley since in Arizona, 30 percent 1n California, and B percent |in Nevada. Tributary Open F11e Report 85-410.
EER year piver: b d since 1940 and d from 1,270 acre-ft in 1975 to 580,300 n d P g
o | een measured since AnCEnangeciEtronEl, - ’ Ground-water d{scharge from Tyson Wash, Chuckwalla Valley, and Milpita: wuzin T “ ik inflow is a small component in the water budget for {he river. :
a | ; < : : g ; Parker Dam to Palo Verde Dam: 1964 (Pfaff and Clay, 1981). In the southesn part of the valley where water l " .
= { The quantification of unmeasured tributary inflow is of concern acre-ft in 1980 (fig. 4). The average annual flow below Alamo Dam between was estimated ysing seismic and gravity profiles, estimated transmissivily, UFee O akT o e rll - o b Eolorudo Riner vilien it sre out ayaiiabis 1o deransios ot ol ihe ciantities B unmsasered + KEUTE (ol ot sue e U.S. Supreme Court, 1964, State of Arizona, plaintiff v. State of
x ’ because (1) tributary inflow is a component in a water budget and (2) the 1940 and 1982 80,420 ft (White and Garrett, 1984 143) or 0.3 I Whipple Mountains ' 1,150 = 1 VoRTER Salanado g oo LT ¥ ! % California. et al., defendants: Decree—March 9, 1964, no. 8
| - n v P : . - i Jeee e o Wmipple Motiptdiasel L =t | sl 5 ) ’ . . ) ) M . . : = . . . 8,
§CONTINUOUS-RECORD GAGING STATION il e :he Loy l:lm 2 um““““!:m el ! ar; fu:s M. h ‘acre S ’ b ?f g 4y and water-levpl gracients measured in augered wells (Metzger anJ others, Big Maria-Riverside change in water levels. The water level in a well near Yucca, Arizona, estimated in previous studies and were based on sfan annual precipitation original, 14 p
| t:e Sestity can S ybe esgtinayted b indqirecl e Ui R e rur;o H'l % dc 5 :( e;;:; 9 lse Bn"'o ru:: t('" 4 1973).. The unpeasured tributary inflow estimates are discussc! i the Unmergz:;;‘::nnff AR B e e -2,300 declined 18 ft between 1965 and 1970. Annual ground-water pumpage has been for 1931-60. Because mean annual precipitation for {951-80 did not differ
| rou:d ate: S riow c:mmin i oW "yer s Tl ees '" inﬁltralez d:tfermlin:db yd: ) :c i( ‘ t'ip. d)l; 5 ‘o“ runfo . = ;;“ e‘sn :;e follening secl‘ans, shown on the map, and summarized in table 3. tributary streams: estimated since 1940 and ranged from less than 500 acre-ft for 1940-64 to significantly from that of 1931-60, these tributary inflow estimates are White, N. D. and Garrett, W. B., 1984, Water Resources Data Arizona Water
x ~ ‘ ! .
3 9 i _ gle 9 ATTECREC Dy DUYETSNON: TOT AUHIGRE I OAnC RYSEERLE IR streani o £ | Vidaliwashamammn d. - A8 ot L oo 1,300 8,000 acre-ft in the late 1970's. Pumpage has decreased to 2,000 acre-ft in assumed to be valid for use in 1984. Measured average annual runoff per Year 1982 U.S. Geological Survey Water-Data Report AZ82-1, 440 p.
