
A UArEl, BAl.A! CE S! ... J'.l o~ NO S.lALL \lAI'ERSHE~S 

A Thesis 

r~ucntcd in partial fulfillment of the requirements for the 

.Je ~rcc of .s:..tcr of Science in Agricultural Engineering 

in the 

University of Idaho ~radunte School 

oy 

_or~- Luken~ 5loun bur~ 

1959 



,..I lG1A J t_;AL SKE1'..;Ji l c T E A JTHOR 

..;co r ge Lukens :.Hotr.:tcbur~ vw.s born in SaL10n , Ideho on Mu rch 2 3, 1931. 

r.n 1942 hi ~ parent!: movcJ tc Worley, Idaho where he attenJecl hiBh s c hool 

~d recei •cd his dipl~ in l94j . rhat ~all he entered tl~ ~niversi~y of 

lJ~ho and cn:"'ollcd in the ":ulle.;e of Agriculture . Th~ following year he 

s~aycd out of school ~nd in 1950 enlisted in the ni~ed StateG ArJ~ . 

After senior; in the Infan t ry in Japa.n and i~ore<l, h~ was <:i!:chargcd 

ir: 1953. ::e returned to the Jni,ersity cf lrl.1hn in Fcbru.cry 1954 and 

cn-:olled in Agricultural En~1. 1eerinJ, rcceivin:; hie '3achclor of Scir.nce 

de·rce tn Asricultucal En~incerin; in 1~51 . In lunc 1957 he ~nrollcd in 

the .radu te Sc!\ool of t c niversi ';;y of Idnho ~nd :.n AugtlSt 195D cow.­

plc.tcd thr: work ~or ,, e::-tcr of Scicncr .. de.;ree in A~ricJl~ural En,i.nccr ~ 

in:; of Yl.ich ch:i.!:; che!>i is a p.1.:t. 

iii 



!he nuthor ...,i,.hcz to than!~ Tofc~ or U. ~ rtin, end of t .L. 

Agriculr:ural En .,i u::erin.; Jcp3rtment • for hi g"Jida.ncc ~nd encour •• ••t.• cnt. 

'fhc advice anJ c.or1 tn:ctivc crit-cit. · of • rolest.or il'Jcrt L . .;or ' 

of the Agricul~urnl En i L~rin• e~rtoen:, ~ofL sor ~alvin \J r.tick .. 

the Civil En~i~1eerin:; ep rtr.cnt, nn.! l:cof·.! or ocr .arder of 

&Jepartmc:nt ~r.:: Trcntly ~l 1•lC:ci tcJ. 

A_r n i' 

hanks alsC" nrc '"uc : . . ~1 

vice for much info~~tion on th~ soil snd vc·c~~tion cxistinJ on the 

w:1.tcr::heds. 

Special t~ank· .. to the nuthoi: G uifcl •. il!n!. ' .. ool!l burn \ ho ty_ -.! 

this thesis and whc c devotion and uns£.lf!. hncs .. made ::;ra.!~te w r\ 

sibte for the author. 

'l'hc author ui ~~& to llC 1lnOl-'ledJ~ hi~ apl'rccioltion to th~.:. 'niver..:it:v r f 

Idaho fo~ the matt.ri~l ~n~ fin~nciel a~.i-~alc~ which rJaue t !~ rc L>rc: 

po~siblc. 

iv 



ACKNC!-TLE lG.iE!\~'S . 

TAULE Or COJTr:r,T· ... s 

LIST OP E'l0l.iRES 

L:S! OF fA~-..E: 

L?>J'l'r~ODUCTIO'N 

!'U'lPOSE or. S..:t; ': 

LITERATlJ .:.E SU:' 'C.: 

EY.PE"'t1.:1ENTA1. :1::. l S 

recipi tat ion 

Evapotranr.;pi:rat:.on 

Runoff •..•• 

~cep Fercola~icn • 

A!M.Li:'SIS OF '.ES J •-'S 

J.-lrecipit;1tion 

Evapotrar.spiration 

Runo.:f . . . . . 

Deep i'ercola::ion 

t~a t e r 3a la!l.Cc 

iHSCUSSION 

v 

lAvE 
iv 

v 

vii 

:riii 

1 

5 

6 

17 

l'i 

24 

29 

31 

JJ 

33 

36 

39 

43 

47 

149 



AP 1!::~ .oiX A 

refin;_cion of rc.c".n~ . . • • • • • . • • • • • • • • • . • • • • • 5! 

l rccipit.:tt:im"l Dilta :Jseu in the Study SJ 

59 

B!BLI& • ~ ......... .. . 

vi. 



J"igurc 2 ,ecordia..; Prcci}.-itati.on a ,c t~hich \L..., In~talled Se.-tembc.r, 1957 

ri~ure 3 !<>ohyct l :lf> :: the ~-=m::eriue and "nat ... :eck. w~tcr:.hcrls 

• i.:;urc 5 ·n ;.n • S;;..1tic • n"lt rt..c..k 

ri;urc 6 LiDpO. ition of rc~ipitaticn (In t 1·u. ~rcu~;;rinc anJ Jn t Cree:~ 
'~atcrs a"' 

Pi~urc 7 Ev<>potr OSiJic.st~ ... n in cr Cent of Annulll _ recir it.1ticn as 
Af.!:cc::e.:J by the Ar..ount: of Annual l'recipitatio"" 

fi ;ure 9 tntl.nJ Curve: for ,n,sc Cn:cl~ Ga Jin_. £tnt ion 

vii 



LISf OF IAB tS ---
able 1 Yearly ec.linc in Steo:ic !.\l:tter kvcl in rtoncow anrl Pullman ~klls 

Table 2. W •• ter :.bed to 'roduce fimber by \lcstern Arlcricnn Conifers 

'l'a!>le J .:<!c:'!n ~iont:hly '.tcmJ.eratur£:: and Pr ecipitati-on at ~·1oscO\l and Pr iest 
River Ex . erimc:ntnl .. rest Headquarters 

Tnhle 4 eriod cr c~ord ,.nd Relationship to Hcs~C\o' Pn:ci~itation fa-.: 
all •<Pe.; 

rable S ~rccipitation on :he Crumer ine and ~n~t Creek Watersheds as a 
er Ccn: of osc~· }rccipita:ion 

rab~e 6 An~~al Prccip~tation at Moscow and on Each 'Jatershed for the 
I et'ior.l of Study 

.table 7 Zvapotnmspiration Loss (Consumptive llse) on Each Wa ter:;hed for 
the leriod of Study 

~blc 8 .unoff for the ·c~iod of Stud.'-' 

~able 9 Cee:p I'ercolation !ro:a Each Ha;:crshcd for the Period of Study 

Table lJ \!a tel' BcL~.nce for E.."l.Ch 'lenr of Study 

'.!:'able 11 Pracipitatlcn ~ecor!.i:; 

la~le 12 s Ut:1!'ll3 ry o£ len.: A.:l Crumerinc erect• 

Tsbk 13 Sum:uary of Flc-..: ir. Gn..!t Creek 



A 11ATE 1l Dl\!..ANCE STU ,y OF 

T ;u S'1ALL HAl:[; .Sl I: S 

B 

There is a great need for b.:!t:tc:c k .. 'loulcJr,c o.E !:he runoff ch::..ract .. ri-­

t ics and the clispo:.iticn o~ rainfall. :.m ~:.!Y .., .. ~:.11 wa-:er~l cds in the 

-!nited Sta~es . This i.;:; p~r::iculn-rly true i!l \TC!Stcrn Jnitcd s.:~tc '"~here 

much of the ter-rain is VC"LJ irre~ular and the run«.>ff charncteri• tic.., of 

seemin3ly similar vatersheds nl .. 'ly be Vf;r"') different dun to dh~similar:tic: 

ic ~eologicul for.:Iation.,, in <:.:oount::;, dis:ri ud.on. end int...:nsit!es cf 

~ainfall ~~ci in types ~d ~ounts of e~c~~tion . 

1'!-.c r-h.:~ms by l>'l • .:ictt the knowlecl~;:; nf thc ... c f ... cto;.-a is ob::a .. nad is 

termcu a "\>'liter balnuce study, "·hich it~ es ... cnt:inlly .n ctuely t: O\..tcrminc 

the ~ount and the dispo3icion of precipitation. c~ ~ny ~r~icul,r bater­

shed this disponition occu~s as: interccp~ion by 'lC~ct~tion, evuporc~io~ 

frot':l the soil surface, surface runoff, 't~t..:.tcr us'-!d by • ~:;(;;ttlt:ion (cran::>,>i· 

ration) and deep percolation . !ntercepti~n, c~cporation 1nJ t:hus ira· 

cion arc usually summed tocctbcr under the ter~ evapotrcnjp~r~cion or 

connumptlve use, as the ti:.une fcctors effect all th=ce: in the ,,a~.te t'":anncr 

and they are ve;:y diff:!cult to scpar 1to. As ::h~rl: is '~0 a.::-:urntc ... -r-!1" to 

determine deep percolction these s~udie~ are uc~nlly carried out in ar~as 

,.rucrc the geological formations are such that the r ... i<- little or no ric.ep 

percoletion . In cuch a c:.u:c !:he tot-:l preci, itatf.on i:l o::itnply separated 

into a depth of ucrft..:.ee runoff and a dcp~~ of tvar~transpiratiQn lee~. This 
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-
v~lue fo~ cvepct~an~pi~at1cn loss ~y th~n be u-cd for stulic~ in n=Lw 

similar vc3ecation an~ cli~tic conditio1~ to dcte~n- =be v~~er los= Juc 

to deep vercola~ion. 

Durinz the ~a-t .;evaral decaJec r.mny -:.c:rn:;un.:t~es in the ai.:e: l .. .. ...... _'-' 

have experienced shorr:a~cr; of Welter. h~~ ha!> corJ£ about due t' evr..:al 

factors. Sone of thc=c ere: increased u·e of ~~ter tor irri~at.".o~· ~ trc-

mendous i:tcrcasc in p::,pulation, p!:lrti::ula::ly in tht: v.:.: .. tern 0::1r .ll 

erosion, whichh:l<; .>cver.:~l secondary effe:cr:<1 on vatcr :.u:)I lie:;; nne.. ·~ 1 ~ .... ;:-

ing of the undcr:;r{'lund ;.;.:t:er table !..u many area-.;. A.1 c::ampl~ cf 

with the latter problem i<J the Loscow-?l!ll~n 'lre: of nor::l.er!l ::Jnhu "l."lJ 

many other con:onun:l..:is_, pc.::-ticularly in the midvc"tcrn and :;ou:-1 '!.'~ :c..rn 

states, which have the .. amc problem (36). 

eluding ten in 'Iosco~: (29) . Ly 1397 the n..:t:ic w.J.~cr level at • • -O't ::.s 

8 to 9 ft be lOl>1 the [F··ound 5Ut"facc ant! uy 1923 HaS dom1 arprC.lti~L .. _ty 

44 f~ (16). At r:bis ti c th~ oscO"W Citv r;ouncil il;:>carne, concern<.· a:. c.~ - e 

and Geology at the University of Idaho t deten:unc 1<'-hcthc-r the wn:t"..~- u !y 

was in dan~er of being cxh~u5tcd. :n the ~c-ui~inJ rcro=~ (16). th~ ~t~-

elusion was reached th t tiH-: c...nnual -rech1r;c to ;;.he. u.nder·p:-oun.J <1. ui...Et.r \o.'D. 

co11siderably L'lOrc tl.:m th(! annual pumpa •c. I o-.•c"\'C"t' • the actual. .l~t:; u~!-d 

in this report \>'ere e}:t1:cr.1ely n;ea ~er . 

