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ABSTRACT 

During the summ.ers of 1971 and 1972 the Agricultural 

Engine.r ing and Soils Dep artments of the University of Idaho 

conducted a study . on a gravity irrigated f arm in the Boise 

Valley. The purpose of this study was to determine the quan

tities of total solids and selec~ed nutrient materials 

that were lost from the farm as a result of irrigation. In 

order to obtain the necessary data, measuring devices were 

installed in all ditches and equipped with stage recorders 

to obtain a continuous record of the flows entering and leaving 

the farm. Water samples of the head- end tailvlate!:" were 

collecred during each irrigation set. Samp les of the ground 

water were periodically collected fro~ ten twelve-foot 

piezome ters located on the farm. During 1972, four sets of 

solution samp lers were i nstalled i.n each field. Samples of 

the soil solution at various depths were collected from these 

samplers after each irrigation. All samples were quick~ 

frozen and sent t o the laboratory for analJsis. Each 

sample was analyzed for nitrate-nitrogen, ammonia, org,qnic 

nitrogen, t wo forms of pl1osphorus and total solids. APHA 

Standard Methods and F1vCA Standard .1ethods \vere employed in 

making these ana lyses. 

Local climatological data were collected for use in 

estimat ing evapotranspiration and ultimately the soil moisture 
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depletion r ate. The cheLt.ical an-: .. l.y·ses for the ~.vater samples, 

the ET data and the physical parameters for each field and 

crop vJ'ere entered as parameters i.n a digita l computer model. 

This model utiliz~d the input data to calculate the quantities 

of the chemical consti tuents and solids that were transported 

acro "'s the boundaries of the study area by irrigationwater. 

These data indicated that the loss of all chemical 

constituents was generally low. The highest losses were for 

the nitrogen compounds. These losses were greatest during 

1971 and were largely the result of nitrogen fertilizers 

being applied in the irrigation water. 

Onions 'tvere the only c r op that had a consistent and 

significant loss of water to deep percolation. The data 

indicate that nearly 57 pounds per acre nitrate was move.d 

below the root zone as a r es ult of onion irrigation in 1972. 

Large amounts of solids were moved from the farm during 

bo th irrigation seasons. Onion irrigation resulted in the 

highest loss with losses of solids in excess of one ton per 

acre observed. The data indicate that a l arger percentage 

of these solids may have been unaffected by retention i.n the 

sett l i ng pond than was the case for the other crops. 

Settling ponds proved qui te effective in removing 

sediments. Nearly 80 percent of the solids los~ as a result 

of bean irrigat i on, during the 1972 season, were retained in 

the settling and. Ho ·, ever , the ca ta indicate that very 
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little retention of nu.trient m,s.t:F~ ·ria.1.s can be confidently 

credited to the pond~3 . This inc.i cat:ion is due, in part, to 

the fact tha t nutrienL concentr2tions of the water entering 

the pond arc consisten tly lo\·1. 

/ 

xiv 



Ii~TROI:t:CTION 

The Apollo flights to the moo~ gave m~11 the unique oppor-

tuni ty to stand back ~1. tt ·:. :·:ake r.1 .:~ .• :····~ 1< at t:h2 earth . From this 

v -ntage point in space te s w the earth as a spaceship; a 

h ' •· .- · ~. . . 1 ,.... . 1' spa.c2s ~p on an 1.n1.1.r:.l tc ~! o J..:- .• :ey c2.:cr - ~ng on y r ~nl te supp 1es . 

This ne\.v view of the earth caused a change of pr i 0ri tie s and 

ushered in a new age, tle age o f the environment. Cars , 

f a c tories , and dan1s once considered symbols o f prosperi t y and 

a h igh standard of l i ving are now seen as a curse on the environ-

ment . Agriculture has been condem~,.e d fo:c using t he pes- ti cides 

and fertilizer s that have made our adequate fo od production 

possible. Many ~Y::··~· .... .;-ate grot:ps ha;:::; ":::;een organized to focus · 

public attenti·n on thei r specific areas of concern. During 

the 1973 session Congress autho~izPd the appropriation of 

24 . 7 billion dollars for envircnn1e:!.·1tal prog.:ams . Most states 

have either establishec opecial 2nvironMental departm~nts or 

expanded the duties of existirtg departments to include 

environmeL tal pro tee tion p:::og::ca.Tnc. 

The concern about the en rir:ortl:lGnt is "' <~11 founded but th ere 

are dangers invol ed. The s tcp.s [c;r achieving environLLental 

quaLLty are not ·h·,._ __ ll def i.T~cd. and al l o.f the special interest 

grouv c:: espous · ng and p-:c omot:i.ng "7 .1 1.·-tous causes tend to further 

clo::d the issut-:. It is c::: s erl t iD 1 t:ha t we is ti.nguish be tv.reen 



" 

2 

we ·rr:u s t do <;;.;nd those \l.ie c sn no t do . Ultimat ely t h e action 

t aken t o protect our resources f r orrL pollution will be paid for 

as higher pri ced go ods end s er v.i ces o r in s hortGges of goods 

and services .. 11hus t he benefi tB rr:>:ee ived from environmental 

i mpr oveme nt must be greater thsn the incurred costs. 

Th ere are r e cent examples of governmental agencies taking 

action t o protect the publ ic and t he environment when no danger 

or minimal danger was actually involved. Ten years ago cran

berries were held off t h e market as a result of incomplete in

forma tion . More recently there was a mercury scare because of 

mercury being detected in tuna fish. Later it was dete~mined 

that some mercury can be found in all fish. In both cases the 

resul t of action taken on incomplete data resul t ed in shortages 

and hi gher price s in t he markP t place. At the present time 

t he r e i s much compla i ni ng aboil't h~.gh beef pr ices. Part of t hi .. ) 

price .increase is du e to fede r al r estrictions on c ertain pes

t ic ide s -and feed supplements . If t h e se banned material s are a 

thr eat to the environment and public health , then t he restric

tions are justifiable. If furthe r stu dy shou ld prove the s e 

products are .not the threat previ o us l y supposed then again the 

consumer has been making needless sa crifices. 

Ir:r:i_ga ted agricul ture -'_s no ·\~; being ac cu sed of damaging 

t he env j_ronment by retu.rning f:al ts , nutr i ent mater i al s and 

sedim~:nts to watel"' supp]_ies wi th irrigo:b io:n return f l ows . 

Undou~tedly keeping all r~ re~ s clean is on~ of the things we 

would like to do , but it is probably one of the things we can 
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not uo . It i.s prac t::L c. :~ l J.y i mp;:, sE:d .L. le t o use w·ater without 

changi ng i t s qua lity . \) h'2n it i ~-, ttsed it will, in some T..vay, 

be di fferent t h an it \".r~s before i.t Has used. Many rivers are 

over- appropria t e d an d Te turn f.l o\·Y ~:: ·must be relied on to fill 

many of the exis ting ~vd. t e -r: righ t s . The flow in the Boise River 

at Notus , Idaho is a lmost entire ly return flov7 during the surruner 

month s (50 & 51). There is no doubt that the water returned 

to t h e Boise River i s of lower quality than that originally 

diverted. The "law of use" says it must be. The question is: 

Is the quality lower than can be accepted? If so, \vho is 

respons ible and wha t can be don e to improve it? And ultimately, 

ho\v much are vve willing to pay to i mprove it? These questions 

must be answered t l1rough diligent s cientific research for it 

is es sential t hat any action be bas ed upon complete and unbias e d 

data. This is t he only 'vl.:J.")' . :::..n. t h is a ge of the envir onment, 

that we can have a qual i t y envi r onment at a price we can afford 

to pay . 

This study was conduc t ed t o answer some of these questions . 

At t he pr es ent t i me v ery little factua l informat ion i s av a ilable 

about the kinds and amount s of r.1a t eria l s tha t are adde:l to 

sur f a ce and ground wa ter as a result of irrigation. Viets (45) 

s tate ~ tha t t he usua l ~ay to approach t he eutrophica t ion of water 

i s to as s ign values t o id' n tifiable ·sour ces such as i ndustr i es 

and s ewage trea tment plan t s and a t t r i bute the remainder to 

agri. cu l ture . I n s o ass ir.;ning , agriculture has been held 

ac co·c:_nta·ol e for eve;·yth .:i.ng from fe edlot r u:aoff to naturally 
. . 
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decomposins plant materi~.J.s . The object of the research 

presented i this thesis 'i\ras to de t ermine the quantities of 

solids and certain in.organi.c compounds transported from an 

irrigate~ farm a. s a r ··:..sult of irtigg,tion practices. 

I t is hoped that this study not only will give some idea 

of -r..v at the cost o f irriga tion i s £:rom an envir onmental point 

4 

o f vie\v but a.lso may shed sone light on ways to improve farming 

pra ctice s t o get the mos t benefit from valuable plant nutrients . 
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In 1970 the Depart1rrents of Agricultural Engineering and 

Soils b egan a study of return flo ws in the Boise Valley (15). 

Samples collected contained_ varioun amounts of plant nutrients 

and dissolved solids ; but because no flow data were av ailable, 

the analyses of the Hater samples gave no information about 

the total quantities of mater~als in return fl ows that could 

be at ·tributed to irrigation. Those involved in this study 

recognized the need f or quantitative data and proposed doing 

a mass balance study on an irrigated farm in the Boise Valley. 

The Idaho a.ter Jiesources Research Institute contributed the 

financial support for the pro ject. With the cooperation of 

a farmer in the Boise Vulley the pro j ect got underway in 

May of 1971. 

Sta tement of Problem w.,_ .,.... 

The Boise Valley in southwestern Idaho is one of the 

ma jor agr.iculturnl areas in the state. It \"Tas selected for 

this study beca se condi t ions existed whi ch might be conduc ive 

to serious contamination of both the sm face and ground water 

supp· i :: s in the valley . So:ae of these conditions for \ihich 

the Boise Valley was select&d are : (~) Most of the f arms in 

the valley are gravity ir:r.'.gatecl.; ( 2) commerc ial fertilizers 

are heavily u s ed in proclu.cing the high-value crops grown in 
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the valley; (3) many of thB soils contain indurated hard-

pan layers which i mpedP downward \ia.ter movement and contribute 

to: (4) a fairly lcvr 'i.rrig'1tion c2fficiency ; (5) high water 

tables exist in mos - of t:Je valley increasing ._heir potential 

for contamination and (6 / the rapid population growth that the 

Boise Valley i ..... experiencing mel-:E~s water quality problems more 

critical. 

6 

The focus of this study was the establishment of a mass 

budget fo r an irri gated farm . T. is budget included: water, 

t hree forms of nitrogen, t\vO forms of phosphorus, and total 

solids. This budget Has developed for three of the fields in 

the st ,dy area. A budget for two settling ponds ~vas also 

Astablisheci in crdLr to evaluate its value in remo~ing n~t~i2nt3 

and solid materials from the runoff ·1ater . 
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CHAPTER III 

SEDIMEITTS AND T.NO:(GJ.!fiC l"U~ rERIALS IN W.A TER 

The watsr f ound }.n La t~re is never pure. Even a spark-

ling mountain stream will contain s2lts, sediments and plant 

nutrientsr Generally the coicentrations of these materials is 

low ~nd present no problem; they ~re in fact essential to a 

heal thy stream . Ho-v,rever, if material ·_s discharged into a 

stream that greatly increases the concentrations of plant 

nutrients, salts and/or sediments then the health of the 

stream and the ultimate usefulness of the water is decreased . 

T 1e Ha zards Involved 
----~-~ . 

When present in water in sufficient concentrations, 

nitrogen, pho~:;phorus and cU.sso:! .. "\""c·i solids can cause serious 

probl ems. High ni trate concentrations in water have 

been long recognized as a cause of inf .nt cyanosis (methemoglo-

binemia) or blue babies. 'J:his is caused from. nitrate being 

converted to nitrite in the intestinal trqct. The nitrite is 

absorbed i nto t_ e blood s t r eam where it com-bi.t es \vi th the 

hemoglobin thus depr iving the cells of needed oxygen (38 ) .. The 

same process takes plnce in r1~iLent animals and can lead to 

nitrite p oi s oning ( 48 ). The ··e i s &1 2o bV i dence that high ni-

trate ·t:ater c an produce in·:;esti:n ' ll p 8thological conditions re-

sultiL~ in chemical diehrre~ (17)~ ~he U.S. Health Service 

established st~t .. lClards o..: JO rD_g/1 nitrate ni _,_rogen ( 45 mg/1 
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nitrate ion) as t h8 upper limit f or d1 inking water. However, 

there are some reports of harmful effects with concentrations 

I ' I I ) as low c s 5 mg 1 nitra t e r.:.l.t rogen (, ,..~.q . • 

Phosphorus is kno".•.T\ t 0 acceJ-e:r·ate eutrophication by 

stimulating algae bloo~s (3?) . I t is reported that algae grows 

vigorous l y in wt1ter coEtEd.ring 0 ·. 1 :part per mi lli<;>n (ppm) 

phosphorus and is stimulated by 0 .. 05 ppm phosphorus (L~7). 

Phosphorus and sediments are tied closely together in that 

phosphorus is generally transported adsorbed to soil particles 

(48). 

Sediments are frequently referred to as our ~reatest 

pollutant ( 4·6). The sediment carried by streams disrupts the 

dis salved c:v.:.ygen ba l er..ce in ~·Jater end ~ed11~es fi. sb populations 

by blanketing spa·~ing grou~ds. The storage capacity of the 

nation 's reservoirs is reduce~ by four million acre fe et 

annually be sedi eni;ation ., Each year about four million acres 

of topsoil are lost to erosion (29 ). 

Sediment and Nutrie~t Behavior 
--~ _.....,._ __ _,__.._.,...._..._... 

~he ease with t b.i c h ·~ediments and plant nutrier.ts 

find their way f rom an irrigRted field and into water supplies 

depends upon several variables . These vari able s include : 

soil ccndi tions, Boil type, te·nperntu..~-:-es and cl imate., depth 

to th~ water tabl e , soil fertility , s oil pH irrigation and 

other cultural practices. There are chemica l properties 



of plant nutrients a~1 d seL~.i.tnents in water that allow general-

izations about their behavior to ~e made. 

itr.ate Nitror~en 
- . - ._i,..__ 

Nitrogen fer tilizers, reg~rd1cs s of the form in which 

they are applied, wlll eventually be converte d to the nitra te 

fo rm by natural soil processes uLder well-aereated conditions 

(11 & 50). Nitra te (N03) is t he most mobiJ.e form of nitrogen 

and moves through the soil e ssential ly with ~he we t ting f~ont 

(3). This mobility m·1kes nitrate of primary concern from the 

standpoint of leaching los ses an d possible movement into water 

supplies. The magnitude of N0 3 leaching is difficult t:o 

e stimate because it depends upon 3 number o f varial..~les .wh:i.ch 

9 

i nclude: (1) the concentration of N03 ; ( 2) the amotu;:: :.>f \··rar:cr 

app l ied arid the time of appl i cetion ; (3) infil tra tion &nd 

percolation rates ; (4) evapo transpiration; (5) water holding 

capacity of the soil and ( 6) the presence of growing plants 

(45). 

Because of the high solubility of nitrate nitrog ·:.. .n 'ny 

nitrate present at the s·rface of the soil at the beginni1g 

o f an i rr igation w~ll be di s solved and carried i nto the soil 

by the. first water rea.ching it (3) . Unless signifi cant erosi o:1 

is involved, the nitrate cont:2nt of surface :runoff should be 

no greater than the conten t of thE hea&rater . 

If n ore \<Tater is ap ... -'l:Led i n ~. gi :-:;;·n. irrigation than is 
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of movi ng nitr~t es below t~e root zore of the crop where they 

are lost as nutrj_ent s for the c~r· op E1n d become a threat to 

ground \\rater supplies. I:.:·rigat:i.or.1 experts realize the de sir-

abil ity o f aJ."~:plying onJ.y E.· nough water during an irrigation to 

refill t he roo t zo~e to field capacity; however, they also 

recogn :t z .s ·that ::-::"'·me wate.r mus t perGolate through a profile if 

a desirable salt ba lance is to be maintained (23). This means 

that, under certain circumstanc.es , some enrichment of ground 

water may be unavoidable if economic agricultural operations 

· are maintained. 

