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H Y D R 0 L O G I C STUD IES o F SMA L L W ATE R S HE D S

ESC 0 N D I D 0 CRE E K, SAN ANTON IO R I V E R

BAS I N , T E X A S ,

ABSTRACT

1 9 55 - 6 3

A s t udy wa s made o f the hydrologi c effects of a group of 11 f loodwate r ­
reta r ding structures i n Es condido Creek wa t ershed, Karnes County. The s to rage
capac i ty behind t he s tructu res r anged f rom 437 t o 3,050 acre~ fe e t. Mon thly
wa t e r budgets fo r e a ch floodwater-retarding s t ructure completed were pre pa red
for t he pe riod Octobe r 1, 1954, t o September 30, 1963.

The st r uctures, as a grou p, were fo u nd to r eleas e 60 percen t of t he i nf l ow
above them (40 pe rcent woul d be consumed at t he pools) as surface out f low to
t he st ream channels be low du ring a year of average prec ipita tion ( 32 inches) .
Dur i ng the wate r years 1 9 5 5~ 6 3 pool consumption ra nged from 23 percent of inf low
including rainfall on pools i n 1957 ( r ainf a l l 38.00 inches) to 189 percent in
1956 ( r a i nf a l l 11.84 inches ) . Ha l f of pool consumption was att ribu te d to eva p·
ora tion ; most of the r ema i nde r was probably see page which may have supplied
moistu r e t o alluv ial de pos i t s adjacent to downs tream channels, consequent ly
r educ ing subsequent channe l transmission losses of surface flow downstream .

The sediment-production rate upstream from one of the floodwater-retarding
structures was found to be 0 .59 acre-foot per square mile of dra inage area per
year, 97 percent of which wa s trapped behind the floodwater -reta rding structure.
Most of the sediment came f rom hea dcuts and banks of the stream cha nnels.
F l oc cula t i on of clay pa rticles was aided by the considerable quantities of
ca lcium and bica rbonate pre s e n t in the inf low.
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HYDROL O GI C S T U D IE S o F SMA L L WATE R S HE D S

ES C O N D IDO C R E E K SA N A N T ON IO R I V E R

BAS I N , TEXAS,

I NTRODUCTION

1955 -63

Ba ckground and Obj ective s of Waters hed Stud ies

Developing measures f or t he reduct i on of f lood and soil e ros ion in Texas
is a proj ec t i n whi ch the U.S . Soi l Cons e r va t i on Service is act ive ly enga ge d
under the authority of the Flood Control Ac ts o f 1936 a nd 1944 and the Water~

she d Protection and Flood Prevention Act (Public Law 566), as amended . Con­
structing a ser ies o f ups t r eam f l oodwate r - retard i ng struc tures is part of the
Soi l Conservat i on Serv ice 's plan fo r flood and soi l-erosion reduction in a
wa t e r sh ed. Thes e s truc tures are designed t o release floodwater at a rate t hat
will not normally exceed t he s t ream-channe l ca pacity immediate ly below the
structures (Figure 1) .

This wa tersh ed development prog ram wi l l have variable but importa nt effects
on the natural s ur face- and ground- wate r r esource s of river basins , particu la r l y
where a large number o f the floodwater-retarding structures are built. There ­
fore, a compa rison of t he hydrology of smal l watersheds under natural cond it ions
and under developed con ditions is desirable t o determine the effect of
floodwater-retard ing s t ructures on yie l d and mode of occurrence of natura l
wa t e r s uppl ies.

The U. S. Geologica l Survey began hydro logi c studies on th ree smal l wate r ­
she ds in 1951 . Flood prot ec t i on f or thes e th ree watersheds had been authorized
unde r the Flood Contro l Act s of 1936 and 1944. I n 1954, four other studies
were begun under au t hor i t y gran t ed by t he De pa rtme nt of Agricu l ture Appropria ­
t i on Ac t of 1954 , Public Law 156, 83r d Congre s s , item Wa t ershe d Prote ct i on.
In 1956, four more smal l -watershe d s t udies were inita t ed, as au t horized by t he
Hope-Aiken Wa t ersh ed Pr otection and Flood Prev ention Act (Publ i c Law 566,
a ppr oved August 4 , 1944). At present , 11 smal l wa t e r sh ed s a re under study in
Texa s. In Table 1 t he wa tersheds a re l i s t ed and in Fi gure 2 t heir r espective
locations are shown.

As of September 30, 1964, the f loodwate r - re t arding s tructures i n Texa s
totalled 881 . These partly con t ro l the flow from an area of about 3, 590 s qua r e
miles. Accor d i ng t o r eports of the U.S . Study Commi s s i on- Texa s , 1962, and o f
the Soil Conservat i on Serv ice, 1963 , the numbe r of s tructures phys ica lly and
e conomi cally feas ib le fo r ins t allation in Texa s was 3,438. Thus, only about
26 percent of t he feas ib le struc t ures had bee n bu i l t at t he end of the 1964
water yea r .

- 3 -
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Figure

Typical Floodwater-Retarding Structure with Outlet Works

U_S Geologica l Survey in coope ra tion with the Te xes Wal er Development Boord and others
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Table l . ·-Small-wa tershed s tu dy areas , September 30 . 1964

Creek) near Kenedy not i nc l uded .
Dry Prong-neep -Creek near Me rcury no t included .
Escond id o Creek subwa te rs he d No. 11 (Dry Escondido

above
above

~ 8.31 sq mi
~ 8 .43 sq mi

Dra inage area Dat e hydro l ogi c Floodwater-retard· Period the
Wa t ershe d above s t ream- da ta co l l ection i ng s t ruc t ures s tructures

gag ing s ta t ion beg an above s t ream- were buil t
(sq mi l gag i ng s t a t io n

Trinity River bas i n:

North Cree k nea r Jacksboro 21. 6 Aug. 1956 None --

Elm Fork Tri ni t y River Near Mue ns ter 46 .0 July 1956 11 1954- 57

Lit t l e Elm Creek near Aubre y 75.5 June 1956 No ne --

Hone y Creek near MCKinne y 39.0 July 1951 12 1951- 57

Pin Oak Creek near Hubbard 17 .6 Se pt . 1956 5 1962-63

Brazos Ri ver basin :

Green Cree k ne ar Alexander 45. 5 Oct. 1954 8 1954-56

Cow Bayou nea r Mooreville 79.6 Se pt. 1954 9 1955-58

Co l orado Ri ver Bas i n:

Dee p Creek nea r Mercury 43.9e1 June 1951 6 1951- 53

Mukewater Cr ee k nea r Tr ickham 70 . 0 Aug . 1951 5 1961

San Anto nio River b~s in:

Cal averas Creek near Elme ndor f 77 .2 Aug . 1954 9 1954- 58

Escondido Creek a t Kenedy 72 .4"'!J Jul y 1954 10 1954· 58

"

~



EXPLANATION

~ Son Ant on io River basin* Escond ido Creek atud y area

• Oth er 5 tu d ~ oreas

n,
Scalf

~O 100 Mi l..
~

~.
o

~•o••

Fil}ure 2

Location of Escondido Creek Study Area

u .s. GeoloQica l Sur vey ill coopera tion .. i!h the Tuos Wale . De-elopmenl Boord and othe .s
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San Ant oni o Ri ver Au thor i t y, Te xas Water Deve l opme nt Boa rd, Soi l Con ser­
va t ion Service , ci ty o f Dal l a s , and Ta r rant Count y Water Contro l and I mprove­
ment Distr i ct No. 1 a re coopera ting with t he Geologica l Surve y i n the inves ­
t i ga t ions. The 11 s t udy areas are dis t ribu t ed t o cover the r an ge of r ainfa l l ,
topogra phy, geo logy , and so il cond i tions in Texa s whe re most of the wa t ers hed
deve lopment is planned. Study begun on fo ur of the a reas pr io r to co nstruc­
tion of the floodwater- retarding s t ructures a f forded oppor t uni t y for analyses
o f t he conditions before and a f t e r development. A summary o f the deve lopment
o f f loodwater-re t arding s t ruc t ur es on each study a rea , a s of September 30, 1964,
is s hown i n Table 1 .

The broad purpose of t he s t a t ewi de investigat ions is to co l l ec t sufficient
data for interpretat ions cu r re nt l y needed, and a lso to ma ke hydrologic inter­
pretations from the availab le da t a.

Following a r e nine gene ra l ob j ec t ive s o f the se studies :

1 . To obtain the bas ic hydrologic da t a on small waters heds ne eded for
genera l use in the design of drainage s t ruc t ur es a nd in water yi e l d and other
s tudies .

2 . To obtain bas ic da t a whi ch will aid in determining the ne t e f fe c t of
fl oodwater-re t a rding struc tures on the regimen of streamf low at downstream
points.

3. To de te rmine t he effect of t he structures on t he underlying ground­
water r es e rv o i r .

4.
yield of

To .determi ne not on ly the e f fec t of the structur es on the
the ba s in bu t a lso t he trap e f f ic iency of the st ruc tu res .

s ediment

5.
ma t es of
sheds.

To de ve lo p
the runoff

computa tion t echni que s
result ing from a given

that will
amount of

give mo re accura te es ti ­
r a infa 11 on sma11 wa t e r -

6. To develop relationships between ma x i mum rates of runoff and r a infa ll
in smal l watersheds so that more accurate des i gn of small storm-d rainage s t r uc ­
tures wi ll be possible .

7 . To check the applicability of f lood- rou t i ng procedures and techniques
for smal l watersheds.

8. To determine the minimum instrumentat ion neces sary fo r making reliable
estimates o f t otal storm i nflow t o the st ruc t ur es .

9 . To determine the quality of the wa t er as ralated to i t s su itability
for possible uses and t o the effect of it s floccu lating cha r ac t e r i s t ics on the
sediment-t r ap e ff i c i e ncy of the pools .

Periodi c eva lua t i on r e por t s on the invest igat io ns in each of the 11
r e giona l sma ll-wate rshed study areas a re essent ia l to insure that t he bas ic
data - collect i on program fulfil ls the purposes of the state i nvestigations .
This se r ies of reports will be published to provide data a nd interpretations
wh i ch ex pand the information availa ble i n Geologica l Survey annua l water- supply
pa pe r s .

- 7 -



So fa r, five s t udy-a rea reports have been prepared unde r the mai n t it le
''Hydrologic Studies of Small Wate rsheds . " Subtitles of the respective repor t s
include: ''Honey Creek Ba sin, Collin a nd Gra yson Countie s , Texa s , 1953-59" ; "Deep
Creek, Color ad o River Bas in, Texas, 1951-61" ; ''Elm Fork Tr i ni t y River Bas in ,
lbntague and Cooke Cou nties , Texas , 1956-60"; ' 'l'tikewat e r Creek, Colorad o River
Basin, Texa s , 1952-60" ; and ' 'Li tt l e Elm Creek , Trinity River Basin, Texas, 1956­
62 . " (See References.) The fir st t hree r eport s invo lve s t udy a reas where
f loodwa t e r - r e t a rding structures were co ns t ruc ted pr i or t o or nea r t he beginning
o f the da ta-co llec t ion prog r am. The l ast two r eports cover a pe r iod pr i or t o
cons t r uc t ion of floodwate r - re ta r d i ng s t ruc tu res .

Pu rpose and Sco pe of the Report

The purpose o f t h is report is t o pres ent and eva luate r es u l t s of hyd ro l og­
i c investigations conduc ted in the Escondido s t udy area during the period 1955 ­
63 . Of the nine obj ectives a lready stated for the smal l -watershed studies pro·
gram, t h i s report is l i mi t ed i n scope to f our- -numbers 1, 2, 4, a nd 9-wh ich deal
r espe ctively with the presenta t ion of basi c hydrologic data, t he ef fects of
sma l l r eservo irs on s t rea mflow at downstream points, reservoir-t rap efficiency,
a nd t he che mica l quality of wate r .

Stud ies to determine the minimum r ain- gage densi~y needed t o eva lua t e indi­
v i dual s torm r a i nfall on a wa t e rshed have bee n made at five l ocat i ons in cent r a l
and north-cent ra l Texas . The r esults o f thes e s tud ies ha ve been published in
t he r eport s listed above . The results i ndicate that t he r a i n- ga ge density
ex ist ing a t t he Escondi do s tudy a r ea i s adequa te f or t he accura te eva lua t ion of
s torm ra infa l l on t he watershed . Therefore, no additional rain- gage dens i ty
ana lys is was made fo r th i s a r ea .

Acknowledgme nt s

The f i eldwork was done by the r espe ct i ve eng ineer i ng s t a f fs o f the U.S.
Geological Survey subd is t r ic t o f f i ce in San Antonio, A. E. Hulme, eng i nee r - i n­
cha rge, a nd of the U.S. Soil Conservation Serv ice office in Kened y .

The sec t i ons of the report describing the locat ion, to pogra~hy, geo l ogy,
geo hydro l ogy , a nd soil s of the basin were prepared by J. T. Smith , geo logist,
Geologi cal Survey, Austin. The se ctions on sedimentation were prepa red by
C. T. Welborn , eng i nee r, Geologi cal Survey , Austin. The compi la t ion a nd t he
prepara tion of the ot he r sec t ions o f th e report wer e made by F . W. Kennon,
enginee r , Geological Survey , Aus t in.

Grateful acknowl edgment i s ma de f or the fi nanc i al assistan ce and the coo p­
e ra t ion of the Texas Water Development Board , J . J. Va nde r t u l i p, chief engineer ;
t he Soi l Conservation Service , H. N. Smit h, Sta t e co ns e rv a t ion i s t , Templ e; and
t he San Antonio River Authority , V. H. Braunig , ma nage r .

Thi s report wa s pre pa r ed unde r the direct s upe rv i s ion o f Trigg Twichel l ,
dist r ict ch ie f , Water Resources Div ision, Geological Survey, Austin .
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DESCRI PTION OF THE AREA

Loca tion

Escondido Creek rises in Karnes County approx imate ly 8 miles wes t o f
Karne s Ci ty , fl ows easte r ly t hrough t he south-centra l s ection o f t he co unty and
empties i nto the San Antonio Riv er . Maj or intermit tent tributar i es t o Esc ond i do
Creek in the s tudy a r ea a re : Panther Creek, Nichol s Creek, Doe Branch , Bucker
Creek , a nd Olmos Creek, all of wh i ch a re above t he s t ream-gag ing s ta t ion ; and
Dry Es condi do Creek whi ch joins t he ma in stem be low the s t rea m- gag i ng s ta tion .
With the exce ption o f s truc ture No. 11, on Dr y Es cond ido Creek, all the
floodwater· retarding structures a re l ocated on tributaries above the s t ream­
gag i ng s ta tion (Fi gure 3) . The a rea o f the watersh ed is a ppr ox i ma te ly 117
square mi les, of wh ich 72. 4 s qua re mi les is above the s t r eam- gagi ng s ta tion .

Topog raphy

Port i ons of the watershed a r e almost flat in a reas adj a cent to the cha nne l
a nd in some areas a l ong the upland divides ; however, mos t of the watersh ed i s
moderately hilly t o r oll ing . Elevations above mean sea l eve l range f r om 550
feet on the ext reme so ut hwes t e r n divide t o 200 feet a t the mout h of Es cond i do
Creek . From the headwater a rea t o the s t ream-gagi ng s ta tion at Kenedy, the
s l ope o f the s t reamb ed average s abou t 12 fe e t per mi le . Between th e s t ream­
gag ing sta tion and t he San Antonio River , t he cha nne l slope averages a bou t 5 .4
f eet pe r mile.

Geology

The Escondido watershed area i s i n the northeas tward - t rending outcrop a re~

of the Ca t ah oula Tuff and t he Oakville Sa ndstone. Some Larga rto Clay cr ops ou t
along t he sou theast bor de r of t he watershed. Al l of these forma t ions are of
Miocen e or probable Miocen e age (F i gure 4) . The Cata hou la Tuff over la ps t he
underlying Oligocene( ?) Frio Clay and t he uppe r part o f th e Eocene Ja cks on
Group. The Oakville Sand stone ove r l ies and partl y ove r la ps the Catahoula Tuff .
The unconformities were probably ca us ed by the os cillating sh ore line dur i ng the
middle Tertiary. At that time, a l te r na t i ng per i ods o f vu lca nism, e ros ion, and
deposition r esulted in vol canic, detrital , and reworked ma t e r ia l be ing de posited
near the unstable s hor e l i ne .

The outc ro p of the Catahoula Tuff va r ies in width f rom ahou t 5 mi les wher e
travers ed by t he San Antonio River, i mmediately nor t h o f th e study area , to
about 9 miles in the vic i ni ty of fl oodwater.retarding s t r uc tu res 5, 6, 7, and
10 (Figure 4) . Appro x i ma te ly 35 percent of t he wate rshed i s composed of t he
ou tc rop a rea of th e Catahoula Tuff.