Since 1937, the Unit£:J St.:te.., 'cclogicnl St=rvc.y (') h_.., detcn:i~e .. 

the yearly fa!.l of the ~:atie ~nter lc'\'e::!. in th 

as shovn in £a1:>lc l. ln 1957 ~ the u<J. Ct' lc .•cl ~t o.sco·,.. U:ls a, 1 r<·~!.r.....'\~ ·ly 

100 ft below the ~round ~urface. 

- .1 -



uri.ng the su:a::1cr of 1955, the vate~ supply in Hoscou becat:lC very 

short .u;d some curtailment of use was ncccssnry, .:.s the production of sev-

e~al of the city's wells dropped considerably. At this ti~c the City 

Counc!l became interested in the possibility of utilizing the surface run-

off from nc~:rrby forested "'atersheds as meny communities have clone. How-

ever~ as in ~~y areas, there have been few hydrologic data collected ~d 

analyzed. 

Table l Yt::.trly iJec l.inc in Static Water Level in Hoscov 
and Pullman Wells. 

:toscow Pullman 
Year:; ecline Years Decline 

(inches per year) (inches per 
1937-1940 21-22 1935-1945 5 - 9 
1941-1949 11 1946-1951 21-22 
1950-1952 3U-35 1952-1955 10-13 
1953-195.5 50-55 

yen) 

The lack o£ kncn.1ledgc of the hydrologic cha.rac teris tics of tile "'atcr-

~hcds led to the c~tubliahment of stream gaging stations on Gnat and 

:~"ttlcrinc Creeks dcrin3 Jenunr.{ 1956. The purpose oE these gages ues to 

obtain some actual records of the amount of runoff, which might be expected 

~nder compareble climatic conditions. In addition~ by carrying out a com-

plete water balance study, mach information on the evapotranspiration losses 

.:.ncl ground water recharge under these conditions would be obtained. The 

information obtained here could ~hen be utilized in si~ilar ~tudies in 

other .areas. 

Uuring l955 there was sooe concern that loggin3 practices on the water-

sheds could be reducing the annunl recharge to the groundwater supply, by 

cha.nginr; the runoff charllcteristics. This led to a report by !~r . Paul 
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P'lcl~er of t'hc Intt; nnc-untain ~ore~t and Rr:ngc Expcri:!lent Station of the 

u. S. Forest Sen·icc (2'!.) . £his report we.s based 01~ slightly more factual 

d:Ha than Laney's re1o:ct (j_o) and mace uoe o!: :;mr.c c~perimencal data on 

cvcporranspiration losse!; from other erc~s. Tt.e conclusion \!!as r{Cachcd th:1t 

the runoff ch,~ractcrisdcs of thf: watc:r~heds h.ad not ch..:.ngcd and the annual 

rechar~c w.-u· mo!"c th..: .. n the annu.:1l 1 umpa~~". 
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l'URl'OSE OF STU!>'f ----
This study vas undertaken to devise methods of carrying out water 

balance studies on watersheds where there is a deficiency of data and where 

there is not sufficient time to collect records of all climatic factors 

through cooplete instrumentation. 

An area near Hoscow was se l ected for study because stream gaging sta-

tions had already been established in cooperation with the City of Noscow 

and these watersheds are representative of many st!Ulll watersheds in the 

Northwest. In adJition, there have been hydrologic data collected at vari-

our times in the p~st but these data vere never analyzed to determine the 

water balance of the region. 

A reasonably accurate analysis of the water balance was attempted by 

oaking maximwn usc of all previously gathered data on precipitation, data 

collected during the period of study, and information on evapotranspiration 

from other areas. 

! he results desired from the application of the methods used herein 

were as follm.·s: 

1. 'Tht! variation of precipitation which o1ay be expected in an 
area of like cli~tic and topographic conditions. 

2. The evapot:anspiracion loss due to vegetation of the types 
found on these watersheds. 

3. The amount of surface runoff Lo be expected on watersheds un­
der comparable cli41Btic conditions. 

4. The amount of gro~.:ndwater recharge which may be expected in 
areas of similar geological conditions. 
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LITERATURE SUR.'EY 

During the past t\O'cnty-five years there has been a gre.lt increase in 

hydrologic research . 

The first hydrologic study unoe=taken in vcstcrn United States was 

started in 1910 by Bates (l) at HaQon \olhct.: 1 Gap, Colorado, \oTher~ two simi lur 

forested \o1atersheds were used to find the effect of forest cover on strcern­

flow and erosion. Records of runo[f and pr~cipitation were kept for eight 

years with the watersheds in the original condition. The timber on one 

watershed was then clear cut and the limbs and other debris burned. Records 

of runoff were then kept for another seven years, at which time the study 

was discontinued. These watersheds were considt.:red to have no deep per­

colation loss; therefore, the annual precipitation all went to stream£1~~ 

or evapotranspiration losses. 

During the entire study the runoff of the undisturbed watershed was 

29 per cent of the annual precipitation. Before clear cutting the runoff 

of the other watershed vas 29 per cent but after cutting was 35 per cent of 

the annual precipitation. The greater pare (80 per cent) of this increase 

occurred during the flood period each spring. The amount of 3ilc carried 

from the watershed after deforestation was approxioatcly eight times as 

great as when in the natural condition, but: was sti.ll small when compared 

to some agricultural watersheds. 

Hoyt and Troxell (12) in 1934 analyzed the Wagon Wheel Gap study and 

a watershed in Southern California which had runoff records before being 

svept by a forest fire. These watersh~ds were under entirely different 

climatic and vegetative conditions. 

After burning there was an increase of 29 per cent in annual stream-
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flow from the California watershed. Usinr.; o different definit1.on of flood 

vcriod than 33tes (l) had used, it was determined that 52 per cent of the 

increased runoff on the Colorado watersheds occurred during non-flood periods. 

The increase was determined to be due to less in~crception, Yhich allows 

more water to reach the ground , and a reduction in transpirntion due to less 

veDetation. The erosion 1~ Colorado was termed negligible but in Califo-rnia 

was serious, particularly the first year after burning wben vegetation had 

not, as yet, become re-established. 

The conclusion reached was that in many instances, the value of the in­

creased water supply throughout th~ year is great enough to offset: the dis­

advantages of higher flood ?eaks and greater erosion caused by deforestation, 

particularly if the forest can be replaced by ve•etation which will con-

trol erosion but usc Less water. 

Pr obably the most extensive hydrologic study which has been undertaken 

is that on the San Dimas Experi~ental Forest of southern CaLifornia (41) . 

This project was starred in 1933 and is still active. The entire study 

covers an area of 17,000 acres, in two T:Uljor watersheds, each of ~o•hich con­

sists 0£ several minor watersheds. The elevation vari~s from 1500 to 5200 

ft above sea level. 

All climatic elements, including temperature, evaporation , hu~idity, 

wind \'elocity and wind direction, have be..:n recorded at. seven stations 

throughout the complete range of elevation. Runoff and sedir:ent from all 

separate watersheds are continuously measured. In addition, a number of 

plots for erosion and runoff studies have been set Uf with different vege ­

tative types. Evapotranspiration studies have been caxri.et.l out by means of 

lysimetcrs. These arc soil- filled tanks in which different types of vege­

tation arc grown . All water entering at the cop and percolating out the 
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bottom is measured and c:he difference is the amount of \later goin~ to evapo­

t r anspiration losses. This study was to determine how watersheds actually 

function rather than to find the effects of different vegetation on the nm­

off and erosion. 

Another quite extensive W'.ltershed study vas that in the Coweeta exper­

imenta l Forest in North Carolina, started in 1942 (10) (13) . Records of the 

runoff were kept for a long enough period of years to dcterQine the runoff 

characteristics with natural vegetation. Different practices, such as clear­

ing the land for fanning, intensive grazing and various logging methods were 

then carried out on different watershed&, and the runoff was recorded . Tl.e 

maximum water supply with no erosion was obtained from an area which was 

clear out annually with all debris left on the ground to control erosion. 

Rowe (26) discusses plot studies in central California end also the 

plot studies in the Sao Dimas Forest. These studies were to determine water 

losses and vater yield under different type~ of natural vegetation, under 

annually burned conditions, and under completely bare conditions; and, in 

addition, to determin~ the water losses and wate~ yield of a complete water­

shed. The plot studies ~ere in three groups, each of several plots, on 

which the different vegetative practices ""ere carried out . 

The inte=ception loss on these plots ranged from 5 per cent of the pre­

cipitation in chaparral to 12 per cent in ponderosa pine, vhile total annual 

l osses ranged from 14 inches of water in chaparral to 19 inches in chamise. 

The interception loss was reduced by surface burning but the infil­

tration rate at the soil was also reduced causing more surface runoff and 

more erosion. Burnin· did not significantly change the eva~otranspiration 

r ate. Interception and evapotranspiration losses W'erc gr~atly reuuccd on 

the plots which vere maintained completely bare throughout the ntudy. Eros-

- 8 -



ion and surface runoff, however, were greatly increased. 

StaBe (31) writes of the runoff characteristic& of a small forested 

~ntershed in northern Idaho. This is the Benton Creek watershed in the 

Priest River Experimental Forest, on which "rork was started in 1938. The 

watershed consists of 950 acres, very heavily timbered, and varying in eleva­

tion from 2660 to 5510 ft above sea level. 

The average annual precipitation over the basin was 39 . 34 inches for a 

16 year period. The annual runoff for this period was 14.93 inches, leaving 

nearly 25 inches for evapotranspiration losses, as it was assumed there was 

no deep percolation. These data ~ere then extended to the 44 year period 

for which precipitation records had been kept. For this period the average 

an~ual watershed precipitation was 36.21 inches. There were 11.21 inches of 

surface runoff and the rez•ainder of 25 inches was evapotranspiration loss. 

Plot ntudies were carried on in an aspen forest in Utah from 1936 to 

1946. Croft and Mannineer (6) vrote of these studies in !953. Their purpose 

was to fhld the effect of altering aspen forest cover on evapotranspiration 

losses, surface runoff, erosion, nnd moisture storage in the soit. Removing 

the deep-rooted trees reduced the annual evapotranspiration loss by 4 inches 

hilc the removal of all vcge:ation reduced the loss 8 inches leaving a loss 

of 14 inches per year from bare ground . 

Briggs and Shancz carried out extensive studies on the water require­

ments cf plant~ in Colorado during 1911- 1912 (4) . These were pri~rily tank 

studies of agricultural crops. The water requirement was defined as the 

ratio of the water used during growth to the weight of dry matter produced. 

lt vas found that this water requirement was affected by many factors, such 

as fertility of the soil, type of plant and leaf area of the plant; by 

far, the most important was atmospheric conditions. 
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Briggs and Shantz in 1916 (3) wrote that there was a very close cor-

relation between transpiration, evapor:.ttiml, and temperature. Studies were 

made of the change in transpiration rate throughout the day, ns the atmos-

pheric conditions change. on plants with a wide range of water use rates. 

Stevens in 1919 (33) applied the data obtained by Briggs to various agri-

cultural crops anu yields in the Nortln.:cst with ~ood results. 

T.owry and John:oou in 1942 (19) discussed a nut~ber of tnnk studies :.m<.l 

several watershed studies, including the Wason Wheel GO!p study (l) . It \.'as 

concluded thac temperature gave the best correlation with rranspiration and 

0 
the relationship is linear for temperatures greater than 32 F . Small scale 

experi ments such as with tanks and lysi~ctcrs were said to be of questionable 

value except as an indication of the relative effects of atmos}lh.cric cot\ -

ditions. 

~ittredge (15) also questioned the value of tank experiments and studies 

of the transpiration rates of individual leaves and tvigs. These values 

require the use of such large correction factors when applied to an entire 

watershed that a very small error is greatly ma.gni.ficd. He wrote that, 

in general, interception and transpiration increa!le and evaporation from 

the soil decreases as the density and height of vegetation increase. Ho~-

ever , in many areas the transpiration of plants is limited by the avaLlable 

water in tbe soil. He stated that perhar-s ~he best method of evaluating 

the evapotranspiration loss was a continuing account of all precipitation 

enter ing the watershed and all streamflow leaving, using regular soil mois-

ture measurerncn~s to evaluate the water in storage. 