Fitzsimmons , e t al~ ( 15) observed the nitrate content of 

ground water in the Boi~ e Valley to be considerably higher than 

s~rfece flews. While t he m3jcr source of thece nitrnt~s :s 

u nknoi n, the J;.roximi ty of the ~· a ter table to the soil stu·fnce 

leaves li ttle doubt that irrigated agriculture does contritute 

nitrates t o tLe ground 11\fater of the Boise Valley. 

Ammonia 

The c:.mmonia ( NH
3

·-N ) ions present in the soil as a resu, ·t 

of micro ~ ial activity , or from 3pplication of fertilizers, c an 

be 3dt1orb e d and fj xed by clay minerols .. This fixation c an re-

duce the availability of NH~-N to nitrifying mi cro-organisms 
/ 

ana thereby to plants ( Li-3 ). :i'hi s absorbtion by colloids may 

expla:ln vr 1y an i ncrease in l'lH--y-1\. has t ·een observed i :n ~ed.iment 
'') 

l aden surface return .::·lows ( 15). It seems reasonable to expect 
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sedin:e . .1 t loads and l"ih '~· ·!'·~ contt~"l.t i'o surface return flows to .. ) 

be somewhat related. 

Organi c :·Ji tro~!1: 

Part of the nitroge~ adde4 to soils a£ fertilizers can 

be converted to organic forms i11. t he soil. This organic N 

is only slo~1ly mineraJ. i. zed and, rnay persist in the :soil for 

years. As long as nitrogen remains in the organic form it is 

comparatively safe f rom loss except through erosion ( 4 3) . 

Phosphorus 

Phosphorus has been found to exist in water in at least 

five forms; soluble orth ophosphates , soluble organics, in-

so!..uble organics, adsorbed on suspended mate r i al and as a 

component of suspended TI!ir..eral and orgar.ic mat t er (26). This 

variabil ity makes evalll:ltior: Ci f phosphorus quite comr~licated . 

The movement of phosphorus in t he so il s olution depends upon 

the capacity of the soil t o reac t with the phosphorus. In 

an experiment in ,,Jestern AustraJ.ia) it was observed that 38 

days after 225 kg of r3 2-labeled S 1..lperphos phate per he c tare 

(about 200 lb per acre ) ~a3 app l i e d on fallow siliceous sand 7 

more than 50~~ of the labeled P had penet rated over a meter 

bela~ the SJ r fa ce of the soil . The area r e ceived 23 em 

(9. C5 in) of rain · uring t:·d .s t ime ( 4) . This i.s probab:y an 

extreme condition . The \v·at r~ r pl~ r:cc lating through most less 

sandy soils v7ill genE:~rrllly :"'ave ~~ loi:~ P conten t . Drainage 

\vatf!J: fron lys imet2~c s , in "tvh··_ch soi J
7 

depth is usual l y no more 

11 / 
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than one meter, generally 6how concentrations in the soil 

solution to be less thdn 0.1 ~g of P per millileter (4). 

l hosphorus applied to the s-:.1rface of the soil tends to 
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be fixed by the soil colloids. I f erosion takes place, P is 

removed with the sedim.,2-.::1ts. Res.:-~.ar•'"'hers hare shown that 

sediments r e lease P into solutiO!l. unti l an equilibrium con

centration is reache d. If sediments \v:i.th very little adsorbed 

P are added to th~ water, P will be removed from solution, 

and the concentration wi ll decre&se. Sediment loads of 10,000 

ppm from a phosphorus deficient soil were found to be capable 

of reducing the P concentrations in solution from sewage 

effluent from 6 . 6 ppm to 4.3 ppm (36). 

Sediment 

Viets (46) proposes th~t ~~ diment is the primary hazard 

to water quality . Sediment condtitutes by far the greatest 

mass of material moved by water . Thece sedimAnts have been 

shotm to have significant quantities o f plant nutrients 

associated \vith them (12). The nutrient load of sed:Lm~nts 

depends to a great extent upJn the type of soil being eroded 

(18). Unfortunately the mo s t fertile soil fract ions are 

preferentially removc:d b~t erosion . These are generally fine 

sediu1;...nts composed of silts. c Ja.ys a 1d organic materials (5). 

It i3 primarily co&rse sediments that can b e controlled with 

available technolog)T. A method for controlling the amounts 

of clay end other ccllc··_dal fractio:1s \vh i.ch constitute t he 

bulk of our sediment problems is not yet kno~n (18) . 
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The amount of s .:~d.im2nt: transpo:c ted by a stream depends 

upon the energy availalle to detach and transport solid material. 

Since all flowing water has energy, sediment will continually 

be produced and wil l car~y available pollutants with it (37). 

Some expert s feel that if , und e·.r ft~rrow irrigation, erosion 

loss es are held to only one ton per acre per year an acceptable 

level of erosion has been attained (36). 

Phosphorus is generally adsorbed to the chemically active 

fractions in the soil. Since these are the ones most readily 

transported by moving w·ater it is understandable that phosphorus 

and sediment losses are closely correlated. Each 1,000 tons 

of suspended sediment will carry abour 1,000 pounds of phosphorus 

( /+6) . 

Because sediments are che~icnlly a6tive , they can also 

act as scavengers and r emove poilutants from solution. The 

abi lity of sediment to adsorb pollutants from solution and 

deposit them in stream channels may be beneficial in some cas es 

and detrimental in others. If this action tends to concentrate 

harmful pollutants it can have scr:ous repercussions (37). 
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CHAPTER IV 

EXPERIMI1:~TAL WORK 

Irrigation i s geLerally d~~.fine cl as the appl ication of 

14 

water to soil f or the I:n..n.'pDse o f supplying the moisture essenti.al 

fo r plant gr owth (23). Several methods are used to ~pply 

needed water . The metho d used i n a particular instan ce de-

pefids upon the cr op, water supply) topography, soil conditions , 

clima te, economic f actors and , to a large degree , local custo~~ . 

Most irrigation systems can be classified a.s being either 

sprink ler or gravity systems. The distinction between the 

two i s t ha t a s r inkler system del i vers water through a net-

work o f t ub i ng or pipPP. v:ri t h s prinkler heads att::1che d f , r 

sprayine water over t he soi l sur f a ce (32) . A gravity sy stem , 

ern t he other hand, del iver s wa-cer to the soil as a " fl oo d". 

Fr equent ly corrugations or furrc ws are cons tructed in th~ so il 

which conf i nes t he water t o speeific channels for better con

trol o f t he water . 

A g:r.evity system was used 011 the f a rm us ed in this study . 

Fur r o\v irrigation of sug· r beets on th is farm is shown in 

Figure 1 . vla ter was l eft t o r t!n in a s et of furro\,rs from 12 

t o 2 l~, . :.1ours pe.r set de~ ~nding upon the cr op and field condi tions . 

Each irrigat ion for a fielc consisted of three or f our sets. 

The surp lus water \. e..s removed fro n the farm by a sys ten of 

drain c:. ge ditches and 2ventu~1 lly returned to the Boise River. 
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Figure 1: Furrow irrigation of sugar beets 
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9ond~tions Fc;:.E_Hc~ss Budget 

The development of the mass ·budget for this tract depended 

upon measuring all of the water entering and leaving the botmd

ari.es of t ho. farm. From these data the mass flux of solids 

and chemical constituents on the tract could be established. 

I n order to estima t e deep percolation losses of water and 

disscilved nutrient materials it was essential to estimate 

daily evapotranspiration during the study period . 

Soi l Hoisture 

The obj ective of i r rigation is · to refill the soil mois tu·re 

res ervoir. The amount of water the root zone of a g~ven crop 

wil l hold may be given as a percentage by weight, Pw, a pe rcen t-· 

age by · To l ume , Pv, or as a depth, v7h ichever is mos c \.:un J(~nient. 

The moisture holding capa city of a soil is usually given 

in inches of water per foot of soil depth (in/ft). Thus , if 

a crop has an effective root zone at depth, D, and will hold, 

i, inches of water per foot of depth, then the maximum e:m >unt 

o f water that can be stored in the root zone is iD. 1,.Jh,:;:n a 

f low of water 1 q, is applied during time, t, to a tra ct of size, 

a, then the tract wi ll be covered to a depth , d, or, ~ 

d = qt/a. (Eqn. 1) 

If q is in cfs, t, is in hours and, a, is i n acres , d will 

be l .L inches . If d is grec?.ter than iD , more \v<.tter has been 

add .. ~ d than the root zone wil l hold , and deep percolation ,vill 

takt-.: place. 
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Once the roo t zon;..: L::t s d·::(~:Lnf: .:.l to field capacity , the 

only methods for depleting ths mcis ture are evaporation and 

transpiration. Tf ::- c .. ,. ...... . -) ..... 7;t1., 
..I. '-'- • - · 1..,. }· tfV .l.., - ~ a. 3 ::oot root zone is growing 

on a s oil t hat \vill hold 2 . 2 i.:-.u::hcs of available water per 

foot t hen 6.6 inches o f availab : e nmisture are present in 

the root zon e a t fiel d cLpaci t y . Eowever , plants wil l show 

signs of stress well be fo r e the 6.6 inches are depleted . 

Generally it is desirab l e to i:r:rigr'lte when approxima t ely one -· 

half of the available moisture has been used. Suppo~e it is 

.I>- foun d from evapotransp i ration (ET) data tha t 0.25 inches of 

\·later are be i ng depl .c t ed ea ch day. In this "'ase the number 

of days until the crop should be irrigated again 'tvoul d be: 

6.6/(2)(0, 25) = 13.2. or 13 days 

If the soil is allowed to go £or 13 days between irrigations 

it will take abou t 3 . 3 ac r e i nches of water per acre t refill 

the root zone. If n~re h an 3 . 3 i n ches is added , the excess 

will be lost t o de ep perco l a tion . The analys is assume.s that 

the soil is \vell dra. ine ·i, t hat t b e r e is no n e t upHard u O TeiT..ent 

of ground wat er into t h e root zone and that the ET ra te is 

cons tan t dur i ng the en t ire per i od . 

Hhen water is a.ppl~c-: d t:') the· f:~ oi l i t Pill h ave one of 

four pos s i ble fa t _s . It -: :ril l ~ither b e J ost as surface r- no f f, 

en t<~ r the air as ~ ater va ·. OL" ~'u~3 to evaporation or t r, nspiration , 
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e stored in the root zone, or percolate through t h e r oot 

zone . These possible fnt ss are illustrated in Figure 2. 

\llien quantities are assigned to t~~se f our possible entities, 

the 'tvater entering the tract may be said to be "budgeted" . 

This budget in its simplest to illl may be expressed a s : 

Water on - ~atet off ·+ chenge in storage - 0 (Eqn . 2) 

By considering that water is applied as eit her prec i pitation , 

Qp , or irrigation QA , and leaves as surface r unoff , QR, 

evapotranspir ation, QET ' or percolates b e l ow the root zone , 

Qnp , equation 2 may be written as : 

\vhere .6S is the change· in soil rri.oisture storage . The Q and 

.6. 8 termf' nay be expr essed in anv desired units, as l ong as 

they are consistent . Acre inchns per hour or acre feet per 

day are commonly u ·ed units. To find the \· ater budget 

totaln for the stud:;r period, equation 3 must be integrated vn.th 

respect to time frorr. t = 0 to t = T; w·here T is the durc.:tion 

of the irrigation P ~>' riod . The f .Jrm of this integral is 0 iven 

in eqt at ion L1 .• 

dt = 0 

(Eqn . 4) 

/ 
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Since each term in ~qu.:.t .. :ten L:. is a variable , the equation for 

which is u;.1known, the i.:·i t·t.·gration can only be approximated. 

This is a ceo plishe.:l hy chos ~:_r!g r;. time period, .6T, for which 

each term in equation.3 m~y be considered to be constant. 

The integ::ation of E-qua.tion 4 c .an now be approximated by 

surrlffiation. Eauat:i r, l~ :n.o-;·7 bccor:te"" : 

(Eqn . 5) 

These calculaLions would be very tedious if done by hand but 

are •.-.;e ll adapted to digital computer applications . 

'X'he surface t=l,,vrC' n 
- ~- :v ...; ' '""-p' can be measured 

directly. By installing measuri11g devices in the supply 

ditch, QA may be dcternined . Similarly, measuring devices in 

the drainaoe ditch will all.0\.\7 On to be detenrr~_ned . The \\ater 
0 " f.\. 

from precipitation, Qp, can be estimated from l ocal rair.:. gage 

data . The \vater lost to evapot:ranspiratior , QE,,.,.,, can be 
JJ. 

estimated from local climatological data. The Penman and 

Jen"'en--! .:-.ise equations are " ~-d~:;1." used methods for estimating 

QET (3 31 . Davis (.1_(') developed a computer p r ogram which 

gen e:_~ a tes value s using b :>th the Penmart and '-Tensen-Haise 

equo t:ions . 1•1.. e r) ""r ~ . .; o·1 . ., .f..'. t ~. (:.l ' l1 . .l' .._, L....r... L '- . . J. L. J·' . .-~~rc.m using the Penman 

equ'"! tion \,ras used in th:L s study. 



The water in storage , S, can b2 estimated by knowing 

the r oot zone depth for t he crop be ing gro~m . The number of 

inches going to evapotranspiration between irrigations deter-

mines the amount of w·ater that mes t be added to again bring 

the soil to f · eld capaci t; . For tld.s theory to ho ld, the 

root zone mus t be de fine d and there must be nothing to impede 

down\vPtrd r:,ove..:: .. n t of water. 

The water entering and leaving the boundaries of a field 

will transport various qua~. .. tities 0£ salts, plant nutrients, 

sediments and other materials. If the concentration, Ci J of 

any of these materials is knov.."U , it is possible to estimate 

the total amounts of these r~a terials that are lost or gained 

21 

during a specified period of t i me . When c~ is known i n pounds 
.!.. 

of ma ter i al per pound of water ( lbm/ 1 w) and the flo'~'"J r ate, 

~1, of the water is known in pounds per unit time , t le t ot a l 

amount of material , HMJ in pounds transported a cross the 

boundaries of the field du~r· ing a time i nterval J D.t , 'i:Ji 11 b~ 

given by the equa tion: 

(Eqn . 6) 

When the concentration of a specifi ~ naterial is known 

for the water i n all ti1e flot:v p3th~ sh<,v-n1 in Figure 2 ~ equations 

2 an d 3 may be combined to give tbe following mass balance 

equation : 
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(Eqn . 7) 

This equation gives the total amo<.Jnt of material, i, in pounds 

which is l os t from or ga:L:\ed by a fie ld during a time period 

~t . If the Q' s or C 1 c~ are n o·L c ·. ·· ::~~) t ant, then a .6 t for \vhi ch 

they may be considered C()nstant IU;.f.~ t be chosen and the total 

lo c: s or gc..;n of materi:l.l .. HT , : .s the sum of the individual 

\{,.. ' s or , 
l.. 

This rnass budget considers only the removal of nutrient materials 

by water transport . 

Phvsical Parame t ers 

The farm selected for this study is located northeast 

of Naml;a , Idaho in an .;.rE:a o: int_<:nsive i-rrigated agriculture. 

It is operated by one of the more -c:rogr ssive farmer s in the 

area. 

The portion o f the farm selec _e.d f or thi s study ~1as 

divided into three fields ~otaling 94.5 acrLs (38.2 hecLares). 

All of the fields had been leveled for efficient furrow 

irrigation . Scraped spot~ ~esul~ing from this leveling can 

be seen in Figure 3, an aerial photo of the farm . Bark 

so~l ~ond:tioner ~as appliel to these areas in 1971 in an 

effo~t to impr ove soil tilth. 

The soil on this fa.t~L is classif i ed in the Purdam s eries. 

• _he Purdat!1 series i c~ a : ~oderJ.te ly ceep, mediur11 textured, level 
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Figure 3: An aerial photo of study site 



24 

to rr:.oderat c ly slop·· ng coil that bn.s a v7eakly cemented duripan 

at a depth of 20 to 40 inches . soils are extensive in 

the Nampa-Cald vell aJ ea. o£ CanJc.n county.. There are 39 , 334 

acre s o f 1 u.rdam or- Purda.m in complex. associat ions with Power 

and Sebree series. 

The surface layer (Ap horizon) is a light bro~'y~ ish-

grey silt loam about 8 inches thick. The subsoil (B hor izon) 

is pale bro·vm heavy silt loam to light silty clay loam that is 

7 to 1 I incJ1es thick. Part of the B horizon is often mixed 

into the plo~v layer . The substratum (C horizon) included a 

moderately cemented ~uripan at 20 to 40 inches . Stratified 

medium or coarse textured alluvitun or lacustrine s e diment , or 

sand a"".~. d gra·;..el is fot:i.n.d be.lo v ti-ic duripan . 