The li t hologic propertie s of the Catahou la Tuff va ry grea t l y . The fo rmation
co ns is ts predomi na nt ly of t uff , t ufface ous c lay, sandy clay, benton i t ic c lay
interbedded with vo lcanic ash, a nd i r r egu l a r dis cont inuous sa nds tone l ens es.
The Ca t ahoula a lso cont ains thin lignite and limestone beds, and irregularly
distr i but ed bed s of cong lomera te. The cong lomerate I s composed of chunky scori­
ace ous l ava , o t he r igneous rock peb bles , opalized wood, and i r ~egu la r ma s ses o f
cha lcedony , quartz, and che r t . Genera lly, the sa nd a nd co nglome r a te bed s are
about 10 fee t thick a t the ou tc rop a rea. I nt e r pr e t a t i ons o f e l ec t r ic l ogs indicate

- 9 -
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t hat water- bearing sa nd , or sand and cong lomera te i nt erbedd ed with c l ay , i s
abou t 100 feet thick in the su bsurfa ce. At i t s contact with t he ove r lying Oa~­

ville Sandstone, the Catahou la Tuff i s about 700 feet thick . The Catahou la
yie lds small to modera te qua ntit ies o f fre sh t o slightly saline wate r to wells
a nd is the only shallow wate r source i n its outc ro p a rea .

The ou tcro p width of the Oakville Sands tone va r i es from abou t 12 miles
a lo ng the San Antonio River t o about 5 mi les i n t he Vic i ni ty o f fl oodwater ·
retarding s t r uc tu res 1, 2, 3, 5, and 6 (Figure 4) . The Oakville Sands tone i s
composed o f cross- bedded me d i um- to fine - grained sa nd and sands tone , and o f
sa ndy , ashy , and bentoni t ic c l ay . Chalk and ca liche form the ca prock on the
hil l s. I n the study area, the Oakvi l le Sand stone range s from 500 to 600 fe et
in thi ckness . The outcrop area o f th e Oakvil le comprises a ppr ox i ma t e l y 65
percent (all of the downst ream sec tion) of the wa te rshed . The Oakvil le Sand ­
stone is the principal aquife r in the s t udy a rea and gene ral ly yields mode ra te
to l a r ge quantities of fres h t o s l ight ly sa line wate r t o wel l s . I n the v icinity
of f loodwate r - retarding struc tures 1, 2, and 3, the t hi n beds o f sand yie ld
onl y smal l quant i t i es of modera te ly sa line wate r .

Geohydro logic Conditions

The ability of an earth mater ia l t o transmit water depends upon i ts perme ­
ability an d extent. The coeffic ient of permeab ility is defined as the number of
ga llons of wate r pe r day whi ch will percolate , unde r prevailing aqui fer condi­
t i ons , through each mile of a water-bearing uni t for ea ch f oot o f thickness and
for ea ch foot pe r mile of hydraulic gr ad i ent . The coe ff t c t ent of transmissi­
bil ity i s the number of ga l lons of water which will move i n 1 da y t hrough a
ve rtical strip of the aquifer, this str i p be i ng 1 f oot wid e a nd hav i ng the
height of the aquifer when the hydraulic grad ient i s unity .

AqUi f e r t e s t s wer e ma de in Karnes City in wells tapping the Catahoula
Tu f f and in the c i t y o f Kenedy in wells tapping the Oakville Sands tone . These
t ests (Anders, 1962) indicate that the field coe ff i c i ent s o f pe r meabil i ty and
transmissibility f or th e wells at Kar nes City in the Catahoula Tuff are lower
t han the same coefficients de termined i n wel l s tapping the Oakville Sands tone .
The Karnes County aquifer- test resu lts are shown in Table 2 .

Coefficients of transmiss ibi l ity and permeabi lity as de termined from these
t e sts represented on l y the mor e porous s and zone s in the te sted area. However ,
t he ma gni t ude of variation of the coefficients may ge ne ra lly be representative
f or t he geo l og ic formations in th is stud y area .

Porosity, permea bility, and transmi s sibility of natural ea r t h ma t e r ia l
ma y vary grea tly even in t he s ame l ocality . Usua l ly the f ine r materials (s uch
as fine s ands , s i l ts , tuffs , a nd c l ays ) are much less permeab le and tra nsmit
le s s water per equa l c ross -sec t iona l area unde r t he same hyd raulic co nd i t ions
than t he coa r ser -grained sands a nd gr ave ls . Ot he r fac to rs , such as cementa tion,
solution ca v i ties , a nd geo log ic structures {f or exampl e , f ractures an d fault s}
a f fe c t the poros ity, pe rmeability, a nd tra ns mis sibility of the ea r t h materia l.
Any number of combinations o f these geologic i nfluences ma y occur locall y and
affe c t the hydro logy of an a rea .

- 12 -



Table 2 . ··Re. ult . o f a qui fe r teata. Karne s Count y, Texa s

Length of H el d Fie l d

We ll !J
e ffective coe ffic ient o f coe ff icien t o f

Owner aqu ife r Stratigraphic unit t ran'Mi'.ibi l ity pe rwoeabi l 1ty
see t Ion (gallon. pe r day (gal l on. pe r day
( f eet ) per foot) per .quare f oot}

048 and 049 Kar ne . City 40 Catahoula Tuff 1 , 400 J5

0 50 K.l rnes Ci ty 9J Ca U ho u la Tuff ' 0' 2,100 13
.Ja ck ao n Group

G20, G22, G13 Ci ty of Ke ned y " Oa kv1 1le Sandatone 14, 000 215

!I We 11 nulllben refer to thoae 1n r e port by Ande rt (1962. p. G5).

Upland soi ls in t he wa t ers hed a re pr i ma r ily deep , da rk- colored , a nd f ine­
t o medium- t extu red de rived f r om cha l ky ma r l, c l ay, and sand which a re t he pare nt
ma te ria l s of th e Cat ahou l a Tuff and Oakvil l e Sand s tone . Soi l fo rmed on the Oa k­
ville Sandstone is mode rately t o high ly permeab le , wherea s th e fi ne r -tex tu red
s o i l derived f r om t he Catahou la Tuf f is s l ight l y t o moderately perme able .
Sca t t e r ed a lluvia l sa nd and gr ave l depos i t s a re f ound adjacen t t o the ma i n
cha nne l and in nar r ow i nt erstream te r ra ces. Genera l ly, th e a l l uv ia l dep os i t s
are le s s than 20 feet in t hick nes s a nd a r e of l ocal ex tent only .

Land Use

For ty-six percent of t he l and is unde r cult ivat ion, 46 perce nt i s i n pas ­
tu r e , 4 perce nt 1s fo rmerly cu l t ivated land reverting to pastu re, and 4 percent
i s unde r misce l laneous usage.

Climate

The mean a nnua l pre cip ita tion a t Kar ne s City is 31 .93 i nches . Rainfa l l is
fai rly well distr ibuted t hr ough th e yea r with t he l arge ave r age mont h ly amount s
occu r ring in April, Ha y, J une, a nd Septe mbe r . The minimum r ecorded an nual rain­
f a l l at Ka rnes City was 16 .68 inches in the 1956 calenda r yea r a nd t he ma ximum
was 56.5 7 i nches i n 1935. During t he s t udy period , annua l ra infa l l r anged f rom
ll. 84 inches dur i ng the 1956 wate r year (Oc t obe r l , 1955 to Sep tembe r 30, 1956)
to 39 . l4 i nches dur ing the 1958 water year . Mean annual pre c i pita t i on fo r the
per i od was 27 .40 inches . The ave rage annual tempe rature is 70°F, and average
f rost-free growing pe r iod i s 285 days .

EROSION CONTROL AND FLOOD-RETARDATI ON MEASURES

Measures to r educe r a t es of r uno f f and t o retard soi l e rosion, as o f Decem­
be r 3l , 1963, are s umma r i zed in the fol lowi ng t able . Land - ma nagement prac t ice
da t a a re g ive n for on ly the wate rsheds f or wh i ch th e ra tes of r unoff a re accu­
r a t e l y gaged by reco r d i ng i nst rumen ts .

- 13 -



Summaries of Land-Ra nagemerrt Practice s
Escondido Creek Watershed*

Tota l district co ope r a t or s
as of December 31, 1963:

291 (68,337 a c r es ) .

Tota l area o f
watershed:

74,880 acre s .

Pra ctice Unit On the land as of
December 31, 1963

Total Wa t ershed

Brush and wee d cont rol Acres 12, 348
Cont our fa rming Acres 53,862
Cover and green ma nure cro p Acres 12,688
Rot a tion ha y a nd pasture Acres 10 , 093
Diversion Feet 100,320
Farm pond Number 142
Floodwater·retard ing structure Number 11
Gra s sed wa t erway or out let Acres 839
Pa s t ure planting a nd ha y La nd planting Acres 6,320
Range and pas t ure i mprovement Acres 43,037
Terraces Feet 11,288,640

Site No. 1

Brush a nd weed co nt ro l Acres 0
Contour fa rmi ng Acres 2,046
Cover a nd green ma nur e c r op Acres 1, 336
Rota t i on hay and pasture Acre s 569
Divers ion Feet 1,584
Farm pond Number 6
Fl oodwa t er· r e t arding s t ruc t ur e Number 1
Grass ed waterway or outlet Acres 41
Pa s ture planting and ha y La nd planting Acres 265
Range a nd pa s t ure i mprovement Acres 1, 451
Terra ce s Fee t 288,288

*Data furnished by t he U.S . Soil Conservation Service .

The 10 s t r uc t ures upstream from the gagi ng s t ation have a combined ca pacity
of 13,910 acre - fee t and co nt ro l an area of 36.5 squa re miles, or 50 percent of
the draina ge a r ea . Table 3 gi ves per t i nent physical da ta f or each of the
floodwater-retarding structures in the area studied.

INSTRUMENTATION

Pr e cipitation was measured at two recording and six nonre cording rain
gag es . Water s t a ge was recorded continuously at two floodwater·retarding pools
(sites 1 and 11) . These wa t e r - s t a ge recorder installations a r e shown in Figure
5 . Wa t er stages at t he remaini ng reservoirs were obt a i ned by weekly r eadings
o f s ta f f gages; t he determination o f the e l evations of high-water marks was
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Ta b l e 3 . - - Floodwate r - re ta r ding s t ructure data , Escondido Creek s t ud y a rea
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1 3.29 9- 21- 54 10-11 - 54 350 .0 1 ;250 27 .7 905 18 . 0 220 l;LO d La , 16 .0 150 9. 2 23 .2 12 0 - 30 . 0

2 2. 69 6-17-55 9-11-55 352.2 1;225 27.7 1, 010 18. 0 260 1 ;LOx1 7 16 .6 200 10 . 51 46 .8 22 6 . 8- 33 . 9

3 4 .78 2-18-56 7- 5- 56 381.0 1;350 36 .0 1,730 23.0 44 7 2 ; 10x l0 18 .0 189 11.23 1~ 17 6 . 8-40 .7

4 6 . 24 11-17- 56 2- 6-57 299 .1 1;500 29.0 2,280 18 . 0 532 4; 10x LO 13 . 5 200 7 . 25 18 . 2 28 3 .4-33 .9
3 ; 8x l0
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150
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12 . 0

10 2 .75 10- 6- 54 3- 15-55 305. 2 1 ;250 28.4 860 18 . 0 183 1 ; 10 16 .9 149 6 . 5 ~ 14 6 .8-33 . 9

11 8 .43 1-31-58 1- 31- 58 285 . 1 2 ;2 00 32 .8 2 ,720 18. 0 250 4; lOxl0 15.7 148 9.4 35 . 2 28 l 1. 3- 39 .l
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i nclud ed i n t he readings . Streamfl ow, ma de up of runo f f f r om the Es cond i do
Creek wa tershe d , was measu red at the gaging station, Escond i do Cre ek at Kene dy,
which was e qu i pped with a continuous water- s t a ge reco r de r . Sus pe nde d. s e d i me n t
data were obtained at th ree s tations in the s ite I wate rshed (F i gure 6) . Stan­
da r d DH-48 ha nd sampl ers were used at each samp ling poin t shown. I n a dd i t i on .
automatic s ingle -s tage samp lers were used for sampling the rising-stage fl ood ­
wate rs a t s tations A and B. Stream stages were obtained at stations A and B
f rom rea d i ngs of sta f f gages and cres t -stage gages .

COMPUTAT ION OF I NF LOW TO FLOODWATER-RETARDING POOLS

I nf l ow t o a l l f loodwate r -retarding pools was compu ted f rom t he r e la t i on :
I nf l ow = outf low + evaporation + o t her poo l co nsumpt ion - pre c i pitat i on on t he
pool ± change in poo l contents, a ll quant ities being expressed i n ac r e - f ee t .
The seve ral i t ems o f t his water budget were derived as follows .

Poo l Out f l ow

Al l r es ervoi r ou tf low was conf i ned to d ischa rge t h rough the s e rv ice ou t l et
pipe s exce pt du r i ng t he stor m of Oc t obe r 24-26, 1960 , whe n pond l evels r ose
a bove the emerge ncy s pi l l way a t s i tes I and 3 . Ma ximum hea d on the spi l l way was
1. 38 feet a t si te 1 and 0. 46 foo t at site 3. A curve of r e l ation be tween head
and pipe discha rge was pre pared fo r each f loodwater-retarding ou t f l ow s t r uc t ur e
by ma k ing curr ent-me te r measurements of p ipe discha rge at va r ious values o f
hea d. Th i s curve, together wi t h the reservoir-stage record , wa s us e d t o compu t e
pipe discharge. Emergency-spillway discharge for floodwater-re ta rding s t ruc ­
ture s 1 a nd 3 was determined by current -meter measurements of flow in t he sp i l l ­
way.

Poo l Evaporatio n

Es t i ma t e s of mo nthly evaporation in inches were prepared by t he Texas Wate r
Develop me nt Board and are shown in Table 4. These va lues were multiplied by t he
average monthly wate r -surface areas of the floodwater - reta rding poo ls to obta i n
monthly va lues of evaporation in acre-feet .

Texa s Wate r Development Board 's evapora tion estimates were ma de i n acco r ­
dance wi t h the me t hod descr ibed in Evaporation from Pans and Lakes (Koh le r ,
Norde ns on , a nd Fox , 1955) , which r e l ate s lake evaporat ion to mean va lues of
s ola r r a d i a tion, dewpoint tempe rature, wind movement, and air tempera t ur e .
The s e climatolog ic pa rameters were der ived for t he study site by i nt erpola t i on
betwee n observed va lues at the nearest Weather Bureau stations . For t he 1955 ­
63 period, the estima ted annua l evaporation fo r Es condido Creek ranged from
50 .8 inches (for 1960) to 64 .5 inches (for 1956) . The estimated average annua l
evaporation for the per iod was 55 . 9 i nches. Weather Bureau Techn ical Pa per 37
(Koh l e r , 1959) indica tes that average annual lake evaporation for the area is
56 inche s .

Precipitat ion on the Poo l

Mon t hly prec i pi t a tio n in feet on the f loodwate r - reta rding poo l was
obta ined f rom r e cor ds of the nea rest rain gage or combina tion of rain gages .
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Tabl e 4 . - - Estima ted monthly lake-surface evapor a t i on, in i nches , fo r Escondido Creek wa t e r shed ,
Oc t ober 1954 t o Se ptember 1963

~Wa te r Oct. Nov . Dec. Jan. Feb. Mar. Apr . Ma y Ju ne Jul y Aug, Se pt . Annu a 1
yea r to ta l

1955 4 .6 3 .4 3 . 1 2. 2 2 .5 3 .9 5 .5 6 . 7 8 .0 7.4 6 . 5 4 .9 58 .7

1956 5 .1 2 .9 2 .3 2 .2 3 .0 4 .9 5 .2 7.3 8 .3 8. 1 8 . 2 7 .0 64 .5

1957 4 . 8 2 .8 2 .9 1.9 2 .4 3 .7 3 .8 5 .5 6 .4 8 .3 7 .6 5 .5 55 .6

1958 4 .1 1.9 2 . 1 2 .2 2 .0 3 .2 4 .4 6 .0 6 .9 7.7 7. 5 4.0 52 .0

1959 2.7 . 2 .4 2 .0 1.9 1.7 4 .8 4 . 3 5.7 6 . 7 7. 1 6 .4 5 .4 51. 1

1960 3.8 2 .4· 1.8
.

1. 7 3 .2 3 .8 5 .8 7.3 5 .9 5 .22 .5 7 .4 50 .8

1961 3.5 2 .1 1.4 1.8 2 .7 4 .8 5 .4 7 .0 6 .5 6 .5 6 .7 6 .0 54 .4

1962 4 .6 2 . 5 2 . 3 2.1 3 . 1 4 .1 4 .9 6 .6 6 .2 8 .4 7 .6 5 . 2 57.6

1963 4 .6 2 .8 1.8 2 . 5 2 .8 4 .6 5 .2 6 . 2 7 .0 7.8 7 . 5 5 . 7 58 .5



Th i s va lue mul t i pl ied by the ave r a ge monthly poo l surface a rea provide s mon th ly
values of precipita t ion on the po o l in acre -feet .

Po o l Co n t e nt s

Pool contents we re d e r i v e d from capacity tables prepared from data sup p lied
by the Soil Conservation Service for each reservoir . The data supp lied by the
Soi l Conservation Service was based on topographic maps (4-foot contour intervdl)
of the pool area .

Ot her Pool Co nsumpt ion

To t al month ly poo l consump t ion in acre - fee t wa s computed by mul tip ly ing
the observe d wat e r-s tage r e ce s s i o n in fe e t by the month ly average poo l s ur f a ce
a rea in ac r es . Dur ing periods o f inf low or p i pe outf low, total pool losses
were inte rpola ted be tween va lues of t h e s e losses preced ing and fo l lowing t h e
i nflow o r outflow pe riods .