Hursh, Hoover and Fletcher (t3) used a monthly accounting procedure in 

the Ccrweeta Experimental Forest. He.asured rainfall and runoff \o.'ere tabu-

lated for each month. The difference between rainfall and runoff wns the 
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amount of water remninin~ in storage which was either l ost by evapotran-

spiration, remained in the soil, or remained for streamflow at some later 

time. 

Rowe (26) used an accounting proceJure and divided each wate r shed into 

segments having the same hydrologic characteristics. 

Hendrickson (9), and Croft (5) used soil moisture measuree~ents to eval-

uate the evapotranspiration losses and the water needed to replenish soil 

water storage. 

Blaney and Criddle (2) developed an empirical equation relating tem-

perature, length of growing season, monthly per cent of annual daytime hours 

and consumptive use of water . The data oeeded to apply this relationship 

are the temperature records, latitude. and the empirical consucptive use 

coefficient for the particular crop. The difficulty in using this equation 

is in the evaluation of the consumptive use coefficient which apparently 

has seldom been determined for vegetation other than agricultural crops. 

Also, Stallings (32) mentions that the derivation of the magnitude of these 

coefficients is somewhat questionable . 

Thornthwai::e and t>lather (37) state that evopotranspirat.lon depends on 

the following four factors: 

1. The external s~pply of energy to the evaporating surface 
(solar energy). 

2. The capacity of the air to r emove vapor (humidity, wind 
speed) . 

3 . Nature of the vegetation (root system, extent of ground 
coverage). 

4. Nature of the soil (amount of av~ilable water, fertility). 

The first two of these are considered to be the most important. The srune 

authors in the Yearbook of Agriculture 1955 (J8) qualify this by saying 
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that land lllllnll~Cfllent, soil type, and soil structure have little effect when 

the r~il moisture is at the optimum; also, the amount used by vegetation 

depends more on the a~~unt of solar energy than on the kind of vegetation 

when the root zon~ is well supplied with water. This would, therefore, more 

likely apply to i rrigated crops than natural vegetation which will usually 

have a moisture deficit during the summer. These factors are the basis for 

Thornthwai tc 1 s method (37) of determining the entire vater balance of an 

area. An empirical equation is used which relates mean monthly temperature, 

latitude of the area, and monthly precipitation to the potential evapo­

transpiration or the amou~t of water which would be lost to evapotranspiration 

if there were an unlimited supply in the soil. The advantage of this method 

over the Blaney-Criddle method is that the only data required are readily 

avail~ble at weather stations. 

This method was used by the Army Corps of Engineers at Glacier Park 

(40) to determine the evapotranspiration loss, and was used by Stage in the 

Priest River Expcri~ental Forest (31) to determine the water balance of the 

area. 

lay lor (J4) sho\ied that the consumptive uce of riparian vegetation, 

which has a nearly unlimited vater supply, may be ns much as 54 inches 

annaally Yhile the consunptive use of vegetation avny from streams vas 19 

inches annually. 

Rich (25) states that conr.umptivc use of W3ter depends on aruount and 

disttibution of ra1nfall, topography, climate, storage capacity of the soil 

and the type of vegetation. rhis may be determined by dividing the year 

into four periods: 

1. Soil moisture recharge. 

2. Water surplus. 
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3. Soil moisture utilization. 

4. Water defici~ . 

He determined on experimental watersheds in Arizona that evapotran-

spiration of forested watersheds varied from 77 to 90 per cent of the annual 

precipitalion, shercas the evaporation from bare ground was 78 per cent. 

Raber (23) in 1937 wrote that the most important reason for variation 

in the transpiration rate is due to environmental factors, which would in-

elude c liC'Iat ic factors and the soi 1 type. He mentions three methods ~hich 

have been used to evaluate the transpiration of individual planes or the 

water use per acre: 

1. By obtaining the transpiration per unit leaf area and mul ­
tiplying this by che leaf area per plant. 

2. By obtaining the trans pi ration per unit mass of lea•:es and 
r.rultiplyi11g this by the mass of leaves per plane. 

3. Bi obtaining the water conoumption per pound of dry matter 
p~oduccd, and then multiplying by the dry matter produced 
per acre. 

11c also gives a cable :;;hQving the transviration per board foot of tim-

ber proJuced for western AMerican conifers (Table 2) . 

Table 2 \-later IJ:;ed to Produce Timber by Western American 
Conifers. 

Boaru ~cc per Acre Year 
50 

100 
200 
500 

1000 

~ in acre inches per acre 

Inch~s of Water Used* 
1. 77 
3 . 54 
7.03 

17.07 
35.40 

In addition, Douglas fir was snid to t r anspire 7.67 inches annually and 

white pine 8.06 inches. He concluded by saying that a great deal more work 
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should be done on water requirements for different areas and types of trees. 

Horner and McCall (11) in erosion control and r eclamation studies at 

Pullman, Washington found that deciduous trees reMOved moisture to a depth 

of 12 ft. Approximately 30 inches of water were absorbed by the soil the 

following winter. 

rhiessen, in 1911, (J5} developed a method to obtain the average pre ­

cipitation over an area which has a network of precipitation gages. This 

method cons!.sts of constructing perpendicular bisectors to all the line~ 

connecting aijacent gages on n map. The ~ouot of rainfall recoried at each 

gage is considered to extend over the area defined by the polygon sur­

rounding that gage. The average rainfall over the entire area is then tbe 

weighted average of all the gages. 

Another method of obtaining the average precipitation over an area is 

the isohyetal method (17). !his consisrs of constructinb lines of equal 

precipitation or isohyets on n ~~p. The area between two consecutive lines 

is assumed to be the area over which the average of the r3infall at the ~o 

lines falls . The average precipitation for the entire watershed is deter­

mined by multiplying the average precipitation for each area by the per­

centage which this area is of the total area. The tot a 1 of these figures 

from each area is the average watershed precipitation. 

A method used by the Corps of Engineers is the isopercentual method 

(40). This is similar to the isohyetal method, in that, lines of equal 

percentage of the mean annual precipitation arc drawn on a map for the year 

under study. The final figure for the precipitation over the area is in 

terms of a percentage of the mean annual precipitation. 

It is generally recognized that precipitation, in general, increases 

with increase in altitude (39) (40) (44). The Corps of En&lneers found 
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that on a particular watershed in Glacier Park, this increase was about 30 

inches per year, from an elevation of 5000 ft to 7000 ft above sea level. 

McJonald (20), and Paulhus and Kohler (22) used the normal ratio method 

to estimate missing precipitation records. This is given by the equation; 
Nx 

px c -- Pl; 
N~ 

where Px is the record to solve for, Nx is the mean of that station for a 

period of years, N1 is the mean of another station for the same period of 

years and P1 is the record of this station for the period in question . 

Croft (5) mentions a number of factors which affect water supply fore-

casting for any particular year. 

1. Water content of the soil mantle when the snow begins melt­
ing. 

2 . Amount of snow melt during the winter. 

3. The speed with which the snow melts. 

Spring rainfall produces more runoff tl~n fall rainfall since the soil 

is more apt to be aaturated in the spriag: also, rapid snow melt produces 

more runoff than slow snov melt since the infiltration rate of the soil may 

be exceeded . 

The Soil Conservation Service (42) uses a 11rule of thumb" to evaluate 

the annual runoff from watersheds. This is, 

Runoff (inches) • (October to April precipitation)2 . 
100 

This has proven fairly accurate for many areas where the annual rainfall is 

greater than 12 inches. 

Stafford and Troxell (JO) discuss some of the differences in runoff 

characteristics from watersheds under the same climatic and vegetative 

conditions . They cite cases of five watersheds, all with 30 inches of pre-

cipitation, vbich produced 1.0, 1.25, 3.8, 8.7, and 10 .6 inches of runoff, 

- 15 -



due to different degrees of fracturing of the underlying materials, which 

is not visible nor easily determined. It is for this reason that they 

emphasize that extreme caution must be used in transferring runoff-precip­

itation relationships from one watershed to another, and that fullest use 

should be made of all available data for the watershed under study. 
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ther south. The elevation is also lower, varying from 2670 ft at the gag­

ing station to 4100 ft. Figure 1 is a contour map of the ~atersheds and 

includes the City of Moscow. 

The limits of the watersheds were obtained by tracing a map from aerial 

photographs on which the areas of woodland and cropland could be easily ob­

served. The ridge lines which are the boundaries of the watersheds could 

also be seen. As the scale of the maps was known the areas were then deter­

~ined by the use of a planimeter. 

Precipitation 

A water balance study must begin with accurate determination of the pre­

cipitation over the watershed, as this governs the amount of water avail­

able to be divided into the various components of the water balance. 

Precipitation at several points for a short period of time can be easily 

and accurately determined by means of standard rain gages. However, large 

errors may be made when extending these records over a period of years for 

an entire watershed. This is particularly true in drier areas where the 

terrain is irregular, as rainfall varies more from year to year and from 

place to place in such an area (39) . The ideal situation is to have records 

from an extensive network of gages for a long period of years. 

In conducting this particular study, records of a ne~ork of precip­

itation gages between Moscow and Moscow Mountain were fortunately available 

for the six- year period from 1934 to 1940. One of these gages, No . 7, vas 

re-established in September 1957 at the previous location (Figure 2). Two 

precipitation gages have been maintained at high elevations on the water­

sheds for the past two years in connection with studies of the effect of 

snow capping on precipitation gages. These are termed the West Twin and 

Moscow Mountain gages. The locations of all these gages are shown on the 
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Figure 2 Recording Precipitation Gage Which Was 
Installed September, 1957 

isohyetal map (Figure 3) and the available records are given in Appendix B. 

The precipitation gage at the University of Idaho has an uninterrupted 

record for 65 years. It was, therefore, desired to obtain a relationship 

between the precipitation at Moscow and the precipitation at each of the 

other gages, in order to extend their records . 

It was first necessary to determine whether there was actually a rela-

tionship between the precipitation at the different gages. This was car-

ried out by calculating the correlation coefficient between each gage and 

the gage at Moscow. When this was done it became apparent that there was a 

significant relationship between records at different gages . A regression 

equation was then calculated by the method of least squares relating the 
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precipitation record at each gage to the record at Moscow. this procedure 

was followed for all gages which had records for the years 1934 to 1940 . 

A slightly different procedure was followed for the West Twin and Mos­

cow Mountain gages. The correlation coefficient was calculated the same 

way but when the regression equation was calculated, the Y intercept was 

greater than 1 inch . That is, when precipitation at Moscow was zero, pre­

cipitation at these gages was greater than 1 inch. After examining the pre­

cipitation record for each period it was noted that the April 1958 precip­

itation was so unusual tl~t it changed the regression equation considerably. 

During this month the precipitation at Moscow was 4.60 inches or 300 per cent 

of normal, while that at higher elevations was only slightly more than nor­

mal. The regression equation was then ca l culated using all monthly totals 

except April . Tlus line very nearly vent through the origin. As it was 

not desirable to throw out one month's record, (part icularly with so few 

months of records), it was then decided to include the April total but to 

assume that the regression line went through the origin and through the 

point X, Y, where X andY arc the average abscissa and ordinate respect­

ively. Therefore the slope, m, is given by the equation; 

m = Y 

X 

In this way the large deviations from the regression have less weight be­

cause they are not squared, as in using rhe oethod of least squares. If 

there had been a large number of data, one month would not have had so 

great an effect and the method of least squares would have been used. As a 

check, the method was used on gage No . 7 for the period October, 1957 

through June, 1958. The slope of the r~gression line was 1.41 whereas it 

was 1.06 for this period by the method of least squares. For the same gage 
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for the period 1934 to 1940, the slope of the regression line by the method 

of least squares vas 1.45 . This indicates that for a short period, which in­

cludes April, 1958 the relationship between the Moscow precipitation and the 

precipitation at higher elevations on Moscow ~~untain is more accurately 

determined by simply using the averages at the different gages than by the 

method of least squares . Table 4 lists all gages, the periods of record, 

and the slope of the regression lines when the records are compared with 

Moscow records. 