High v ater tables a:s..e pres,:;:n t under a large port ion of tl · s 

area . A drainage we~Ll located on the study farm Has pumped 

cot.tinu.ously during the latter part of the irrigation season. 

to lower the water table in the area . Even with continuous 

pumping , the v.1ater table under certain areas of the farm \vas 

obs erved to be at a depth of l~ss than three feet . 

Three sources of irrigation water were used on this 

farm . They included Boise River vater , artesian water and 

• w~ter from a drainage well . The water from the artesia n well, 

which was about !~00 feet "lee.p was o f excellent quality althoug 

it •7hS \·laYrr and had a sulfur smell . The ·va te:i-:- from the 

drain age vel l, \vhieh ~·: as .:-tl: cut 65 fr:et deep l was generally 
.. 
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better in auality than -cLet t de1 ::~-~.:-e :c ed from the Boise River 
J. ' 

but of poorer quality th2n the artes ian water. 

Al l of t 1 e delive.ry di tcnc.s 8 n the farm were concrete 

l ined. Water was transferred from the delivery ditches to t he 

fields by means of siphon tube~: af' sho"~"rm in Figure 4. THo 

size c.· of tubes, one i nch and one: c.r;:1d one-quarter inch, were 

used -depending upon the crop and the length of irr~ gat ion 

set. 

Figure 6 is a map of the farm. The . farm was divided 

i nto two parts by the ditch shown in the center of Figures 

3 and 6. Sixty and one-half acre s (24.48 hectares) were 

included in the north part while t he south part totaled 47.4 

a cres (19.15 hectares), 13.5 a cres (5.46 hectares) of which 

WeTe not include d in t he ctudy . 

Sugar beets (Be ta vulgaris L .), green lima beans (Phase

olus limensis), and wh-i.te onioti..; (Al lium cepa L.) were the 

three crops grov.n each year. I~ur ing the 1971 seas on , 33 .5 

acres of onions, 27 acres of be~ts and 34 acres of beans were 

gro\vn. These crop s were rota~.::ed in 1972 so that there \vas 

33.5 acres of beets, 27 acres of beans and 34 acres of onions. 

Beets and onions a e generally planted in April in this 

area . Beets are harveste<J dur~:1g Cctober vhile oni' ns are 

harvested during the fir:t part of Sep t (::m~..~er . The variety 

of beans grotvn have a snort gro~11.ng s--=;2.~on a:.d are harvested 

brecn. They are planted ~n May and '~e gen£ra lly harvested 
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by the third week in August . The portion of the irrigation 

season studied in this project ~ s indicated in Table 1 . 

Table 1. The sel ected st.udy period for each 
erop f or .:.. h e 1971 and 1972 season s 

Crop Beets. Onions Beans 

Started 1971 June 11 June 7 

Ended 1971 Aug 28 Aug 16 

, 
Started 1972 June 1 Hay 31 June 1 

Ended 1972 Sept 30 Aug 31 Aug 20 

, 

Drainage ditches carried the surface runoff fro~ the 

farm. Prior to the 1971 seasod: a settling basin was dug r.t 

the lower end of field c. Thi s proved to be quite effect ive 

in trapping sediments; and , before the start of the 4 ( -· , .., 

J. ·' I t: .. season, 

an addi tional settling pond \.vas Cl1.lt"~ at the lower end ·C o.J: fields 

A an~ B. Concrete s tructures, shmm in Figure 5, were itstalled 

at the out l et c!nd of each pend. The structures allowed the 

vla ter in -he pond to be ba J~ed up to ~ny des :red depth. 

The farmer on this trAct e.pplicr:1 commercial fertilizer 

seve~al time~ during t e year. The first application was 

plo~\1ed down in the fall . The crops \vere later side dressed 

j_rJ:.i.sation \~rater . The fe ... tilj_7cltj .. otl sc~edule for -!:11e t,. o-

y _ar period is given :n Tabl~s 1 and 2 of Ap _endix A. 
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Figure 4: Water being diverted to an onion fie.ld by means 
of siphor~. tubes 
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A. 

I ~ 

B. 

Structure a t the beginning of the season before t he weir 
and recorder were installed 

l 

Structure a fter the ·two-foot adjustable cipolletti weir 
was installed 

Figur e 5: Sediment pond outlet structure 
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Developing a r:w.ss bu.-iget for th e study farm depended 

upon: ( 1 ) continuous measure··:.121:1t of headwater and t ail-

Ha ter fl vS ; (2) colle~.:tion and r"n.a l.y. is of periodic head-
. 

water and t ailwatei: :; amples; (3 ) t he collection of climatic 

dat[' for est i mating ET ; ancl ( 4 ) the collec tion and analysis 

of ground \vater s amples . 

Su r fa ce ~·7ate.r Heasurement 

Several different devi c es wer e us ed during t he t wo-

year study f1r meas uring heed~ater and tai lwater flows . 

Figure 6 shows the loc&tion of a l l measuring device s. 

Head\.va ter 

When the study started in J. 971 , Cipol l etti \vcirs v..,.ere 

used to measure al l of the wa t e r entering the north supply 

ditch \vhich supplied \va ter for f:! elds B and C of the study 

are a. Stilling \·Jells simila r to the ones shown i n Figures 

7 and 8 were installe d upstream f rom e ach weir. Stevens ~ ype-

F recorders we re att a ched t o each stilling ~e l l for obtaining 

a con tinuous record of stage. Th e ditch alon g the east e dge 

of t l1 e south h alf . f the f arm dcT i v ::.re d v1a ter for the north 

h a lf o f chis f arm an~ an ad~acent f a r m. Du ing the peak of 

the i r .ciga t: ion s e£:(~: c.~~. , the t": ·!()·- fc.~ot Ci po lletti we i r that Has 
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Figure 7: I .nstal l ation of stilling wells 



Figure 8 : St i lling well with Stevens type-F stage recorder 
attached 

3.2 



installe d in thi.s sect.:~on of ditch ·vas not adequate t o carry 

the flows and had to be r2moved to prevent flooding upstream . 

As a res ul t-~ continuou.:: tLetisure!TJent o f headwater became im

pos sibl._ , and for the rena.-J..ndex· o f the season single-row-

600-fiberglass-trapezo5 .. dal fluin~_;:; :r~ve.re used to estimate 

irrigation applicatiollS . These flur:::es, which are sho-v n in 

Figure 9 , were placed in several rows during an irrigat ion 

set. From ther>e measure.rn':;nts, an average application rate 

was estimated. Periodically the Cipolle tti weir was re

instal l ed to check the small-flurre data . Generally there 

was : esR than five percent discrepancy between the two 

roeasu:cements . 

Befo~e the start of the 1972 irri gation season , th~ 

weir sho~vn in Figur e 10 was ins tal led to measure the head

water fer fields A and B. Thi s was no t a standard weir 
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design an d had to be ra ted . This was done by instal ling a 

Cipolletti weir dovJnstream untj_l a stage-discharge rela tionship 

was established for the non-standard weir. 

No a ttE!mpt was made in 1971 to install controls in the 

south dit ch. In 1972 a large 45° trapezoidal fiberglass 

f l e , C!hO\,;n in Figure 10 , \vas instailed to measure the water 

entering the ditch and a ~vo-foot rectangular weir w"s 

inst&lled to measure the excess water leavi.ng the ditch . 

Both o f these weirs \.Jere e.-:Juipped Pith stilling v7ells and 
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Figure 9: Individual row trapezoidal flumes 
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Figure 10: Two controls used to measure flows in supply laterals 



Th2 trapezoidal f1\.:me created some problems for the 

-owner of rhe farm, and af t e.r the thi.rd onion irrigation 
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the trape zoida l flume HP.:::: ref'1o-;;·er3. Once again the individual

row flwnes were used t o estimate i~rigation applications . 

Tail water 

In 1971 all runoff from the north fields (fields A and B), 

·las measured t.hrough a six-inch Parshall flume. The Parshall 

flume, sho\vn in Figure 11, \vas used because it could be easily 

instal led in the erodible channel, required a relatively small 

head loss, Has accurate \v i t h up to 90 percen t submergence and 

Has no·t subject to siltation (23). This Parshall flume was 

also equipped with a s t age recorder . 

During 1971 it was impossible to measure runoff from the 

south field; and, for this reason no bean data are included 

for 19 71. In 19 72 the settling pond belo'tv this f ield ·v7as 

equipped with a concrete struc ture whi ch allo\ved all of the 

flows leaving the pond to be measured . 

10fnen a settling b a sin was dug at the lover end of fields 

A anl B, it was desirab l e to measure the in~low and outflow 

of the ond . A six-inch Parshall f -lumE:: \vas installed ab ove 

the basin and a two-foot Cipolletti weir wi t 1 an a djustable 

crest \ v'=i.S ins talled i n t he. concrete outle t b ox . oth \vere 

equi pped to obtain a cont ~nuous record of f l ows . These two 

controls made it possible to estab l ish a nut r ien t an d e dirnent 

budget for the pond . 
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-Figure .11: Six-inch Parshall flume used for measuring 
surface .runoff 
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Evaootransniration 

Th e Penman method ·1se~..!. for estimating ET i s based on the 

correlation of measured evapotranspiration with severa l 

clima tic facto:rs . ThE~ (lima t ic fac tors used for es t in~a ting 

evapotranspiration i n t hi s study ·,N:~r e; maximum and mi_n imum 

da ily temperaturQs , solar radiation, t wo-reet er wind speed and 

daily .relative humidity. 
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In 19 71 a recordir:.g t hermometer and a rain gage Fere 

installed fo r 2n on-si~e record of temp erature and precipita

tion . In 1972 a recoraing hygrothermograph (Figure 12) was 

installed making both temperature and relative humidity measure

ments pos sibl e . The mis:sing parameters for estimating ET 

were obtained from USWS stations l ocated at Boi se and ¥·na . 

Deep Percola tion 

Eight 12-foot piezome t ers were installed prior to the 

1971 i rrigation season . T\.,;o others were insta led on the site 

b e for (-: t he proj ect began. The locat ions of t h e ten piezorPeters 

are sho'tvn in Figure 6 . These piezometers \\1ere used to monitor 

fluctuations in the wat-ar table . ~".Ta ter samples t aken from t he 

piezon1cters ~ere analyzed to obtain an estima:e of t he qua lity 

of water reaching the water table fr om deep percolation . 

The qnality of -he \vater sa-c1pled at the ten piezometers tended 

to be quite variable b f:~ t·Heen locations as indicated in Table 

13 of Appendi~- A. The u s e of these da~·a for es timating nutrient 

loss through deep percol tl tiol t:·:ras complicated by denitrification, 



Figure 12: Recording hygrothermograph used during 1972 for a 
continuous record of temperature and relative humidity 
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I . 

mixing and l ·g due t o Jlm~ travel times within the saturated 

zone. In an attempt to :Lnrp ro·1)e :::'!: is esti .a te, four sets of 

solution samp lers were design~d and installed in each field 

prior to the 1972 study period. 

These s anp lers, s h e<'i/n in Figures 13and lLf , consisted of 

five tensiometer type semp lers . Each sampler was conne cted 
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to a separate collection chamber' by nylon tubing (Figure 14) . 

The sampler tub e s \ve re mo. de from one --half inch nominal PVC 

pipe . The col lection chambers were m.ade from eight-inch 

lengths of t wo-in ch di ame ter PVC pipe. Six of these sections 

were joined together a r:.d s ea le.d -..Ji th rubber stoppers to make 

the collection and ent cham'hers for ea'2h sampler s e t , A 

secon d tube \<las r un from each tensiometer sam.vler and connected 

through a rubber s toppe·.c t o a comr::ion. v ent chamber . Thi s al lo1lJ'ed 

air to enter the samp lers when a s arr~ le was to be collected . 

Samples we re obtained by eva cu ..... ting th.e system. wi r·h a 

hand vacuum pump a few hours after the irr: igation o f a. field 

'tvas completed . ~Thenever possib le the s amplers remained under 

vacuum for 1 2 ho-Jrs, af ter vJhich ti.me the so lution in each 

samp ler tube v1as collected in a. srr).al l vial .~.1. e ld i n the proper 

collec tion chamber . Because o f leaks tha t developed in the 

sampler systems , it vJa s freq uent ly not possible to retain a 

vacu~.t.m for 1 2 hours. As a result, the soil solution data 

obta'l.ned \vere somev.;hat in comp lE:.t::e . S:Lnce the five -foot samplers 

coll ~n t ed water below the water table ln all locat ions, wate~ 
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Figure 13 Soil solution samplers. These samplers allowed 
samples of the soil solution to be taken at one foot increments, 
from one to five feet. 
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quality lata at th~s depch are co~nlete . These da ta were 

a .. sumed to represent the qL~.:tlity of the soil s olution at the 

five-foot depth a .. d ~·7ere u.oed in. the computer model to estimate 

the _~ uantities of r:o 3 anc.l soluble t'hospho rus moved into the 

saturated zone by deep percolation . Tables 5, 6, and 7 

show deep percolation data for the five-foot and t welve-foot 

depth . The twelve-foot data were obtained from the analy ses 

of \'a Le ... samples collected from ten tr..velve-foot piezometers . 

The analyses from piezometers 1, 3, and 4 were avera ge c and 

used a.s an estimate of the quality of ground iTater . 

Samoli!}_g 

One-liter grab samples of the head and t a il"\vater were 

usually taken during each irrisation s et . Rur~.off s ai ples 

were c ol lected at each contro l on the draina~e ditch or settling 

pond . Samples v1ere collected three or four t ·me s a day unless 

fertilizer was being added to the headwater il""~ which case 

samples \vere collected hourly for the first four hours of the 

set and at about four-hour intervals t _ereafter . Fi6ure 15 

sho\·\s a sample of the runoff vvater being collected . 

Because headwater sample..., quali.~y tended to v a ry l ~ss 

than tha.t of tailwater samples, headvvater ~a ... les wer ..... 

collected less frequently than tai:~ .. ·Iater samp_es . All pi.ezo

met_rs \verc sqmpled '"t least every two weeks. Tl1es._ v7ere 

pumped dry using the apparatus sho\•m in Figur-_ 16 and allo\ved 



Figure 15: Sampling. One-liter grab samples were taken 
frequently at select ed sampling sites. 
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Figure 16: Groundwater sampling apparatus 
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to refill before collecting a samp le. This eliminated the 

possibility of detectirg non-typical changes 'th.ich might have 

taken place in the Ha.tc~r \vhile standi ng i n the piezometer tube 

for long periods of time. 

All s amples were i nr,:Tiediat.eJ.y frozP:p for later transport 

to the l aborQtory for analysis. 

Analysi~-

At the lab each cample was anal.y zed for. o3 n i trogen, 

NH3 nitrogen , organic nitrogen , soluble phospbo:-u..,, total 

pho ... phorus and total solids. The methods used in making the 

analyses were essentially those given in APHA Standard 

Methods (42) and EPA (13). Nitrate-nitr ogen was determined 

by tl. e phenoldisulphonic acid mt;;-::thod after first r erLvvi.ng tr1e 

chlorides vlith silver sulfate 0 The ·s amples were filtered 

through 0. L1-S.U rnillipore filters for s oluble pho~phorus and 

digest _d with sulphuric acid and ammonium per sulfate for total 

phosphorus . TI1e phosphorus was determined calorimetrically 

in the filtrate and digestion mixture by the amino-naphth0l

su1fon.' c a id .e thot.l 0 Total so. ids v.rere determined by 

vleigh·:ng the r esidue after drying a sample for 24 hours at 

llOcc. All analyses were r~ported by constituent concentration 

in pdrts per million (pp a) by 7eight . 
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Data Pro <.-:es sing 
-------·-~ 

All o:: the. ra\v <~ata <?o l le c t-::: d for an i r riga t ion season 

\·:ere processed by a model .360-40 I:SH digital computer , using 

a compt...~er r:1odel deve.1cped. by John R. Busch" Assistant 

Professor of Agricul ttn:al. Engj_necr:_n8 at the Univer s ity of 

Idaho . A cOI!.1plete listing of the p1.:-ogram u s ed is given in 

Appendix B . 

This model i.s designed t o establish a t--latcr and chemical 

budget on an irrigated tract for several chemical constituents . 