‘:DISCONTINUED GAGING STATION surface water in the Colorado River flood plain. The methods selected by alluvium upstream from the dam. Below Alamo Dam, tributary inflow to the | Bouse Wash ~ ---.- 4,800 @ ----- ) . . . . . R .
| . = N . " i . Tyson Wash .- 2,600 0 -e--- 1982 and 1983 (U.S. Geological Survey, 1985). Gillespie and Bentley (1971, unit drainage area on the Bill Williams River ras remained the same. Wilkins, D. W., 4nd Webb, W. C., 1976, Maps showing ground-water conditions
the States to assign rights and priorities to tributary inflow need to be Colorado River by way of the Bill Williams River is unmeasured. Average Broundiuater diccharge: ‘ : ; . ,
[ i ) 2 rounc-waler gischarge: p. 27) estimated subsurface outflow from the part of Sacramento Valley north Surface-water inflow from unmeasured tributaries is |[infrequent and is not in the Ranegras Plain and Butler Valley areas, Yuma County,
| considered in the proposed accounting system. annual runoff from 500 mi° of drainage area between the gage and the mouth 5 Ranegras Plain ~  ----- 12000 . . . . ) i . , .
WE 1 R TAT timated to be 4,000 £l (Met diitoelt 1973 35), which La Posa Plain e--- 3% 00 ----- of Yucca to be 4,000 acre-ft/yr in 1967 by using hydraulic gradient, captured in surface reservoirs in any of the Styates; it flows to the Arizona 1975: U.S. Geological Survey Water-Resources
V Al i Jvis rRaonisEREaTch s QEERates and areal distribulign of '::r:: :':‘oez i: :f .r no::re-rro(nel;?:rt:nwd: :"low wa'spr;\easu‘red at | Surface-Water Inflow videiay llisy = = —30 transmissivity, and cross-sectional widths determined from seismic profiles. Colorado River valley. Average annual runoff can be|used 1n a water budget; Investigations Open-File Report 76-34.
| T en . " u o | 5 |
| tributary inflow to the lower Colorade River from Hoover Dam to Mexico . o ) | 100 1V AR e 8,950 5,000 Ground-water pumpage in Sacramento Valley wis 4,000 acre-ft in 1967, most of although in wet years, runoff may be large enough t4 affect the calculation
| (fig. 2). Most of the estimates of tributary inflow are values determined PUAREL: jarott BImd ipstrean froa Lakeilidvisy Hide. 21 (Duning (he o Surf fertinflon o the Galorado R n - g which occurred about 25 mi upgradient from Yucca (U.S. Geological Survey, of consumptive use and to be estimated from hydrographs for the Colorado
ESTIMATES OF ANNUAL TRIBUTARY INFLOW TO THE LONER in previous studies that used mean annual precipitation for 1931-60 period of'simal Caneous Teceids, the average low dk Planet was 84 percent of L7 R e A River VARG g fvioeitel Palo Nerde ESpitopinperiallhan; 1985). Pumpage has exceeded the outflow estimated by Gillespie and Bentley River gaging stations Estimates of ground watey inflow to the Colorade
. " i two types durling the lower Colorado River-Salton Sea study— unmeasured . ' ’
| COLORADO RIVER—UpPEY‘ number, 4,800, is estimated Because mean annual precipitation for 1951-80 s not significantly different ‘h'l:lr be“_" “;M (i)ami(N:Fy. ]969"9' :Zz,bphtrealophly:esland seveirﬂ runoff within {ne Colorado River villey and unmeasured runoff from tr:butary U"'";'?”"Sd ;””:'{1 (1971). and water-level declines at the we!l field and in a well near Yucca River valley are based on ground-water recharge estinates in the bordering
. . . . . . sma iversions for irrigation were locate etween e two gaging ¢ alo Verde-Mule e o, ) B ) ; . . ‘ -
unmeasured surface-wat(_er‘ runoff fr‘orp tr‘1butary from !_he _ear.'her period, it uaf assufied that mean annual precipitation had sbations.. Begetabton classuficatinb fuom Mafire sdell e tmricey Shaved aress. Unmeafured rinofE Rithin the Colorddo Rimer valley contists of OHoun;ai:sT B g i Lo 1,200 indicate a dec.rease.m tie ground-water dn‘:arzgi] wat‘er 1:v:1 C(]Jnlou:gt;l:ps areas. vhlchhhacve] no(tj s,:Agnifcha‘r"t\y changc;d throdgh time. .ln moﬂ”areas