The isohyetal method was used to obtain the average precipitation over 

the watersheds, rather than the Thiessen method. Linsey, Kohler and Paulhus 

(17) state that the isohyetal method is the most accurate because all avail­

able data may be used, and if there is an indication of orographic precip­

itation the isohyets may roughly follow the ground contour lines. In the 

area under study there is definitely orographic precipitation and the spac­

ing of the various gages is not uniform enough to use the Thiessen method 

with any degree of accuracy. 

To obtain the average precipitation over the watersheds, it was desired 

to have the average as a percentage of the precipitation at Moscow. For 

this reason the isohyets were drawn at 10 per cent intervals, that is, 110 

per cent, 120 per cent, 130 per cent, etc. 

tlhen drawing the isohyetal map it vas possible to space the isohyets 

at 10 per cent intervals between the position of the various gages on the 

map by interpolation. The isohyets were then drawn. in general. parallel 

to the ground contour lines. The area between the isohyets was then meas­

ured with a planimeter and the ratio of each area to the total area was 

expressed as a percentage. This percentage, multiplied by the average pre­

cipitation over the area, gave that area's contribution to the entire 
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watershed. The total of these figures for each area then gave the average 

precipitation over the entire vatershed in terms of a certain percentage of 

the Moscov yearly total . These data are shown in Table 5 . 

Evaeotranspiration 

Basically, four ruathods are presently used to c~lculate evapotranspira­

tion losses on vntersheds. The first tvo of these involve calculating the 

transpiration and interception loss separately . In the first Dlethod the 

transpiration rate of individual leaves or masses of leaves is arrived at 

experimentally. This value is then multiplied by the number of leaves or 

the weight of leaves on the watershed to get the transpiration for the en­

tire watershed. The interception loss is usually determined by equations 

which have been determined experimentally relating the annual precipitation 

and interception. 

The second method involves determining the water efficiency of the veg­

etation as the ratio of the weight of dry ~atter produced to the weight of 

water used. This figure of water efficiency is then multiplied by the 

weight of dry matter produced annually over the entire vatershed . On fox­

ested watersheds this is often figured as the water used per board foot of 

timber produced annually. The interception loss is then calculated in the 

same way as before . 

The third method is that of having an experimental vatershed in which 

there are no deep percolation losses. In this case the combined transpi­

ration and interception loss or evapotranspiration is simply the difference 

between the depth of precipitation and the depth of surface runoff. This 

value for evapotranspiration may then be used for other watersheds under 

similar vegetative and climatic conditions. 

The fourth method is that developed by Thornthwaite (37). vhich con­

- 24 -



sists of computing a water balance for each month by use of an empirical 

equation which relates temperature and potential evapotranspiration. 

The first method has very doubtful accuracy in that a small error in 

the transpiration rate of a mass of l eaves will be greatly magnified when 

applied to an entire watershed . In fact, the~ have been instances where 

this method W3S used and the transpiration l oss was determined to be greater 

than the annual precipitation. This method ·~s therefore not considered 

for use in thiG study. 

The second method was used by Packer (21) in his report on :he ~ater 

problems of the Moscow area. The largest sources of error in this method 

are probably in determining the annual production of ti~ber and determining 

the interception loss. However, the annual production of timber is a com­

mon estimation made by foresters and is reasonably accurate. The inter­

ception loss has been determined under numerous conditions of natural veg­

etation as a function of precipitation. Ic is also n function of the den­

sity of the vegetative cover and this is not easily nor accurately deter­

mined. ro illustrate the difference in equations which have been developed, 

Packer used an equation which was derived from studies in ponderosa pine in 

southern Idaho in an area of 21.5 inches ~~nual precipitation. This equa­

tion was 

I c .02 + .13P; 

where l is the annual interception lous in inches and P is the annual pre­

cipitation in inches. Rowe and Hendrix (28) worked with ponderosa pine in 

central California in nn area of 47 inches precipitation and arrived at 

the equation 

! = .12 + .06P. 

The difference in these two equations is probably due to differences in the 
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density of vegetation and the frequency and intensity of storms. uith the 

latter being the most importan:, as both studies -were en the srunc t.ype of 

vegetation. The frequency and intens~ty of storms and the tice of the year 

in which they occur wocld have a large effect, because a series of ~rnnll 

rains in the sunner may all be intercepted and evaporated \.•hilc very Little 

vould be intercepted from a prolonged storm di.Jr!ng the uintcr. 

The third tnethod is probably quite accurate if !"caeonnble caution is 

used when transferring data and if there are data available on 1o1"tersheds 

under comparable conditions of vegetation and climate. Rcgardin~ this, 

studies were carried on at .Benton Creek in the Frics·t Ri'lcr Experi:nental 

Forest of northern Idaho. This watershed iu at app:::oxitnately thu same ele-

vation as the Gnat and Crumerine Creek watersheds, has nearly the same eli-

mate except that it is slightly colder and wetter as sno~ in Table 3, and 

is more heavily timbered. Therefore it was decided to use the data on 

evapotranspiration losses from Benton Creek corrected for difference in tim-

ber production and temperature. This was done by means of data on the water 

required to produce a board foot of timber~ as given in Table 2, and by 

assuming a linear rcl3tionship l>etween consumptive use and temperature obovc 

320 F . as given by Lowry and Job..,son (19) . 

The fourth method has been used quite ~xtensivcly and waa used by the 

Corps of Ensinecrs in the Upper Columbia Snow Laboratory at ~lacier Park 

with good resulto. H~~ver, at other installations the res~lts have been 

inconclusive (40). 

Several assumptions are made by Thorntnv3ite (37) ~bich aTe of doubt-

ful validity for this area. 

1. That potential evapotranspiration is inucpendent of the type 
of vegetation and is a function of clicate only. 
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Jan. 
Feb. 
March 
April 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 
Annual 

Table 3 Mean Monthly Temperature and Precipitation at 
Hoscow and Prieot River Expc-cil:'!ental 'Forese 
Headqu2rters. 

Hcan Temp. 
( OF.) 

28.2 
31.7 
38 .4 
46.2 
53.0 
59 • .3 
6 7 . 2 
66 .l 
57 . 8 
48.9 
37.7 
30.B 
47.1 

No scow 

Precipitation 
(inches) 

2.78 
2 .ll 
2.16 
1.59 
L 7 
l.47 

. 56 

.61 
1.27 
1. 6 ~ 
2.86 
2. 74 

21.70 

Pries:: River 
Exoerimental Forest 

Ncan remp. Precipi!:a~ion 

(O F.) (inches) 
23 . 6 3. 76 
27.3 2. 7~ 
34.tl 2 . 55 
43 . 9 1.91 
51.4 2. 10 
5!5 . 0 1. 98 
64 .4 .~ 

62.6 .96 
54.1 1.75 
44.4 2 . ()4 
33.2 3.60 
26.6 4 . 27 
43.7 29.19 

2. That the potencial evapotranspiration is zero when the mean 
monthly temoerature is below freezing. 

3. That snow cover is on only during the months vhen the mean 
monthly temperature is below freezing. 

4. That t~e ground storage is brouciht up to c~~city ~G soon ns 
enough precipitation has fallen to make up the soil moifitur~ 
deficit. 

The last two assumptions probably have no adverse effect because the 

potential evapotranspiration docs not exceed the precipitation until after 

all snow is gone and the soil water storage has been filled. [iowcver , the 

first assumption could result in considerable error in some areas, ns it 

is known that the vater requirements of mnny cultivated crops differ, as 

well as the requiremen~s of natural vegetation. In this study little is 

known about the water use of the vegetation so it can not be shown that 

assumption 1 is incorrect. The second assump~ion is in error because there 

is evaporation from snow surfaces when the temperature is below freezi~g. 
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This error is somewhat compensated for in this study because the temperatures 

used for the calculations are those in Hoscov, while the temperatures on the 

watersheds are probably lower due to the greater elevation, which would 

decrease the potential evapotranspiration. The data required to calculate 

evapotranspiration loss using Thornthw.lite's method is the monthly precip-

itation, the conthly mean teoperature, the latitude of the station and cer-

tain tables and charts contained in Thornthwa ite's publication, The Water 

Balance (37). The total beat index "I" is first obtained by summing the 

heat indexes "i" for each individual month. "i 11 is obtained by using a 

chart or the equation, 
( t ) 1.514 

i =\~ . 
ror mean oonthly temperatures of lees than 0° C. the heat index is acsumcd 

to be zero. 

To obtain a value of unadj1.1sted potential evapotranspiration for each 

month ni" is used. This value is then adjusted <!Ccording to the latitude 

of the station, because the longer days in the sunmer at the poleward l.at -

itudes bring about greater evapotranspiration. The monthly potential 

evapotranspiration is then subtracted from the monthly precipitation. The 

periods of water de~iciency are defined as those periods when potential 

evapotranspiration i3 greater than precipitation. During thi~ period water 

is being used froQ the root zone of the soil to satisfy partial ly the paten-

tial evapotranspiration. The accumulated potential water lose at each 

monthly interval is then calculated and used to obtain the amount of ~~ter 

remaining in storage in the aoi l. The actual evapotranspiration for any one 

month is then equal to the potential evapotranspiration during months of 

water surplus and is equal to the precipitation pl us the water leaving stor-

age during the months of water deficit . The evapotranspiration for the 
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entire year is simply the sum of t he monthly totals. 

Runoff 

The runoff is the most easily and accurately measured component of the 

water balance. as it all l eaves the watershed at one point in a stream 

channel . 

The flow in the stream is measured at a stream gaging station which 

consists of a stage recording device and either natural or artificial con­

trol in the channel. The control serves to maintain a constant relationship 

between the water elevation and the f l ow rate from year to year . A rating 

curve is then plotted r elating the measured flow rate, t o the recorder read­

ing at various stages of flow. Thia curve is then used to obtain the flow 

rate at any desired recorder reading without obtaining flow measurements at 

that particular time . 

The stream gaging station on Crumerine Creek was installed at the upper 

end of a culvert which serves as the control . Figure 4 shows the gage house 

and entrance to the culvert. 'rhe culvert slope is steep enough to produce 

supercritical flow through the culvert and there is a f r ee fall of about 

4 ft at the exit; thus the tailwater is never backed up enough to cause a 

change of control at the entrance of the culvert. 

The rating curve for this station was obtained at low flows by placing 

a small rectangular weir at the head of the culvert and using a standard 

weir table to arrive at the flov rate Q. At high f l ows the flow rate was 

obtained by taking velocity measurements with a current meter at a uniform 

cross-section of the stream. The flow rate was then calculated by the 

equation 

Q = AV, 

vbere Q is the flow rate in cubic feet per second, A is the cross- sectional 
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Fi;ure 4 Gagin Station on Crurner ine Creek 

area of the scream in squar e feet , and V is the avera~e velocity in fee t per 

second at the point where the area is measured . 

The flow rate \>HlS then plotted versus the tape reading on the stage r e ­

corder on semi - logarithmic graph paper as !;hown in AppenJi x C. A smooth 

curve was drawn through the points . This curve WllS used to obtai n the f l ow 

rate during certain increments of time. Dai ly increments were used except 

during period~ of rapiJly changing flow when smal l e r incr ements were used . 

The strea~flow was the~ summarized by monthly periods as sh~,~ in Append i x C. 