Data for flow rates, cher:1ical con.:t:Ltuents and dates e.re 

read in by means of stili r outines . Since the chart pap e r 

for the stage recorders was divided into two-hour intervals , it 

was convenient to t:i.Se a t';·J~,· .. hCl.!.r i.ncr~:ment fc::. all c.c!~p~,.;.tsr 

calcula ions. rh i s t wo-hour tiRe i n c reDent is the val~ 

assigne d to ~ T in equation 4 . If the datum for each two·~ 

hour period is not available, the subroutine will lin~arly 

average between the given points and fill in the mis ;::. i n g 

data. All data e x cept thos e called for by ""·he subr:out it e 

rea ding i.n the chemica l data were rea d in a t ..:he beginnin <_?; 

of the p ~ogr r-1r.1 . The co r.1 1utation and outpu t" s equen ce f o r t he 

~r~gr~m i s giv en in Figur e 17. 

The progr am first c a l culates the fl ow rates in cfs from 

the we.i.r c.ata 'nd es t ablishes t he s u·~fac e. water budge t . 'j] J. is 

is A-ccomplishe d by t h e subrc u t ir,e FLOTJIN . Thes e da ta are 

pr i n t ed Gu t by the main p r o3ram . The fl ow data a re 
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_ RE_'_A_D_: -t.<-.:.~-:,-~y-· .-p-e_r_i_o---"1,1 

stage, crop , acera . .) e, ::oot 
zone cap ~city a~d a~.unt of 

-v;ater ore$en:: i t 1 root zone 
at be . innin~ of study, and 
da ily ET da. ta 

CALCULATE: dis char ge for 
each weir ie. Q00 & Qoff o 

CALCUL~TE: water app lied 

CALCUlATE: v7ater volu .es 
in acre-inches/acre 

Vol = Q X ~ .. 1.~Y,z. 
~--------------.----~~~---

CALCULATE: Ha ter lost 
o deep percolation 

A - S .• QET = QDp 

READ: Chemical concentra
tion data. 

CALCULATE: Chen ical mass 
values in lb/acre for 
s urface and subsur fa ce 
budge ts 

Chern. ma ss "' Q X Chem. Cone. 

WRITE : period 
flow values 

~ffiiTE : values for 
each period and 

....---~ CU11ml a t i.ve 
totals 

"HRITE : · values 
each day and 

cumulative 
totals 

WRITE : daily value 
of v7ater stored 

in 
root zone 

\.JRITE : values 
each chemical 

s tituen t for 
each period 

and day 

WRITE: values fo r 
eac.1 ciay and 
cu ula tive total 
for subsurface 

budeet 
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Figure 17: Computer program operation sequence 
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then mult iplied by the a.pp:ropr~ . .:tr:e -factor to generate volumes 

in acre inches per acre fo r eac~ tw~-hour time period and each 

day. The se data , mi nur correspon~ing ET data and changes in 

soil moisture storage, allow de~p percolation losses to be 

estimated . Because of the high ~ater tables that existed 

under t he s tudy area, it v·Jas necessary to have the model be 

able to both add water to and \•lithdraw \-·Ja ter from ground water 

depending upon tr e amount of -vvrater in t he root zone at t he 

time. It •tJas assumed that when the root zone cap acity \¥as 

one-half depleted, ground water would start moving into the root 

zone . The amount of water moving into the root zone in any 

one day will be equal to that day 1 s ET loss and is printed out 

as negative deep pcr~olaticn (DP). 

After the flow rate data for each two-hour period are 

printed out, water volume data in inches of water for water on> 

wa ter off, and \vater applied are then printed out for each 

two-hou. period. Next , daily and cumula tive values for water 

applied, water to ET , water to DP and water in the root zone 

a r e prin t e d out . 

Once these values have be en printed out, they are no 

lon~2r needed i n that fo~rn in c omputer torage and are con

ver ted from acre inches per acre to poun ds per acre for each 

time period. At th ls poin t tle s ubroutine CHEHIN is called . 

The da t a f or chemical c onc.ent:rati cn .. and di ssolved so l." ds 

arc read in and n.nl t5.p1:ted by t:he cor r esp onding fl ow a ta 

/ 
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and an appropriate fac·~or to gi~e quantities for the mass 

balance in pounds per :::ere for '2 3.\~h .Period. The corresponding 

mass value for tailwa t0-r :.s subt:·tacted from the headwater 

value for each t~7o-hour period to give th.2 amount of material 

retained or lost by the field ~uring that period. These 

data are then printed 01.1.t for each two-hovr perioa and each 

day . \>Then this is comp lete the deep percolation and correspond

ing data are combined to determine nutrient losses to deep 

percolation. The complete mass budget is then printed out. 

The pond balance pro8ram is a modification of this same 

computer model . Subroutine FLO\·viP Has i.llodified to calculate 

the difference between the quantity of v-Jater entering and 

leaving the pond. T?:-les2 flc';v data are ther.. multiplied by the 

various chemical values when t~e subroutine CHEHIN is called 

into the main program to obtain the amount of mnterial retained 

in the pond. The di ffe r ence between the amounts of materials 

entering and leaving the pond is calcula'-ed for each two-

hour period. These data are summed and the values for each 

t'v.ro-hour period, each day , and t he cumul(.~ tive totals are 

printed out. T e difference be~1een the quantity of a given 

llaterial entering and lea·ving the pond sho\vs up on the computer 

printout as .aterial "retained". 
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CHA.P TE ;~: VI 

7he results of this t~o-year study are contained in 

500 page s of computer p:r i r~.tou t. 'The complete evaluation of 

these a ta is a formid.:1·c· 1 .e tEisk ar1~ has not been completed 

at this time. IIowever , complete data analysis is not germane 

to e.stablishing a mas n bttdget for the study area since the 

totals are of more interest than individual datum points 

or s tatistical relationships. A summary of these data is 

given in Tables 3-12 of Appe1 dix A. 

The mass budget has three components: (1) the water 

budget ; (2) the nutrient budget ; and (3) the sediment budget. 

Each ot thece ~ill be co~sidered separately even though they 

are functionally related. 

The water diverted fo r beet irrigation averaged 3 . 73 

inches per irrigation in 1971. It ·as increased to 4.95 

inches in 1972. This was the r es ult of changing from 12-

hour sots in 1971 tc 20-hour sets in 1972. However, the 
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aver.:Jse amount of Hater ente"Cing the soil was nearly identi cal 

both years with 2.53 inches applied pe~ irrigation in 1971 

and 2.54 inches applied 1er irrigation in 1972. As a result 

of the incre-;.sr-.d diversior:s :Ln 1972 t'e average runoff increased 



from 1. 20 inches in 19 71 -t o 2. ~!- 1 :i.n ch es in 1972. It is 

interesting to note that che da t a s how a decrease in the deep 

percolation (DP) loss e 3 in 1972. Th i s decrease is probably 
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even greater tLan i.n dica t. c. d b y Tab l e 2 because the last two 

irrigations of beets itJe.·::·e ~1ot i_-nc1 lHi.ed in the 19 71 study period . 

Table 3 in Appendix A shc':,~ s that the highest deep percolation 

loss from beets during 1971 occur red during the last irrigation . 

In 1972, the hi.ghes t DP occur red during the last t\vo irrigations . 

If this Has the trend during the two missed beet irrigations 

of 19 71 then the actua l difference between the 1971 and 1972 

deep percola tion va lues would be greater . This decrease in 

DP is probably due to less permeable soil conditions on the 

field plante d to bee ·-s i n 19 72 . Lower intake rates als o 

e .,. .. pla i n ·h7hy mo r e \•Jater was diverted i n 1972 to a ttain an 

application r ate s i milar to ~he 1971 rate . 

Tables 3 and 7 i n Appendix A show n egative DP values 

occurring f or a ll three crops . These nega tive value s indicate 

tha t water moving from t he water t able i n to the root zone is 

supp l y ing part of the crop 's Ploisture require~ent . 

Th e da t a i ndicate tha t beets p lanted on t his f arm wi l l 

obta i n needed rno i s ture from ground \·la t er b e t ,veen 25 and Lt- 0 

perc2n t of the t i me . I t i s probable t hat wit~ t he high water 

tables in this area , some sub-irrigat ion is a~7ays t aking 

plac ~ . Beans may obtain as much as ote-third of their t ota 1 

seasona l moisture require~ent from sub- i rrigation . 
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Table 2 . Water Budget Totals , in Acre-Inches per Acre, for 
Beets , Onions , and Beans . 

Total On Tot a l Of f Tota l Applied Total ET 
Ac-In % On Ac- In % On Ac- In '% On Ac-In % Ap %On 

Ac-- -Ac- Ac Ac 

:JEETS 

1.9 71 29 . 82 100 . 00 9.59 32.10 20 . 23 67 . 90 18.76 92.80 62.91 

1972 !.~9 . 54 100.00 24.11 q.8 . 67 25. 4.3 51·. 33 24.83 97 . 60 .50.10 

:YNIOi~S 

19'71 35 . 99 100.00 14- .41 40 . 04 21 . 58 59.96 17.41 80.68 48.37 

-1 {) .... ') 
.L .;/ I.-~ ~~-3 ' 38 100.00 18.96 L~3. 71 2l~o . 8 3 56 . 20 19.43 78.20 !.;. l~ . 79 

:DEANS 

1972 16. 07 100 . 00 4 .49 27.94 11.59 72.12 16.33 140.90 98.41 

Total DP 
Ac- I n 

Ac 

1 . 05 

0.9 9 

5.44 

6. 0:5 

-3.19 

% Ap 

5 . 19 

3.89 

25 . 20 

~:t.~c3:l 

-27.52 

V1 
w 



Unfortunate ly , there ern no data to r the 1971 bean crop 

to use for comparison \·;1. th the. 1.9 ·:- 2 da ta. Therefore , it i s 

not kno-vm if this is alwav~-; tt:.c c.a.r::e for different fields 

on this fa rm . 

Of the t hree cropG rr:own) · ... _.G:t.o!ls were the most heavily 

irrigated. An averc:g~. o f 5. J. i{ . .:;;n c ·-.:~2 s of Hater was i verted 

f or onion irrigation i 1 1971; and ) on t hP. a"rerage , 6 . 20 
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inches was diverted in 1972 . The average application was 3.47 

and 3 . 54 inches respective ly. On ions !ere irrigated in f our 

24-hour sets and had the highest ruT.loff and deep percolation 

losses of the tree crops . Tnble 2 shows the total seas onal 

deep percola tion losses fro!n oni ons for 1971 a.nd 1972 to be 

5 . L~4. and 6. o: i nches resJ:-ectivcly . Tbi-s deep perco lat:Lon 

from onions may be i mp ortant to the rotation scheme for this 

farm. It is ·conceivable that with the high later tables and 

. low deep percolation osses that occur from beets and beans, 

the deep percolation from onions in the rotation may be valuable 

in preventing salt buildup ~n the s oils. The water quality data 

presented in Tables l!r and 15 o f Appendix A indicate fairly 

high concentrations of sodium and magnesJ..t:m aalts in the ground 

water . Since plants extract pt.re \··.rate from the root zone, the 

sub -irriga t ion vhich occ' rs on t·h:Ls farm \vould tend to concen

trate salts in the soil profile . If these s lts ere not pe

riodically flus'1ed from th ... ·cc:t zone the productive capacity 

of this farm ~ould decline. 
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In all cas es except for beans the highest deep percolation 

losses occurred during the first and last of the season. The 

zero DP value given for the last onion irrigation in 1971 (Table 

4, Appendix A) is misl eading because it was a l:ght irrigation 

prior to harves t . Tb.e .i:1crease.d Lf' losses later in the irri

gation season are probably due to decreased cons umptive use 

by the crop. 

The seasona l water budget totals are given in Table 2. 

The column under "% On" indicates the efficiency of irrigation 

on this farm. Because of the large percentage of their 

moisture requirement that beans ob tain from sub-irrigation, 

the irrigation efficiency for beans is very high. The irri

gation efficiencies for beets and onions tend to be slightly 

low but are more typical of efficiencies for furrow irrigation 

than that shov.111 for beans. 

Sediment and Nutr_ient Budget 

Three forms of n itrogen and two forms of phosphorus were 

considered in the chemical portion of this mass budget. 

The totals for each chemical constituent for each irrigation 

are given in Tables 8 through 12 in Appendix A. Negative 

values indicate a net loss of a constituent from the fiel d . 

~Ji trogen Bu~ 

In every case the seasona l t otals show tha t more nitrate 

and arrmonia entered the farm 7 ith the irrigation water than 

was re 1oved with the r noff water . Generally , there was no 
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net gain or loss of o rg.:·t.n:._c nitrog(~n during an irr igation. 

The data indicate ho~eve~, t hat there may have been a small 

net se·1scnal loss of o··:::g2 :1ic - ~; fro:n onions and beans . This 

i s probably the result: of orgB.n~.c matte r and plant debris 

being picked up and car:ri ed fr :.:;m the field by the runoff water. 

Thi ~ idea is supported by the di ta for the pond balance which 

indicate about one-half of the organic nitrogen lost from 

bee t and bean irrigations was retained in the s e ttling pond . 

Liquid n i trogen fertilizer was applied to beets and 

onions through the i rrigation \...rater during June and July 

of 1971. In 1972 there was one application on sugar beets in 

July. The chemical analysis of this material (1972 

analysis) is given in Table 3 below . The liquid fertilizer 

appl i ed in 1971 Has st:pposf:.d to have been the s ame as t hat 

used during 1972 but was not an&lyzed. The material used in 

1971 was hel.d over from the previous year . The data indicate 

that chemica.l changen probably occurred during the period 

it was held over . The high concentration of organic nitrogen 

i ndicates the presen ce of urea 5.n tl:e mater i a l. 

Table 3. The CherJ.icc:!l ':onposition of the 
Liquid I:' c :rtil; z0r Appli.2:d in Irrigation 

Hater in 1972 

Nitrate nitrogen 
Arr..rn Jn:La n itrogen 
Organic nitrogen 
Solub le pho~phorus 
Tota l phosphor s 
Di ss olve d solids 

10.30% 
42 .40% 
22 . 00% 
00.06% 
00.10% 
00.13% 



The da ta for 19'/2 :.Lndicatt:~ c(\:rcrage application efficien-

cies for n.i trogen to be generally lo\.;er than those 

observed during 1971. These efficien cies are summarized in 

Table L;.. This lower e:ffir•iency for sugar beets in 1972 
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was to be expected because of the lower intake rates that were 

observed during that season . However, the difference may 

also be due; in part , to differences in sampling techniques 

and the resulting errors induced due to linear averaging 

in the computer model . If samples were not collected to 

accura tely detect \.Vhen maximum and minimum concentrations 

occurred, the linear averaging error is compounded. 

Table 4. Fertili zer App lication Efficiencies 
for Sugar Beets 

Date 

June 1971 

Set 1 

Set 2 

July 1972 

Set 1 

Set 2 

~et 3 

Percent N0 3 Applied 

76.0 

60.0 

33 .0 

79.0 

4-2.0 

Pcrc~nt NH ') ·-N 
Applied~) 

84.0 

78.4 

56.0' 

74.0 

56.0 

Percent Organic -N 
Applied 

6L~. 0 

33.0 

50.0 
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Ammonia generally -v;tLS foun.d :Ln · very low concentrations 

in the headtvater unless ni.trogf:;n fer tilizer was being added 

to the irrigation water. However , the concentrations of 

ammonia and organic ni.t r~):l•.:::n i n ~l:. 2 T.t7ater delivered from the 

irrigation canal tender to increase during the latter part 

of the irrigation season . This increase was probably partly 

a result of the irrigation conpany ' s moss treatment program. 

Decomposing moss results in various nitr ogenous compounds 

being released into the water. Because both organic nitrogen 

and arrrmonia nitrogen tended to incri~ase and decrease together 

appears to lend support to the theory that the ammonia re-

sulted from the decomposition of organic matter in the water . 

D~ep percolation from onion irrigations resulted in the 

highest net loss of nitrogen (N0 0 ). The so lut ion samples 
..) 

taken at the five depths tended to be higher in nitrate 

nitrogen than ground water samples taken from the ten 

piezometers . However , th2 nitrate concentration was quite 

variable; at a given depth, between sampling locations within 

the same f ield . Table 5 in Appendix A indicates the N0 3 

co centrations at each sampl:_ng site in the sugar beet field 

for three different sampli1g dates . The mean o f the data 

for the five-foot samp lers \vas used in estimating the nitrate 

con 'cntration of ~he deep p2rco lation water i mme diately below 

the root zone during that period . The mean concentrations 

for each campler depth for beets is . lotted in Figure 18. 