I n t h e inf low equatio n "o t h e r pool cons umption " i s s imp ly t he diffe rence
be t ween to ta l po o l cons umption and evaporation . Th e term may a p p ly t o any com ­
bination o f co nsump t ion , by s ee page under o r around the dam , by e vapotranspi ­
r a t i o n fr om la nd periphe r a l to t h e po ol, or by s imp le ve rt ical see page downward
t o the r e gional wate r tab le ( i n wh i ch case the consumpt ion is, of cou rse , be n ­
efic ial i n that g ro u nd -water supp l ies are augmented ) .

No appreciable seepage appeared a s surface flow immediate ly be low Escondido
d ams except du ring a few short per iods o f time following heavy i nf l ow above the
d a ms. Fu r thermore , no f l ow was r e c orde d at the stream-gaging s ta t ion a t Ke ne d y
f or l o ng periods of time ; fo r e xamp le, 196 2 ha d 328 days of no f low , and 196 3
ha d 302 days of no f low . Th u s , seepage wate r did no t appear a t the s t ream­
gaging stat ion as surface flow . The water-budget item "other poo l consumptio n "
mu st th e n be a ttributed j o i n t l y to evapotrans pirat ion and seepage, the l a t t er
moving e i the r vert ically downwa r d to the wa t e r tab le or as underflow th rough
the va l ley alluvium . No data are available for the separate evaluation of
evapo t ransp iration and seepage.

WATE R BUDGET

Monthl y wa t e r budge ts were pre pare d for each of the f loodwate r -retarding
structure s (Ta ble 12 ). The water- b ud get items are given t o the neares t 0. 1
ac re-foot f or sites I and 1 1 , and t o the nearest acre -foot for t h e remaining
s i tes . Th i s d iffere nce in figures r e f l e c t s the relative r e f i ne men t of the
wa ter - sta ge records col lected at the two groups of study sites. Fo r example,
t he r e cord for sites 1 and 11 i s accurate t o 0 .01 foot, and that for sites 2 -10
i s accura te t o 0 .1 foot . The combined annual bud gets for all floodwater ­
retard i n g structures i s shown in Table 5. The inflow shown in Tables 5 a nd 12
d oe s not inc lude r a i nfall on the poo l s .

- 20 -



Table 5. -~Annual comb i ned water budg e t s fo r f 1 00 dwa te r ~ re ta rd ing

s t ructures 1-1 1 ( i n acre -feet)

[ I nf l ow does not inc lude r a i nf a l l on poo ls ]

Water Change i n Eva po - Ot he r Rain fa 11 Discharge
yea r con ten t rat i on poo l on poo ls th rough Inflow~

consumption ou t le ts~

195 5 +200 74 248 29 13 506

1956 -157 100 233 18 0 158

1957 +2 , 33 7 1,212 1, 341 838 6, 275 10,327

1958 -1,2 55 1, 778 1, 840 1, 323 10 , 110 11, 150

1959 - 896 1, 478 1, 170 909 1,483 2, 326

1960 +236 1, 280 1, 013 783 451 2, 197

1961 - 255 1,778 1,6 77 1, 340 11, 306 13,166

1962 - 376 1, 209 992 462 271 1, 634

1963 +508 1,731 1, 556 674 610 3, 731

Tot a 1 +342 10, 640 10,070 6,376 30,5 19 45 , 195

~ D iScha rge from si te 3 i s not i ncluded.
~ In f 10w t o si t e 4 was cor rected fo r discha rge from site 3 out le t .

Data s hown i n Table 5 indica te tha t a l a r ge pe rcentage of the t ota l inflow
a ccounted for at t he struc tures (i nflow plus rainfall on poo l ) is often lost t o
evaporatio n, eva po t r ans pira t i on, and seepage. Thp fo llowing shows t he r a nge
of thi s pool cons umpt ion, a long with the prec ip itation, for the per i od o f study :

Poo l consumpt ion Prec ipita tion
Wa t e r year ( pe r ce nt of (inches)

inflow) ~

1955 60 18 . 36
1956 189 11.84
1957 23 38.00

1958 29 39 .14
1959 82 30 .7 1
1960 77 29 .22

1961 24 35 . 11
196 2 105 22 . 19
1963 75 22.01

'!..J I nfl ow includes r a i nfall on poo ls .
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More comprehensive ana lyses a re made using data from Ta b l e 5 and 12 i n the
section of this repo rt entit led : "Hyd r o l o g i c Effects of the Floodwater­
Re t ard i ng Structures ."

SEDIMENT REGIMEN

As an index to the sediment regimen in the study area, da t a were colle cte d
for the determination of the sediment inflow, storage, and ou t f l ow at
floodwater -retarding structure 1. Th e l o ca t i o ns of the three s ampling statio ns
involved (A, B, and C) have a lready been shown in Figure 6. The drainage area
upstream from sampling station A is about 1 square mile, or 30 percent of the
total area upstream f rom floodwater · retarding site 1 . The suspended -sediment
concentrations o f the inf low and the outflow as well as par ticle -s ize distri ­
butions we r e determined. Also, estimates were made of the initial spec ific
weight and of the s pecific weight after compaction of sediment deposited in
the reservoir. Wa t e r d ischarge was not measu red at the inflow sampling stations,
but was determined as the residua l of the water budget for the reservoir as
discussed in the preceding r e port section.

Sediment Yields

Primari ly, two forks drain the watershed above the reservoir . The upper
tributar ies o f the west fork end in deep headcuts; downstream from the headcuts,
the channels are e n t r e n ch e d and have stee p, e roded banks (Figu r e 7) . I n con­
trast, the channel of t he east fo rk is subdued and most of t h e channel is over­
g r own with grasses and weeds (Figure 8).

The west fork was degrading at the sampling sta tion from the beginning of
the study in 19 55 unt i l the spring of 1956 when the channel at and below the
sampling station began to aggrade. About 4 fee t of sand was deposited in the
immediate area around t he samp l ing platform between 1956 and 1960. Deposition
of several feet of sand also occured between the sampling statio n and a point
about a quarter of a mi le above the reservoir . On ly a smal l amount of sand
reached the reservoir. At most places the deposits have now been covered with
grasses , weeds , and shrubs.

At t he beginning of the study , the suspended -sediment concentrations i n
the west fork frequently exceede d 10 , 00 0 ppm (parts per million). Sediment
concentrations of 20,000 to 30,000 ppm were not uncommon a nd one suspended­
sediment sample had a concentration of 66,000 ppm . Most o f the sediment appar ­
ent ly came from headward erosion of gullies, rather than from sheet erosion o f
the cultivated fields . Near the end of the study period, the sediment concen­
trations were somewhat lower, approximately 5,000 pp m.

Sediment samp les of the inflow on both forks were collected f or partic le ­
size analyses (Ta b l e 6), and the results of thes e a na l y s e s were p l otted o n a
triangu lar coordinate graph (Figure 9) . The samples con tained 2 t o 46 percent
sand , 14 to 49 percen t sil t, and 3 3 t o 84 percent clay.

Arithmetic averages of the results of partic le-size analyses of inflow
samp les that were chemical ly dispe rsed before analysis are shown i n F i gu r e 10 .
The particle -size distr ibution of the suspended -sediment dis c harge was a bou t
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ta l AI upper end of the west fork .

(b) On t fl but ory to the lower end of the west fork

Figure 7

Heodc utt ing Gull ies on the West Fork Above Reservoir No.

u S Ge o lo~"eo l Sur." in coo p,roTton . ,tll '''e T" Ot WOlfr De" lop", ," l 8 00 rd ond 0''''''
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(al Channel of the east fo rk, loo kinQ upst ream fr om

counly cross inQ at sedim ent - semptinq sta tion B.

(b) Chan nel of the east fork , 100 kinQ upst ream

fr om head of reserv oir.

Figure 8

East Fork Channel Above Reservo ir No.

US GloloQ ,tOI Swrn, OIl tooplr ol ,on . ,Ih Ih. T.,o. Woll r o•••top mln' Boorll a nd other.
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22 percent sand (>0 .062 mm), 24 percent silt «0 .062 rom; >0.004 mm), and 54 per~

ce nt c la y «0.004 mm).

The relation between t he percentages of c l ay and si lt and the sediment con~

cent r a t ion of i nflow is shown in Figure 11 . Data indicate that the clay frac~

tion de creases and the si lt fraction i ncre as es as t he sedi ment concentration
increases .

In addit ion t o the sediment samples a na lyzed fo r part icle~ size distribu~

tion (Table 6), many ot he r samples collected during storms at sampling station A
(Figure 6), wer e a na l yzed f or suspended~sedimen t concentra t ion onl y. Results
of the se ana lyses were t hen plotted a l ong with the inflow hydrograph and a ccu~

mula ted rainfall. Typical graphs are in Figures 12 and 13 . Although extens ive
sus pended~sed ime n t concentration data on i nflow were obta i ned a t sampling sta ~

tions A and B, es t i ma te s were not made of t otal sediment infow t o re servoir No .
1 because o f the abse nce of water dis charge a t those s ta t io ns .

Samples of the outflow were co l lec ted a t the ou t l e t of the reservoir and
ana lyzed both for sediment conce nt r a t i on and for size distribution (Table 7
and Figure 9). From 87 to 100 percent of the su spended~sediment discharge wa s
in the c Iay-s rae r ange.

Table 8 sh ows the quantity of sediments in t ons per month dis charged f rom
the r es e rvo i r. During water years 1956, 1962 , and 1963 no s ediment was dis ·
charged from the reservoir , and in wate r years 1955, 1959 , and 1960 only mino r
amounts were discharged. Most of t he sediment was discharged during the pe r i od
October 25 t o December 25, 1960, when the re servoir s pi l l ed 1,106 acre -feet of
water fo l lowing the 11.5~inch r a i n of October 24~26.

Spec ificWe i gh t

The s pec i f ic weight of a depo sit f orme d from t he s us pended .ed ime nt t hat
i s ca r r i ed into the re servo ir can be computed by a formula de r ived by Lane and
Koelzer (1943) , in which the particle-size distr ibu t ion, compac t i on time, and
reservoir ope ra t ion a re co ns i de red . Accor ding t o th i s fo rmula, which has bee n
modif i ed t o expres s the s ize distribution by weigh t r athe r than volume (Wark
and o th ers , 1961) , the

100
initial s pec if ic weight a percent clay +

30
perce nt

65
s il t + percent sa nd

93

The perce nta ges of c l ay, silt , and sand are 54 , 24 , and 22 , r espe ct ively (Fig~

ure 10); therefore , th e ini tial s pec i f ic weight i s 41 pounds per cub ic f oot.
In a r e servoir t ha t i s normal ly dry , compact ion of the depos its r eache s a
maxi mum i n a s hor t time . Under th is con di tion t he app roxima te s pecific weight
would be :

82
per cubic f oot.So, W

w = percent

100 78
= 1 . 22 = 82 pounds

clay
100

percent
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Fi gure 9

Percentages of Clay, Silt, and Sand in Suspended - Sediment Samples

of Inflow ond Outflow 01 Reservoir No. I

U 5 Geoloqico l Survey in cco per c t ion wilh !he Texa s Wa le r Development Boord ond 0lh er1
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Table 8 . ~ ~ S us pended ~ sed imen t discharge an d vo l ume o f out f low
from re s e rvo i r No . 1

Water outflow Suspended~sediment

& nth (ec re-Eee c) di s charge
(tons)

1955
July 12.9 1~

195 7
April .2 .1
May 80 . 0 20 . 3
June 192 33.0
Nov e mber 1.0 1'!/

1958
Ja nuary 77 . 0 14.5
Fe bruary 112 12 . 8
March 36.0 2 .5
Ma y 194 34 . 1

1959
Janua ry .3 ~

Fe bru ary 1.0 .1~

March 1.9 . 1~

Se ptember . 8 .1~

October 10 .4 1~

1960
1~Jul y 10. 5

October 334 191.9
Nov e mb er 575 23 .0
De cember 200 12.5

1961
J anua ry 32 .0 1.2
Feb rua ry ~2.0 1.9
Ma y . 7 ~

1963
~Apr il 2 . 3

August 1. 3 ~

Tot a l 1.907.3 352 . 1

~ Es tima t ed.
~ Le s s than 0 .05 t on.
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Tra p Efficiency

The Soil Conservation Service surveyed r eservo ir No. 1 on J une 21, 1964,
and found tha t 18 . 5 acre- fee t o f sed iment had been t rapped in t he r eservoir.
From October 1954 t o Sep tember 1963, approx i ma te ly 0 .5 acre-foot of sediment
was dis charged from the reservoi r . Thus , 19 a cre- fee t of sediment wa s produced
on t he ups trea m waters hed dur ing a 9. 7- year period. This amount i s equiva l e nt
t o a sed iment production rate of 0 .59 acre- foot per squa re mi le o f drainage
a r ea per yea r . The tra p e ff ic ie ncy for the period o f ope ra tion, October 1954
to June 1964 , was 97. 4 percent .

CHEMICAL QUALI TY

Sixteen water samples f rom r es e rvo i r No . 1 were ana lyzed fo r chemica l
qual i ty, and the r e su l t s were reco rded (Table 9) . The wate r contained co nsid­
e rab le quantities of calcium and bicarbona te, which usua l ly have a f loccula ting
e f fec t on the clay partic les and s peed the i r se tt lement in a r e se rvoir . The
r e l a tive l y high t rap efficiency of r e se rvo ir No . 1 has been a t t ributed i n pa r t
t o the chemica l co ntent of the inflow. The d issolved -so l ids co ncent ra t ion
r anged f r om 71 to 183 ppm .

HYDRQWGIC EFFECTS OF THE FlDODWATER-RETARDING STRUCTIJRES

Chan ge in Runoff-Rainfall Ra t ios

Dur i ng th e study period October 1, 1954, t o September 30, 1963, annua l
r a infall on t he bas in above t he s t ream-gagi ng station r a nge d f rom 11 . 84 i nche s
i n t he 1956 water yea r to 39 . 14 i nches in t he 1958 wate r year. Mon th ly and
annua l prec ipi tat ion are shown i n Tab l e 10.

The annua l runoff response t o such va riable r a i nfal l has been summa r ized
(Table 11) fo r each of the 11 dra i nage a reas above floodwa te r - re ta rd ing s t ruc­
t ures and a lso fo r t he d ra i nage a r ea be tween the s t ruc tures a nd the s t r eam­
gaging s tation . Runof f for the area be tween the struc tures and t he s t ream­
gag i ng s tation was co mputed as the t otal runoff gaged a t the s ta t ion l es s the
outflow f r om the s t r uc t ures . Above the floodwate r -retarding s t r uc t ur e s , a s a
group, r uno ff r a nged from on ly 1 percent of r ainfall in t he dr y yea r of 1956 t o
20 percent of the rainf a ll in the wet yea r o f 1958; be low the s t ruc tures, r un­
o f f r a nged f rom 2 percent of the rainfall in 1956 t o 16 percent i n 1961 .

Cons idera ble di ffere nce ex is ts i n t he r unoff-ra i nfall ratios above and
be low floodwa t er-retarding s truc tures during t he ~o periods 1955- 58 and 1959­
63 . During t he fo rmer period. t he ave rage annual r unof f-rainfall ra t i o a bove
t he s t ruc tu res was conside rably higher t han t hat be low t he s t ruc tures , av e rag­
i ng 0 . 12 ab ove an d 0.05 be low; whe reas, du r i ng t he la t te r period, the runo f f­
r a infall rat i os above and be low the s t ruc t ur es we r e a ppr ox i ma te ly equa l , aver­
ag i ng 0. 08 a bove an d 0 . 07 be low. Figure 14 shows the ave r age annua l runoff­
r a i nfal l r atios for the watershed above each s t r uc t ure for wat er yea rs 1959­
63 .

There is a possib le explana t ion fo r the anomalous r unoff-rainfall ratios
observed. See page f rom the fl oodwater-retarding s t ruc t u res, s i nce t he i r in­
c rease in number f rom 4 t o 9 in 1957, may be supplying mois t ure t o t he
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Table lO . - - Monthly and annual precipitat i o n, i n i nches, on the Esc ondid o Creek study a rea

~Wa t er Oc t. Nov . Dec . Jan. Feb. Mar . Apr . May June July Au g . Se pt . An nua 1

~ear
tota 1

1955 0 . 27 1. 77 0 L09 1.86 0 .0 1 0 .05 4 .2 8 1.14 1. 93 4 .74 1.22 18 . 36

195& .43 1. 77 0 . 32 . 52 . 32 . 98 2 .86 .87 .43 1.29 2 . 05 11. 84

1957 2 .41 1. 30 2 .4 3 . 20 1.91 4 .37 6 .5 1 6 .52 1.19 0 2 . 13 9 .03 38 .00

1958 1.04 6 .14 1.11 5 . 91 4 .94 1. 06 . 58 6 .08 2 .36 1. 59 0 8 . 30 39 . 14

1959 6 .47 . 99 1.46 .2 7 3 .55 .1 9 3 .49 2 .45 4 .13 1.07 2 .97 3.67 30 . 71

196 0 4 .33 .66 2 .2 6 1.11 2 . 16 2 .0 7 1.63 1. 54 3 . 96 2 .68 5 .74 1.08 29 .2 2

1961 12.45 3 .9 1 3 .89 1. 53 2.2 9 . 31 1.85 . 79 2 .86 1. 64 1.09 2.50 35 . 11

1962 2.35 3 . 10 .45 . 70 1.15 1.26 3 .74 1. 39 3 .97 0 . 14 3 .94 22 . 19
.