The gaging station on unat Creek is sl.<~wn in figure 5 . At this in ­

stallation the control was supposed to be the culver t; hovever . there was 

a higher point in t~c stre~n cnennel downstrc3m which was the control at 
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Figure 5 Gaging Station on Gna~ Creek 

all but the highest fl~~ rates. As the contro l was simply the earthen bot­

tom of the stream channel, it i s unlikely that the rating curve remains t\\c 

same from year to year. The ratin; curve for this station ~as obtained by 

use of a current meter at a uniform section of channel as was done in Crum­

erine Creek. Considerable difficulty was experienced in keeping the en­

trance to the stage recorder free from sediment during the spring runoff 

period because at that time the stream carries a large silt load. 

After the annual runoff had been calculated in cubic feet it was con­

verted to inches depth over the entire watershed, as sho~~ in Table 8. 

~ Percolation 

There is no accurate method to determine the amount of deep percolation 

in this area . An indication of the total water recharging the aq~ifer from 
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which the City of ~~scow pumps water is gained by the face thet the recharge 

is apparently less than the annU31 pumpage as the static wnter level has 

dropped approximately 100 ft in 60 years . However, the area which contri ­

butes water to the aquifer, or ~he recharge area, is completely unkn~~. 

Laney (16) and Pi!ckcr (21) assume that this area includes the entire south­

west slope of k>scow ~1ountain, and the intake area extends from :be bottom 

of the mountain nearly to Mosc~. They conclude that the annunl recharge 

exceeds the annual p~puge despite the falling water leve 1. Recent work by 

the Soil Conservation Service indicates that there is a considerable area 

of highly impe~able soil along the base of l~scow Mountain uhich would 

reduce the extent of the intake area . This area coulu be accurately defined 

by extensive soil survey work which has not been done. 

Foxworthy and Washburn (3) st.::.te that thP, principal intake urea is in 

the actual stream channels. If this is the case, the intake area would be 

relatively st.aall and consequently the annual inc:rement to the ground wate r 

aquifer would be rcd~ccd . They also state that the pumping rate has ex ­

ceeded the rec~rge rate . 

In this study the deep percolation vas calcul ated by subtracting the 

sum of the runoff and the evapotranspiration loss from the precipitation 

for each year . It is ~ea~onably certain, (within the accuracy of the de~er­

mioation of the other factors). that this much water has been contributed 

by each watershed for that year, however. i~ must be emphasized that i~ is 

unknown whether there is any other area conrribucing to the ground vater 

rech'lrgc. 
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ANAL.lSIS Of RESULTS 

Prccipi::atiQn 

The m thod used to extend the records of the various precipitation 

gages involved calculatins a correlation coefficient and then the regression 

equation relating the precipitation record of each gage, ha•ing a short 

period of record~, to the record of the gage at roscow, which has u long 

period of records. All statistical equations are froc Ezekial (i). 

Example: The correlation of the record of gage No. 7 with the 
record of the Mosccm gage for the period October, 1934 
to June, 1940. 

X = 'loscow monthly precipitation in inches. 

Y = .a3c No . 7 monthly precipi~at:ioo in inche~. 

n =- Number of months of records == 69 

2: ( I + X 2 + + 68 .. x69 ) c 112.76 

2:.2 .2 x 2 .. .2 + .2 289.2612 ( .. + -r 69 I 
c 

2 68 

L· ~ ('{, + " + + {68 T :69) = 163 .06 " 2 

2: ..2= (',2 + y2 + + 
,2 .2 

617.0018 ·sa.;. 69 I = 2 

LXY = (x,~. + Y.2V2+ . . + ~8si '69"6g) = 418.5563 

r = ~ ,.. ~- ~ L··, - . tn 

This value -·· igniiicant at tl1e 1 pe-r cent leve l, that is, less 
than l per C!!nt of the time this high a wtlue would be due to 
chance, alone. ·rhi~ is justificutioo for calculating a relation­
~hip bet~en the two gages. 

The slope of the Tegression line va~ then calculated, 

m= 
·"' 2 "' 1. L - ( L. Z'-) In 

1.45 
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The Y intercept, that 
by the equation, 

b 

1 .•. 
~. the value of Y when X = 0 is given 

\ .. ~ .2, r,x""' .,,, 
~"f"'.n - . L ··- n 

this value is ncsligible since it indicates less than .01 inch of 
precipitation . The equation relating the precipitation at t he two 
gages is therefore, P7 • 1.45Pm. The calculations for all gages 
for the period 1934 to 1940 were carried out in the same way. 

The correlation bctYeen the West Twin lllld l-'.oscow Mountain gages and 

the !~scow gsge were carried out in the same way and were significnot but 

at the 5 per cent level rather than at 1 per cent. This was undoubtedly 

due co having so fcv periods of record. The regression line ~~s calculated 

by assuming that the line goes through the origin and the point • r. 
Example: The slope of the regression line relacing the precip­

itation record ::u: t'~se~ and West Tv:in is, 

m = 

= 1.80 

The equation of the regression line is therefore, Pvc = l . SOPm. 
The equation relating the Moscow Mountain cage record and the 
record at ~~scow ~as calculated in the sume vay. 

Table 4 shows .the relationship of all gage records to the ~~sco~ record. 

There are the values which were used to construct the isohyetal map, Figure 

3 . \lhen constructing this map, the value of nll Y intercepts, b , ~as as-

sumed to be zero , as sonc are negative and others are positive . 

The average precipitation was calculated ns shown in Table 5 . On the 

Crumeriue Creek watershed, area 1 is that below the 120 per cent isohyet, 

area 2 is the area between the 120 and 130 per cent isohyets, etc. Column 

2 in the average value of precipitation over e3Ch area. Some of these 
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6 ' C C. 

7 c~r. 

J Jet. 
9 Oct . 

10 Oct . 
1.:: let. 

2 an. 
3 Oc c. 
4~ ec. 
4') ct. 
~ tee . 
.J7 l C..:lJ. 

lll ec. 
7 Oct , 

w. ov. 
f CJV . 

1.reu 

1 
2 
3 
4 
5 

7 
8 
'J 

10 

lc. 4 Icriod o !ecorJ • _l "ltion h:.1= to .·o : o' 
'r cipit .. inn :'or All ·a..,"' · 

.criod of t{cc or 1 n T m b 

1? .:f - •t::t.: . i.nconp . 
,. , 0.9C6 l. 07 . 07 .)L 

1~3l~ - ucc com 1,lc~c.: 69 . ns 1.45 .co 
1)~4 - ct. J.ncomp. 47 . 76 1.\..:5 . 08 
1 ... 4 - •..tr.: ( . 9 u .~] -. 07 
l 4 2t.. . 30 l.O~ -. 05 
1 4 - 12 . ?4 l.) - 3 
1. Ull• 6J . ? .... l 1.25 .21 
1 unc com le!:c 57 • :14 1.41 - . 17 

c -. com1 lc.:c Z2 . J6o !..02 -. 04 
1.~ 

. unc in cor F. 41 . 966 . 95 . 06 
L3 ~c . incon. . ,., _ ... . 74 ... . 09 .12 
L '• t.n C< }. let 5 ~ 

~9 1.14 .tlO 
1 I - uuc co ·ph te 11 ~..s 1.03 .01 
B57 - Tunc 1~5'3 C OI:.tp l "'':C q ld 1.41 . 00 
lO 1956-Ap·. v 1,5 i'lConlj • l3 0 . 769 l. 10 . 00 
5 1057-Apr. "'(, us c om!lt.tc G 0. 27 2 . 03 . 00 

a lc r ci1!t tion 
\htcr hcdr a a <.:!' Cent o cscow Prc~! .it t'on . 

,:r unc:rinc Creek Yntc.rshe::.d 
f'c .: .; .... nt of 

t'C.Cir.ito.:;iol". .Lotn l Area 

119 . 30 
~27 1. 17 
134 ~ . 3 
-45 7 . 70 
155 6 . 2 
16{, 7 . 3 
17 1 .2 
U6 2 , \.)(; 

194 22.45 
20 1 . 4?. 

1 D. uo 
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Precipita-ion 
'i'imce Arc!a 

. 95 
) . 9 

12.90 
11.1 

9 • .>4 
!2. () 
1 . l(l 
4 . .;1U 

43. j( 

1l . 0 U 
171.41 "" per 

cent \': ~:ershf!d precipi­
tation il:i of 1ouco\o.' 
precipitation. 



(~ontinued) 
l'.:tble 5 .Precipitation on the Grwnerinc and Gnat Creek 

Watc~sheds ns a Per l,;COt of HoscNr Precipitation . 

-:;r.ac 
Per ~en~ of 

/,rca r ecipitntion 

1 109 
2 114 
3 123 
4 136 
;; 145 
6 155 

7 165 I 

8 174 
9 133 

10 191 

Creek Watcr.hed 
l'cr Cent of 
Tot.:tl Area 

15.90 
17 . 20 

'> . 20 
12. 31 
13 .03 
10 .1+2 
9 . 53 
S. lS 
4 .61 

. 30 
100.00 

Precipitati on 
T.1.mc~ ArNJ. 

17.32 
19.60 
i.0.02 
l7.42 
18.90 
lu . lB 
15.70 
14.23 
8 .43 

.57 
13 . 37 ::: per 

cent watershed precipi­
ta::ion ts of ~loscow 
precipitation . 

values nre not the arithmetic aver age of the t•~ isohy~ts, becau~c the water-

:;heu was much wider at one asohyct than at the otlu:r. Colw:m 3 is the per 

cent each area i3 of the total area of the watershed. Co l umn 4 i~ thr:: p·ro-

duct of columns 2 and 3; the total of "Which gives the perce.:ntagc which the 

aveTa c precipitation over tl·c watcr~hcd i::; of the pr~cipitation at Uoscow . 

able 6 "ivc:; the average annua l precipitn:ion over the wa::crshed.-: as 

calculated for the period of the study and for the 66 -ye~r pcr1od of the 

'oqcow precipitation records . 

The precipitation for the months of: Ju l y th1.·ough September, 1958 vas 

cstitrultcd to be the 66 -ye.ar mean for the .. <: months. 

E·1auotrans ir.<ltion 

The first: method used to calculate the evapotranspiratiol loss con-

sisted of scnrting vith the average evapotranspiration loss at Benton Creek 

of 25 inches and adJus~inc it for the diffcr~ncc~ in productivity and 
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1'able 6 An.•ual Precipitation at ioscow and on Ench 
Wate r shed for the Period of Study . 

PreciPitation 
t-later Year No scow Gnat Creek Cruued.ne Creek 

\Jat:crshed Watershed 

1955 - 56 24 . 8.3 34. 2. 42.5 - ~ 
1956 - 57 18 . 90 26.1 32.3 

':7 

,d_ •. 6 
1957-58 23.76 32.5 40.6 ':1 

;-l 

" :;> ... 
66 -year mean 21 . 70 29.9 3?.1 

I 

temperature. It vas estimated hy personnci of :he Soil Conservation Service 

that the annual production of timber per acre on the Benton Creek watcr~hed 

ves 500 board feet per acre per year and thac on the Crumcrine and Gnat 

Creek \watersheds the production 'Was JSO board feet per acre per year. These 

figu~es then give a transpiration value, from Raber (23), of l7.07 inches of 

l-later annually at Bcntcn Creek and 12 . 07 inche:~ annual!.y at Crwn~r!.ne and 

Gnat Crecl<s . The interception loss .-as acsumed to vary by thi- same r.1~io . 

As the precipitation is nearly th~ same, the interception calculated by the 

use of the equations oentioned previously would be the sa~ and therefo~e 

the only difference in the interccp:ion loss ~ould be due to the diff.erence in 

the density of vcge:ction which also show~ up in the difference of productiv-

ity. Therefore, the evP.potranspirn:ion loss (E. L.) ~~ch yc~: is 

E. L. = 25 (i.: ···J) (t1c.an annual tC!cp. at 'loscow - 32° ) 
1 •. ~ mean annual t~~~. at 3enton Creek - 32° 

Exlltnplc: Durinu the water ye~r 1956-57, cha ~vcrage ~emperuture 
at Hoscow was 46.87° F. 