/ 
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The data p 1 ott e ct i r d i ca. ·-~ ~ .. ~ a decrease of nitrate in 

the soil profile during t he gYowin~ season. They also i n dicate 

that the raaxirnum nit ·cate conc~~nt:L-,?,t~ .. ons tf~nded to occur at 

the three-foot depth (1-, • ...... ~ ·~ ,..,. 
,.!. .i.. ~ - l 'b the first ~eeks of the growing 

season . By the last of the sea :-:.on the maximum i s found between 

the four and five - foo ·c de-;Jths . 

The data in Tables 5, 6 , and 7 indicate that when the 

soil solution from the five-foot samplers was used as an 

indication of the quality of deep percolation water , onions 

were the on ly crop t hat showed a net nutrient l oss for the 

seas on. This loss was quite lar0 e (about 56 . 7 l b/ acre), 

representing about one-third of the nitrogen fertilizer 

applied to the onion field during 1972 . Beans on the other 

hand gained (lli, . 3 lb/ acre) ni tro~2n from ground water equaling 

18 percent of that applied . Be<:-~ts gained about six pounds 

of nitrogen per acre . It nust b e r emembered that these DP 

data are only estimates and should be used with caution . 

Phos phorus Budaet 

The pho sphorus budget data J.i -· t("ld in Tables 5, 6, and 7 

ind"cate ver y little moven .. ent cf phosphorus with either 

surfa ce or percol ting wat~r . Generally there was a sma ll 

net los s of phosphorus durins the irrigation of a fi eld . 

Onions showed the h~gh2st seasonal los s both yea rs with the 

3 . 29 lb/acre total P loss obs e rve d in 1971 beina the highest . 

As expected fro the higher r~ off onions also had the h ighest 
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1971 

Total on 

'I'otal off 

Net 

Total DP 
/1 2 ') 

19 72 

Total on 

Total off 

Ne t 

Total DP 
(12') 

Total DP 
(5') 

Tab le 5. Totals f or Nutrients and Solids, in Pounds per 
Acre, for Onions for the 1971 and 1972 Seasons 

N0
3

- N NH -N 3 Organic-N Soluble-P Total-P 

9 . 32 33.87 Zl+. 00 0.97 1 .55 

3.96 11.40 27 .27 1.39 4.84 

5.36 22.47 - 3.27 -0. 2l+ -3 . 2.7 

13.75 00 .00 00.00 0.00 0.00 

3.68 00.70 l-r .22 1.27 1.78 

1 . 8l:. 00 . Slt 5 .13 1.44 3.04 

1.84 00.16 -0.91 -0.17 -1.26 

10 .77 00.00 00.00 0.34 0.00 

56.74 00.00 00.00 0.92 0.00 

So I ids 

897.05 

3207.00 

--2309.95 

685 .47 

3361.61 

-2676.14 

0'\ 
t-' 



1971 

Total on 

Total off 

Net 

Tote.l DP 
(12 ') 

1972 

Total on 

Total off 

Net 

Total DP 
(12') 

Total DP 
(5 ') 

Tab le 6 . Totals for Nutrien t and Solids, in Pounds per 
Acre, for Beets for the 19 71 and 1972 Seasons 

N0
3

-N NH3-N Organic - N Soluble-? Total -P 

Li- . 57 19.9L~ 14. 65 0 .6 9 1.12 

1.77 3.9 7 15. 56 0 . 88 1.45 

2.80 15 . 97 -0 .96 - 0 . 19 -0.33 

2 . 02 . 0 . 00 o.oc 0.00 0 . 00 

9 . 45 3 .41 7.72 1 . 28 1 . 69 

5.79 1.76 3 . 69 0.97 1.41 

3.66 1.65 L} . 03 0.31 0.28 

1 . 93 00 . 00 00.00 0.12 ~ 0 . 00 

- 6 . 03 0 .00 0.00 0.27 0.00 

Solids 

81+9 . 72 

1804 .11 

4~94.5.39 

1560.73 

1750.94 

- 190 .21 

0'1 
N 

\ 



1972 

Total on 

.~..otal o f f 

Net 

Total DP 
(12;) 

Total DP 
(5 ') 

Tab le 7. Totals fo r Nutr i ent and Solids, in Pounds per 
Acre , fo r Beans fo~ the 1972 Season 

N03- N NH3- N Orean ie-N So1uble -P Total-P 

0. 85 0 . 24 0 . 69 0.46 0.69 

0 .53 0 . 17 1.33 0 .34 0.70 

0.32 0 . 07 0. 6l+ 0.12 - 0 . 01 

-5.10 0.00 0. 0 ,) -0. 08 0.00 

-14 . 27 0.00 0.00 -0.23 0.00 

Solids 

363 .08 

621 , 64 

-258.5 6 

~ 
w 



net sediment loss both years. Thc -1972 sediment pond data 

for beets and beans indicate that between 25 and 60 percent 

of the phosphorus leaving the fi e ld will be retained with the 

sediments i n the settling pond. 

Sedimerrt B tH~-~t;- -~~l~.- ~and Balance 

The material transported by moving \.Yater will either 

be the result of water's chemical (solvent) properties 

or will be the result of fluid energy due to motion . Most 

of the mater ial transported by virtue of fluid velocity will 

be redeposited once the velocity of the water falls below 

some minimum value. On the other hand the materials that are 

tran sported due to the chemical properties of wate r will not 
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be significant l y inf l uenced by changes in velocity. General l y 

the bulk of t he material carrie from a f i eld with surface 

runoff will be the produc t of fl u i d velocity . However, t h e 

chemical and physical properties are not entirely separable. 

For examp le, many of the colloidal fractions that are sus -

pende d in wa t er are p icked up by fluid motion but will not 

precipi tate when the wa~er is ponded b e caus e of br ownian 

movement ; a chemical pr op erty. Th e s·e i nter-relationship s 

bet\ve en the p"";rsi c a l and ch (:;;mica. l propert i e s of ·Hater make 

com·~)le t e sediment remova l extr enely di ffi cult. 

S rface Sedi~ent Balance 

Generally it was observed that the s o l i ds removed from 

.a fiel d d2c:reased as the e r osion potentia l of that fiel d 

/ 
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decreased. During· the cu:~ ti vation season while the furro;,; 

is rough, the rJ.ovemer.~.t of sedime.nt.s from the field \-rill be 

high... Figure 19 indic st~;s the amou_.n.t of solids entering 

and leaving th::\ beet f ·i eld durj_r.g both stud seasons. The 

decrease in sediments leaving the tract afte mid-tJuly when · 

cultivation is terminBted is evident. This decrease in 

sediment movement is also, in part, the result of crop 

foliage impeding the flow of water in the furrov;s .. · 

It was observed that not only is there a general de-

crease in the total solids removed from the t ract as the 

irrigation season progresses but there may be a decrease 

with time during a given irrigation set. Fig u .. e 20 is a 

plot of solids leaving the onion field as a fun.ction of 

time during one irrigation set .. These data suggest that, 

during the first half of the .ir-:cj_gation season, nearly 4-0 

percent of the total solids removed v;ith surface runoff mny 

be lost during the first two hours of tha set. 1 The general 

trend of the upper curve in Figure 20 tends , o continue un-

ti l cultivation is discontinued. .By August :c, the data. sho -~"' 

the concentration of solids in the tail, ~ater remained re-

la tively concotant during the en--c;ire set .. 

1 
-4-~rhe set lllustrated by t he upper curve of Figure 22 

was s elected because more wa t e r 2311lples ~rerp collected dm·ing 
thi s period ·han were collec~ed during most ~ets. The shorter 
s am:r.ling f~·eq" 1 ency tends to keep the errors u:.e to linear 
avera~ing to a mini mum . 

/ 
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The data in Table s 5, 6, and 7 point out that the 

irrigat ion of onions resulted in the highest net loss of 

solids both years of the study. This result was to be 

ex-pected si ce mor e wa·ter \t~as div·e.:.·ted for onion irrigation 

than for either of the other tv;o crops. When the ratio of 

wat ·r leaving the farm to solida leaving the farm is cal-

culated for each crop, it is found that the solids removed 

per inch of runoff tended to be slightly higher for onions. 

The data given in Ta, le 8 show the loss of solids per inch 

of runoff from onions to be consistently higher than the 

other two crops. 

Table 8. The average a.mount of solids 
lost each season from beets, 
onions and beans, per inch of 
surface runoff 

Lb Solids 
Season Crop Inch Runoff 

1971 Oni ons 220 5 
1972 Onions 177.3 * 

1971 Beets 188.1 
1972 B~etn 72.6 * 

1972 Beans 138.9* 

T. e starred quantities indicate those 
sho\' ing the influe.L. co of settling ponds 

68 
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The solids removed. per acre-i .l~ch of runoff from onions 

decreased about 12 percen-t in 19?2 from the 1971 level even 

though the total volu~e cf ~unuf f was about 32 percent 

greater in 1972. Ho~·;evcr, the lGSEi of solids per acre-inch 

of runoff from sugar b~ets was d~creased y 92 percent in 

1972 while the total voll;_rae of r·~..1noff increased to about 

2.5 times the 1971 seasonal total . The decrease observed 

during 1972 ror both crops can be attributed to the settling 

pond . The apparent discrepancy in settling pond efficiency 

is more difficult to explain. These data appear to indicate 

that the runoff from onion irrigations carry more solids, 

which will not settle during retention in tle pond, than 

does the runoff from sugar beets . This may 'b·e due to the 

fact that onions are irrigated with a smaller stream of 

water, v1hicb is set for a 1oD.ger period of time thus t-111 ow

ing a longer period for materials in the irrigatj_on furro\.v 

to go into solution. 

In general, the greatest movement ot sediments occurred 

at the head of the furrows "!~aere the water discharges from 

the siphon t ubes into the fUT' I"O 'vJS and at the end 0f the 

furrovrs where excess water d :L seharges into the drainage ditch 

or settling pond.. '?bes .; a.re the areas where the water has 

the greatest velocity. Figure 21 S 1lOvJs a sed.in.~ent fan at 

the end of one of the sugar ·beet furro'rrs . A significant 

amount of do"·n-cutting at the end of the fur::."?o w is apparent. 
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Figure 21: Sediment fan at the end of one irrigation furrow 

• 



During the later ;.:,a.::-·t of tbe r:eason the movement of 

total solids from th.e fc:.r·-m. tended. to decrease while the 

totol solids entering the farm i:ie:nded to increase . 'l'he 

amount of solids carried onto the tract by the irrigation 

water was, on the average, highe~ in 1972 t han in 1971. 

Ho\tleve~', d1..1.ring both years the c()ncentration of total 

solids in the headwater in.crea,...ed cluring the latter part of 

the irrigation season. There appear to be t wo probable 

e~~lanations for this increase. During the latter part of 

'?1 

the season the w::=t ter from the drainage well represented a 

large per~entage of the water used for irrigation. This water 

is always much higher in dissolved solids than the v-rater 

delive-red from the Boise River . For example i.n June of 1972 

so.mplc s t&.ken from tht- fu•a inage ~"'!ell and t L.e supply ditch 

showed 125. 5 and 66 .0 ppm. ~otal solids respectivelyo There 

is also a norllial increase in solids in the irrigation water 

as reservoir storage is depleted. When reservoirs are <L-rawn 

do·wn ROme of the ater in bank storage f1ovis b ack ::.nto the 

re s er·v·oir. This \vater generally is higher in total solids 

than water that has not been in such intimate contact with 

the soilc Frequently this water ,, ill floi through d.posited 

sediments as it enters 'the reservoir which further increase s 

its f.=:ediment lo ad ~ As the reservoirs are dra-vm down the 

velo, ... i ty of t.1e lvater flowi ... g into the reservoir from the river 



w·ill increase and consequ'7-' ntl:y 1.nc::-ease its potential f or 

transporting sediments .. 

It is difficult to treat the surface sediment balance 

-;ithout considering the :i. n flt~~:=:r~ce. of the settling ponds. 

This is because of the ell!phas~Ls of this study. This emphasis 

was the determination Clf the m;::itt:l'ials that left through the 

outlet of the settling pond or drainage ditch from the farm 

and not necessarily those lost into the pond from a given 

field. For this reason it is more approp=iate to continue 

the discussion of sediment loss in the pond balance section 

of this thesis. 

Pond Ba.lance 

The settling ponds proved to £Je very effective in 
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reducing the sediment loss from the farm . The data indicate 

that between 40 and 80 percent of the total solids carried 

from the fields by surface runoff ,.,ere retained in the sett ling 

ponds. There was also a small general decrease in the nutrient 

load of the water during retention in the ponds. 

During the 1972 season about one-half of the runoff 

from Field A ran directly ." n to tl10. sediment pond while the 

other half ran into the dr ainage itch above the pond and thus 

coul d be measured. For thi s reason , all of the inflow measure

ments for bee ts wer e multiplied by a factor in the computer 

program to make tota l inflow volume qual total outflo~v volume. 



73 · 

The sea...;onal totc·tls for the 'fh>nd balanc~. fc>r the sugar 

beet and bean irrigatic:ns are gi.\7e.n in Table 9 .. The data for 

t he sugar beets indica.te that ~·7hi.le no nitra~e retention was 

ind:'.cated a small net: lcS[.-i of a.rmr:o-n.l.a may have· occurred . 

The bean data on the c,.)ntrary r :ho~-.7 a net re .... ention of every 

constituent. Because the pond balance for sugar beets was 

corre.cted making inflow and outflo~v volumes equal the estimates 

of the quantities of -m.aterials leaving the p:an.d should be 

maximum values. Thus no less than 42 percent: of the organic-

N, 12 percent of the soluble phosphorus and 17 percent of the 

total-phosphorus should have been retained i .. 2 che. pond from 

the season's beet irrigations . 

It would be expeeted that , ~rhile the o ··· tf:r nu .rients 

r . .-ay be influencea to \Tarying exten:=s bj~ t he .s .. dir:1ent 

out in the ponds, the nitrate nitrogen conce-::. rativn of the 

v.1ater should remain cons .ant . This assumption is supnorted 

by the sugar beet data, but the hea.n data inci..ca te that nearly 

50 percent of the nitrate entering the pond 1-Jas retained. 

Approximately 19 percent of this c 1ange can b~£~ explained by 

water retention. The other 31 percent change~ if it actually 

o c curred , is difficult to explain. The data s.ho~-v 1 . OL!-7 

pounds per acre nitrate entering the pond during the season 

and only 0. 5r 9 po,Jnds p._r acre leaving . h11i ~ ,e the percentage 

change is large, the quantity of change is sMll . Because 

t he nitrate concentrat · ons were general ly lo\>J' the experimental 



Table 9: Pond balance for bee ts and beans for the 1972 
seas en 

In Out Retained 

BEETS 

·Pater cA-In) ;r:- 24.11 ~1:- 24.11 0.00 

N03-N (lb/A) 5.74 5.79 -0 .05 

NH3-N 1.24 1.76 -0.52 

Organic-N 6.36 3.69 2.67 

Soluble p 1.10 0.97 0.13 

Total-P 2.25 1.41 0. 84 

Solids 2951.39 1726.26 1225.13 

BEANS 

~-later tA-In) \---x- 5 . .53 4.49 1. 04. 

N03- N 1 . 05 0.53 0.52 

NH -N 3 0 .20 0 . 17 0.03 

Organ i c-N 3.02 1.33 1 . 68 

Soluble-P 0.49 0.34 0.15 

Tot a l-P 1. 75 0 . 70 1.05 

Solids 3016 . 58 620. 63 239 4 . 95 

*correc ted to .~e i nflow equal outf low 
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error · ay be quite high. The 1. Oti.7 pounds per acre nitrate 

that was estima ted to heve entered the pond represents an 

average value of 0.013 pounds per ~Jo -hour period . The average 

difference in nitrate value bet~.;~:en i.nflo\·l and outflo~'7 \vater 

is 0.006 pounds per t"t•:o-h~)ur period, or abou t 2 . 7 grams . 

A simple analysis of varianc.=. \vas cal "1lated using the 

nitrate and total p·osphorus values for the bean pond data . 

Thes e calculations are included in Tables 16 and 17 of Appendix 

A. They indicate that there is not a significant var iance 

component added to the n i trate data due t o retention in t he 

pend. This s t atistical test implies t hat t e differenc~ in 

ni t r ate indicated ir Table 9 is probably due to random error . 