1963 1. 72 3 .44 3. 96 .48 2 .05 . 11 2 .6 6 . 18 4 . 16 1.07 . 22 1.96 22 .01

Avera ge 3.5 0 2 .56 1. 77 1.29 2 .27 1.08 2 .39 2. 90 2.74 1. 16 2 .04 3 . 75 27 .40

24-year
average
Ka rnes City 2 .82 2 .01 2 . 20 2 .05 1.89 1.58 2 .5 0 4 .07 2 .9 9 2 .39 3 . 11 4 .3 2 31.93



'"~

Table ll . --Compar i s on and ave rage of annua l runoff -rainfall rat ios above and below
f loodwater-reta rd ing structures

Dra inage Runoff - rainfa l l ra tio , by water yea r
area Ave rage

co nside red 1955 1956 1957 1958 1959 1960 1961 1962 1963 1959-63

Site 1 0. 09 0.03 0 . 14 0 .11 0 .01 0.05 0 . 18 0 .02 0.07 0 .07

Site 2 .1 2 . 18 .01 . 02 . 18 .01 . 10 . 06

Site 3 . 17 . 02 .05 . 28 .03 .09 . 09

Site 4 . 14 .02 .02 .24 .02 . 06 . 07

Site 5 . 24 . 05 . 04 . 25 .02 . 08 . 0 9

Si te 6 ~ .27 . 26 .08 . 04 . 32 . 04 . 0 7 .11

Site 7 .24 .09 .06 . 12 .02 . 08 . 0 7

Site 8 . 22 .08 .09 .13 . 05 .06 . 08

Site 9 . 01 . 0 1 .05 .02 .06 . 03

Site 10 ~ . 18 . 22 . 09 .03 .11 . 05 . 10 . 08

Site 11 . 02 .01 . 04 . 04 . 05 . 03

Gaged
sites 0 .09 0.01 0. 17 0 . 20 0 . 05 0 .04 0 . 19 0.03 0 .08 0. 08

Gaging s t a -
t ion l e s s
s ites i - 10 0 .04 0 .02 0 .09 0 .04 0 .04 0 .04 0 .16 0 .03 0.06 0 .07

~ Less th an 0 .005 .
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for~ tio n a nd to t he s ediments unde r a nd bor de r i ng t he s tream channe ls , the reby
r educing stream-cha nne l t r ansmis sio n l os s es. Thi s assumption implie s t ha t pr i o r
t o 1959 conside rab le amoun ts of wa t e r ente ring s t ream channe ls above the s t r eam­
gaging s tat io n wer e l ost t o va lley r ocks and a l luvium whi ch were l argely dehy ­
dra ted be twe en s to rms. Wi t h the bui l ding of additiona l r e s e rvo irs i n 1957 and
1958 , the incr eased seepage from t he fl oodwater-re t arding st ructures may have
c r eated a con t inuous ly wette d vo l ume of rock and alluvuim a long the st ream
cha nne ls, thus l owe r i ng t he subseque nt channel t ransmission losses .

Pool Di s charge-Inflow Ratios

Ano t her i nteres t i ng as pec t o f the runoff observe d is the r elation betwee n
t he r a tio o f annua l poo l discha rge, from t he f l oodwa t er- r etard ing s t ruc t u r e s
throu gh the ou t l e t p ipes, t o t he i nflow above t hem and the annual pr e c ipitat i on
on the basin . The ratio of annua l pool discharge t o annua l poo l inflow i s per­
ha ps t he bes t ava i lab le measu re o f t he e f f ects the struc tures have on downs t ream
s t reamf low. Relating th i s r a t i o to t he annual pre cipitat i o n a f fo r ds a co nve n­
ve nie nt pic t ure o f what to expect unde r differe nt c l ima tic cyc le s. The a nnua l
pool discha r ge t o poo l inf low r a t i o s f o r the gro up of f loodwat e r - r e ta r d i ng
st ruc tu r es 1- 11 and the a nnua l precipitatio n a re as fo l lows :

Wat e r yea r Rat ios:
Pool discha rge Pre ci pita tio n
Pool i nflow ~ (i nch es)

1955 0 .03 18 .36
1956 0 11. 84
195 7 .61 38 .00

1958 .91 39 . 14
1959 . 64 30 .7 1
1960 . 2 1 29 .22

1961 .86 35 . 11
1962 . 17 22 . 19
1963 . 16 22 .01

~ Pool inflow doe s not inc lude rai nfa ll on poo ls .

Da ta in t he preced i ng tabu lat ion are presen ted graphica lly i n Figure 15 .
On the basis o f t he re lat ion s hown in th is graph, t he pool discharge from
f loodwate r -reta rding structures 1· 11 is 60 percent of t he inf low above the
s t ructures for an annual precipitation of 32 inche s on the watershed, the l a t t e r
figure be ing t he 24-yea r ave rage annual precipi ta t ion at Karnes Ci ty . With an
annua l precip itation of 40 inches, the pool discha rge may exceed 90 percent of
t he i n f l ow, whereas drought yea rs of less than 20 inches of rainfa l l may resu l t
in no pool discharge at a l l from the floodwate r -retarding structures .

Flood Control by the Structures

As sta ted in the in t roduc tio n the pr imary purpose of the So il Conservat i on
Se rv ice f loodwate r - re ta rd i ng s truc tures is to i mpound tempora r i ly the r u no f f
f r om t he u pstre am dra inage a reas and r e lea s e i t t hrough d rop-out le t pipes de ­
sig ned t o ca r ry f low which will no t exceed the capaci ty o f t he st ream cha nnel
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below. During the 9~year pe r iod (1955-63), no floodwa te r ~ re ta rd i ng pool was
fil l ed a bove s pil lwa y e leva tion exce pt dur i ng one s torm , that of Oct ober 24~26,

1960, when as much as 11. 5 inches of rain fell in 51 hours . Two of t he 11
fl oodwater· retarding poo ls ros e above s pi l lway level, 1. 38 fe e t at site 1 and
0 .46 foot at si te 3. The peak in flow a t s i te l was 4,990 cfs (cu bi c feet per
s econd) whe reas the peak ou t f l ow was on ly 183 c fs . With these two exceptions
al l othe r ru nof f from above t he s t ructures was pas sed th rough t he d rop~out let

pipes a t cont rolled rates .

Sedimen t · Runoff Reduction

On t he ba sis of s ediment s t udies at 1 of the 11 floodwate r - r e t a r di ng s t ruc ~

tures, a cons i de rab le reduction in s edime nt t r a ns port from the cont r o l l ed water ~

s heds i s i ndi cated. The trap e f f ic i e ncy of 97 pe rce nt compu t ed fo r re servoir
No .1 cou l d be used sa f e l y a t any of the other r es ervoirs . Although to t al
sed iment production from a l l the co nt r o l l ed waters heds was not de t e r mi ned ,
watershed pra ctices indicate similar re sults cou l d be expected in each. Not
known at this t ime is the e xt ent t o which t he r ela tivel y c l ea n wa t e r dis charged
from the floodwater~retarding s t ruc t ures pick s up sed iment downs t r eam . Con~

tinued s t udies i n the watershed a re expected to give r e sul t s on the downs t r ea m
effe cts t ha t the s t ruc t ures hav e on the sed iment r egime n.

CONC W SIQNS

I n the Escondido Creek s tudy a rea a system of 11 floodwate r~ re ta rd i ng

s t ruc tu re s whi ch cont r o l t he r uno f f f rom 44 . 9 square mi les was found t o r e leas e
an average of 60 percent of the s ur f ace i nflow above them (40 pe rcen t appa ren t ­
l y would be co nsumed at the ponds ) a s sur face f l ow t o t he s t r eam channe ls below
du r ing a yea r of a ve r age armua 1 prec ipitat ion (32 inches) . The ap pa ren t poo l
consumption ranged f rom 23 pe rcent of inf low in 1957 (ra i nf al l 38.00 inche s) t o
189 percent in 1956 (rainfall 11 . 84 inches ) . About half of the consumpt ion was
due t o evapor a t ion from t he flood~ retard i ng · pond wate r su rfaces, and the o t he r
half wa s a t t r i buted t o seepage and some evapo transpi r a tion f rom land a reas
peripheral t o the ponds. The see page may help to s us t a i n sur fac e flow a t
downs t r eam po int s by s uppl ying mo is ture to the al luv ium and rock ad jace nt t o
the s t r ea m cha nne ls a nd consequent ly r educing s ubsequen t st r ea m- cha nne l los se s
between the f l oodwater~retarding s t r uc tu r es a nd t he stream· gagi ng s ta t io n .

Studies rela ting t o ta l r uno f f an d rainf a l l showed that duri ng t he wa te r
yea r s 19 5 5~ 5 8 annua l runoff~ra inf8ll r a tios ave ra ged 0 . 12 fo r the a rea above
the s t r uc t ures a nd 0 .05 below; fo r t he per i od 1959· 63 simi lar ly computed r a tios
were 0 .08 above and 0 . 07 below. Relative values of the rat i os for t he la t t er
period are contrary t o the usua l i n that headwater dra i nage areas ge ne r a lly
have a un i t yield t hat i s gr ea t e r than for those a lo ng the fl ood pla ins . Addi ~

tional s tudies are needed before any real significance ca n be a t tached t o the
nea r eq uality of the runo ff~ra i n fal l r atios f or cont ro l led a nd uncont ro l led
a reas .

Acco rding t o sed ime nt studies , only a small part o f the sediment e roded
from the headcut s a nd banks of ups t ream tributa r i e s a ppea rs to have been de pos ~

ited in f loodwater ~ re t a rd i ng s i te 1. A sed iment survey showed t ha t 18 . 5 ac re ~

feet of mostly sil t a nd cla y wa s depos ited in reservoi r No . 1, while sus pende d­
sedime nt data s howed that 0 .5 ac re ~foo t was discharged . The t rap e f f ic iency
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of 97 percent wa s due in part t o the fact t hat the wa t er contained cons i de r ab l e
quanti ties o f ca l c i um and bicarbonate whi ch us ua l l y f loccu la te the clay parti~

cles .

The a ri t hme tic av e rage of pa r tic le ~s ize ana lyses of i nf low samples was 22
percent sand , 24 pe r cent silt , and 54 percent clay . The pa r c t c Ie -e I ae a na lyses
of the ou tf low samples showed tha t 87 t o 100 percent of t he suspended~sed iment

dis charge wa s i n the clay r an ge . The i ni t i a l s pec if ic weight of a depos i t
formed from t he sus pende d sed i ment car ried into t he r es e rv oir was 41 pounds pe r
cu bi c fo ot .
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Tabl e l 2 . - ·Month l y wa ter budgets
Wa te r budget i n ac re · f ee t for s i te 1

Month cnange Othe r Di s char g e
Per i od end i n Evapo- poo l Rai nf all through I nf l ow

cont ent cont ent r at i on cons umpt i on on pool outlet s

1954

Oct . 0 0 0 0 0 0 0

Nov . 5.0 +5.0 1.0 16.1 .2 0 21. 9

Dec . 0 - 5.0 .3 4.7 0 0 0

1955

J an . 0 0 0 .1 0 0 .1

Feb . .1 +.1 .2 2·9 .1 0 3.1

Mar . 0 -. 1 0 .1 0 0 0

Ap r . 0 0 0 0 0 0 0

May 1. 5 +1. 5 .8 7. 3 . 3 0 9·3

June 0 -1. 5 .2 1.4 .1 0 0

July 45.1 +45.1 7 .2 36 .2 .2 Y 12.9 101. 2

Aug . 118.9 +73.8 13.1 69.9 9. 3 0 147. 5

Sept . 68.5 - 50 .4 9. 4 46.8 2.3 0 3. 5

Wa t er yeAr +68 .5 32.2 185. 5 12.5 12·9 286.6

y wat. e r re l eased through valve .
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Table 12. -- Mo nth l y water budge t s - -Continued
Wa ter budget i n a c re -fee t fo r s i te I

Mont h Chunge Other Di scharge
Period end i n Evapo- pool Rainfall through Inflow

content cont ent ration cons ump t ion on noo l out l et s

1955

Oct . 33.0 - 35. 5 5.7 29.8 0 0 0

Nov . 16. 3 -16.7 2.0 16.6 1.2 0 .7

Dec . 7.7 -8.6 .8 7.8 0 0 0

1956

Jan . 2.7 - 5.0 .5 4.6 .1 0 0

Feb . . 3 -2. 4 .3 2.1 0 0 0

Mar . 0 - . 3 0 .3 0 0 0

Apr. 0 0 0 0 0 0 0

May 6.2 +6. 2 1.9 16.2 . 5 0 23.8

June 27.6 +21. 4 2.6 13.0 1.6 0 35.4

July 9.4 -18. 2 3.7 14.9 .3 0 . 1

Aug . 3.5 - 5.9 2.0 5.5 . 2 0 1.4

Sept . .8 - 2.7 .8 2.0 .1 0 0

Wat er year -67.7 20.3 112.8 4.0 0 61.4
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Tabl e 12 . - - Mon t h l y wa ter budge t s - - Co nt i nued
Wate r budge t i n a c re · feet fo r si te I

Month Change Othe r Discharge
Period end i n Evapo- pool Ra.infall through Infl ow

content content rat i on co ns umpt i on on pool outlets

1956

Ocl . 3.8 +3.0 1. 3 8.9 0.4 0 12.8

Nov . 3.2 . •6 .7 5.8 .3 0 5.8

Dec. 9.9 +6 .7 .8 5.3 .4 0 12.4

.ill:[

Jan . 3.8 -6.1 .5 6.4 .1 0 .7

Feb . 5.8 +2 . 0 .4 3.0 .3 0 5.1

Nar , 34 .6 +28.8 1. 5 10.8 1. 9 0 39 .2

Apr . 273.4 +238. 8 6.8 71. 4 13.3 .2 303 .9

Mny 434 .2 +160.8 21.6 69.3 31.4 80.0 300.3

June 222 .2 - 212.0 24 .2 48.4 5.7 192 .0 46.9

July 153 .1 -69.1 23.4 45 .7 0 0 0

Aug . 102.7 - 50.4 18.7 39.5 2.0 0 5.8

Sept . 249 .3 +146.6 13••( 42 .2 18.6 0 183.9

Wat e r ye ar +248. 5 113 .6 356 .7 74.4 272 .4 916 .8
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Table l 2.-- Mo nt h l y wat er budge ts - -Continued
Water budge t in ac re- f ee t for s ite 1

r'lont h Change Other Discha.rge
Per i od e nd in Evapo- poo l Rainfall t hrough I nflow

content content ration consumption on pool outlets

1957

Oct . 191.4 - 57.9 12.8 51.5 6.4 0 0

Nov . 209. 4 +18. 0 5.4 41. 5 18.5 1.0 47.4

Dec . 171. 7 - 37.7 5·9 38 .0 3.8 0 2.4

1958

Jan . 241.1 ->69 . 4 7 .4 43. 3 21.0 77.0 176.1

Feb. 267.7 +26 .6 6.6 44.1 18.0 112.0 171.3

Mar. 192.8 -74. 9 9.8 32.9 3.5 36.0 . 3

Apr. 147. 2 -45.6 11.9 35.3 1. 6 0 0

11ay 203 . 5 +56 .3 21.0 40.6 17.0 194.0 294.9

June 161.2 -42. 3 19.4 31.8 6.8 0 2.1

July 121 . 2 -40.0 20.2 33.7 2.8 0 l l.l

Aug . 83. 2 - 38. 0 14.6 23. 4 0 0 0

Sept . 70.7 -12. 5 6.2 18. 2 9.1 0 2.8

Wat er year -178.6 141.2 434 .3 108:5 420 .0 708.4
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Table 12 . · · Mon th l y wate r budgc t s - - Continued
Water budget i n ac re - fee t for s i te 1

Month Change Other Discharge
Period end in Evapo- pool Rainfall through Inflow

content content ration consume r i on on pool out l e t s

1958

Oc t . 62.0 -8. 7 3.7 13.4 8. 4 0 0

Nov. 47 .1 -14.9 2.8 14.1 2.0 0 0

Dec . 37 .5 -9.6 1. 9 9.6 1. 8 0 . 1

~

Jan . 26. 2 -1l . 3 1. 5 12.9 .2 Y .3 3.2

Feb . 20.2 -6. 0 1.0 8. 5 2. 2 Y 1.0 2.3

Mar . 10.2 -10. 0 2.1 6.0 0 Y1.9 0

Apr . 6.1 -4. 1 1.6 5.2 .6 0 2.1

May 2.8 - 3.3 1. 6 2.9 . 5 0 .7

June 8. 2 +5. 4 2.4 7.6 1. 5 0 13.9

Jul y 2.6 - 5.6 2. 2 4.1 . 1 0 .6

Aug. 0 - 2.6 .8 2.1 .3 0 0

Sept . 15.2 +15. 2 .1 . 2 .3 }J .8 16 .0

Wat e r year - 55. 5 21.7 86.6 17.9 4.0 38.9

y wat.er released through val ve . ~ Wat er pumped from pool .
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Tab l e l 2 . - -Monthly water budgets - -Continued
Wa t er budge t in ac r e- f ee t f or site 1