CALIFORNIA : streams or from mountainous ar‘ea§. mn ?Cre‘feet not stg.r;lf:canu‘y changed \vl]n? time. ‘ln a few areas uhf;ede:!im:tes were about 14800 icres of phreatophytes &liong e flodd f)atn! betwean Alana Dis runoff from hurdreds of areas ranging in size from a fraction of a square gzgco?:té ;éggiains _____ 9.400 61860 fr;"“wl;’:f‘p:c;‘f‘“:;‘:]“d (I:;:;ars; 1956[)- .:90 (Gi efple i:"n E:ﬂ‘:)"t ¢ ]).' id,:nicf:t 1:3: :0: f:";\ :”l'V:l’n:: e:; groznt;‘ﬁi‘?'nfl::lva:: l: S':: ! :ﬂi
___6_—- per year' LOWGY’ number’ 1,200’ is est]mated not available, values were calculated. The estimates provided in the report and TakeiHayasy fn 1988, On thSLbasis OF arags.wikh abs tebidr wisiuve of mile to more| than 1,500 e Urmeasurealine e =yt e U?:‘T;s?red n{ng,; feom :n ' (Pfaff an :y. ' ) :)l no rs ow 'any major ¢ l’a grc' a um: ¢ su ;;ln g } L ‘9 F e a y 'a] ec t; € qud : grou : ale
. : i i ar r : p : s £ -
.MEXIC unmeasured ground_water d1scharge from mountain- will be used by the States as a basiy from which to allocate tributary aleebaplente L ook Bhd. deng it UEloREth, Firakla ba Ve s A N R re B b e conststs of rupoff from bordering areas that drain to the Coloradu River Nc‘(‘oy {Ia:h ams A e - ndicate a decrease in the outflow from the area north of Yucca ater 1scharged to the Colorado River valley n some ar¢as where ground-water
v Y v : : inflow. The Geological Survey and the Bureau of Reclamation will determine ) . Milpitas Wash e e 0 levels measured in 1979 indicate that ground water flows from both the north pumpage exceeds the quantily of ground water dischar e and water levels have
front recharge or from bordering areas drained by i was estimated to be 3.4 ft (Boyle Ingineering Corp., 1976, p. 11-7). valley by way of a tributary stream. (See Metzger and Loeltz. 1973.) pitas Was 1,200 : ‘
. . how these allocated quantities can be intorporated in the accounting system, ) 1 Ground walter discharge: and south stdes of the Sacramenlo Valley drainage area Lo where il enlers declined, the quantity of discharge probably has decreased and ground-water
o trlbutary streams, 1in acre-fe per year. N, ‘ Therefare, 7,300 acres of phreatophytes along the Bill Williams River wgre Estimates of syrtace -water inflow for the area from Hoover Dam to Davis Dam Chuckwalla Valley Bl o gl 400 \
G . . The accounting of water and consumptive L!se is reported on a calendar-year g === —_— — the Colorado River valley (Pfaff and Clay, 1981). The water-table gradient inflow to the Colorado River valley will eventuayly be reduced 1f not
neg] ]g]b]e' M measured' S.ym O] 1nd1cates area i estimated to use about 25,000 acre-ft/yr of water. No surface water was were made by wsing the average annual runoff rates estimated b, Kentley I
. DL . . . basis as stated in the decree; therefg¢re, all annual data values given in - o TOTAI 9.400 10,400 ] was tholormined 1o be 44 (4 /mi from sebwmie ceflocl ton amd velract ton data stoppoed complotely Grogmd waler discbarged at g “!‘J‘ below Howver Dam iy
Where tﬂbutaY‘y ]nf] oW dlSChaY‘geS ]nto the river y diverted for Vrvigation. (1979, IOHL.‘ 979¢ ). lelimates (or the arva feom Davie Dam Lo Parver Dam b a0 e T i g TG the Swil/RASA slug Patiion a0 Atrectly o the l0olerado River
YUMA CITRUS = % . this repurl qre for celonder yoare. i! were made by Metzger and Loeltz (1973, p. 35-36), from Parker Dam Lo loperial Dam to northerly vbtained alony Sacremento Wash in ur iy the Swab/ s‘u y (Patric unused an ows directly to the Colerado River.