E. L. It:. :!S ( 12 . -~) (4: . 8~ - ~) 
17 . JL \ " ) • I - ... 

22 .6 inches 

This applies to the lo'Oodllllld o-:: either '.i:tte-:-shcd. For :he crop­
land. it was assumed that the tran,piration would be the 8amc a~ 
calculated by Packer (21) or 11.59 inches . fhe interception, 
hovever, varic3 as the equation 
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I - . 04 + .22P ... 
'"' 

where Pc is the '!ay to September prccipl.tation . T~e evapotran­
spiration logs is equal to t~c ~uc of the t~anspiration and 
interception, or 

E. 11.59 + .04 + . 22.B 

E. L. = 11.63 + .l2Ps 

On the Crurn~rine Creek w!l ':et" .• hec (ct"opland) the '13y to September 
prccipitatton vas 6.64 inchc", thcri.!fore, 

E . L. = 13.09 iochc~ 

The avcr..oge evapotranspiration loss on t:he enti-re wa::cn·hed i~ 
equal to the evapotranspiration tosn of the woodland times the 
per cent of a~ca in ~oodland plus the cvnrotransriration less of 
the cropland t1 e:. .:he per cent of n-rc • in cropland. or 

E. L. average~ 22 . 5(.88) + 13.09( . 12) 
:: 21. 3 7 i11chcs 

!.'he same t..lcthod "ms u5ed on each w:.ttcrshc.d for each of the three y-::un; 

of the study. ..he tcmp~:-aturc ll!'lc! precipitation tor the '::lonth.; of July 

throubh Scptcmbc~, 19JJ ~ere ag~in as~um~d ~c be average. Thornt~waicc 1 3 

method \-IdS ne:tt· csed for each \-7atn:sheu .for en~h year of the :~tudy . .Lhis 

involved c~lculgtinJ a he~t index, I~ value for the entire year. Therefore, 

t te calenJar year rdthcr than the water year was useJ ~o obt~in ~h~ cvnro-

transpiration for c.ich month. Tho cvapot rancpi rntion for the proper months 

vas then suo:ncd to outain the va lu(.. for t~u~ ~a.tcr yc.:u . This me thou w.as 

carried out for each ~atershed for each ycnr vith the only difference be-

tween the ~atcrshed~ being in the annual amount of precipitation. Soil 

sroraee wa."' a• ~uo.Jct.l to be 230 t:llll . or appro~:l.mate ly 9 inches of w.:ttcr within 

the root zone of the vc~etntion. Table 7 ·hous all v~lucs of cvapotr~n-

spiration lo · for both watershed~ calculated by each method. 

In order to arrive at a conscrvacivc estimate; of the ground wat:t!r rc-

charge it "as decided to usc , for the wnter bZJlance. the method .,hich gave 
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.e 7 1 n<:-rln::>pil:ation Loss (Consumptive !Jse) on 

Water :tear 

1955-56 
1956-57 
1957-53 

E ... cn ' tcrshed for the Period of Study. Evapo­
tran~piration in inches . 

..;n~merinc Creek Gna t Creek 
Benton Creek Thornt:hw1itc's Benton Creek 

Adjust.;d tethod Adjus;:cd 

21.39 19.~ 18.10 
21.'37 17.2 18 .03 
14. tl~ 1 i , 5 20.00 

the lar0 cr ~alue for con~umJtivL usc. 

Runoff 

'!hornth..,ai te 1 s 
Method 

18.4 
16. ll 
17.4 

The runoff for the two watersh~us for each ~ate~ year iE given in 7nble 

8, and all monthly totals are given in Appendix C. The runoff for the oonths 

of Cc to be.&.' throu~h cceml>er, 1955 and Ju l.y through Septeober, 1958~ wa:; co-

rimate1 as bcin; the nvcragc of these months during ;:he two years when re-

cord5 were obtained. It was felt that this g~ve a reasonable figure and 

as the flo"-' i5 lov during this tine of year, a sm.ltl error would h.1ve little 

effect en tbe total yearly flc..-. 

f,thlc fl :tunoff for th~,; l'eriod of Study . 

;rw:,a.erine Greek \}nat 
Year cubic feet inc he~ cub_ic~ _____ .. ______ 

1955-56 6J,678,000 12.10 40,226 , 770 4 . 07 
1956 - ';;7 49,135,2 8 .&4 33~246 , 240 3.97 
195 -Sd sc, 77 ,900 .91 /2,512,550 7.35 

': inchc:-: dc>ptit •.JVc::- entire \JatcrRhed 

.he runoff fr.:nn the na.: Crcch watcr.;hc<1 doct. nc: seem to b~ consi tent 

as t e r.un,.,£f du::l.u the 195 7 - Sb water year is nearly tt1icc that during 

othe'!:' years. '.a."lcre is 110 indication in eitht.!r the runoff in C.:rumerinc Creak 
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or ~he preci i~~tLon records th~t this should be the case. The oost logical 

cxp l:maticn for this i.; that the :;tre:.tHI chunnel h.1s ch .. nged in such .:1 vJay 

durin& the p:1ot two years tlw.t the racing curve ~hich was developed dunn~ 

the v!ntcr of 1957-58 by actual measurements is in error when used for the 

other year~. !hi$ rcting curve is accurate for ~he stream as it vas at the 

r imc of mcasur-cr.:ent; ho"•e\·cr • it ic noc kno\o"'l \.:'hcthe:r the chann!!l hes ~il ted 

in or eroded deeper during the previous ycurs. 

uecp _crcolation 

1hc deep percol.:~ticn is the differrmce be-ween the avera3e prcc1.1 i:a-

cion uver the wntcrchcd ancl the sum of runoff end evapotranspirat:ion loss. 

Table 9 gives the aL1ount of nnnual c.lccp percolation from c.acl. watcr3heJ for 

each year. £his is given both in inches depth over the watcrched •nC! to;:al 

amount of water in cubic feet. 

Year 

1955 - 56 
1956-57 
1~57-58 

Water .. .alonce 

Teblc 9 uccp Percolation from E<lch Watershed for the 
Period of Stutly. 

Cnuncrinc ~reck Gnat Creek 
cubic feet inches cubic fee:: 

51,300.000 9 . 0 119,000,000 
13,100,000 2.3 40,600,000 
39.900,000 7.0 54,500,000 

1.nches 

12 . 0 

'" l 
5 . -' 

Table 10 gives the percentage of the annual precipitation t;·nich made up 

each of the cOt!lponcnts o~ the t1at:cr bnlancc each year, .:md Fi;ure; 6 gives 

chc sacc informacion in bar graph for.m. 
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Table 10 Ua~cr Ba l ance fer Each ~ear of Study . 

Cruoeriac Creek 

tear 1955 - 56 1956-51 1957-58 

l'cr Cent of Fer Cent of l~r ~cot of 
P'!'ecipit:ation l'rccipitation • rc.cirit !:ion 

I nc he l nche Inc 'he ... 

Prccip . 42.5 100 . 0 32 . .3 100 . 0 4 . 6 100 . 0 

£vapotrans . 21.4 50 . 3 21.4 66 . 3 24 . 7 60. 
Strencflcw 12.1 2 .5 8 . 6 26 .6 8 . 9 21 . ~ 
.Jeep Pe1:co l. ~ . 0 21.2 2. 3 7 . t 7.U 17 . 3 

Gn t ... reck 

--~~~------~~~~--------------~1956 -57 _____________ 1~9~~~7 --3~------i"ar 1955-56 

f~r t;cnt of 
Prcc-ritntion 

lo.c h<:"i 

Precip. ~4 . 2 100 . 0 

Evapotrans . 18.1 53.0 
S t re run£ low 4. 1 12.0 
Deep i'ercol 1:. .35 . 1J 

rnchc 

26 .1 

13 . 0 
4 .0 
4.1 
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Per .:ent of 
!recipitation 

100.0 

69 . 0 
15 . 3 
15 . 7 

Inc he 

32 . 3 

20 . 0 
i.3 
5.5 

Pr ... cnt of 
Prcci,l.tat.:.on 

lOO . C 

61. 
2: .. '3 
b . i 



0 

0 
u. 

" .. ,_ .. ... 
. .. .. 
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JISCUSSION 

·rhere in a po~sible source of e~ror in the dct~rmination oi the average 

v~tersbed prcc<~.pi cation for the year 1955-56. All. the records -.mich have 

been collected at the gagcc ocher than at .~sccv occurred during a period of 

rclativt!ly dry yc9.rs. The relationship found between the various gages and 

P.1oscow ClaY therefore only rernsiu accurate for less tha..-; normal precipitation . 

uuring 1955-56 the pr~cipitntion at Moscow vas 15 per cent above normal . If 

the increase in precipitation with altitude 1s les~ when the rainfall is 

above normal th.an when it is below norma.l the watershed precipitation would 

be less than was calc.~leted here. UO\ilever, when a study such as ::his is made 

to investigate the magnitude of the water supply !t is certainly of more 

value to knuw the precipitation during dry years than during wet years. 

i" et"ror of the p-recipitation figures as deter:nined here is thought to 

be con ... iJerably less than 10 per cent, which is not coo important when the 

precipitation is above 30 inc hes annually . 

The fact that botb of these watersheds have two distinct type~ of veg­

etation, that is, fore~t and field crops, complicated the cletcr.nination of 

the evapotranspiration lOS$. 

rhe evapot~anspiration as calculated here ~emained nearly con .. tant from 

year to year in the actual ~unt of water lo~t except for a slight increase 

during 1957-58. This increase in the ctllc:ulated values vas primarily 

brought sbout by high temperatures during the \.-inter of 1957-56 when there 

was no month w~th a mean temperature below freezing. The method by which 

these figures wcr~ obtained does not di£feren:iate ben·een a temperature 

above average in the winter and a t~peraturc above aver~ge in the sumoer, 

as Thornthwaitc 1 
G method docs. lhoL-nth•.mitc 1 a method is probably more 
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scienti fie tlmn t othC'r t.lethod hut woul lj'l _ 1-ft a lar ·c.r -'"- u lt of 

'ftater for deer ncrcoi...Ltion wl ich woula not 1 .. e b <·n con en tl.V !.!\ 

estimation. 

rh~ per cent of the "ancal pr~cipit~tion thich i· ev~rocr n~ ~r.ticn 

varies ac: s C'l\."n in Figure 7 . A the ~uay .t:~n:led over a ~ lret.-ycn· .rio 

there arc three toiut;;; on each ciJrvc for c ch wnterche:d. fhi number of 

point d ., nt.t .::omplctc iy de!:i c tl c curve. as tt.c,.: C.>. tend ov r r taav ly 

Sr.!illl r::mge hnrizontally. !'nc cun•es l.n..aic"ltc thnt ::l.c per cent ()f t c 1 re-

cipitation v;h1ch ;:;ocs to cvar:otrnnst1.rc.tion dEcrc.aJr.!s .:~c proc-nit .t1on in-

crease .... '!'hcorcti..::ally thcs-2 curves \-lo:..lJ rc..ch ltJO 1\.r cent if t r c.L -

itation was vcr; low and \..Ould r<! c! c :nnll per cent 1£ the pre;:! 1.~ ::ion 

wa~ bir:h. This is bccau~c. there 1::; a lir.tit ::o the .!t:")Unt of ~. ter 1 pl .. n:: 

wi 11 t-cancp!.n:. rc .l.rdle .... or the llOOant a\!uilablc . 