Month Change Other Discharge
Period end in Evapo - pool Rainfall through I nflow

content content ration consumpt ion on pool outlets

1959

Oct . 54 .2 +39 .0 5.9 36 .9 3.4 VlO.4 88.8

Nov . 28.0 -26. 2 2.7 24.1 .6 0 0

Dec. 19.2 -8. 8 1. 3 15.4 1.5 0 6.4

1960

Jan . 24.6 +5 .4 1. 4 18.5 .6 0 24.7

Feb . 12.1 -12. 5 1. 7 13.1 1. 4 0 . 9

Mar . 4.7 -7. 4 1.3 7. 5 . 4 0 1. 0

Apr . 1.8 - 2. 9 .7 3.7 . 2 0 1.3

May 0 -1.8 .4 1.9 .1 0 . 4

June 0 0 0 0 0 0 0

July 33 .8 +33.8 4.5 24.0 1. 6 V 10 . 5 71.2

Aug . 70.2 +36. 4 5.4 21.6 4.0 0 59.4

Sept . 35.3 - 34. 9 6 .8 29.9 1.8 0 0

Water year +20 .1 32.1 196.6 15 .6 20·9 254 .1

y Water released through valve .
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Table l 2 . · · Mo nthly wat er budge t s - · Cont i nued
Wa t e r budget i n ac re - fee t for s i t e 1

Month Change Other Discharge
Period end in Evapo- pool Rainfall through Inflow

con t ent content ra.tion consumpt io n on TIool outlets

~

Oct . 873.2 +837.9 10.6 72.8 51.5 334 .0 1,203 .8

Nov . 382.5 -490.7 13.8 144. 7 21.9 575 .0 220.9

Dec . 199.9 -182. 6 5.0 73.8 12.8 200.0 83.4

~

Jan. 156.1 -43. 8 5.1 50.0 3.6 32.0 39.7

Feb . 158.3 +2 .2 7.9 34.2 5.0 32.0 71. 3

Mar. 118.4 - 39. 9 11.8 29.3 .9 0 . 3

Apr . 83.3 - 35.1 10·9 29.7 3.5 0 2.0

May 46.6 - 36. 7 10.6 26.3 .7 Y .7 . 2

June 22.1 - 24. 5 6.6 22.3 1. 6 0 2.8

July 5.9 -16 .2 3.5 13.9 1. 2 0 0

Aug . .6 - 5. 3 1.2 4.7 .6 0 0

Sept . . 2 -.4 .2 .8 .1 0 . 5

Water yeur - 35.1 87.2 502 .5 103.4 1,173.7 i , 62J~ . 9

2/ Wuter r el e3sed through valve .
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Table l 2 . - -Monthly wa te r budget s - -Co ntinued
Water budget in acre -fee t for si te 1

Month Change Other Discharge
Period end in Evapo- pool Ra.infall through I nflow

content content ration cons umpt ion on pool outlets

1961

Oct . 0 - 0 . 2 0 .1 0 .1 0 0 0

Nov. 0 0 0 0 0 0 0

Dec. 0 0 0 0 0 0 0

1962

Jan. 0 0 0 0 0 0 0

Feb . . 5 +. 5 . 2 1. 8 .1 0 2 .4

Mar . 0 - . 5 . 1 . 4 0 0 0

Apr. 0 0 0 0 0 0 0

May 0 0 0 0 0 0 0

June 45 .1 +45. 1 9 .2 47 .9 5 .9 0 96 .3

July 13 .5 - 31.6 7 . 6 24 .0 0 0 0

Aug . 1. 1 - 12 . 4 2 .2 10.6 . 4 0 0

Sept . 0 - 1. 1 . 4 1.8 . 3 0 . 8

Water year - 0 . 2 19.8 86 .6 6 . 7 0 99 . 5
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Table 12 . - - Mo nt hly wa ter budge ts - - Cont inued
Wat e r budget in acre - feet fo r s i te I

Mont h Change Other Discharge
Period end i n Evapo- po o l Rainfall through Inflo....

content content ra.tion co ns umpt i on on pool outlet s

1962

Oct . 38.4 +38.4 0.6 1. 4 0.6 0 39.8

Nov . 118.2 +79 .8 3.0 24.9 4.1 0 103.6

Dec . 129 .8 +11. 6 4.0 47.1 8.2 0 54.5

.!20.
Jan . 91.1 - 38.7 5.2 33.9 .4 0 0

Feb . 70.3 - 20. 8 4.9 18.9 2.5 0 . 5

Mar. 43.8 -26. 5 6.5 20 .1 .1 0 0

Apr . 82.5 +38.7 5.2 16.2 1. 7 ~h . 3 60.7

May 49 .4 - 33.1 9.6 23.6 .1 0 0

June 40 .4 -9.0 8.1 16.0 4.6 0 10. 5

Ju l-Y 23 .5 -16. 9 8.0 14.1 .3 0 4.9

Aug . 8.1 -15.4 4.5 10.1 .1 2/1 .3 . 4

Sept . 3.4 -4.7 1. 8 4.8 .9 0 1. 0

Wat er year +3.4 61.4 231.1 23 .6 3.6 275 .9

y Wat er rel eased t hrough v a.l ve ,
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Tab l e 1 2 . ~ ~Monthl y water budgets ~ . Co n tinued

Water budget in ac re -feet fo r s i te 2

Month Change Other ua scnarge
Period end in Evapo- poo l Ra.infall through I nflow

content content rut Ion co ns umotion on nool outlets

1956

Sept . 10

Oct. 13 +3 0 2 0 0 5

Nov . 14 +1 1 1 0 0 3

Dec . 32 +18 1 3 0 0 22

1957

Jan . 27 - 5 1 4 0 0 0

Feb . 22 - 5 1 5 1 0 0

Mar . 55 +33 2 5 3 0 37

Apr. 202 +147 6 19 17 0 155

May 270 +68 18 25 26 216 301

June 187 -83 22 23 5 73 30

July 145 -42 24 18 0 0 0

Aug . 107 - 38 18 23 3 0 0

Sept . 185 +78 13 19 19 0 91

Wa.ter year +175 107 147 74 289 644
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Table l 2 . - - Mo nthl y wa t er budge t s - - Con tinued
Wate r budget in acre -fee t fo r si t e 2

Month Change uthet Di scharge
Period end in Evapo- poo l Rainfall through In fl ow

content content ration consumnt ion on DODI out lets

1957

Oct . 159 - 26 12 19 5 0 0

Nov. 204 +45 6 29 18 3 65

Dec . 185 - 19 7 18 4 0 2

1958

Jan . 220 +35 8 27 23 515 562

Feb . 232 +12 7 28 19 72 100

Mar . 196 - 36 11 18 4 11 0

Apr . 168 - 28 14 15 1 0 0

M"Y 192 +24 21 13 19 190 229

June 166 -26 21 16 10 0 1

July 138 - 28 22 10 4 0 0

Aug. 104 - 34 18 16 0 0 0

Sept . 98 -6 8 17 10 0 9

Wat er yel:tr -87 155 226 117 791 968
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Table 12 . - -Monthly water budget s - -Continue d
Water budget i n ac re - fee t fo r s ite 2

Month Change Other Discharge
Period end i n Ev.po- poo l Rainfall t hrough I nf l ow

cont ent content r ation co nsumot i on on pool outlet s

1958

Oct . 91 -7 5 16 13 a 1

Nov . 87 -4 5 5 1 a 5

De c . 74 -13 3 13 2 a 1

!222
Jan . 69 - 5 3 7 1 a 4

Feb. 74 +5 3 9 6 a 11

Mar . 60 - 14 6 9 1 a a

Apr. 49 - 11 5 7 4 ~h 2

May 38 - 11 5 7 2 ~h 1

June 36 - 2 6 4 4 a 4

July 27 -9 4 6 a a 1

Aug . 22 - 5 2 4 1 a a

Sept . 18 _4 1 4 1 a a

Water year - 80 48 91 36 7 30

!I Wat er re leased through valve .
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Tabl e 12 . - -Mont hl y water budge ts - - Cont i nued
Water budget i n acre ~ fe e t for si t e 2

Mont h Change Other Discharge
Period end in Evapo- poo l Rainf aJ.I through I nf l ow

content content ration cons umpt i on on pool outlets

l2.22
Oct . 55 +37 4 6 5 0 42

Nov . 46 - 9 3 8 1 0 1

Dec . 41 - 5 2 6 2 0 1

!2§£

J an . 43 +2 2 4 1 0 7

Feb . 38 - 5 2 5 2 0 0

Mar. 37 - 1 2 5 2 0 4

Apr . 29 -8 2 7 1 0 0

M, y 25 - 4 2 3 1 0 0

June 21 - 4 2 3 1 0 0.
July 31 +10 2 4 3 0 13

Aug . 40 +9 3 4 4 0 12

Sept . 33 -7 4 5 1 0 1

Wat er year +15 30 60 24 0 81



'"~

Table l2. - -Month l y water budge ts - · Cont i nued
Water budge t in ac re - fe e t for site 2

Month Change Other Discharge
Period end i n Evapo- poo l Rainfa~l through I nf'l ow

content content ration cons umpt i on on pool out l et s

~

Oct . 410 +377 6 14 61 418 754

Nov . 220 -190 8 17 15 335 155

Dec . 228 +8 5 20 14 28 47

~

J an. 200 -28 6 19 6 9 0

Feb . 196 -4 9 16 7 55 69

Mar . 173 - 23 15 10 2 0 0

Apr . 152 -21 16 10 5 0 0

May 122 -30 18 14 2 0 0

June 103 -19 14 10 5 0 0

Jul y 85 -18 13 9 2 0 2

Aug. 73 -12 11 7 3 0 3

Sept . 56 -17 8 7 4 Y6 0

Wat er year +23 129 153 126 851 1 , 030

!I Water released through valve .
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Table 12 . ~ ~Month ly water budgets~ -Continued

Wat e r budget in acre~feet fo r s ite 2

Month cnang e v t ner Di s charge
Per i od en d i n Evapo- poo l Rainfall t hrough I nflow

cont ent co ntent r at i on co ns umpt i on on pool out l et s

1961

Oct . 48 -8 5 7 2 0 2

Nov . 45 - 3 2 7 3 0 3

Dec . 38 -7 2 7 0 0 2

~

J an . 33 - 5 1 5 0 0 1

Feb . 31 - 2 2 2 1 0 1

Mar . 25 -6 2 5 1 0 0

Apr . 22 - 3 1 5 1 0 2

May 17 - 5 1 4 0 0 0

June 38 +21 5 5 3 0 28

July 27 - 11 5 6 0 0 0

Aug. 19 -8 2 6 0 0 0

Sept . 14 - 5 1 5 1 0 0

Wa.t er y e ar - 42 29 64 12 0 39
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Tab le 12 . - - Mont h l y wa ter budget s - .Continucd
Water budget in acre-feet for site 2

Month Change Other Discharge
Period end i n Evapo- poo l Ra.infall through Inflow

content content ra.tion co ns umpt ion on noo l outlets

~

Oct. 82 -H58 5 5 4 0 74

Nov. 170 +88 3 17 5 0 103

Dec. 212 +42 2 32 12 8 72

~

Jan . 189 -23 2 28 1 1 7

Feb . 177 -12 3 17 6 0 2

Mar . 152 - 25 5 21 1 0 0

Apr. 162 +10 5 23 7 0 31

f.fay 135 - 27 6 22 1 0 0

June 181 +46 7 25 9 0 69

July 145 - 36 8 31 3 0 0

Aug . 111 - 34 8 27 1 0 0

Sept . 98 - 13 6 13 6 0 0

Wl:l.ter year +84 60 261 56 9 358
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Table l2 . - -Month ly water budgets --Continued
Water budget in acre-feet for site 3

Month Change Othe r Discharge
Period end in Evapo- poo l Rainfall through l ni"low

content content r at i on consumption on poo.L outlets

1957

Feb . 29

Mar . 309 +280 13 27 12 0 308

Apr. 459 +150 18 39 26 148 329

May 502 +43 27 32 35 207 274

June 418 -84 32 18 7 76 35

Jul,y 368 - 50 39 11 0 0 0

Aug. 319 -49 34 19 3 0 1

Sept . 453 +134 25 18 47 165 295

Water ye ar +424 188 164 130 596 1 ,242
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Table l2 . - - Monthly wa ter budge ts - -Continued
Wat e r budget i n acre-feet f or s ite 3

Month Change Other Di s charge
Period end in Evapo- pool Ra ini'all through Inflow

content content ration consumpt i on on pool out l et s

1957

Oct . 433 - 20 20 10 5 44 49

Nov . 441 +8 9 15 29 212 215

Dec . 283 -158 9 15 6 ~h40 0

1958

Jan . 453 +170 11 13 30 419 583

Feb . 508 +55 10 20 29 200 256

Mar. 436 -72 16 24 6 38 0

Apr . 413 - 23 21 4 2 0 0

May 424 +11 30 3 28 303 319

June 411 -13 33 4 11 0 13

July 220 -191 34 6 4 Y155 0

Aug . 164 - 56 27 9 0 Y20 0

Sept . 168 +4 14 11 20 0 9

Wat er year -285 234 134 170 1,531 1, 444

y Water r e l e as ed through valve .
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Tabl e l 2. - -MO nth ly water budge ts - -Con tinued
Water budge t i n acre · fee t f or site 3

Month Change Othe r Discharge
Period end in Evepo- poo l Rainfall through Inflow

content cont ent ration consumption on pool outlets

1958

Oct . 156 -12 10 16 20 Y6 0

Nov. 181 +25 9 13 2 0 45

Dec . 177 -4 7 10 7 0 6

~

Jan. 177 0 7 6 1 0 12

Feb . 185 +8 6 14 14 0 14

Mar . 160 - 25 17 2 1 Y 8 1

Apr . 156 - 4 15 1 8 Y 2 6

May 141 -15 19 5 7 0 2

June 148 +7 23 3 13 0 20

July 122 - 26 23 7 3 0 1

Aug. 111 - 11 19 6 8 0 6

Sept . 96 - 15 15 3 9 Y6 0

Wa.ter ye ar -72 170 86 93 22 113

l! Water r el ease d through v alve . Y Wat e r pumped f rom pool .
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Table 12.· -Mo nth ly wate r budge ts - - Continued
Water budget in acre-feet f or si t e 3

Month Change Other Discharge
Period end i n Evapo- pool Rainfall through Inflow

content content ration co ns umpt ion on pool out l ets

1959

Oct . 130 +34 12 6 11 0 41

Nov . 118 - 12 7 11 2 0 4

Dec. 118 0 5 10 7 0 8

1960

Jan . 148 +30 6 10 4 0 42

Feb . 152 +4 8 8 8 0 12

Mar . 173 +21 11 7 7 0 32

Apr . 160 -13 13 7 7 0 0

May 148 - 12 20 2 6 0 4

June 133 -15 24 4 8 0 5

July 198 +65 26 9 16 0 84

Aug . 346 +148 23 14 27 0 158

Sept . 314 - 32 23 17 5 0 3

Water year +218 178 105 108 0 393
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Table l2 . - - Monthly water budgets - -Cont inued
Wate r budge t i n ac re · fe et fo r s i t e 3

Month Change Othe r Di scharge
Period end in Evapo - pool Rainf all through I nflow

content content r at i on consumpt i on on pool outlet s

~

Oct . 1 , 460 +1, 146 18 22 69 509 1,626

Nov . 459 - 1 , 001 15 25 28 1 ,310 321

Dec. 465 -tj) 7 23 19 186 203

1961

Jan . 441 - 24 9 16 6 146 141

Feb . 436 - 5 13 12 12 183 191

Mar . 418 -18 23 2 28 Y21 0

Apr . 396 - 22 26 4 8 Y5 5

May 352 - 44 32 3 2 Yll 0

J une 325 - 27 29 6 12 Y4 0

July 299 - 26 28 3 5 Y5 5

Au g . 263 - 36 28 7 6 Y7 0

Sept . 244 -19 25 5 10 0 1

Wa.ter year -70 253 128 205 2,387 2, 493
~ Wa.t e r released tr~ough valve .
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Table l 2 . - - Mo nt hly wa t er budge ts - -Continued
Water budget in acre-feet for s i te 3

Month Change Ot her Discharge
Period end in Evapo- poo l Rainfall through Inflow

content content ration cons umpt i on on DODI outlets

~

Oct . 230 -14 19 5 9 0 1

Nov . 225 - 5 10 13 16 0 2

Dec . 216 - 9 9 2 2 0 0

~

Jan . 212 - 4 8 2 2 0 4

Feb . 194 -18 12 18 6 0 6

Mar . 173 - 21 15 15 5 0 4

Apr. 173 0 18 12 14 0 16

Mao' 141 - 32 23 16 7 0 0

June 239 +98 25 18 16 0 125

July 189 - 50 33 17 0 0 0

Aug . 144 - 45 27 19 1 0 0

Sept . 137 - 7 17 23 12 0 21

Wat er year - 107 216 160 90 0 179
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Table l2. - -Mo nth l y wate r budgets - -Continued
Wa ter budge t in acre -feet for site 3

Month Change Other Discharge
Pe r i od end in Evapo- poo l Rainfall through Irrfl ow

content content ration consumpt ion on pool outlet s

1962

Oct . 126 - 11 14 14 6 0 11

Nov . 216 +90 9 15 11 0 103

Dec. 398 +182 8 16 14 0 192

~

Jan. 379 - 19 12 10 2 0 1

Feb . 374 - 5 B 10 9 0 9

Mar. 352 - 22 21 13 1 0 11

Apr . 453 +101 23 20 16 0 128

May 407 - 46 30 20 1 30 33

J une 368 -39 32 25 18 0 0

July 357 - 11 36 9 10 0 24

Aug . 319 -38 33 11 2 0 4

Sept . 293 -26 24 13 11 0 0

Wate r year +156 255 176 101 30 516
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Table l 2 .~- Mo n thly wa te r budge t s - ~Con t inue d