or enters the Colorado River basin. QUEY"IEd where Eerial s b; Moo and others (1673 B OS5 dBg §O-61). am beloy inéerna;ional bgund:ry: Tucci, hydrologist, U.S. Geological Survey, written commun., 1981). Annual CONVERSION FACTORS
rtai i ‘ » p. 40- -6l). am round-water discharge: ! 7 -
uncertain PREVIOUS INVEST IGATIONS Imperial Dam by Olmsted and others (1973, p. 72). The inflows were Gila River near Dome 1,000  eeeee- ground-water outflow from Sacramento Vallay was' calculated to be 10,000
i (/ proportioned o:r the basis of drainage area among the States of Arizona Unmsasured fHnoft 600 screctL by using ¥ LransmyssivityRolLER000 £ ZaRiGi Tesoit aadreniicy, REFERENCES CITED l For readers who prefer to use metric (International System) units
; : ; . [ ’ uma area feaz=ic 1,60 ___400 ; : . ! rade
Hydrologic studies of the lower Colorado River basin have been Ground-water discharge from the Bill Williams River drainage area California, an§ Nevada and among the subreaches. 1971, p. 27) across the 3.5-mile-wide section between the Black Mountains & rather than inch-pound units, the conversion factors for the inch-pound
BOWE gL [Le SURFACE-WATERSBERINARE Bebn—1L it ofge s inpe IS0y QEfEeen 1360 Quy 1930, the.l.S. Geological Swey Deiisen the Aamo Pan mdine Beh SN I D 1‘ f il L L 1 S Bt = R Montains. MEQTEEGOERIRR T EOp R Bentley, C. B., 19793, Geohydrologic reconnaissance §f Lake Mead Naliona) units used in this report are listed below
i i ' o ; . P no Uhe = — pntley, C. B., o Ge i p  Me p 3 td below:
Colorado River from Hoover Dam to Mexico completed a comprehensive study of the water resources of the lower Colorado acre-ft/yr (Metzger and Loeltz, 1973, p. 36). which is the value used in _ - A e s . Unmeasured runoff 2.300 21,800 23,000 averaye aniis) recharge of 12,300 3ENeAL tnithe Sadantily Vatiey. Recreation Area—Mount Davis to Davis Dam, Arizona: U.S.
River-Salton Sea area. The purpose was to determine the gquantity and extent this report. Annual ground-water outflow from the aquifer along the Bill Internations ST NGERREpet)  Rone() |42 T reguenti GRsHorL i il 79-691, 34 1iply i nd 1 in_melric uni
&f the vari ts of the totallbat s lati Williams River below Alamo Dam was estimated to be 6,000 acre-ft during the duration, extrgmely variable, and typically occurs only about once a year in U""’:“g"fd '“’“"” from 500 13 ko 3800 Gralagicyl Suwvey Gpenibvle Grpartfoiodl . [EAEHE Hultiply inch pound unit By obtain melric unit
various components 0 e to water resources an e relations ’ ributary streams \ . |
any one draink basin. F1 > f t t the lang te p ol 1 J f ke Mead ti |
\BOUNDARY OF THE SURFACE-WATER DRAINAGE AREA— among the various components (McDonald and Loeltz, 1976, p. 7). The results Swab/RASA study and that estimate includes evapotranspiration by an:ual ""‘gez q'[sl::u:‘es ofO:Zm;:::(redr::n::;otool::";o!Iom::do ;‘ ”ru oy Ground-water discharge 4,530 18,030 2,460 Annual ground-waler discharge was estimated to be 350 acve-ft from ngmb'_ Gt:lydroo og‘|; u:ol.ma:ss;nceluola tN ud e :n; inch (in.) 25.4 millimeter (mm)