The analysis of variance for t he. total . phosphorus . data 

sho\·J a significai.1t variance compc.nent a. dded due to retention 

in the pond at all l evels o f s i gr.if:cance . It appears f~om 

these tests that it is at least possible to determine statis-

tically if the chemical constituent is affec~ed by deten tion 

in a pond . If statistical significance is netermined t hen 

the actual values estimated for that constit ent may be 

presented vli th rnore confidence . 
~.f.e,.O s~J~~~ 

It is, of cours~ , sediments that are of the mqst inLerest 
Sl> I ,.lL:; 

in the pond balance study . The quanti ties oi sediments re-· 

tained v7as qui te variable. I t ~-. as esti mated that 1, 225 pounds 

per a cre (PPA) of the 2,951 PPA entering t he p nd from sugar 

beets were retained in the pond . This i a ~1 . 5 perce~t 
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retention rate. Beans on the other hand ha 3,017 PPA entering 

the pond with 2,395 PPA retained or about a ?9.4 percent reten

tion rate. This indicates that a higher per centage of the 

total solids ent ering the pond from bean irr igation were sedi

ments . This is possibly due to t he fact tb.a t beans are culti

vated for a l arger percentage of their gro.-d.ng sea?on than are 

the other two crops. 

The ordinate values plotted in Figures 22 and 23 indicate 

the average quantity of solids, in pounds per acre, that enter 

and leave the pond for beets and beans duri one irrigation. 

It is interesting to note that the average quantity of solids 

entering the pond from bean i rrigation tends t o increase as 

the season progresses while the average quan..ti ty of solids 

l eaving the pond tends to dec~ease. The curves for sugar beets 

both have a negative trend. Th is is the tendency that would be 

normally expected.. 

Detention in the pond tends to damp o t the magnitude 

of an event occurring at the pond inlet. The event, \•rhether 

it be a sudden increase in sediment l oad or :Specifi c volume 

of fertilizer material entering the pond wiJ.l be observed 

at the outlet for a l onger period of time at a .lower magnitude. 

During the sixth bean irrigation there is a neak in both 

curves of the bean data. Before this irrigation it was 
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n ecessary t o ~ultivate baa~s again as a di s ease control measure . 

This peak is p.robably t~e result ·of that cuil tivation . 

Figure 24 shows two "r i-ews of a sediment pond. The top 

picture was taken l a t0 in ~~e season . The ~ediment build-up 

in the pond is appareLt ... lJ..1he }(/Her picture: was taken facing 

west just abo e the point where:: the drainage ditch enters the 

pond. ~~he channel extending into tl~ e pond :i s composed primarily 

of heavier se d.iments that we.J."e depos ited when the velocity of 

the water was reduced ·upon entering the pond . This picture 

shows considerable erosion has taken place n the south side 

of t h e pond. h is erosion t akes place duri · ~g each irrigation 

until the wate~ in th~ pond is about a t the same level as the 

indiv~dual irrigation furrows that drain di~ ectly into the pond. 

These eroded s:::diments ::probably aceount f or -:the largest per

centage of the sediments in +;be pond a t the ~end of the season. 



Figure 24: Entrance and outlet views of settling pond at 
the end of the 1972 irrigation season 
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CONCLlJSIONS Al'~D RECONtvfJ~NDATIONS 
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The results of t h:i.s study indicate that the amount s of 

nitrate pres en t in surface irrie2ticn runof~ are not a serious 

t hreat to the environrr.·.ent and do not represent a significant 

loss to tl:e farmer . Gnly on rare occasions .;ere nitrate 

levels found to be higi1er than the levels allolved by EPA 

f or human conf-::umption . Th .E'e occurred during p erioci ~.; that 

nitrogen was being added to the water . The nitrate concentra

tions declined rapidly after the application of nitrate to 

the headvla ter was stopped . However, i t Y-7 as observed that the 

actual loss of nitrate through surface rl".noff may be some:~,TLat 

hi ghf.: r '':rh~n l iquid ferti .lize r is added to the ,. ntcr t:-.an v7hen 

it _:_s applie d and plov1ed down or incorporated into the soil 

by side dres sing . 

Salts and sediments co1stituted t he bulk of the ma terial 

remove~ from t e farm. The sett l ing ponds installed in 1972 

contributed substanti a lly in redu cing sediment lo cs . The 

ren:ova l or s:1lts \J'i+-h t·b~2 drainage ""-later is ~mporta.nt if thi s 

farm is to :remain prodv.ctive. Naintaining a:1 acceptable sc:l t 

bal '"'nce i s difficul t un c.e r t he poorly drained con l:L tions 

that exi s t \,.In this farm . hO'"tJever , the p :roblern of s alt b"J.i lJ 

t;_p r:.ppears to iJe \\~ :-:ll managed and is not yet a problem under 

t he presen t management program . 



DEFINIT IO:'·~ OF TER1·'1S 

Control - t he establishment of a. condition \vhere a defini tive 

relat ionship exists b et~~en t he st~ge and discharge of flow. 

Drainage ditch - a ditch constructed to carry t ailwater. 

Evapo t ranspiration - the sum of the evaporation of 'tvater from 

plant and soil surfaces, and the transpiration of water 

extracted from the soil by the plant . 
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Field capacity - the amoun t of ~vater a soil will retain against 

the pull of gravi ty. 

Furrov7 irrigation - a method of irri_gation in \vhich furroW's 

or c6~rugations (corrugations are ge1erally considere~ to be 

smaller t han a furrow) are constructed, at a definite spacing, 

parallel with the slope of the field , for the purpose of 

carrying the irrigation water to the crop . 

Hea water - the water entering a field for the purpose of 

irrigation . 

Infiltration rate - t he rate at which water can enter the 

surface of a soil . 

rr·r~ation effici.encv - the ratio of \vater removed through 

evapotransp:ration tr he quantity of water delivered to the 

field during irrigation . 



• 

Percolation - the mcve"tn;;;n~: of \~l~lt::e::.- in the soil due to the 

pull of gravity. 

Potential evapotransp~Fation - the maximum possible rate or 

evapotranspiration t hat could occur if soil moisture were not 

limiting and the crop canopy co~pletely covering the soil . 

A set- the specific combination- of furrows into which water 

is being diverted at any one time . 

Stage - the elevation or vertical distance of the free water 

surface above a dat~ . 

84 

Stilling well - a box or large-diameter pipe set vertically at 

one side of a connecte.d s trS?.arn o:r ('hr;nne l on which a ua ter

level recorder is rr.ounred. The purpos e of the stil ling well 

is to eliminate wave action and provide a still water surface. 

Tailwater - excess irrigation water which leaves the field 

as surface runoff. 

Water table - the locus of points in the saturated zone where 

the water pressure is atmospheric . 

Wilting point - (permanent wilting point ) - the so il-moisture 

content at ~hich a plant will not recover after be:ng placed 

in a saturated atmosphere where little or no evapotranspiration 

occurs. 
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APPENDIX A 



TitA.E OF 
AP1?LICAT ION 

i'T ovei.:~ber ( 19 70) 

November (19 70) 

Novembe r ( 19 70) 

J une (19 71) 

J une (1971) 

J uly (1971) 

TABLE 1 

FERTILIZATION SCHEDULE 

1971 SEASON 

33 . 5 ACRES OF ONIONS 

METHOD OF 
.APPLICATION NATERIAL APPLIED 

Broadcast N - as .A.mmonitL~ nitrate 

Broadcast P - as St..-:.per phosphate 

Broadcast K - as Fota.sh 

Sidedre ssed N - as Anhydrous ammonia 

In water N - as Solution 32 

In wa t e.r N - as Solution 32 

NO . OF IJBS. 
( A.V .ATT ~~BT P) b. PPLT~n L .. --~ . ..,._ .. .:.-J I "" .=. - J_ J...., J.J 

60 

11~0 

100 

80 

16 

21 

\0 
!-' 

' 



TINE OF 
APPLICATION 

November (1970) 

November (1970) 

.J-une (1971) 

June ( 19 71) 

July (1971) 

METHOD OF 
APPLICATION 

Broadcast 

Broadcast 

TA.BLE 1 (Continued) 

FERTILIZATION SCHEDULE 

1971 SEASON 

27 ACRES OF SUGAR BEETS 

MATERIAL APPLIED 

N as Amn1oni~® nitrate 

P - as Superphosphate 

SidedrGssed N - as Anhydrous armnonia 

In water N - as Solution 32 

In v.1ater N - as Solution 32 

NO. CF LBS 
(PV/.t,. Lf!=~·.·-::;·1 AP 1:>-r ·rr.'D . .:.. •·- ··'- \.uJ..;L _, .:. .:.L ... - •• 

60 

150 

100 

14 

4 

1..() 

N 



TABLE 1 (Continued) 

FERTILIZATION SCHEDULE 

1971 SEASON 

34 ACRES GREEN LIV~ BEANS 

TIHE OF METHOD OF 
APPLICATION APPLICATION MATERIAL APPLIED 

Hay (1971 ) Broadcast N - as Ammoni~~ nitrate 

Nay (1971) Broadcast P - as Superphosphate 

Nay ( 19 71) Broadcas t Zn - as Zinc 

NO. OF LBS. 
( ,. vAT T ·~ 1 ~I 'rl \ •. D p.,. ... '"' :'\ A _._ J ... .LJ) _Jr.. I P...l. ~ L .u::.. ~.J 

80 

50 
' 

" ( actn .~i .. , IJ _ ...... _. ..... J 

\!) 

w 



TINE OF 
APPLICATION 

~ovember (1971) 

November (1971) 

November (1971.) 

Jun e (1972) 

TABLE 2 

FERTILIZATION SCHEDULE 

1972 SEASON 

34 ACRES OF ONIONS 

METHOD OF 
APPLICATION ~ATERIAL APPLIED 

Broadcast N - as Anu~onium nitrate 

Broadcast P - as Superphosphate 

Broadc&st K - c..s Potash 

Sidedressed N - as Anhydrous ammonia 

NO . OF LBS./ACRE 
(AVAII.J.'l.BLE) A.PFLIED 

80 

150 

100 

90 

'-0 
+' 



TIME OF 
APPLICATION 

November (1971) 

1\ovember (1971) 

J une (1972) 

July (1972) 

TABLE 2 (Continued) 

FERTILIZATION SCHEDULE 

METHOD OF 
APPLICATION 

Broadcast 

Broadcast 

Sidedressed 

In water 

1972 SEASON 

33 . 5 ACRES OF BEETS 

MATERIAL APPLIED 

N - as Ammonium nitrate 

P - as Superphosphate 

N - as Anhydrous annnonia 

N - as Sol ution 32 

~o ov r nc ;A ce~ l.. J • .._· ...... :..J •::l • .J:.'), .[,...(~ 

(AVAILABLE) APPLIED 

80 

180 

1(' 1\ 
... '\. \) \ ) 

10 

1!) 

U1 



TIME OF 
APPLICATION 

Apri l (1972' 

April (1972) 

April (1972) 

TABLE 2 (Continued) 

FERTILIZATION SCHEDULE 

1972 SEASON 

2 7 ACRES OF GREEH Lir·1A BEANS 

METHOD OF 
APPLJICATION 

Broadcast 

Broadcast 

Broadcast 

Ml\TERIAL APPLIED 

N - a s Awmonium nitrate 

P - as Superphosphate 

· Zn - o.s Zinc 

NO. OF LBS . I ACRE 
tf:.VA!LABL:E) APl?LIE:O 

100 

9 f'l 
c.· '·' 

'.) t' ... , ., .._ • • , , 1 ) 
~ . ...- ._, ,...~ \.., L. '_i.t: \. . I 

\..0 
0'\ 
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Tab l e 3 Crop- Beets Ye ar ·-1 97 }. Wate r Budget Fo r Each Irrigation 
Gi ven in Acre - In{: hc~ /Acre . 

Hater to ET 
Irrigation (Be t we e n 

T; a t e s Hnter On \.Va t er Off Wi' t r! r Applied lr r :.tg£1 t ions ) vl a t e r '1' o D P 

.June 11""13 3.22 0.95 2.27 1 . 50 0 .35 

.Ju ne 25 - 26 3~27 0.90 2 . 37 2 . 86 n r , .-·,_ 
\.;' . -..} iJ 

Jc:y 9 - 10 2. 99 0.88 2. 11 3 . 35 0 . 00 

-~!t.~ l v 19 - 2 0 2 .. 98 1 . 18 1.79 2.22 0 . 00 

T lJ "! y I , , - i () v . ....... .. J- ;J _. ... ,, 3.17 1.11 2.06 2 .. 64 0.00 

Aug 8 -10 4.55 1.36 3 . 19 2.66 - 0 . 06 

Aug 18 - 20 4. 5 lt 1 . 58 2.96 2 . 25 - 0 . t4l 

Aug 2 6-28 4.73 1 . 58 3.15 1 .29 1 . 16 

Seasonal 
'\.ve r a ge 3 , 73 1 . 20 2.53 2. 34 

\Q 
--.j 



Irrignt i on 
Dntes 

June 7-11 

Ju:1c 21-25 

J'.ll.y 5-9 

July 15-19 

July 25 - 29 

f' flo· 4-8 'l. '-"I:> 

~ug 15-16* 

Seasona 1 
Average 

Table 4 Crop-Onions Year-1971 Water Budget For Each Irrigation 
Given in Acre -Inches /Acre. 

Water to ET 
(Betwee n 

Hater On Water Off \-13 ter Applied Irriga tions) vln ter To DP 

5.97 2.08 3.89 0 . 98 2 . L+8 

4 .. 74 2.59 2.15 2.93 4 ·0. ;_ 5 

5.68 2.73 2.95 3.02 -~·1 ,7l 

6. 14 2.56 3.58 2.05 1 ~ :~s 

6.23 2. 3 Lt 3.88 2 . f!- 5 •t • !.~. :~ 

5.91 1¥56 4·. 35 1.13 2.07 

1.34 0 . 55 0.79 1.68 0 . 00 

5.78 2.31 3.47 2.49 

*NOTE: Last irriga tion is only included in the ET average because it was only a partial 
irrigation 

\.0 
(f.) 



Tab le 5 

Irrigatio n 

Cr op-Beets Yea r - 1972 Water Budge t For Each Irrigation 
Give n in Ac re - Inc hes /Acre . 

Wate r t o ET 
(Be twee n 

Da t e s Wa te:c On Wa ter Off Water Appl ied Irrign tions) \Va t e r To DP 

J:.1ne 5-8 3. 61 1 _48 
' 

2.14 1 . 00 0 . 64 

June 23- 2 6 4.20 1.98 2. 22 3 .07 0.00 

Ju1y S- 8 3 . 64 2.13 1.51 3 .2 0 0. 00 

July 16- 19 3 . 89 2 . 04 1 .. 85 2 ,9 7 -0 . 52 

-uly 2 6- 29 3.7 6 2.67 1 . 09 z:so ~· 0 . 7 6 

Aug 5-8 4 .. 97 2 . 67 2 . 31 2~ 52 - 1. 43 

Aug 1.5-18 5 . 91 2. 77 3. 14 2 . 18 -0.11 

.. ug 25-28 6 . 45 2 . 66 3 . 78 2.31 0.00 

Sep t 7-10 6. 56 2 .. 93 3 . 63 2.43 1 .11 

Sept 19 - 22 6 . 56 2. 80 3 . 77 1.72 2 . 05 

Seasona l 
.ve:cage 4 . 95 2 .L~ 1 2 . 5l~ 2.48 

\.0 
'-.!) 



Table 6 

.~-r rigation 

Crop- Onions Year - 1972 Water Budget Fo~ Each Irrigation 
Given in Acre -Inches/Acre . 