Water budge t i n ac re - fe e t fo r s ite 4

Month Change Other Discharge
Period end in Evapo- poo l Rainfall through Inflowl!

content content ration cons umpt i on on pool outlets

1957

J an . 0

Feb . 7 +7 0 1 0 0 9

Mar . 237 +230 7 23 10 0 250

Apr . 581 +344 23 37 42 217 579

May 681 +100 45 15 57 989 1 ,092

June 496 -185 51 19 11 227 101

July 416 -80 61 19 0 0 0

Aug . 360 -56 50 16 10 0 0

Sept . 541 +18 1 37 33 54 272 469

Water year +542 274 163 184 1,705 2 ,500

1/ Inflow includes drop-outlet pipe discharge from site 3.
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Table 12.-- Mb nt hl y wa te r budgets - -Cont i nued
Wa ter budget in acre - f ee t fo r s i te 4

Mont h Change Other Discnarge
Per i od end in Evapo- po o l Rai nfall t hrough Inflow~

content content r-at.Lon consumption on pool outlet s

1957

Oct . 496 - 45 32 40 5 21 43

Nov. 551 +55 15 55 42 323 406

Dec . 496 - 55 17 48 9 125 126

1958

J an. 541 +45 18 42 52 1,093 1 , 146

Feb . 591 +50 16 34 37 400 463

Mar . 505 -86 25 25 11 60 13

Apr . 469 - 36 33 7 3 0 1

May 514 +45 49 1 46 803 852

June 473 -41 53 17 29 0 0

July 514 +41 60 10 12 Y48 147

Aug . 360 -154 55 5 0 Y 1l4 20

Sept . 200 -160 21 29 31 Y 141 0

Wa.t er year - 341 394 313 277 3,128 3,217

!I Wat er released through valve . ]/ I nfl ow includes drop-outlet pipe discha.rge from site 3 .
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Tabl e l 2.~- Mon thly wa t er budge ts ~ ~Co ntinued

Wat e r budge t i n acre ~ fe e t fo r s ite 4

Month Change Other Di s charge
I nflowl!Period end i n Evapo- poo l Rainfall through

co nt ent content ration cons umpt i on on pool outlets

1958

Oct . 165 -35 10 40 22 U2 5

Nov . 160 - 5 9 11 3 0 12

Dec . 165 +5 7 13 5 0 20

.!212
Jan . 137 - 28 7 22 1 0 0

Feb . 155 +18 6 14 14 0 24

Mar . 137 - 18 17 2 1 0 0

Apr . 190 +53 18 17 15 0 73

May 205 +15 24 6 15 0 30

June 200 - 5 30 10 21 0 14

July 141 - 59 27 13 1 ~ho 0

Aug . 141 0 22 18 11 0 29

Sept . 125 - 16 18 12 9 0 5

Wat er year -75 195 178 118 32 212

!I Wat er released t hrough valve . l! I nf l ow includes drop- outle t pipe discharge from site 3 .
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Tab l e l 2. - -Monthly wat er budgets · -Cont inu cd
Water budget i n a c re · f eet for s i t e 4

Month Change Other Discharge
I nflowl!Period end in Evapo- pool Rainfall through

content content ration co ns uffiot i on on pool outlets

~

Oct . 141 +16 15 5 25 0 11

Nov. 180 +39 9 9 3 0 54

Dec . 175 - 5 7 11 10 0 3

~

Jan . 190 +15 7 8 5 0 25

Feb . 185 - 5 10 5 9 0 1

Mar . 195 +10 13 12 7 0 28

Apr . 170 - 25 15 17 7 0 0

May 150 - 20 22 3 5 0 0

June 118 - 32 24 20 12 0 0

Ju.!-Y 150 +32 24 16 11 0 61

Aug . 155 +5 21 9 24 0 11

Sept . 145 - 10 19 1 3 0 7

Wa.t er year +20 186 116 121 0 201

11 Inflow includes drop-outlet pipe discharge from site 3 .
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Tabl e 12 . - -Mon thly wat e r budge t s • • Con ti nued
Wa t er budget i n ac re - fe e t fo r s i te 4

Month Change Other Discharge
I nflo,J.!Period end in Evapo- poo l Rainfall t hrough

cont ent co nt e nt ration cons umnt Io n on poo l outlet s

~

Oct . 1,450 +1, 305 22 38 75 1,380 2,670

Nov . 561 -889 19 31 35 2, 590 1,716

Dec . 581 +20 11 39 34 339 375

1961

Jan . 532 -49 15 35 15 237 223

Feb . 523 - 9 22 28 17 375 399

Mar . 478 -45 37 13 3 0 2

Apr. 469 -9 41 14 13 Y 5 38

Iw,y 408 -61 50 20 8 YlO 11

June 352 - 56 43 26 9 Y 2 6

Ju~ 324 - 28 40 0 8 0 4

Aug. 275 -49 38 22 9 0 2

Sept . 268 -7 32 8 16 0 17

Wat er year +123 370 274 242 4,938 5, 463
gj Wat er pumped from pool . l! Inflow includes drop- outle t pipe discharge from s i t e 3 .
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Table l2. - -Mo nthly water budgets - -Continued
Water budget i n acre - f ee t for si te 4

Month Change u tne r D~scha.rge

Period end in Evapo- pool Rainfall through Inflowl!
content content ration cons umpt iC!:n on pool outlets

19'51

Oct . 249 - 19 23 12 11 0 5

Nov. 237 - 12 12 18 14 0 4

Dec . 220 - 17 11 9 2 0 1

~

Jan . 210 - 10 10 5 3 0 2

Feb . 190 - 20 14 11 3 0 2

Ma.r . 155 - 35 16 25 6 0 0

Apr . 150 - 5 17 23 12 0 23

May 185 +35 21 19 4 0 71

June 200 +1 5 29 11 18 0 37

July 133 - 67 32 35 0 0 0

Aug . 107 - 26 24 4 1 0 1

Sept . 103 - 4 15 1 5 12 0 14

Wa.ter ye ar - 165 224 187 86 0 160

11 Inflow include s drop- outlet pipe discharge f r om site 3.
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Tab le 12 . - - Month l y wat er budget s - - Con tinued
Water budge t i n ac re - fee t fo r si te 4

Month Cnange Other Discharge
Inflowl!Period end in Evepo- poo l Rainfall through

content content ration consumpt i on on pool outlet s

~

Oct . 89 -14 12 7 5 0 0

Nov. 324 +235 8 12 7 0 248

Dec . 486 +162 12 38 28 0 184

1963

Jan . 442 - 44 18 29 3 0 0

Feb . 442 0 20 25 16 0 29

Mar . 400 - 42 32 11 1 0 0

Apr . 408 +8 34 11 18 0 35

May 360 -48 41 8 1 0 0

June 324 -36 43 17 24 0 0

July 275 -49 44 9 4 0 0

Aug . 231 -44 38 7 1 0 0

Sept . 205 -26 26 15 15 0 0

Water year +102 328 189 123 0 496

11 Inflow includes drop-outlet pipe discharge f rom site 3.
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Table l2. - -Mbnthly wa ter budgets --Continued
Water budget in acre-feet for s i te 5

Mont h Change Oth e r Discharge
Period end i n E'vapo- poo l Rainfall through Inflow

cont ent co nt ent ration cons umption on pool out l e t s

1957

Mar . 37

Apr . 114 +77 4 16 8 5 94

May 124 +10 10 10 10 126 146

June 104 - 20 12 6 4 102 96

July 87 -17 14 3 0 0 0

Aug • 76 - ll II 1 1 0 0

Sept . 117 +41 8 7 13 103 146

Wat er year +flo 59 43 36 336 482
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Tabl e 12 . -· Monthl y wate r budge t s · - Continued
Water budget in ac re -fee t for si te 5

Month Change Other Discharge
Period end in Evapo- pool Rainfall through I nfl ow

content content ration cons umot ion on poo l out l et s

1957

Oct . ill -6 8 2 3 5 6

Nov . 117 +6 4 8 11 96 103

Dec . ill -6 4 8 2 7 11

1958

J an . 115 +4 4 8 13 210 213

Feb . 139 +24 4 8 9 83 110

Mar . ill -28 6 4 2 50 30

Apr . 102 -9 8 2 1 0 0

May 113 +11 12 1 11 131 144

June 105 -8 12 2 4 0 2

July 94 -11 13 0 1 0 1

Aug. 78 -16 11 ) 0 0 0

Sept . 103 +25 6 14 11 0 34

Water year -14 92 62 68 582 654



~

~

Tab le l 2 .--Monthly wa t er budge t s - -Continued
Wa t er budget i n acre~feet f or s i t e 5

Month Change Other Discharge
Per i od end i n Ev apo- poo l Ra i nfal l through Ini"low

content content ration cons umpt ion on pool outlets

1958

Oct . 116 +13 5 7 11 20 34

Nov . 110 -6 4 6 2 7 9

Dec . 108 - 2 4 4 3 0 3

1959

Jan . 108 0 3 1 1 0 3

Feb . 110 +2 3 5 6 0 4

Nar , 102 -8 8 0 0 0 0

Apr . 110 +8 8 2 7 18 29

May 102 - 8 10 2 4 0 0

J une 106 +4 12 2 6 9 21

July 92 -14 12 4 2 0 0

Aug . 88 -4 10 7 5 0 8

Sept . 74 - 14 8 10 4 0 0

wat.er year - 29 87 50 51 54 111
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Table l2. - -Monthly water budgets - -Continued
Water budget i n acre- feet for s i t e 5

Month Change Other Di scharge
Per iod end in Evapo- pool Rainfall through Inflow

content cont ent ration cons umpt i on on pool outlets

1959

Oct . 81 +7 6 2 6 0 9

Nov. 76 - 5 4 3 1 0 1

Dec . 76 0 3 3 3 0 3

~

J an . 87 +11 3 3 2 0 15

Feb . 90 +3 4 3 4 0 6

Mar . 114 +24 5 3 4 9 37

Apr . 112 - 2 7 3 3 1 6

May 104 -8 10 2 , 0 1"
June 98 -6 12 4 7 0 3

July 88 -10 12 4 5 0 1

Aug. 90 +2 9 5 9 0 7

Sept . 87 - 3 8 0 1 0 4

Water year +13 83 35 48 10 93
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Tab le l2 . - - Ho nt h l y wa ter budge ts - -Con tinue d
Wate r budget in acre-fee t fo r s ite 5

Month ---cnangc Othe r Di scharge
Period end in Evapo- pool RainfaJ.l through Inflow

cont ent content r ation consumption on pool out lets

~

Oct . 236 +149 7 3 29 280 410

Nov. li4 -122 4 6 9 198 77

Dec . li8 +4 3 5 7 75 80

!2§l

J an . li4 _4 4 4 3 31 32

Feb . li2 -2 5 5 5 87 90

Mar . 102 -10 9 2 1 0 0

Apr . 94 -8 9 3 3 0 1

May 87 -7 li 1 1 0 4

June 78 -9 10 4 5 0 0

Ju~ 68 -10 9 5 4 0 0

Aug. 63 - 5 9 1 2 0 3

Sept . 58 - 5 8 2 3 0 2

Water year -29 88 41 72 671 699
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Table.12 . - -Mont hly water budgets- -Continued
Water budge t in acrewfeet for site 5

Month Change Other Discharge
Period end in Evapo- pool Rainfall through Inflow

content content ration cQ nsumot i on on pool outlets

1961 -

Oct . 53 - 5 6 4 3 0 2

Nov . 52 -1 3 5 4 0 3

Dec. 49 - 3 3 1 1 0 0

1962

J an. 46 - 3 2 2 1 0 0

Feb . 46 0 3 2 1 0 4

Max . 40 -6 4 3 1 0 0

Apr . 39 - 1 5 ' 2 4 0 2

May 46 +7 7 1 2 0 13

June 40 - 6 7 3 4 0 0

July 30 -10 9 1 0 0 0

Aug. 22 - 8 7 1 0 0 0

Sept . 20 - 2 4 4 3 0 3

Water yea.r - 38 60 29 24 0 27
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Table l2. - -Mo nthly wa t e r budgets - -Continued
Wa t e r budge t i n acre -feet for site 5

Mor.th Change Uther Di s charge
Period end in Ev apo- pool Rainf al l thr ough Inflow

content content r at I on consumpt i on on pool outlets

1')62

Oct . 22 +2 4 2 2 0 6

Nov . 91 +69 2 2 2 0 73

Dec . 115 +24 3 4 5 10 36

1')63

Jan . 109 -6 4 3 1 0 0

Feb . 111 +2 5 3 4 0 6

Mar . 100 - 11 8 3 0 0 0
.

-8 6Apr . 92 8 7 0 1

May 94 +2 10 0 0 0 12

June 92 - 2 11 3 6 0 6

J uly 74 -18 12 9 3 0 0

Aug. 61 -13 10 3 0 0 0

Sept . 58 - 3 7 1 2 0 3

'\>Ja,ter year +38 84 42 31 10 143
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Table l 2.--Mo nt h l y wate r budge t s - -Cont i nued
Wa t e r budge t i n ac re - feet fo r s i te 6

Month Change Oth er Discharge
Period end in Evapo- poo l Ra.infall through Inf l ow

content content ration cons umpt i on on pool outlets

1955

Aug . 0

Sept . 48 +48 6 2 1 0 55



'"N

Tabl e l2 . - -MOnth ly wate r budgets - -Continued
Water budget i n ac re · feet for site 6

Month Change Other Discha.rge
Pe riod end in Evapo- po ol Rainfall through I nflow

content content r ation con s u mer i on on pool outlets

1955

Oct . 36 - 12 5 7 0 0 0

Nov. 33 - 3 2 4 1 0 2

Dec . 30 - 3 2 1 0 0 0

1956

J an . 28 - 2 1 1 0 0 0

Feb . 25 - 3 2 1 0 0 0

Mar . 19 - 6 2 4 0 0 0

Apr . 1 5 - 4 2 3 0 0 1

May 12 - 3 2 3 1 0 1

June 8 - 4 2 2 0 0 0

July 2 - 6 2 4 0 0 0

Aug . 0 - 2 1 1 0 0 0

Sept . 0 0 0 0 0 0 0

Water year - 48 23 31 2 0 4
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Table l 2 .- -Monthly wa t er budget s - - Conti nued
Water budget i n acre - f eet fo r si te 6

Month Change Other Discharge
Period end in Evapo- poo l Rai nfall through Inflow

content content ration consumpt ion on pool outlets

19~6

Oct. 0 0 0 0 0 0 0

Nov . 0 0 0 0 0 0 0

Dec . 7 +7 1 0 0 0 8

1957

Jan . 6 - 1 0 1 0 0 0

Feb . 19 +13 1 1 1 0 14

Mar . ll5 +96 5 10 6 0 105

Apr . 234 +119 II 9 18 240 361

May 239 +5 18 12 17 243 261

June 187 - 52 20 15 6 103 80

July 150 - 37 23 14 0 0 0

Aug . 125 - 25 18 9 2 0 0

Sept . 212 +87 14 6 21 2ll 297

Wat e r year +21 2 III 77 71 797 1 , 126
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Tab le 12 . - -funth1y water budgets -.-Continued
Water budget in acre-feet for site 6

Month Change Other Discharge
Per i od end i n Evapo- pool Ra.i nfall thr ough Inflow

content cont ent r ation consumption on pool outlet s

1957

Oct . 194 - 18 13 10 5 0 0

Nov . 207 +13 6 14 19 122 136

Dec . 194 - 13 7 10 4 0 0

1958

Jan . 205 +ll 8 12 23 333 341

Feb . 234 +29 7 13 16 196 229

Mar. 196 - 38 10 19 4 13 0

Apr . 179 - 17 13 5 1 0 0

May 201 +22 21 3 18 318 346

June 184 - 17 21 3 7 0 0

July 157 -27 22 7 2 0 0

Aug. 131 -26 19 7 0 0 0

Sept . 154 +23 10 15 18 0 30

Wat er year - 58 157 li8 li7 982 1 ,082
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Table l2 . - -MOnthly water budgets - -Continued
Water budget in acre - f ee t for site 6

Montn Change utner Discharge
Period end in Evapo- poo l Rainfall through Inf l ow

content content ration cons umpt ion on pool outlets

1958

Oct . 208 +54 8 7 18 86 137

Nov . 197 - 11 8 7 3 1 2

Dec. 187 -10 6 9 5 0 0

1959

Jan . 183 - 4 6 2 1 0 3

Feb . 142 - 41 5 5 10 Y 50 9

Mar . 131 - 11 12 0 0 0 1

Apr . 201 +70 12 3 11 19 93

May 183 - 18 17 7 6 0 0

June 188 +5 21 5 11 2 22

July 162 - 26 20 10 4 0 0

Aug. 149 - 13 17 8 8 0 4

Sep t . 146 - 3 14 6 6 0 11

Water year - 8 146 69 83 158 282

y water r-eLeased through valve .
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Table l2 . - -Mbnthly water budgets - -Continued
Water budget in acre-feet fo r site 6