Tl,e reno£ ... ~s prob.,bly the most: accurately dctcn inc i co~· on nt f tl.c 

'-Ia tel.· balance, except S:or th~ years U55- 5G nml 195&-jJ, in n"Jt 'r •ct.. It 

is not known for ::;urc that these fi.:;urc- nrc i11 e-:ro:r, but the t n... • flov 

in .. ru."CJCrl.DC reck Htri_d as the ann~ 1 pr-Cl.! L: !tion \-1 itc ti-s. in . t 

Creek did noc . Ert:or in tl•esc runCJff fi,~u~c·· i:-. l)C"lt c~pla.inl.!c. bv t tc po ... -

sible: chan...,in • o ... the ""· 1pc ~f the st:r.!am bottom nd rc ul!:l.r. • c n.... the 

rntiu.; cur.e. 

l'hc O::Jr.ount of >T.l.t•-1.: goin~ to m.:1kc ~p t• ~- ground \Jat:er .r:cc ·.-: • .: it in-

conGisccnt t::c"o:n year to year, both "!.n i tchc•· dept: ., I 1.n ::he _r c_,.. ( 

the pcrccntnr,c varic•· froru 7 to :35 rer cent of the ~nnua_ prcci. it"ticu. 

il is co sidercd for 1955- 56 t~t the r_cipit tion fi • res arc ro l ~ 

and the flow in nst ...:reck 1E too Sl!l ... ll, ~t:is V:!d. ~:ton would '~ rc ccJ 

considerably. 
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The City of i:lo!:COW and the University of Idaho annually pump approxi ­

mately 120 million cubic feet of weter . This value, when compared ''ith the 

figure$ in rlble 9, show that the deep p~rcQlation from these two watersheds 

is not ordiuari ly as much as the pumpagc . Thl!rl! t..rre other watersheds which 

probably recharge chis aquifer, but, on the other hand, it is not CVl~n knol-m 

for sure that the de~p percolation from these vatersheds recharges the equ i­

fer front which the city unu universit)· pump. 
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ro deter'luine iolr.otly new mc•thods of hydrologic analysis with ~ssurance 

of accuracy there rnu~t be enough data availabl e to use part of it for the 

determination of the ne"W method and the remaining :.lata as a check. · In this 

study there were certain modifications of methods ::o make bct::cr \lsc of the 

available data but there '1-.'ere no completely ne1o: methotls used. rhe follow-

ing recotmnendatinns are made such that, if carried out, there \,•ould be data 

avaiLabl~ which could be used to check the accu=acy an~ perhaps modify the 

methods used in this r!!port . The m(.thod::; of analyr.is as used here could be 

u sed under other clim.1tic and topogravhic conditions but the only metnod of 

checking the accuracy in any particular re~icn is by obtaining nctual data. 

1 . The present precipitation ga~es should be maintained and the pos -

sibility of installing additional gages at selected sites should be in-

vestiga.ted. If the present gages a.re maintained over a lcng enough pe::iod 

of years to incJ.u:.le extreme wet :tnd dry years, their records '-'ill be much 

more relL ... blc. 

2. A small, entirely fore:sted, experimental watershed should be 

established co obtain reliable data on the evapotranspiration loss from the 

native vegetation in thi.:> region . This watershed should preferably be 
----......... 

smaller than 40 acres so that many of the indctcn:~inute factors sucb ns 

variation:. in vegetstioo and geolo~ica.l coo~itiuns whic!l ir.fluence the Yater-

shed characteristi<..:'" are minimize~ . The ~Jater~hed should also be complete l y 

instrumented for taking precipitation, soil moi::ture, air tcmp..:rature and 

runoff measurements. 

3. The stream gaging station on Crumerine Creek should be maintained 

and several current meter meu~u-remcnt:s should be maclc :tnnually to check the 
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accuracy of the rating curve. 

4. The stream g gins station on Gnat Creek should be moved to a better 

location. One pOG"'ibility of a better locntion is farther up!>trcam on the 

same creek, at n point above which therE; is lictl~ or no ag-ricultural lnnd. 

In ~electing a si:c, care should be t ken ths~ :here is a pe~nent control 

for which a rating curve mn}• be obtuined. If a culvert is used for the ~on­

trol there should be free fall ~t the lo'-ler cod of the culve::t. This YOU ld 

eli~inatc the two greatest faults of this ga3e~ tha: is, changing of the 

con::rol and silting of the en:rance to the gnge . ·rhe information obtained 

upstream ~auld be just as valuable, nc the silt problem in the use of water 

f~om agricultural watersheds is treoendcus . 

5. A detaile~ study of the wells in thi~ area should be made to obtain 

more informa:ion on the flow of ground water. !f possible, an attem~t 

should be made to obtain more information on :he recharge area for tne aqui­

fers from which pUl'llping occurs. 

6 . A detailed analysis of all data which arc being collected should be 

made periodically in order to dcter~ioe vhat phase of the experimental uork 

should be the mas:: intensively studied . 
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SU!':-!ARY 

A hydrolot;ic study based on three ycarr. oi runoff records and approxi­

mately si;: ycnrs precipitation records, ar the best. ilVolvcs considerable 

estim!ition. After consideration was given to all available data and all 

applicable empirical data from other hydrologic studies, the foll<Winc facts 

-were t.lctcnnineu. 

1. rhcr<! is an increase in precipitation vith alti.::'\.1dc in ::hi., area. 

Considering an avera e year, there would be appro~imately 21 . 7 inches at 

.·osco"'·, 37.0 iachc an the Crt.Jr.-.c.?rinc Creek w tcrshed an.:! 29 . 9 inche ... on the 

Gnnt Creek wa~crshcd. Ouring the lowcfit yenr of record (1911), there were 

10.9 inches at }oscow, approximately ld.6 inches on the Crumerine Creek 

watershed and 1.5 . 0 inches on the unat Crcd< vnt:crshed. 

2. No expcrJ.mental dat.1 'tre.:-e obtained on the evapotranspiration losses 

in thic a.rca. After ·~ reviev of ti1e literature, ic: was decided c:o Cdlculatc 

this in two "·ays. One is Thcrnth\olai~e' s method, assuming evnpctranspira~ion 

is a function only of climatic factors, and the o~her 1s a method o.f adjust­

in~ da:a from another wa:ersh~d for difference~ in productivity and the 

annual tempcra~urcs. l'lw ttcthods checked r i..!O.Sonably close nnd the larger 

figure was us~d in or~er to cTrivc at ~ conscrvetive esti-~tc of the avail ­

able water. The evapotranspira~!on loss ~as de~e~incd c:o very :rom lS to 25 

1nchca antl from 53 to 69 per cent of the annual precipitation . 

3 . The runoff which may be expected from these vatcrr;heus wn~ dctcr­

oincd to be 22 to ~5 1e~ cent of the 'lnnunl precipi~ation. Uurin'3 a year 

of norm:1l precipitation ::his \'to.:ld be 8 . 7 inche .... over the water hcd. or 

49,6CO,OOO cubic feet in Crumcrine Creel: and 7 .U inches or 69~000,0u0 

cubic feet in 'nat Crctk . During the year of lowest precipitation (1911 .. 
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rhc runoff vould b vc been 4.1• inches or 25,000,00\) cubic feet in Cru441-

crine C~eek and 3 . 6 inches or 35,600,0GO cubic feet in Gnat Creek. 

4. rhe ground water recharge: wn~ culculat:cd to be between 2 . 3 and 12 

inches, or from 7 to l5 per cent of the annual prcci!itation. It is thought 

that the average would be about 15 per cent of the annual prccip1tation . 

During an e:.-trcmely .:lry year this compoll(mt of the .... at:er balance woul.:i very 

likely be negligible ns cvupotranspirntion would take nearly all the avail ­

able soil water. Thi~ is the lenst accurately determined factor as there is 

no accurcte lilethod of measurement and it was therefore obtained by sub­

tr.ctin& the annual amount of evapotranspiration ~nd Gurface runoff from the 

annuul precipitation . .A::ny errors in the other components would :hcreforc 

show up her€. 
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APPENDIX A 

Definition of 'Cerms 



DEFL~!TIOJ OF TE!ll!S 

1. Aquifer - A geological formation or structure that tr~nsmits water in 
sufficient quJntity to supply pumping ~ells or springs . 

2. Consumptive Use - Sec evapotranspiration . 

3. Correlation Coefficient -A number indicating how closely tvo variables 
are relat~d. This number ...:aries bct'IOeen plus on~ and minus one. Plus 
one indicates a (>l!l .. :cct correlation> zero indicates no correlation and 
minuo one in1ic.ates a 11erfect nc~ativc correlation, that iG, as one 
variable increnvcs the other decrcas~s. 

4. Deep lercolation (ground water recharge) - Includes all vater leaving 
the watershed by trantmission through an aquifer. 

S. Evapotran~pirnticn ( consumptive usc ) - Includes all water losses from a 
given aren by trcn~. ir tion and by evaporation from water surfaces. soil, 
snow, and vegetation . 

6. Interception los~ - rhe precipitation which is intercepted by vegetn~ion 
and subscqu~ntly evaporated ~ithout reaching the ground su~fgce . 

7. Isohycts - Lines of equal precipita:ion on a nap, ei:h~r for cae scorm 
or for a definite period of time. 

8. Isoperecntua.l - Lines on a map of equal pe rcentnge of the mean annual 
precipitation. 

9. !ethod of Lenst Squares - A method of obtain~ng the slo1~ of a line 
which best fit~ a number of plotted ~oints. 

10. Or c,rephic Preci itat!on - fhe precipitation caused by li fting of air 
masses over rrountain barriers. 

ll. 1 r~ci p!tntio.n - That "'&tt;:r, in liquid or solid form uhich reaches the 
earth, including chat intercepted by vegetation. 

12 •. tacin~ Cu-:- c - A curve rc lating the acpth of vntcr a;: a gaging station 
to the flew rate at that poiu:. 

13. Rct; res£ion EC!uation - An equ<ltion showin~ the rc lationsh1p bet;1een a 
dependent and an independent var~abl~. 

14. Rinarian cgett1tion - Vegetation 'Jhich is contiguous to a !':trt.:a:n o:­
other body of ~urface water. 

15. t~ncff - Inc luJc ~!1 water leaving ~be ~at~rshcd by way of ~he ctreao 
channel. 
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16. Soi 1 loi.:;·::ure - .~.·he watt:r held in the soi 1 af;:er g r avitationel ,..·.a;~r 

ha~ drained ~~ay. 

17. Thiesnen •1cthod - A me!:hod of computin; depch!i of prec ipit:ltion cve'l" an 
area which ;i'\.'c., wc;.3hc to t~c arc~l ui:::tril.mtion of !;carl.on' • 

. i',.an irv. ion f)'3 - 'hat 'Vl!ter '-"liC Vi:.JCtation i:ran'3fers tO the 
atm-.> I·hcrc n. ~ater vupor . 

ll~ . Wat:cr 1a lat~cc S~uJy - A o;tu.ly to de:t:crmiz,e thL :unount an<l diepo~i'Cion 

of ;rec~pit_ti~n over an ar~~ . 