Water t o ET 
caetween 

D:stes Wate r On Wate r Cff \o.Ta ter Applied Irrigations) \-'1'r.1tcr To DP 

lv~ay 31-Jun 4 6 .3 6 1.16 

J une 19-23 6 .9 1 2 . 44 

July 1-5 6.84 3 .. 10 

July 12~16 6 . 00 3.05 

-uly 22-2 6 5. Li-8 3 .2 7 

\.Ug l-5 6 .. 03 3.16 

Aug ll -15 6 . 16 2.78 

Seasonal 
Average 6.25 2.70 

5.20 0 . 81 

!-f .. 47 3 . 49 

3.74 3 . 02 

2.96 2 . 84 

2 .22 2 - ·~3 

2.87 2~29 

3.38 2.03 

3.54 2.63 

3.44 

1.20 

0 ~ 71_ 

0. 12 

0 .. 0\) 

0.38 

1 . 34 

1 .. 03 

t-' 
0 
0 



Table 7 

Irrigation 

Crop-Beans Year-1972 Water Budget For Each Irrigation 
Given in Acre-Inches/Acre_ 

Water to ET 
(Between 

Dates Hater On vJater Off Water Appl ied Irrigations) Water To DP 

June 25-28 4.57 0 . 50 

July 8-10 3.33 1.50 

.1c.ly 19-21 2.53 0. 86 

.J 1.1 l y 2 ") - 3 1 2. 4L~ 0 .. 73 

Aug 9-ll 3.20 0 .. 90 

~easonal 

\verage 3 .. 21 0.89 

4.08 2.33 

1.83 2.76 

1.67 3 . 18 

1.71 2.91 

2 . 30 J•. 21 

2.31 3 . 26 

1.60 

-0 . 39 

- l~L:4~ 

r~l "t~o 

- 1 . 29 

- 0 .63 

~ 
0 
~ 
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Ta bl e 8 

Nit ra te 
Date On Off 

June 11-13 0.11 0.11 

June 25-26 2 . 79 0 . 90 

July 9- 10 0. 68 o. v~ 

J uly 19-20 0. 12 0.14 

July 29 - 30 0.24 0 . 17 

Aug 8- 10 0.2 5 0. 12 

Aug 18-20 0. 18 0.08 

Aug 26-2 8 0.18 0 .10 

Tota l 4. 55 1.76 

Year-1971 Mass Balance f or Beets Given 
In Pound s Per Acre. 

Arrunonia 
Ap plied On Off Applied On 

0.00 0.67 0.27 0.40 3.22 

1 . 89 11 .1 6 2.09 9.07 1. 39 

0 . 54 2.83 0.75 2.08 2.66 

-0.02 0.37 0.28 0.09 l. 62 

0 .07 o.2a 0.14 0.14 0.74 

0.13 1.50 0.13 1.37 2.09 

0.10 l. 62 0.15 1.47 1.46 

0.08 1.54 0.15 1.39 1.46 

2.79 19.9 ~'1 3. 96 16.01 14.64 

-Organic-N 
Off 

1.12 

1 .31 

5.25 

2. 65 

1 . 61 

0.94 

1.34 

1.34 

15.56 

Applied 

1. 10 

· o·. os 

-2.59 

- 1 .03 

- 0 . 8 7 

1.15 

0.12 

0.12 

1.92 

~ o ,.. 
1\) 

' 



Tab l e 8 (Continued ) 

Soluble - P 
Date On Off Applied 

June 11- 13 0 . 12 0.08 0. OL~ 

June 25 - 26 0 . 14 0 .09 0 . 05 

July 9-10 0 . 05 0 . 16 - 0.11 

July 19 - 20 0 . 06 0 . 12 -0 . 06 

J u ly 29-3 0 0. 06 0. 17 - 0.11 

Aug 8- 10 0 . 09 0.11 - 0 . 02 

.:~ug 18 - 20 0. 09 0.08 0 . 01 

Aug 26~ 28 0 . 09 0 . 07 0 . 02 

Tota l 0 .70 0. 89 -0 .19 

Yea r-1971 Mas s Ba l ance f or Bee t s Given 
I n Pounds Per Acre 

To t al- P Solids 
On Off Appl i ed On Off 

0. 16 0.27 - 0 . 11 35 .7 1 149 . 97 

0 . 15 0 . 14 0 . 01 88 . 13 2)5 . 38 

0 . 14 0 . 43 - 0. 29 78 . 44 312. 60 

0 . 20 0 . 17 0 . 03 73.60 32. 2 . 30 

0.1? 0 . 16 -0 . 04 67 . 78 324 . 6J 

0.10 0 . 09 0 . 01 133 .28 153.40 

0.15 0 .12 0 .03 190 . 67 142 .91 

0 . 10 0 . 05 0. 05 182. 10 142 . 91 

1. 12 1. 43 -0.31 859 .71 1804.11 

App lied 

- ll/.; . 2 6 

- 167.25 

- 2.34 .16 

~ 2.l.}8 . 7 0 

- 256 . 85 

-20. 12 

- 47 . 76 

- 39 . 19 

- 9l~4 .40 

t-' 
0 
\}J 

\ 



Table 9 

Nitrate 
Date On Off 

J une 7-11 0.23 0.32 

June 21-25 2.94 1.39 

July 5 - 9 4.74 1 . 03 

July 15- 19 - 0.31 0.52 

July 25-29 0.60 0.54 

Aug 4-8 0. 44 0.12 

Aug 15-16 0.06 0.03 

Total 9.32 3.95 

Year - 1971 Mass Balance for Onions Given 
In Pounds Per Acre~ 

Ammonia 
Applied On ·off Applied On 

- 0.09 1 .26 0 . 89 0 . 37 5.97 

1.55 13.00 6 . 72 6.28 2.9 6 

3.71 16.15 2.78 13.37 4.95 

-0.21 0 . 95 0 . 54 0.41 4, 81 

0.06 O. lt-0 0 . 25 0 . 15 1 . 78 

0.32 1 . 66 0 . 17 1 . 49 3. 10 

0.03 0.44 0.05 0.39 0.44 

5 . 37 33.86 11.40 22. 46 24 . 01 

Org3 nic-N 
Off 

2. 9 i3 

3.95 

9.00 

7 . 50 

2.46 

0. 89 

0.49 

27.27 

• 

Applied 

2 uQ 
~ , ~ · 

- 0 . 99 

- 4.05 

- 2.69 

-o. 68 

2.21 

-0 . 05 

-3.26 

r' 
0 .p-



Table 9 (Continued) 

So luble - P 
Date On Off Applied 

June 7-11 0.22 0 . 20 0.02 

June 21 -25 0.18 0 .24 - 0.06 

uly 5-9 0. 09 0 . 35 - 0. 2 6 

July 15 - 19 0.24 0.26 - 0 .02 

July 25-29 0 .11 0 .15 -0. 04 

Aug 4-8 0 . 11 0.15 -0. 04 

Aug 15-16 0.02 0 . 03 -0.01 

Total 0.97 1.39 -0.41 

Year -19 71 Mass Bud get for Onions Given 
In Pounds Pe r Acre . 

Tota l-P Solids 
On Off Applied On Off 

0 .26 0.35 -0. 09 98 . 47 411.64 

0.23 0 . 81 -0.58 167 . 92 590 . 08 

0.21 2.34 -2. 13 166 . 42 650.63 

0. 42 0.73 - 0.29 142 . 92 jrJ.!., . 8,4 

0.29 0.48 -0.19 122.54 616 .49 

o. to 0.09 0.01 161 . 61 143.08 

0.04 0.04 0.00 37.15 50 .22 

1.55 4.84 -3.29 897.05 3206.99 

Applied 

- 313.17 

- 4/..2 . 16 

- (~8.4 . 21 

- 601 . 90 

-493.95 

18 .53 

-13.07 

-2309.93 

1--' 
0 
\.11 



Table 10 Year ·· 19 72 Mas s Bala nc e f or Bee t s Gi v e n 
I n Pounds Per Acre . 

Nitrat e Ammonia Organ i c - N 
Da t e On Of f Applied On Off App l ied On Off Appl ied 

June 5- 3 1 . 51 0.83 0 .68 0 . 35 0 . 34 0 . 01 0 . 5 1) tj .. i~ ~t O.G? 

J une 23-?6 0 . 09 0 . 05 0 . 04 0.3 0 0.05 0.25 O. l'S 0 . 1.6 ·- 0 . :.1 

July 5-8 1. 77 0 . 93 0 . 84 2 .. 10 0. 84 1.2 6 1 . 23 0 .1-+5 (). 78 

July 16-19 0 . 06 0 . 06 0.00 0 .16 0.21 - 0 . 05 o.ce G .. )_L~ -o .. }_ t3 . 

July 26-29 0 . 28 0 . 19 0.09 0. 02 0 .07 - 0 .05 0 . 6,0 c 'I ':1 
'(f.) J 

~-~ r" .. ! \,...; .. t.,_,, 

Aug 5-8 0. 51 0 . 49 0.00 0.02 0.01 0. 01 0.34 0. 40 - 0 . 06 

Aug 15-18 0 . 98 0. 62 0.36 0 . 03 0 .01 0. 02 0 .37 0. 28 0 . 09 

Aug 25 - 28 1 .5 3 0. 73 0. 80 0. 03 0.01 0 . 02 2.96 0.31 2.65 

Sept 7-10 1.42 0.77 0. 65 0 . 02 0.02 0.00 0.91 0.48 0 . 43 

Sept 19- 22 1.30 l. 09 0.21 0 . 36 0.20 0 . 16 0. 81 0 . 55 0 . 2 6 

1-' 

Tota l 9.45 5.79 3. 66 3.39 1 . 76 1 . 63 7.71 3. 69 4 . 02 0 
(}) 

' 



~ 

Table 10 (Continued) Year - 1972 Mass Balance for Beets Given 
In Pounds Per Acre . 

Soluble - ? Tota l-P Solids 
Date On Off Applied On Off Applied On Off Applied 

June 5 - 8 0.14 0.10 0.04 0 . 17 O. ll 0 . 06 90.34 220 . 70 - 130.36 

June 23-26 0.14 0.12 0.02 0 .22 0 .27 - 0.05 81.64 22EL 21 - 146 . 60 

July 5-8 0.16 0.15 0.01 0.31 0.35 - 0 .04 96.63 241.38 - 144 . 75 

July 16- 19 0.14 0.15 -0 . 01 0.17 0.18 - 0 .01 83 . 20 229 . 62 - 146. LQ 

July 26-29 0.10 0 . 08 0.02 0 . 12 0.12 0.00 116.40 . 129 . 36 12 . 96 

Aug 5-8 0 . 10 0 . 08 0 . 02 0.17 0 .0 6 0.11 108.23 121.79 13.56 

Aug 15-18 0.08 0.06 0.02 0.07 0.03 0 . 04 16L}. 91 135 . 14 29.77 

Aug 25-28 0.09 0 . 05 0.04 0.10 0 .04 0.06 226.57 128 . 57 98.00 

Sept 7-10 0 . 11 0 . 07 0.04 0.14 0.07 0.07 274.72 139.23 135.50 

s~pt 19-22 0 . 18 0 . 12 0 . 04 0 .24 0.13 0.11 318.10 176.94 141. 58 

......, 
Total 1.24 0.98 0.24 1.71 1.36 0.35 1560.74 1750.94 -136.74 0 

'-J 
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Table 11 

Nitrate 
Date On Off 

Ha y 31-Jun 4 2.10 0.50 

...,u ne 19--23 0 . 76 0 . 16 

July l - .5 0.16 0.08 

J uly 12 - 16 0.14 0. 12 

July 22-26 0 . 10 0.1~-

Aug 1-5 0.15 0.24 

AL1g l l-15 0.75 0 . 60 

Total 3. 68 1.84 

Year -1972 Mass Ba l ance for Onions Given 
I~ Pounds Per Acre. 

Ammonia 
Applied On Off Applied 

1 . 60 0.36 0 .09 0.27 

0.60 0.18 0 . 05 0 . 13 
-

0 . 08 0 . 01; 0 . 16 - 0.12 

0 . 02 O.l! 0.19 - 0 . 02 

-0 . 14 O.OJ 0 . 02 0.01 

-0 . 09 0.03 0 . 02 0 . 01 

0.15 0.03 0 . 01 0 . 69 

1 . 84 0.70 0 . 54 0 . 16 

Organic - N 
On Off 

1.oa 8.28 

0.54 0.52 

0.23 0 . 50 

0. 76 .I '"; (\ 
- · ' ~- l..i 

0.60 1. 03 

0. 56 0 . 17 

0 . 46.- 0 . 47 

4 . 22 5.12 

Applied 

0.80 

0 .02 

-0. 2 7 

- 0. 31-t 

- 0 . 48 · 

0 . 39 

- 0 . 03 

- 0 . 90 

1--' 
0 
OJ 

' 



Table 11 (Continued) 

Soluble - P 
Date Oa Off Applied 

May 31-Jun 4 0 . 19 0.09 0 . 10 

June 19-23 0 . 23 0.17 0 . 06 

.July 1 - 5 0 .26 0.26 0 . 00 

July 12-16 0.16 0.23 - 0.07 

July 2.2 - 26 0.38 0 . 30 0 . 08 

Aug 1-5 0.19 0.30 -0 . 11 

.ug 11-15 0.08 0 . 12 - 0.04 

Total 1.27 1 . 44 -0.17 

Year - 1972 Mass Balance for Onions Given 
In Pounds Per Acre 

Tota1- P Solids 
0.1 Off Applied On Off 

0 .20 0.10 0 . 10 94.93 1.17. 13 

0 . 3 j_ 0 .24 0.07 72.05 28 7.01 

0 . L·-8 1.18 - 0.70 llJ-3. 95 525 .. 31 

0.20 0 . 45 - 0 .2 5 103.57 6&2 . 25 

O. i:4 0 .63 - 0.39 92.65 ?75.34 

0 . 25 0 . 29 - 0 .04 91 . 08 814 . 40 

0 . 08 0.14 - 0 . 06 86.24 160 .17 

1 . 78 3 .04 - 1 .26 685.47 3361 . 61 

Applied 

- 22.2.G 

- 21.4 . 96 

- 381 . 37 

- 300 . 15 

-· 682.. 69 

-723 . 32 

-73.93 

-2 676 . 14 

J--1 
0 
\..0 

\ 
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Table 12 

Nitrate 
Date On Off 

June 26-28 0.09 0 . 00 

July 8-10 0.05 0.06 

July 19-21 0 . 05 0 .23 

Ju l y 29-31 0.24 0 .08 

Aug 9- 11 0 . 41 0.15 

Total 0.85 0.53 

Year-1972 Mass Balance for Eeans Given 
In Pounds Per Acre 

Ammonia 
Applied 0:-l Off Applied 

0.09 0.0~ 0.02 0 . 00 

-0.01 0 . 11 0 . 05 0 ~ 06 

-0.18 0.09 0.08 0.01 

0.16 0.01 0.03 - 0.02 

0.26 0.02 . 0 . 00 0.02 

0 . 32 0.25 0.17 0.08 

Organic-N 
On Off 

0.02 0. i'l 

0 . 22 0.22 

0.02 0.15 

.o. 14 0 . 12 

0.27 0.14 

0. 69 1.30 

Applied 

-0.69 

0.00 

- 0.13 

0 . 02 

0 . 13 

-0.61 

I-' 
1--' 
0 



Table 12 (Continued) 

Soluble-P 
Date On Off Applied 

June 26-2 8 0.15 0.0 7 0.08 

July 8-10 0.11 0. 10 0 . 01 

July 19-21 0.09 0 . 08 0.01 

July 29-31 0.06 0. 05 0 . 01 

Acg 9- ll 0.05 0. Ol~ 0 . 01 

Total 0.46 0.34 0.12 

Year-1972 Mass Balance for Beans Given 
In Pounds Per Acre 

Total-P 
On Off Applied On 

o. ~z 7 0.29 0.02 93.26 

0. 1.5 0.10 0.05 67.95 

0.13 0.21 - 0.08 58.13 

0.09 0 . 06 0.03 85 . 09 

0 . !)l~ 0.04 0 . 00 58 . 65 

0.69 0. 70 0.01 363 . 08 

Solids 
Off 

164. 91 

172 . 88 

152 . 97 

7 D. !,Q 

60 .L•9 

621. 64 

Applied 

-71.6.) 

- lGLt . 93 

-9 Lr . 84 

- ~Ll+. 69 

--l. 8fi 

-2 58.56 

1-' 
1-' 
1-' 



Tab 1 e 13 The An a 1 y s e s (in ?1\·~r l"J 0 ·?) of Water from t he 
Solution Sa0vl2rs Instai·ed in the Sugar 
Beet: Fieid. -

.. Date 
':·:~.--·~ . ; ; .-· .: 

· .......... . 

6/8 

6/27 

Depth 

1. 