Month Change Other Di schar ge
Per i od end i n Evapo- poo l Rainfall through I nf l ow

content content r at ion consumpt i on on pool outlet s

1959

Oct . 172 +26 10 8 11 0 33

Nov . 159 - 13 7 8 2 0 0

Dec . 155 -4 5 10 6 0 5

22§£

Jan . 194 +39 5 7 4 0 47

Feb . 196 +2 8 2 7 0 5

Mar . 204 +8 10 2 8 30 42

Apr . 194 - 10 12 6 5 0 3

M,;y 179 -15 17 3 5 0 0

June 168 - 11 20 5 11 0 3

July 172 +4 21 1 8 0 18

Aug. J.65 -7 16 8 17 0 0

Sept . 155 -10 14 6 3 0 7

Wa.t er year +9 145 66 87 30 163
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Table l 2.· · Mo nt hl y water budgets - -Continued
Wat er budget in acre· fee t fo r site 6

Month Change Other Discharge
Period end in Evapo- po o l Rainfall through Inf' l ow

content content ration cons umpt i on on pool. outl.ets

.!2§Q

Oct . 840 t{;85 13 7 50 318 973

Nov . 212 -628 10 8 16 829 203

Dec. 212 0 5 10 13 25 27

~

Jan . 208 - 4 6 6 5 12 15

Feb. 20). -7 9 5 8 123 122

Mar . 187 -14 15 0 1 0 0

Apr . 172 - 15 16 4 4 0 1

May 155 - 17 19 0 2 0 0

June 139 - 16 17 9 10 0 0

July 124 -15 15 6 6 0 0

Aug . 112 - 12 15 0 3 0 0

Sept . 100 - 12 12 8 5 0 3

Wat er year - 55 152 63 123 1,307 1,344
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Table l 2.··Monthly water budge ts · - Cont i nued
Wa t e r budge t in acre - feet fo r s i te 6

Month Change Other Di scharge
Period end in Eva.po- po o l Ra.infall t hr ough I nf l ow

content content r a.tion cons umpt i on on pool outle t s

~

Oc t. 102 +2 9 2 5 a 8

Nov . 117 +15 5 5 6 a 19

Dec . 110 -7 5 3 1 a a

~

Jan . 102 -8 5 I, 1 a a

Feb , 100 - 2 6 1 2 a 3

Mar . 91 -9 8 4 2 a 1

Apr . 93 +2 9 1 7 a 5

MtJy 79 -14 11 5 2 0 a

June 128 +49 14 6 9 a 60

Ju ly 102 - 26 19 7 a a a

Aug . 85 -17 14 3 a a a

Sept.. 83 - 2 9 6 7 a 6

""".-I.. e r year -17 114 47 42 a 102
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Table l2 .- -Month ly wa t e r budge ts- -Continued
Wa t e r budget i n acre-fee t fo r site 6

Month Change Other Discharge
Period end in Bvapo- poo l Rainfall through I nflow

content content ration cons umpt ion on pool outlets

~

Oct . 75 -8 7 5 3 0 1

Nov. 194 +119 5 9 5 0 128

Dec . 205 +11 6 8 10 8 23

~

Jan . 194 - 11 8 5 2 0 0

Feb . 191 - 3 9 1 4 0 3

Max . 179 -12 14 - 2 0 0 0

Apr . 214 +35 15 2 10 0 42

May 187 - 27 20 2 1 6 0

June 168 -19 20 9 10 0 0

July 142 - 26 21 9 4 0 0

Aug. 120 - 22 18 4 0 0 0

Sept . 107 - 13 12 5 4 0 0

Wa.ter year +24 155 57 53 14 197
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Table l 2 .· - Mo nth l y wate r budge t s - -Cont i nue d
Wa t er budge t in a c r e · fee t for s ite 7

Month Change Ot her ut scnarge
Period end in Evapo_ poo l Rai nf all through I nflow

content content r a.tion consumotion on pool outlets

1957

Feb . 0

Mar. 89 +89 4 20 3 0 110

Apr. 247 +158 10 22 23 176 343

M,y 237 -10 20 20 19 265 276

June 180 - 57 22 23 8 113 93

July 139 -41 25 16 0 0 0

Aug . 108 - 31 19 14 2 0 0

Sept . 220 +112 14 16 22 236 356

Wa.ter year +220 114 131 77 790 1,178
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Tabl e l 2 . - - Mo nthly water budge ts ~ -Con ti nued

Wa ter budget i n ac re -feet fo r site 7

ttor rtti Change Other Discharge
Period end in Evapo- poo l Rainfall through I nfl ow

con t ent content ration consumnr i on on 0001 outlets

1957

Oct . 187 - 33 14 20 5 4 0

Nov . 211 +24 7 18 21 127 155

Dec . 187 - 24 7 13 4 8 0

1958

Jan . 205 +18 8 12 25 354 367

Feb . 220 +15 7 13 15 183 203

Mar . 191 - 29 11 17 4 5 0

Apr . 165 -26 14 13 1 0 0

May 197 +32 21 12 20 233 278

June 169 -28 22 14 8 0 0

July 130 -39 22 20 3 0 0

Aug . 106 -24 18 6 0 0 0

Sept . 136 +30 10 10 20 0 30

wat.er year -84 161 168 126 914 1,033



~

N

Table l2 . --Monthly wat er budgets· - Continued
Water budget in acre· f eet fo r s i te 7

Month Change Other Discharge
Per iod end i n Evapo- pool Rainfall t hrough Infl ow

content content ration co nsumpt ion on pool outlet s

1958

Oct . 195 +59 8 11 18 0 60

Nov . 183 -12 8 8 3 0 1

Dec . 172 -11 6 10 I, 0 1

1959

Jan . 165 -7 6 4 1 0 2

Feb . 162 - 3 5 10 10 0 2

Mar . 139 -23 14 9 0 0 0

Apr . 199 +60 14 13 15 78 150

1>lay 176 - 23 19 10 6 0 0

June 183 +7 22 10 13 3 29

July 142 - 41 21 23 3 0 0

Aug. 152 +10 17 22 8 0 41

Sept . 113 - 39 14 11 7 Y21 0

Wat er year -23 154 141 88 102 286

y Hater r ele a.sed through val ve .
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Table l2. - -Monthly water budge t s - - Cont i nued
Water budget i n acre ~ feet for s i t e 7

Month Change \lthe r Discharge
Period end i o Evapo- poo I Rai nf all through Infl ow

content cont ent ration consumpt i on on pool out l et s

1959

Oct . 165 +52 11 3 13 0 53

Nov . 152 - 13 7 8 2 0 0

Dec . 145 -7 5 8 6 0 0

1960

Jan. 155 +10 5 8 3 0 20

Feb . 155 0 7 11 7 0 11

Mar . 172 +17 9 9 6 0 29

Apr. 155 -17 11 11 5 0 0

May 142 -13 16 1 4 0 0

June 142 0 19 6 12 0 13

July 165 +23 21 9 10 0 43

Aug. 180 +15 17 8 17 0 23

Sept . 159 - 21 16 8 3 0 0

Wat er year +46 144 90 88 0 192
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Table l2 . --Mbnthly water budgets ~ -Continued

Water budget in acre -feet fo r site 7

Month Change Other Discharge
Period end i n Evapo- poo l Rainfall through Inflow

cont ent content ration consumption on pool outlet s

1960

Oct. 220 +61 11 8 38 206 248

Nov. 207 -13 7 14 14 84 78

Dec . 216 +9 5 11 14 14 25

1961

Jan . 195 - 21 6 14 6 7 0

Feb . 199 +4 9 12 10 79 94

Mar . 180 -19 16 4 0 0 0

Apr . 165 -15 17 6 5 0 3

May 152 -13 20 0 2 0 5

June 124 - 28 17 13 9 ~h 0

July 111 -13 16 9 8 0 4

Aug . 103 -8 16 2 4 0 6

Sept . 89 -14 13 7 6 0 0

Water year -70 153 100 116 397 463
y Wa.ter relea.sed through valve .
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Table l2.~-Mbnthly wate r budgets - -Continued
Water budget in ac re-feet fo r site 7

Month Change Other Discharge
Period end in Evapo- pool Rainfall through Inf l ow

content content ration consumption on pool outlets

~

Oct . 84 - 5 9 3 5 0 2

Nov. 87 +3 5 5 6 0 7

Dec . 80 - 7 4 4 1 0 0

1962

Jan . 71 - 9 4 6 1 0 0

Feb . 67 - 4 5 2 2 0 1

Mar . 59 - 8 6 4 2 0 0

Apr . 55 - 4 8 4 6 a 2

Mey 43 - 12 9 5 2 0 0

June 61 +18 10 4 6 0 26

July 45 -16 12 4 0 0 0

Aug . 34 - 11 9 2 0 0 0

Sept . 33 -1 6 2 4 0 3

Water year - 56 87 45 35 0 41
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Table l2 . - -Monthly water budgets - -Continued
Water budget i n acre-feet for site 7

Mont h Change Other Discharge
Period end in Evapo- pool Rainfall through Inflow

cont ent cont ent ration consumpt ton on pool out l ets

1962

Oct . 36 +3 5 3 2 a 9

Nov. 116 +80 4 6 4 a 86

Dec . 130 +14 5 11 7 a 23

~

J an , 133 +3 6 5 2 a 12

Feb . 123 - 10 7 8 5 a a

Mar. 111 -12 11 3 a a 2

Apr . 169 +58 11 3 7 a 65

May 145 - 24 18 7 1 a a

June 124 - 21 18 17 9 a 5

J ul y 101 - 23 18 7 2 a a

Aug. 84 -17 15 2 a 0 a

Sept. 73 - 11 11 3 3 0 0

vla.ter year +40 129 75 42 0 202
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Tabl e l 2. ··Mo nthly wat er budgets - - Continued
Water budget in acre - fee t fo r s i te 8

Month Change Other Discharge
Per i od end in Evapo- poo l Rain f all through In flow

cont ent content rat i on cons umpt i on on pool outlet s

1957

Jan . 121

Feb . 108 -13 6 10 3 0 0

Max . 214 +106 12 13 14 44 161

Apr . 4')8 +284 15 20 23 490 786

May 341 -157 21 19 22 300 161

June 190 -151 21 19 6 127 10

July 151 - 39 23 16 0 0 0

Aug . 127 - 24 19 11 4 0 2

Sept . 418 +291 17 13 43 390 668

Wat er year +297 134 121 115 1,351 1,788
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Table l2 . - -Mont hly water budgets--Conti nued
Water bud get in acre-feet for s i te 8

Month Change Other Discharge
Per i od end in Evapo- pool Rainfall t hrough Infl ow

content content ration consumption on cocj outlets

1957

Oct . 190 -228 14 21 5 198 0

Nov . 244 +54 7 33 25 369 438

Dec . 182 -62 6 39 3 20 0

1958

J aIl. 202 +20 8 17 21 385 409

Feb . 293 +91 7 13 15 153 249

Mar. 194 -99 10 15 4 80 2

Apr. 177 -17 13 5 1 0 0

May 198 +21 23 7 21 412 442

June 201 +3 21 9 10 59 82

Jul,y 179 -22 24 6 3 49 51,

Aug . 151 - 28 21 7 0 0 0

Sept . 194 +43 12 13 26 74 116

Wa.t er y ear - 224 166 185 134 1,799 1,792
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Table l2 . - -Monthly wate r budgets - -Continued
Wa t e r budget in acre-feet for s ite 8

Month Change Othe r Di scharge
Period end in Evapo- pool Rainfall through Inflow

content content r ation consumption on pool outlet s

1958

Oct . 210 +16 9 11 18 70 88

Nov . 194 - 16 8 12 3 20 21

Dec . 186 -8 6 9 4 0 3

1959

J an . 178 -8 6 9 1 0 6

Feb . 198 +20 5 10 11 16 40

Mar. 182 - 16 14 2 0 2 2

Apr . 194 +12 14 6 11 139 160

May 186 -8 17 8 8 6 15

June 194 +8 22 6 17 150 169

Ju~ 165 -29 21 11 3 0 0

Aug . 145 -20 17 13 8 0 2

Sept . 127 -18 13 15 8 0 2

Wa.t e r year -67 152 112 92 403 508
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Table l2 . - -Month l y wat er budge ts - - Cont i nue d
Water budge t i n acre-feet fo r s i te 8

Month Change Ot her Discharge
Per i od end in Evapo- pool Rainfall through In flow

content content ration co nsumpt i on on pool outlets

1959

Oct . 190 ;{;3 12 15 20 110 180

Nov. 179 - 11 7 13 2 1 8

Dec . 171 -8 5 13 6 a 4

1960

Jan . 182 +11 5 11 3 0 24

Feb . 182 a 7 8 8 4 11

Mar. 194 +12 9 7 5 6 29

Apr . 179 - 15 11 11 5 a 2

May 161 - 18 16 10 4 a 4

June 266 +10 5 21 7 18 101 216

July 186 -80 23 6 7 58 a

Aug . 231 +45 17 11 16 26 83

Sept . 182 -49 16 10 2 25 0

Water year +55 149 122 96 331 561
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Tabl e l2 . - -Mbnth ly water budge t s - -Cont inued
Water budget in a cre · f ee t f or s i t e 8

Month Change Other Discharge
Period end in Evapo- pool Rainfall through Infl ow

content content ration consumpt i on on pool outlets

~

Oct . 388 +206 12 12 37 270 463

Nov . 235 -153 8 14 14 315 170

Dec . 223 - 12 4 15 13 87 81

~

J an . 190 - 33 6 9 5 40 17

Feb. 194 +4 9 6 10 160 169

Mar. 179 -15 14 1 0 0 0

Apr. 171 -8 16 0 5 1 4

May 158 -13 17 0 2 0 2

June 145 -13 17 5 9 0 0

July 142 - 3 17 5 5 0 14

Aug . 121 - 21 16 8 3 0 0

Sept . 110 -11 14 6 6 0 3

Water year -72 150 81 109 873 923
-
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Tabl e l 2 . - -Monthl y water budgets - -Cont inued
Wate r budget in ac re - f ee t for s ite 8

Month Change Other Discharge
Period end i n Evapo- pool Rai nfall t hrough Infl ow

cont ent content ration co nsumpt io n on pool out l et s

~

Oct . 113 +3 10 6 6 0 13

Nov . 142 +29 6 9 8 0 36

Dec . 130 -12 6 7 1 0 0

~

Jan . 121 -9 5 7 2 0 1

Feb . 116 - 5 7 3 3 0 2

Mar . 105 - 11 10 5 3 0 1

Apr . 102 - 3 11 5 8 0 5

Ma,y 139 +37 14 6 2 0 55

June 186 +47 19 11 9 31 99

July 148 -38 24 14 0 0 0

Aug . 118 · 30 19 11 0 0 0

Sept . 121 +3 12 8 6 0 17

Wa,t er year +11 143 92 48 31 229
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Table l 2.- -Monthly wate r budgets· ·Continued
Water budge t in ac re -feet for s i te 8

Month Change Other Dis charg e
Period end i n Evapo- pool Rainf all through I nf l ow

content content ration co nsumpt ion on Dool outlet s

~

Oct . 124 +3 11 9 4 8 27

Nov . 244 +1 20 7 13 12 17 145

Dec . 218 - 26 6 14 12 50 32

l®
Jan . 190 - 28 8 18 2 4 0

Feb . 202 +12 9 13 6 8 36

Mar . 182 -20 14 4 0 2 0

Apr . 202 +20 15 7 8 1 35

May 179 -23 18 6 1 0 0

June 175 -4 20 10 12 0 14

July 133 - 42 21 23 2 0 0

Aug . 108 - 25 18 8 1 0 0

Sept . 92 - 16 12 9 5 0 0

Water year - 29 159 134 65 90 289
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Tab le l2 . · -Monthly water budgets - -Continued
Water budget in acre· feet for site 9

Month Change Other Discharge
Period end in Evapo - poo l Ra.infall through Inf l ow

content content r ation consumpt i on on pool outlets

1958

May 541

June 437 -104 49 1 25 100 21

Ju),y 343 -94 44 1 4 70 17

Aug . 260 - 83 34 6 0 43 0

Sept . 581 +321 22 18 68 150 443

Water year +40 149 26 97 363 481
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Table l 2-- MO nt hl y wate r budgets - -Cont inued
Water budget in acre · feet fo r site 9

Month Change Other Discharge
Period end i n Evapo- poo l Rainfall through Infl ow

content content r at i on co nsumpt ion on pool outlets

1958

Oct . 561 - 20 22 18 62 100 58

Nov . 469 -92 17 23 10 70 8

Dec . 423 -46 13 12 8 30 1

1959

Jan . 416 -7 12 2 2 0 5

Feb . 402 -14 10 25 20 0 1

Mar . 355 -47 27 0 0 20 0

Apr. 349 -6 23 7 17 0 7

May 319 - 30 29 1 14 20 6

June 307 -12 34 0 18 10 14

July 277 - 30 33 7 9 10 11

Aug. 265 - 12 29 6 12 0 11

Sep t . 250 - 15 23 7 14 0 1

Water year - 331 272 108 186 260 123
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Tabl e 12 . ··Monthly water budge t s - - Continued
Wat e r budge t in ac re -feet for s ite 9

Month Change Othe r Discharge
Period end in Evapo- poo l Rainfall through I nf l ow

cont ent content ration consumpt ion on poo l out l e t s

.!222

Oct . 283 +33 18 7 20 10 48

Nov . 265 -18 11 11 4 0 0

Dec . 255 - 10 8 12 9 0 1

2@

Jan . 255 0 7 3 2 0 8

Feb . 245 -10 10 10 10 0 0

Mar . 240 -5 13 2 6 0 4

Apr. 215 -25 15 16 6 0 0

May 190 - 25 22 9 6 0 0

June 205 +15 26 4 20 0 25

July 185 - 20 27 3 7 0 3

Aug . 215 +30 21 4 25 0 30

Sept . 180 - 35 19 3 3 16 0

Wa,t er year -70 197 84 118 26 119
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Tabl e l 2 .·- Monthly water budge ts - - Cont i nue d
Wa ter budge t in acre- fee t fo r s i t e 9

Mont h Change Ot he r Discharge
Period end in Evapo- pool Rainfall through I nfl ow

content content ration consumpt i on on pool outlets

!2§2.