2u , Wntershcd - :h~ ~n~irc crea d'l"ained by a ~~ rc~m o~ S)' ~tem of streams 
such that atl stres:m!:low originacing i!l the ar~a i n dischar ged throu3h 
a s~n; l c ou.tle:: . 
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APPENDIX B 

Precipitation Data Used in che Study 



Table 11 FUCIPITlTIOft DCOHnS 

~li· t 
l) ~ ! 2 !~ !2 ~~ - l' .zo lon"'li 

ihii o;t()l)CO 3.79 CiL Jo82 jJ&' j.54 3.Gh 3.51 
llo'lftber 3.10 3.98 3.16 2.39 3.08 2J&7 ).10 
Deceaber 3.81 4.3l& )~7 2 • .3h 3.25 t-5)6 4.1.4 

1935 Jamaarr 3.17 4.93 3.13 2.42 J.ll 2.73 4.5, 5.07 
,~ 1.29 1.37 1.06 .92 1ol.O 1.o6 1.28 19)9 
llarch ).66 u.19 )o)O 2.57 2.78 2.1)5 4.~ 4.)5 
.lpM.l 3.07 )~ 2.93 2.6) 2.69 2.93 2.!'6 3.23 ..,. .23 .34 .2l .16 .22 .24 .26 .40 
June .68 .n o6l o66 .72 .61 .70 
Juq .35 .so .J6 .u .34 .47 .41& .)) 
.lucut o20 .14 .1~ .n .u .J4 .35 -
Sept. .... .29 .29 .2.8 .27 .20 .26 .28 
~ 1.12 1.20 1.16 1.n 1.38 1.2$ 1.05 
lo"fttlber .89 1.35 .82 .90 1.08 .96 1.110 
l)eg 11:*1' 2.21& 3.74 1.84 2.ss 2.86 2.59 2.98 

19)6 J&m&ary 5.11 6o74 s.oo 5.13 5o74 5.12 6.27 
F~ 2.37 ).91 1.61 1.67 1.6) 2.17 2.35 
March 2.02 2o41 2.22 1.67 2.10 1.92 1.78 
April .67 .81. ..9S .53 .61 .52 .69 .. 1.59 1-'0 1.35 1.59 1.53 .86 1.88 
JUDe 1.)6 1.87 l.J,o 1~ 1.31 1.59 1.82 
J~ .67 .49 .)5 .)6 .35 .)ia .-s 
.lqut .10 .10 .10 .OS .07 .oo .01 
Septtlllber 1~ 1.18 1.o2 ·99 .ao 1.18 1..)0 
October .28 .28 .19 .34 .)0 .)0 
lo~ .)0 .)8 .25 .17 .'?4 .34 
Dec~ 2.~2 ).)0 2.52 2.60 2.73 2.88 

1937 January 6.00 3.66 ).60 4.57 
,.~ 5.61 ).25 2.77 5.58 
llllrch 2.17 2.93 2.1.5 2.26 2.25 2.19 
April 4.J.I. 5.28 4.16 4.02 ).81 4.29 
Mlay .94 1.01 .64 con .69 .91 
JQDe 2.77 3.6S 3.01 2.91 2.92 2.98 
,l.y' .37 .'"'9 .1~ .11 .23 .2 ~ , .LQ .~ . 

• c 91 

"' • .. 1 • 
,.8) 5.o 3l 3~2 J . :a 
L.88 ~.46 4.S7 ).61 4.0: .. 1 

1938 2.17 3.16 2.19 1.50 1.62 2.57 
1.61 2.77 2.16 1.77 1.79 2.63 
2.28 2.80 2.31 2.16 2.30 2.60 
l.8L 2.07 2.o2 l.SO 1.60 l.BJ 

1.87 1.66 .9S .88 1.66 
1.64 2.39 loll 1.14 1 .. 27 l .... 

~ .22 .6) .)1 .JO .JO 
.&.ucust .<>6 .27 .08 .1~ .17 
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~•t• P:o. 0 ' ~ 2 ~r5 ~~ !~ ~~ 
-.r Vontli 

D:W Sept«&i" 1.29 .86 .87 .!Di .11 
October 2.00 2.bl 2.01, 1.61 1.80 2.3 . 
No-n.ber 3.10 2.63 2.55 2; 
D•••M" 2.2~ 1.21 l.JO 1 .. ~ 

1939 Juuary 2.33 1.24 1.39 1.92 
February S.lU 3.39 3.76 u.81 
Karch 2.51 2.{)7 2.35 2.50 
J.pril 1.10 JU .55 .96 
May .?J 1.21 .S6 .57 1.00 
June 1.37 1.1:0 .eo .81 .,1 
July" .ss .96 .76 .72 .87 
August .oo .oo .oo .oo .oo 
Septellber .51 .$4 okO .36 •• 7 
October l.~ l.l.J 1.12 1.35 
'R O"fttlllber .u • .34 .30 
Deoeaber 4.51 4.78 3.51 4.35 

1940 January 2.78 1.4.4 2.18 2.k8 
Februa-y 7.2S 4JU U..o6 6.02 
Karch 3-ll9 2.69 2.)8 2.8, 
April 3.76 1.?~ 2.60 2.85 
M.a1 1 .. 02 .93 o72 .9$ 
Jze - ~9 .29 .36 .$8 

19.55 October 3.65 Records are 
Jlo"felllbc' 3.?9 available tttr 
De caber 3 • .59 Gage Ho. 12 

19$6 JanUM")' 3.51 <•oscow) f or 
February 1.92 the period 
March ') .12 Jul7 194o-
April .JJ. Septellber l9SS 
May .17 
June 8lt 
Jlll.Y JS 
J.ugust ;2 
Sept..ber 3 
Octobc 3 
llo?ember ) 

December ) 

19.57 January 
February ) 

Karch 
April 
Kq 
June 
July 
Aucut 
September 
Octo be- 2 
lotellbc" 1 
Decellber 2. 

f 
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ll&f. 10. 6 7 8 
-Ml" Vont.b 

2 1o 12 15 )2 

1958 Janu&1"7 G.fl 2.11 
PeDl'"'UA.l"1 ).~7 2.87 
M.a.r<'h 1.61 1.26 
April 4.10 4.60 
May 1.06 .h7 
Jae 2.5? 1.91 

~f. Wo. 
- ...r l ontft 

JB lllj lj$ 50 54 5! p;g 
rnr ocm 1.26 

No~r 1.21"' 
December ).1~9 2 .l~c; 

l9.Jb Jamary 7.99 s.~ 
,. • bl'"!.&a.r) 1.91 1.76 
March l.Of+ 1.65 
April .64 .63 
May lo 13 l.S7 
hoe 1.n lo!6 
Ju.l,r .1&7 .Lo 
August .oo .oo 
~ptealber 1.43 1.06 
votobe:r .)2 .25 .26 
Mo~ .)6 .15 .16 
l}e~ 2.98 2.L.4 2.44 

1011 Janu.ary 5. 59 s.oo 
February 6.)7 2.14 
March 2.11 1.81 1.98 
AJril 5.01 4.17 3o42 
KaT 1.20 .76 .67 
~ ).06 2.R6 3.00 
July .38 .18 .19 
AU«WJt, .66 . 59 .48 
CW.p~ .86 .~ 1.37 
Oot.ober 1.~2 
Wnv..,'llber 4.~8 3.S8 J . Sl 
~noeaaber 6.19 4.46 3.76 )o9Ji 

l9~B January ).18 1.6;: l.?u 1. 71~ 
P'abruuy 2.~5 1 . 79 2.21 1. ?J 
March 2.62 l . '>U 2.12 .... 
·~ 1.n lo05 1.61 1.;,}' 
May 1.c;s 1.3.3 ' . 9S 1.61. 
June 1.48 1.17 tl.21 1.27 
hl1 .1) . 4) .)0 . 12 

·~ .21 .O) . 21 .l9 
~ .64 .ss .86 .74 
Octobc- 2.4c; 1.84 1.66 1.92 
Jov..o.r 2.h•) 2.11 2.65 2.14-1 
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~110. 
- ... 1" lloiiU 

L~li2 ,0 54 57 li2 

1938 D;oeii&r 1. fi" ~ 1.52 1. 73 1.30 
19)Q Juuar.r 2.26 1.03 1.~ l.b9 l.LJ 

Febnart lJ..,C: .. -"0 ).46 1.99 ). 71 
Waroh 2.·'1 1.79 2.l J 2.)) 2.16 
April ·'1 .77 .o6 .so .40 
May l. ·1'9 .84 .70 ·"7 .88 
Jane . ,u , .0) .88 1.11 .87 
Jv.ly .78 .i:-7 .63 . 76 .85 
Au~t .oo .C'Yl .oo .oo .oo 
S.pt..t>er .44 •<4.) ·~ Jal 
October ) • ('lA 1.17 1.12 .90 1.26 
Nov.ber .ub l6 . l2 1.10 .)4 
De<*lber 4.14 J 1 3.b~ 4.46 4.43 

1940 Jan"Q&ry ).1b loA .. 07 1.66 
February 6. ' .• 37 -. ~L 4.69 4.77 
March ).lu ? ("' 2 • ..~l 2.61 ).02 
April 2 .. 84 .l \ .41 2.59 2.)1 
ltay ·90 . ~ .8L loO) .sa 
June .U4 .hl .42 .58 
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lloaoow 
Perioa .. ., :1n Mountain Woe cow 
19~7 

NOT. 10 - fto~. 30 1· .75 
Deo. 1 - Dec. 29 ~ .,t 2.64 
Dee. )0 - Jan. 2t.. 2.2 l.I.U 
Jan. 27 - l'eh. 16 ).9 1.12 
Fe h. 17 - W.ar. 2 2.1~ .92 
liar. J - W..r. 23 3.7 1.79 
War. 21.£ - Anr. .., 2.7 2..13 
Apr. ze - JUne 'l 6.) JJ,8 

19'17-56 
Oct . 15 - Nov. 4 .SJ 1.07 
Jfo~. ~ - llov. 10 4.1 3.2 1.92 
I~ c . 1 - Jan . lJ ~.4 7. 0 2.92 
Jan. 5 - F~b. 1 Uo7 7.2 2.n ,.b. ? - ltar. 1 S.7 s.~ 2.87 
w..u-. "' War. .. ._' .9 2ol• .99 
W..r. 30 - AtJr• 3u 5.7 7.4 4.87 

- --
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StreamflO\\T Da ta and nnting Curves 



able 12 So.nnary of no-. .rUD~>rine Creek 
(cl.lolc fe ar mor.th) 

llonth 1 ~I"'~-'I~~?) !956=1P57 1657-!§t;S 

October n 5, l)()()tt 800,000 6)1,000 
November 900,~ i,l66,200 6)3,000 
DeC«<ber l,L9fi,7SO<t l,tl()Cl,JOO 1,388,200 
J~nuary 2,072,000~ 1, 6Ul' lj()() 2,502,600 
February 2,h29,1300 2, 9)0,1~00 ll,354,600 
March u,q 6,Joo 8,7o>,soo 4,509,000 
ipril 26,544,000 12, 7'78,000 14,251,400 
llay 16,o7S,orJO 1J,~5o,ooo 11,216,6oo 
June 3,f>7~,900 3, <t8o, ooo 2,063,300 
July 1,45S,.~ 1,072, 200 1,263,()()0.1 
August'. 651,300 505,100 576_.200* 
Sept.tm.ber !Jhl,CQO 295,.100 )68, ()()(}It 

... 
!otal ~cub!c ~eetl 
fotaliD. d!;th) ~1~6000 fi§_.R~2oo 56,~~9(50 

* An.rage o! two other yaara 

Table 1) S\.ll'Q:Dary of :"low in Gnat. Creek 
(cubic fee~ per month) 

Month 1?t;5-19t;6 ': 195§'1 'S57 !957-1958 

October 75,170* 8,640 L.U, 700 
Monmber 170,750* 49,200 292,)00 
December l,SBu,200* 825,600 2,342,800 
January s, l~6L, 350* 511, soo 10,417,200 
February 2 '6f;;j , &Jo 19,251,700 22J29l,OOO 
ltarch 22,669,900 9,)0),200 8,546,000 
.lpril 4,Q22,700 3,970,6oo 1B,h07,000 
»-.r 1,550,900 ),<>68,000 -:r,244,000 
June SP6,100 1,955,6oo 2,562,600 
July 2)3,300 )02,200 267,750* 
August I"Jo "'l.ow no now no now* 
September M flO"' no now no now* 

+~ti Ht! a.;ft!J 4o,f:g~nu 39.~t,Zlib 72,f.jf5o 

* Average or two other ~e~rs 
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