= 2 ‘ r S A ¥d -_— 2 . P I
r ! Subreaches of the lower Colorado River of the study, which include estimates of tributary inflow, were published as phreatophytes, underflow, and stream base flow (7. W. Anderson, written fada by ek !unon eatos s imaged by tely and BecifLS8) and dv lv;e‘e . La Posa Plain (Metzger and others, 1973, p. 52), which is the value used in Gu;“_“:"s = opa r:unaamt ;9 6‘9;‘ 16 et foot (ft) 0.3048 eter (m)
; and adju.ted to : -692, 5 00 . m m
i 11 chapters of U.S. Geological Survey Professional Paper 486. Between 1970 commun ., 1985). include infi1tation of rORGFf where i: occirs Shrdy soils commonjl‘ St GHn Ieia. Ll}_Q_ 52‘]'39 29.260 this report. La Posa Plain contains no irvigated areas. Quartzite is the A et e SR U P
Base fY'Oﬂl U.S. GEO]Ogica] Sur‘vey and 1983, the Geological Survey and the Bureau of Reclamation developed Flow in the Bill Williams River is hydraulically connected to N ey be-(hes a:“( e (YI i only town with domestic and municipal pumpage, which was estimated to be 1979¢c, Geohydrologic reconnaissance of Lake Mead National mile (mi) 1.609 kilometer (km)
o : : ; i : e 3 . 3 ; y N en e Lolorado TOTAL UNMLASURED TRIBUTARY INFLO 2 = ¢ q i . 2 5 .
Ar]zona, Cal ]forn]a, and Nevada we s oo swess | BOUNDARY OF AREA WHERE SURFACE-WATER RUNOFF FLOWS methods of estimating ground-water return flow and determined the quantities ground water in the alluvium along the river. The river flows through River Flood p) Jin andipvaibice reg) taible vurof (1ess \Han0.00 ], Byeds U INFLOW (rounded): 96,000 about 100 acre-ft in 1984. The Swab/RASA estimate of annual ground-water Recre?hon Area Homl/er Dam to Mount |Davis, Arizona: U.S. foot per mile 0.1894 meter per kilometer
1:500,000, 1969-78 DIRECTLY TO THE COLORADO RIVER of ground-water return flow for use in computing consumptive use of Colorado bedrock canyons interspersed with wider flood-plain areas where tributary of sl na A BRI Ll Uobsaviouzand FTehBs peepard tur 008 _ outflow from La Posa Plain was 450 acre-ft (I. W. Anderson, written commun., Geological Survey Open-File Report 79-690, }7 p. (ft/mi) (m/km)
| River water (Loeltz and Leake, 1983; leake, 1984; Owen-Joyce, 1984). The washes have deposited alluvium. The river widens in the areas of alluvium, irRlgation ‘ave Beteludehin favarpas of Begligible, rundffs RUSBIE fran s N, negligible. 1985). Boyle Engineering Corp., 1976, Salinity control [and irrigation system v Ao Ty
l Yower Colorado River basin was included in the Southwest Alluvial Basins, into which much of the surface water infiltrates; some of the infiltrated eUnLATs and| HgeURIR NN NegEnds cunthe amount-of soil 'present S cxconds Total values listed reflect actual addition of the components, bul total Annual ground-water discharge from Ranegras Plain was estimated to analysis, Colorado River Indian Reservation| Yuma County, Arizona: : (hm?)