Oct . 265 +85 13 7 35 200 270

Nov . 200 - 65 8 12 14 110 51

Dec . 205 +5 5 15 14 10 21

!2§l

Jan . 195 - 10 7 13 5 10 15

Feb . 190 - 5 10 10 10 150 155

Mar . 170 - 20 17 4 1 0 0

Apr . 215 +45 20 3 8 0 60

May 195 - 20 27 1 3 0 5

June 175 - 20 23 10 13 0 0

July 141 - 34 22 20 8 0 0

Aug . 119 - 22 20 3 1 0 0

Sept . 101 - 18 16 10 6 0 2

Wa.ter year - 79 188 108 118 480 579



-o
00

Tab le l 2.--Mo nt h l y water budgets - -Continued
Wa ter budget in acre-fee t fo r site 9

Month Change Ot he r Discharge
Period end i n Evapo- poo l Rainfall through Inflow

content content ra.tion consumpt i on on pool outlets

1')61

Oct . 116 +1 5 12 10 7 0 30

Nov . 137 +21 8 12 10 0 31

Dec. 125 - 12 7 9 2 0 2

1')62

Jan . 119 - 6 6 6 3 0 3

Feb . 116 - 3 9 3 4 0 5

Mar . 101 - 1 5 11 9 3 0 2

Apr. 98 - 3 12 8 9 0 8

May 106 +8 16 9 3 0 30

June 133 +27 20 10 14 0 43

July 101 - 32 24 8 0 0 0

Aug . 79 - 22 18 4 0 0 0

Sept . 101 +22 12 8 11 0 31

Water year 0 155 96 66 0 185
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Table l 2.- - MOn t hl y water budgets ~ -Cont inued

Wa t er budget in acre-feet for site 9

Month Change vtner Discharge
Period end in Evapo- pool Rainfall through Inflow

cont ent content ration cons urnot i on on pool outlets

1')62

Oct . 101 a 11 14 4 a 21

Nov. 349 +248 9 21 10 a 268

Dec . 514 +165 11 19 31 10 174

1')63

Jan . 477 - 37 18 12 5 12 a

Feb . 477 a 19 11 15 a 15

Mar. 445 - 32 31 22 1 a a

Apr . 409 -36 32 8 12 10 2

May 343 -66 35 5 1 27 a

June 313 - 30 35 5 21 20 9

July 265 - 48 36 4 4 12 a

Aug. 225 -40 31 10 1 a a

Sept . 200 -25 22 8 4 a 1

Hater year +99 290 139 109 91 490



~

~

o

,

Tabl e 12 . - -Monthly water budgets - -Continued
Water bud get in a cre-feet f or s i te 10

Month Change Other Discharge
Period end i n Bvapo- pool Rai nfall through I nfl ow

content content ration cons umpt ion on pool out l et s

1955

Apr . 14

May 39 +25 4 11 2 0 38

Ju ne 27 -12 6 7 1 0 0

Jul y 70 +43 8 12 1 0 62

Aug . 58 -12 9 13 10 0 0

Sept . 99 +41 9 16 2 0 64

Wat er year +85 36 59 16 0 164
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Table l2 . ~ ~Monthly wate r budgets~ ~C0ntinued

Wa t e r budget i n acre~feet for site 10

Month Change Other Discharge
Period end i n Evapo- pool Rainfall through I nfl ow

content content ration consumption on pool outlets

1955

Oct . 75 - 24 8 17 1 0 0

Nov. 65 -10 4 11 2 0 3

Dec . 57 -8 3 5 0 0 0

1956

Jan. 49 -8 2 6 0 0 0

Feb . 44 - 5 3 3 1 0 0

Ma.r. 35 - 9 4 5 0 0 0

Apr . 24 - 11 4 8 1 0 0

May 44 +20 5 9 2 0 32

June 30 -14 7 7 0 0 0

July 19 - 11 5 6 0 0 0

Aug. 34 +15 4 8 2 0 25

Sept . 58 +24 8 4 3 0 33

Wa.ter year - 41 57 89 12 0 93
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Tabl e 12.· ·Monthly wat er budgets ·.Continued
Water budge t in ac re -feet f or si te 10

Mont h Change Other Di scharge
Per i od end i n Evapo- pool Rai nf all through I nflow

co ntent content ration consumpt ion on nool outlets

1956

Oct . 58 0 6 6 4 0 8

Nov . 50 -8 3 9 2 0 2

Dec . 61 +11 3 5 3 0 16

1957

Jan . 54 -7 2 5 0 0 0

Feb. 64 +10 3 4 2 0 15

Mar . 70 +6 5 5 7 0 9

Apr . 226 +156 9 11 14 290 452

Ma,y 205 - 21 17 13 16 200 193

June l~7 - 48 18 29 4 5 0

Ju ly 121 - 36 19 17 0 0 0

Aug . 101 - 20 14 16 5 0 5

Sept . 197 +96 12 18 20 240 346

Wat er year +139 III 138 77 735 1,046
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Table 12 . - -Month ly wate r bud get s ~-Cont inue d

Water budget in acre-fee t fo r s ite 10

Month Change Other Dischar ge
Per iod end i n Evapo- pool Rainfall t hrough Inflow

content cont ent r ation cons umption on pool out l et s

1957

Oct . 163 - 34 12 23 5 4 0

Nov. 186 +23 5 20 18 60 90

Dec . 151 - 35 6 32 3 0 0

1958

J an . 170 +19 7 23 18 340 371

Feb . 183 +13 6 14 15 230 248

Mar . 153 -30 8 12 3 35 22

Apr . 134 -19 11 9 1 0 0

May 157 +23 17 8 14 230 264

June 139 -18 17 9 8 5 "/

J ul y 121 -18 17 5 2 0 2

Aug . 99 - 22 14 8 0 0 0

Sept . 173 +74 9 11 22 227 299

Wat er year - 24 129 174 109 1 ,131 1 ,301
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Table 12 . - -Monthly water budgets ··Continued
Wa te r budget in acre-feet for site 10

Month Change Other Discharge
Period end i n Evapo- poo l Ra i nfall through I nflow

content content rat i on consumpt i on on pool out l e t s

1958

Oct . 179 +6 7 13 18 42 50

Nov. 154 - 25 6 13 2 36 28

De c . 139 -15 5 13 3 0 0

1959

Jan . 134 - 5 4 6 1 0 4

Feb . 128 _6 4 12 8 0 2

Mar . 113 - 15 10 5 0 0 0

Apr . 163 +50 11 9 12 89 147

14ay 157 -6 15 5 7 18 25

June 160 +3 20 4 23 157 161

July 134 - 26 17 8 2 3 0

Aug . 116 - 18 14 11 6 0 1

Sept . 104 - 12 10 10 6 0 2

Hater y ear -69 123 109 88 345 420
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Table 12. --Monthly water budgets- -Continued
Water budge t i n acre-feet f or site 10

Mont h Change Other Discharge
Period end in Evapo- pool Rainfal l t hrough Inflow

content content r ation con sumption on pool outlets

1959

Oct . 145 +41 9 9 13 33 79

Nov . 134 -11 6 10 2 0 3

Dec . 126 - 8 4 11 4 0 3

.!2?2.
Jan . 131 +5 4 8 4 0 13

Feb . 123 - 8 5 8 5 0 0

Ma.r . 113 -10 6 8 4 0 0

Apr . 101 -12 7 8 3 0 0

May 89 -12 10 5 3 0 0

June 106 +17 12 6 8 0 27

July 90 - 16 13 7 4 0 0

Aug . 83 - 7 9 11 10 0 3

Sept . 67 -16 8 9 1 0 0

Wat er year - 37 93 100 61 33 128
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Table 12.- - Mo nt h 1y water budgets --Continued
Water budget in acre-feet fo r site 10

Mont h Change Other Discharge
Period end i n Evapo- pool Ra.infall through I nflow

content content r ation c onsumpt i on on pool outlet s

1')60

Oct . 173 +106 6 9 22 91 190

Nov . 166 -7 6 9 11 142 139

Dec . 173 +7 4 11 10 33 45

1')61

J an . 151 - 22 5 10 4 25 14

Feb . 151 a 7 8 5 49 59

Mar. 139 -12 12 4 a a 4

Apr . 134 - 5 13 5 5 a 8

May 116 -18 15 5 2 a 0

June 101 -15 12 10 5 a 2

July 81 - 20 11 11 2 a a

Aug. 67 -14 10 7 2 a 1

Sept . 61 -6 8 4 3 a 3

wat er- y ear -6 109 93 71 3J+O 465

•
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Table l2 .- -Monthly wat er budgets - -Continued
Water budget in ac re - fee t for site 10

Month Change Other Discharge
Period end in Eva.po- pool Rainfall through I nflow

content content ration co nsumption on pool outlets

~

Oct . 58 - 3 6 4 3 0 4

Nov . 64 -+6 3 7 5 0 11

Dec. 58 -6 3 5 1 0 1

~

J an. 51 -7 2 6 1 0 0

Feb . 49 - 2 3 5 1 0 5

Mar . 41 -8 4 6 2 0 0

Apr. 38 - 3 4 8 4 0 5

May 47 +9 6 6 1 0 20

June 131 +84 15 5 7 6 103

July 104 -27 17 10 0 0 0

Aug . 79 - 25 13 12 0 0 0

Sept . 73 -6 8 12 4 0 10

Water year +12 84 86 29 6 159
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Table 12.- -Month l y wa t er budge t s - - Cont i nued
Wa t e r budget in acre-fee t fo r s i te 10

Month Change Ot her lJlscnarge
Per i od end in Evapo- poo l Rainf all through Inflow

content cont ent ration cons umpt i o n on pool out let s

~

Oct . 62 - 11 6 9 2 0 2

Nov . 163 +101 4 16 6 6 121

Dec . 179 +16 5 1 5 8 100 128

~

Jan . 145 - 34 6 14 2 16 0

Feb . 142 - 3 7 8 5 0 7

Mar . 126 - 16 10 6 0 0 0

Apr . 116 - 10 11 7 4 0 4

May 94 - 22 11 11 0 0 0

June 101 +7 11 11 6 0 23

July 81 - 20 13 8 1 0 0

Aug . 64 - 17 11 6 0 0 0

Sept . 52 - 12 7 10 3 0 2

wat er y e ar - 21 102 121 37 122 287
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Table 12 . - -MOnthly water budgets -Continued
Water budget in acre-feet for s i te 11

Month Change Other Discharge
Period end in Evapo- pool Rainfall through Inf low

content content ration cons umpt ion on pool outlets

1958

Sept . 149.1

Oct . 174.4 +25 .3 7.6 16.3 17.9 67 .0 98.3

Nov. 133.6 -40. 8 6.7 15.3 2.2 51.2 30.2

Dec . 117.1 -16. 5 4.9 15.2 2.6 0 1.0

1959

Jan . 103.1 -14. 0 4.2 11.2 . 5 0 1.0

Feb . 101.2 -1.9 3.5 7.8 7.2 0 2.2

Mar . 86.1 -15.1 9.4 6.0 .2 0 .1

Apr . 123.5 +37.4 10.2 9.8 6.1 0 51. 3

M,y 107.7 -15.8 13.0 12.7 5.2 0 4.7

June 113. 5 +5 .8 16.3 13.7 7.7 0 28.1

July 88.6 -24. 9 14.6 10.9 . 5 0 .1

Aug. 74.6 -14. 0 10.8 10.2 5.2 0 1.8

Sept . 63.6 -11.0 8.1 8.4 1.0 0 4.5

Water year -85. 5 109.3 137.6 56. 3 118.2 223.3
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Table l 2.- - Mont hl y wate r budgets - -Continued
Wa t er bud ge t in ac r e- f eet fo r s ite 11

Month Change Other Di s charge
Period end in Evapo- poo l Ra.inf all t hrough I nf l ow

content content r at i on consumpt ion on pool outlets

1959

Oct . 58 .7 -4.9 5.3 5.4 3.4 0 2.4

Nov . 52 .3 -6.4 3.0 5.4 1.3 0 .7

Dec . 49.8 -2. 5 2.1 4.8 1.7 0 2.7

1960

J an . 43.9 - 5. 9 1.9 5.6 .9 0 .7

Feb . 40.7 - 3. 2 2.7 2. 5 1.7 0 .3

Mar . 36 .9 - 3.8 3.3 1. 8 .8 0 . 5

Apr . 32.8 -4.1 3.6 1.9 1.1 0 .3

May 27.7 - 5.1 5.0 1.4 1. 3 0 0

June 23.7 -4. 0 5.4 1.6 1. 7 0 1. 3

J uly 19.1 -4.6 4.7 2. 3 .7 0 1. 7

Aug . 15.1 - 4.0 3.2 2.8 · 9 0 1.1

Sept . 10. 5 -4.6 2.2 2.8 . 4 0 0

Water year - 53.1 42.4 38 .3 15. 9 0 11. 7

,
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Table 12 . - -Month1y water budgets - -Continued
Wa ter budget in acre -feet for site 11

Month Change Othe r Discharge
Period end in Evapo- pool Rainfall through I nfl ow

content content ration con sumotion on pool outlets

~

Oct . 149.7 +139. 2 2.7 12.3 14. 5 84.7 224 .4

Nov. 147.5 - 2. 2 5.9 23.2 10.3 104.5 121.1

Dec . 148.1 +.6 3.9 21.7 9.1 0 17.1

~

J an . 141.6 -6.5 5.0 18.0 4. 4 8.9 21.0

Feb . 140.4 -1. 2 7.9 14.9 5.1 76.9 93.4

Mar. 119.7 -20. 7 12. 4 9.1 . 2 0 .6

Apr. 103. 5 -16. 2 12 .2 9.0 5.0 0 0

May 83.5 - 20. 0 13.8 6.9 .7 0 0

June 71.9 -11. 6 10.8 5.9 5.1 0 0

July 56 . 1 -15.8 9. 4 7.2 .8 0 0

Aug. 45.8 -10. 3 8.2 3.6 1. 5 0 0

Sept . 39.1 -6. 7 6.6 1. 9 1.8 0 0

Water year +28 .6 98.8 133.7 58.5 275.0 477 .6
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Table 12 . - -Monthly water budget- -Continue d
Water budget in ac re-feet for s i t e 11

Month Change Other Dischar ge
Pe r i od end i n Evapo- pool Rai nfall thr ough Inflow

cont ent content ra.t i on cons umot i on on pool out let s

.!22!
Oct . 33.3 - 5.8 4.5 5.8 1.4 0 3.1

Nov. 29.5 - 3.8 2.3 9.4 1. 9 0 6.0

Dec . 23 .9 - 5.6 2.0 3.8 .2 0 0

~

J 811. 19.8 - 4.1 1. 6 5.3 .4 0 2 .4

Feb . 16.0 -3.8 2.1 3. 3 . 4 0 1. 2

Mar . 12.1 - 3·9 2.3 2. 5 .6 0 .3

Apr. 9.9 - 2. 2 2.4 2.6 1. 5 0 1. 3

May 13.0 +3.1 2.6 1. 3 .6 0 6.4

June 136 .3 +123. 3 17.8 29.5 10.1 234. 2 39" .7

July 102.0 - 34.3 18.2 16.1 0 0 0

Aug . 77.1 -24.9 13.2 9.7 0 0 0

Sept . 67.6 -9. 5 7.7 8.6 5.6 0 1. 2

Wa.t e r year +28. ) 76.7 99·9 22 .7 234 .2 416.6
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Table 12 .-- MOnth1 y wat er budge t--Continued
Wa t e r budget i n acre- f ee t for s i te 11

Month Change Other Discharge
Period end in Evapo- pool Rainfall through Inflow

content content ration consumption on pool outlets

~

Oct . 55 .1 -12.5 6.0 8.8 0.6 0 1.7

Nov . 58 .9 +3 .8 3.3 7.0 2.6 0 11.5

Dec . 129.8 +70.9 3.9 9.2 6.5 0 87.5

~

J an . 112.4 -17. 4 5.5 13.1 . 4 0 .8

Feb . 107.3 - 5.1 5.7 8.2 3.9 0 4.9

Mar. 89.9 -17.4 8.7 9.4 .3 0 .4

Apr. 73. 2 -16. 7 8.3 9.7 1.0 0 .3

May 56 .8 -16. 4 8.5 8.3 .3 0 .1

June 183.9 +127 .1 10.4 14.7 9.6 231.6 374.2

July 131.3 - 52.6 21 .2 23.9 3.1 33.1 22 .5

Aug. 94.2 - 37. 1 15.2 17.6 1.0 Y5 .4 .1

Sept . 80.2 -14.0 9·9 11.3 3.9 0 3.3

Wat er year +12 .6 106.6 151.2 33.2 270 .1 507 .3
y Wa.t e r released t hrough valve .