‘ Regional Aquifer-System Analysis (Swab/RASA dy of d-wat : by ' . i : ;
. ! g! on qu1 e. {s eml ';, lys ] l(g;;d /d ‘9;; F ;Iu y : l:rmsm h;;A:; water returns to the river downstream in the next reach of bedrock-ined 15 Tor mosllof S el STls palis areas. - Wheve the koils are thinron Uha values are not accurate tu four sigmificant figures be l,hZOO acre-ft (:letzgzr and others, l:)l, z. 51), N::d,' is :’h; :laluev u‘s|ed Phoenix, Report prepared for U.S. Bureau of |Reclamation, 267 p. T Giiins e
‘ systems on a regional scale between an . Some o e Swa g . i i . i i r e = .
b’asins vl bgb“‘ e e i it Tt o channel. Short-term ::ter level c‘iecllnehs am:l rises o(: :; muchf:s 3:3 ﬂ“have Kofatand Castl? Dome Mountalns, runoff exceeds 2.5 in, (Hely and Peck. 1964, :n t' |s. r:;.)ort . :oun :;;:r n: plugrr;): in an'egras aln- anR utle :] l)’ Briggs, P. C., 1969, Ground-water conditions in thé Ranegras Plain, Yuma e i)
u n L ra ver . m been reported by we owners along the river, an ese uctuatfons 13 and pl Nolal)onarce was made by Helly andsPeck 1964 1. (5) for or irrigation. etween an , annual pumpage in Ranegras ain . i !
. . - 9. . t Arizona: Arizona State Land Department Water-Resources
‘ ground-water outflow from the Swab/RASA study were determined on the basis correlate with the amount of water released at Alamo Dam (Sanger and Littin, :epletionpof ”treamflow b haboratinn :n th); .”u”umf lhe;‘e:ore )these ranged from 2,000 to 50,000 acre-ft. [n Butler Valley annual pumpage ranged zoun :'“ r;aon n ! - acre-foot per year 0.001233 cubic hectometer per year
| of a regional recharge model, estimates of infiltration from mean annual 1981). Ground water {s pumped to irrigate four areas of agriculture that FunoFf rates 'o et necesiari!y ':epresent thedFUnoLn 'that reach'“ the Ground-Water Inflow from 2,000 to 5,000 acre-ft between 1974 and 1983. Pumpage estimates for SPEs ' B . (acre-ft/yr) (hm’/yr)
| precipitation (1931-60), and ground-water modeling of steady-state totaled about 1,160 acres of alfalfa and 640 acres of cotton in 1984; Colorado River|(Hely and Peck, 1964, p. 11) 1983 were 26,000 acre-ft in Ranegras Plain and 2,000 acre-ft in Butler Condes.de hu Tafve, FRivesto, 1362, SHpgRe: iy the L. EESEREERI S triey for acre-foot per 0.000476 cubic hectometer per
l \\ conditions (T. W. Anderson, hydrologist, U.S. Geological Survey, oral consumptive water use by the crops was estimated to be about 8,200 acre-ft. K i 'A ‘ o Sources of recharge to the regional ground-water system of the Valley (U.S. Geological Survey, 1985). Total pumpage is greater than adjudications, compacts, and treaties: ! S. Geological Survey T : p Sy il
’ oy SCALE 1:500 000 ~ d commun., 1985). For the most part. the estimates of tributary inflow from In a well measured periodically, the water level rose about 1 ft from 1981 Averpge annual runoff was estimated to be 3.0 acre-ft/mi  for the Colorado River valley are infiltration of surface water from the Colorado ground-water recharge. About 211,000 acre-ft of ground water was pumped Open-File Report B2-680, 24 p. Iere-fizaiy (hm*/kn?)
) ! 20 MILES I' the Swab/RASA study are of the same magnitude as the estimates from the to 1982 even though more than twice the estimated ground-water recharge fis reach between Hoover Dam and Opal Mountain (Bentley, 1979c. 5 AR River, precipitation, and ground-water discharge from bordering areas. The from Ranegras Plain from 1948 through 1967, and the gradient of the ground- fakin, T. €., and others, 1951, Contributions to the hydrology of eastern
5 1;0_1 - " 9 19 = lower Colorado River-Salton Sea study. pumped from the alluvium to irrigate the croplands. Water levels in the 2.0 acre-ft/mi| for the reach between Opal Mountain and Davis Dam (Bentley, Colorado River is the main source of recharge as infiltration from diverted water surface near Bouse decreased from about 20 ft/mi to less than Nevada: Nevada Water Resources Bulletin 12| i71Nps foot :quared per day 0.0929 melev; squared per day
: i | Bill Williams River below Alamo Dam are affected by the water level of Lake 1979a, p. 15:|Bentley, 1979b, p. 16). Unmeasured runoff from Hoover Dam to irrigation water and seepage along losing reaches. Tributary ground-water 15 ft/mi. These changes indicate a decrease in the outflow from Ranegras . ) (ft°/d) (m°/d)
v = 10 0 20 ‘ S Davis Dam was [alculated to be 1,000 acre-ft from Nevada and 1,100 acre-ft : R i . . Gillespie. J. B., and Bentley, C. B., 1971, Geonhydrology of Hualapai
1y £ 0 1 KILOMETERS PRECIPITATION Havasu. The rise in stage in Lake Havasu caused a backwater effect in the v : : inflow fs the water originating from (1) mountain-front rccharge within the Plain (Briggs, 1969, p. 4). Ground-water levels declined about 19 ft SeuNSaeranERLe Vol leys, Mahave Couty, AMWaghas MO akciogioal
A : —_ § : i ) ) : . . 5 P ’ » . -9
% _ ] ===t J v Bil) Williams River during 1983 and 1984. Depth to water is less than 50 ft from Arizona (table 3) by using these average annual runoff values end the Colorado River valley and (2) ground-water discharge from bordering areas between 1945 and 1984 in a well near Bouse, where drillers’ logs describe Survey Water-Supply Paper 1899-H, 37 p
i ) ; | During the lower Colorado River-Salton Sea study, unmeasured in the frrigated areas and less than 10 ft near the river. Ground-water drainage area that drain to the Colorado River valley. As tributary ground-water inflow the aquifer as being composed of sand, clay, and gravel. The gradient of 4 ! ) .
30 runoff and infiltration that resulted in ground-water recharge were withdrawals probably are being partially replaced by recharge from surface On te basis of measured streamflow in the Bill Williams River and moves through the flood plain, it mixes with Colorado River water. Some of about 12 ft/mi calculated from water levels measured in 1975 (Wilkins and Gillespie, J. B., Bentley, C. B., and Kam, William| 1966, Basic hydrologic Sea level: In this report "sea level™ refers to the National Geodetic
Wi ‘ estimated by using mean annual precipitation for 1931-60 (Hely and Peck, flow in the Bill Williams River. The average annual flow estimated to reach at gaging statfons in other desert areas having average annual runof! rates the water is used by phreatophytes or withdrawn by domeslic, municipel, and Webb, 1976) indicates a further decrease in the outflow. The Swab/RASA date of the Hualapai, ?d( vamenlo, and Hig|Sendy Valleys, Mohave Vertical Ua?um ol 1929 (NGVQ of 1929)~ a yeodetic datum durl\'rml from &
- ‘ 1964). Mean annual precipitation ranges from about 3 in. near Yuma to more the Colorado River (table 2) is 64 percent of the average annual flow below that range friom less than 0.1 in. to 0.6 in., about 40 percent of the irrigation pumping. TIhe amount of tributary water used is difficult to estimate of annual ground-water outflow frun Ranegras Plain was 350 acre-ft County, Arizona: Arizona State Land Dejpartment Water-Resources general adjustment of the first-order level nets of both the United States
than 20 in. in the Hualapai Mountains and generaliy increases from south to Alamo Dam. average annual rate determined by Hely and Peck (1964, pl. §) was u ed to determine and can only be estimated. (7. W. Anderson, written commun., 1985). Report 26, 39 p. ‘ and Canada, formeviy called "Mean Sea Level of 1929."
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w ESTIMATES OF AVERAGE ANNUAL TRIBUTARY INFLOW TO THE LOWER COLORADO RIVER, HOOVER DAM TO MEXICO
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