2 

3 

4 

5 

1 

2 

3 

4 

5 

7/9 1 

2 

3 

5 

Site 
1 North 2 North 1 South 2 South 

200.00 

167.50 

87.50 

85.00 

170.00 

130.00 

190.00 

120.00 

78.13 

137.51 

103 . 13 

84 . 38 

250.00 

200.00 

1.L~7 . 50 

80 .00 

250 . 00 

103 .1 3 

81.26 

65 . 63 

12.50 

25.50 

62 .50 

120.00 

10.00 

5.00 

23.00 

190.00 

47. 50 

35.50 

40.63 

25 . 00 

7.50 

36.50 

68.00 

40.50 

35.00 

13.00 

13.50 

56.00 

58.00 

82 . 50 

12 . 50 

43.75 

28.13 

68.75 

112 



.. 

s e.r.1p 1 in3 Piczo-
Date meter 

2/ 3/72 "1 
.L 

2 

3 

4 

_s 

6 

7 

8 

9 

10 

Table ll:. Analyses of Groun d Water Samples Collected 
During 1972 . Piezometers Numbered as Shown 
in Figt:re 1 o f Appendix A. 

ppm ppm ppm ppm ppm 
e1ec -
trode Organic Phos 

pH E.C . N03 - N N03-N NH3··N N Soluble 

8 . 00 0.55 5 . 80 5 . 80 0 . 220 0.480 0 . 10 

7.90 1.20 74.00 77 . 60 2.010 0.600 0 .10 

7.80 0.70 17.00 16.80 0.010 0.600 0.36 

8 . 00 0 .70 17.00 17 . 20 0.180 0 . 440 0.24 

_J7_, I5_ D-----3 5 15 . 00 15 . 20 0.010 0.060 0. 2L:. 

8.05 1 . 15 8 . 60 8 . 60 0. 010 0 .lL~O 0.44 

7.40 0 . 85 12.00 12.80 0.010 0.380 0.20 

7.70 0.95 36.00 3L.t . 80 0 . 300 0.400 0.34 

8 . L~O 0 .70 7 .60 7. 60 0.140 0.200 0.40 

8 . 10 0 . 55 5.20 N. S. 0.560 0.080 0.48 

ppm 

Phos 
Total 

0.22 

0 '"'') . ..) ··-

0.80 

0 .1+2 

0. L16 

0.80 

0.70 

0.88 

0.54 

0.64 

ppm 

Solids 

lt08 

971 

666 

569 

. 1;.9 2 

938 

834 

840 

498 

419 

1-' 
I-' 
w 

\ 



"' 

... ~ . ., f 

~:- amp.1::..ng Piezo -
Date meter 

6/21/72 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Table 14 (con't) Analys es of Ground Water Samples Collected 
Duri~g 1972 . Piezometers Numbered as Show~ 
in Figure 1 of Appendix A. 

ppm 
clec --

ppm ppm ppm pl)m ppm 

trode Organic Phos Phos 
pH E.C. N0 3-N N03 - N NH 3-N N Soluble Total 

8.20 0 . 35 2 . 40 2. 50 0.080 0.300 0.24 t) • ~1C: 

8.20 1 . 15 44.00 56.00 0.080 0. 360 0.22 0 . 32 

8.20 0 . 65 16 . 00 12. 60 H.S. N.S . 0 . l!.O 0 . 72 

8 . 30 0 . 70 14 . 00 16 . 60 0.060 0.380 0 . L'r4 0 . 60 

8 . 15 0.45 8 .50 8 . 70 0.060 0.200 0.32 0.52 

8 . 40 1 . 10 5 . 40 4. 90 0.020 0 .240 0.58 0 . 84 

8 . 00 1 .00 9 . 20 9.70 0 .060 0.240 0.32 0.68 

8 . 15 0 . 80 25.00 21. 20 0.140 0.360 0. 38 0.66 

8 .35 0.60 6.00 6. 60 N.S. N.S. 0 . 1.~8 0.68 

8 . 25 0 . 60 3.20 3.00 N.S. N.S. 0.88 1.34 

ppm 

Solids 

27 0 

1154 

595 

~~; Q 
._, ..L / 

441 

858 

1202 

1222 

467 

556 

t-' 
t-' 
.f.:' 



Sampling Piezo-
Date meter 

7/20/72 1 

2 

3 

Lt-

5 

6 

7 

8 

9 

10 

Table 14 (con't) Analyses of Ground Water Samples Collected 
During 1972 . Piezometers Numbered as Shown 
in Figure 1 of Appendix A. 

ppm ppm ppm ppm ppm ppm 
elec-
trode Organic Phos Phos 

pH E. C. N0
3

-N N0 3-N NH3-N N So l uble Total 

8.50 0.35 2.95 2.35 0.015 0.030 0.08 0 . 08 

8. 70 1 .10 40 . 00 55 . 80 0.015 0.135 0.02 0.08 

8.30 0 . 70 11 .00 12.45 1 . 005 0.100 0 . lL;. () ") '" 
. ..f . Jt) 

8 . 45 0.60 7.45 8.70 0.005 0.090 0.32 0. !tO 

8 . 10 0.55 4.00 4 . 15 0 . 015 0.070 0.10 0.24 

8 . 60 1.0.5 4 . 30 3.60 0.015 0.075 0.32 0.44 

8 .10 0.90 8.60 8.85 0.005 0 . 095 0.02 0.36 

8 . 50 0.75 24. 00 26.10 0 . 010 0.110 0.06 0 . 16 

8.60 0.65 6.60 6. 1.0 0 . 005 0 . 095 0.10 0.60 

8 . 65 0. 45 1.35 1.30 0 . 040 0.055 0.20 0.20 

ppm 

Solids 

28l+ 

99 7 

5 :;:2 

. l~6 8 

434 

796 

640 

765 

976 

417 

t-J 
t-' 
Vt 



Sampling Piezo-
D<:~. te meter 

8/23/72 1 

2 

') 
.....) 

4 

5 

6 

7 

8 

10 

Drain 
Well 

.. 

Table 14 (con't) Analyses of Ground Water Samples Collec ted 
During 19 7 2 . Piezometers Numbered as Sho\vn 
in Figure 1 of Appendix A. 

ppm ppm ppm ppm ppm ppm 
elec-
trode Organic Phos Phos 

pH E . C. N03-N N03-N NH3 - N N Solub le To ta l 

8 . 50 0.40 1 . '-~0 0 . 50 0 . 100 0 . 080 0 'j r• . ..... 0 
~ "1 , ..... 

U.L L 

8 . 60 1.15 48.00 ·4-6. 50 0 . 035 0 . 145 0.06 0 . 16 

8 . 70 0.70 14.00 12 .50 -- -- 0 . l.l;. ;') "l') 
~ ...J ... .....: (:_ 

8 . 70 0 . 65 7. 80 5.50 0.003 0 . 095 · O . . ?-2 0 . 38 

8 .80 0.45 3 . 20 2. 30 0. 003 0. 080 0 . 08 0 . 36 

8.80 1 . 05 4.30 3 . 45 0 . 003 0 . 080 0 . 34 0 . 38 

8.60 0 . 90 7 . 60 8 . 00 - - -- 0 . 08 0 .22 

8 . 55 0 . 95 27.50 32.00 0. 09 5 0.120 0 . 10 0 . 30 

8 . 80 0 . 45 0.70 0 . 20 0. 003 0. 060 0 .2 8 0. 30 

8 . 60 0 . 40 2.20 1.70 0. 00 3 0. 035 0. 10 0. 10 

ppm 

Solids 

2?36 

870 

5B7 

8i~O 

1071 

780 

738 

86 5 

346 

322 

r 
t-4 
0'\ 



Sampl i :1g P:Lezo -
Dar.e meter 

20/ 72 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Table 15 Ca tions and Ani ons (in ppm and meq/1iter) 
Pres ent in One Set of Ground Water Samples. 

meq /liter 

Tota l 
Ca Mg Na K Cation~ HC03 co'l 

...) 

0.18 0.61 2. 75 0. 09 3.63 3.58 1.49 

0. 72 4.31 4.50 0.12 9.65 0.67 1. 94 

0.32 1. 70 3.60 0.17 5.79 5.74 2. 54 

0.16 0.93 4.65 0 . 06 5 . 80 lt. 55 2.24 

0 . 24 1.29 1.30 0 . 07 3.40 5.00 1.19 

0.15 2, 36 7.95 0.04 10.50 7.39 3.13 

0. 69 5.25 1 . 60 0.03 7.57 8 ·. 73 1.04 

0.29 2.98 3.00 0.10 6 . 37 3 . 81 2.84 

0.14 1.54 4.35 0 . 06 6 . 09 3 . 06 5.82 

0.07 1.80 1.25 0.11 3.23 2 . 91 2.69 

·r ,.: t~ 1 
Cl2 S O t~ A::i ons 

0.20 0.17 5. 44 

0.89 4 . 22 7. 72 

0. 59 1. ,:~s 10.32 

0.20 0.91 7.90 

0.30 0.82 7 . 31 

0.69 3.62 14 .83 

0.59 2.5 8 12.94 

0.99 1.09 8.73 

0.39 1 . 38 10 . 65 

2.09 0.37 5.97 

j-J 
j-J 

--J 



Sa.mp ling Piezo-
Date Ii1eter 

t / 20 / 72 l 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Table 15 (can't) Cations and Anions (in ppm and meq/liter) 
Present in One Set of Ground Water Samples. 

ppm 

Total 
Ca Mg Na K Ca tions HC0 3 co

3 
Cl 2 

3.50 7.50 63 . 25 3.51 77.76 218.38 44.70 7.00 

14.40 52.50 103.50 4 . 69 175.09 40.87 58.20 31 .15 

6 .40 20.63 82 . 80 6.63 116 . 46 3.50.14 76.20 20. 65 

3.20 11.25 106.95 2 . 34 123 .74 277 .55 67.20 7.00 

4.80 15.63 41.40 2.73 64 . 56 305.00 35.70 . 10.50 

3.00 28.75 182.85 1.56 216.16 450.79 93 . 90 24 . 15 

13.80 63 . 75 36.80 1.17 115.52 532.53 31.20 20.65 

5.80 36 . 25 69.00 3.90 114.95 232.41 84.20 34.65 

2.80 18.75 100.05 2.34 123 .94 186.66 174.60 13.65 

1.40 21.88 28.75 6, . • 29 56.32 177.51 80.70 23.15 

To. t a l 
so4 A~ i ons . 

8.16 322.94 

2. 02. 56 332. 78 

G9 .6 0 516 . 59 

43.68 395.43 

39.36 390.56 

173.76 742.60 

123.84 708.22 

52.32 403 .5 8 

66. 2lt 411.12 

17.76 275 .97 

~ 
~ 
CX> 



Onions i971 

33.5 Acres 

eats 1972 

Field A 

~ •t .~,...._ ... ,_ .. _____ ,. _ _ .. :.r __ .. .r;_ .. __ __ 

s~ons 197'1 

· ·-----~----------· 

,. \..sediment pond 

VJ Piozome ··crs 

~ 
I 

scale- I"- 400' 

4 
? 

Beets 1971 

-27 Acres--

Beans 1972 

Field B 

Alfalfa 1971 

o Flow m'· ~ · s ·xrrncnt r~;r;ordc ~ s i .. s~'"l!i:d bJf Jrc 1972 

~} Flow n1t: 1:u:"r:knt rccorda rs ins1oih?d i. I~Y12 
n::o: De ! iv~ry system 

Oir1 r , ~cs 

Drc:naq3 v: ~· l! 

0 I rtcsion \':G il 

' 10 

Figurs l: Site 1n ..... ~>ho t.ri ·1r_: 1 ·· -; zometer numbering 
syste1J 

119 

5 
v 



Table 16 Analy sis of Varian ce Calculations For · 
N03 From l~ e. an lJond Balance Data 

Design : T1.vo locations (e.ntra~1c e .and outlet of pond) 1.vith 
82 entran ce c.nd 73 o u tlet samp les . 

a = 2 n =- 155 

a :n. 
1. Grand Total = ..c-Z~ Y:i.j = 1 . 047 + 0.529 = 1.576 · 

a n 
2. Stnn of squared obs . = ~ :E y2 = 0 . 04 709 5 + 0. 063.389 

a n 
~<y2 £.. ~ = 0. 110484 

3 . Sum of squared group totals 

a n ') 
• (' ...:. V)L-

~- L -_ = 1.096209 + 0.2798 41 = 0 . 0172018 
ni 82 73 

!1 ~·1 ,._ 
e . t . t r;;. i:Y) L. ·-. .:orre c 1.on erm = -~--.:-

a 
2 . !+83 776 
--15-5- = 0 . 0160 2. 43 

:Zni 

5 . ss = 0 . 110484 - 0.0160 24 3 = 0 . 0944597 
T 

6 . ss6 = c. 0172018 - 0.0160243 = o.oo11775 

7 . SSW/IN = SST - ss 6 = 0. 09 44597 - 0.0011 775 

courc e o f 
Varia t i 8n 

- y 

y ~· y 

Bet\-~7een 
Si tes 

1·l I In 
Si te s 

df 

1 

15 3 

c::s HS 

0.0 01157 0.0015 7 

0. 0926 85 0.000606 

0 . 0926 847 

FS 

1.96 
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Table 16 ( can 't) An3lysis cf Variance Calculations 
For N0 3 FroQ Bean Pond Balance Data 

F_ 05 [lpo]- 3.84 F r _ ,-ol = 2 . 71 
. 10 ~-1 ;. J 

121 

CONCLUSION : '"f'here is no sigrd .. f:~. ::~ ant: added variance component 
due to retention of ni t rc:~.te Lr1. t:h ~~ pond . 



Table 17 Ana.l y ...,:Ls of "ari .. ::.x-:..ce Calculations For 
Total P From Bean Pond Balance Data 

Design: T vo locatio:tJ.S (e ntra n:.: e r.:~r:d outlet of pond) with 
86 entranc e an d 77 outl2t ~~: ar.1p les . 

a = 2 n ;.: ~ 163 

a n 
1. Grand Total = z .Z. Y i j = 1 . 7 S l~ + 0 . 7 0 3 = 2 . 4 57 

a n 
2. Sum of squared obs . = :2:. _ y2 = 0. 062485 + 0. 0211+407 

an 
:z.. ~ y2 = 0 . 083926 

3. 
a n 2 

S £ d 1 ~ - ~ c ~Y) urn o square group tota b - ~--~ 
ni 

a n 2 
L (~Y) = 

ni 
3 . 0765 2 + 0. 49421 = 0 . 042192 

36 ---r; 

a n 
LL Correction t erm = (~':E.Y ) 2 - 6 . 036 84 = 0 . 03 7 36 : :.t_ _ _ 16 3 

~ ni 

5. SST= 0.083926 - 0 . 0370 36 = 0.046889 9 

6. SSGP = 0.042192 ~ 0 . 03 7036 = 0.0051 56 

7. SSW/ I N = 0 . 0468 90 - 0.005156 = 0. 0413 3 ~ 

Source of 
Varia tion 

y _ y BetvJeen 
Sites 

df 

1 

ss MS 

0 . 005156 0. 0 0 515 ~-

FS 

y _ y W/ In 
Si t e s 161 0. 041734 19 . 89 -ror-· 

122 



Table 17 (con' t; Ane..lysi::~ of Variance Cal c ulations 
For Total P From Bean Pond Balance 
Dc:1ta 

F . 0 5 [1 s co-, = 3 . 8 4 F L·- 1 = 2 . 71 
:....~ . 10 1 }co_ 

COJCLUSION: There is a s:·;_gnifi cant added v ariance c omponent 
due to 1:etent ion of Total P in the pond. 
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SU BROU TIN E HOGEN 

c 
(**************$******************************************************** 
c 
C SURROUTINE ~DGEN GENERATES PROP ER ALPHAMERIC HEADINGS FOR THE 
C DATA TO BE PRINTED OUT FOR THE STUDY PERIOD 
c 

THE MONTHS, DAYS AND PERIODS ARE ARRAN GED IN ARRAYS OF 
C ALPHANfR iC .DATA THAT: AR..E ... tJSED FOR PR I NTO UT HEADI NG S . 

' C I N. T H E M /\ I N r' P 0 S R A f., ., :· 
c 
c 
C SUBROUTl~E HOGEN WIL L GENE RA TE HE ADINGS FROM MARCH 1 
C TO NOVEMBER 30. THE MAX NU MBER OF DAYS AllOWED IS 125. 
c 
C DESC~IPT IC N OF VARIABLES 
C t1 8 ·----- N tH·1 B E R 0 F THE t~1 ON T H ·r HE STU 0 Y 6 EGAN 
C KDB - --- NUMBER OF THE DAYS WITHIN MA THE STU DY BEGAN 
C ME ----- NlJtv1RE~ ()F THE MONTH 1HE STUDY ENDE D 
C KDE ---- NUMBE R OF THE DAY WITHIN ME THE STUDY ENDED 
C NDAY --- NU~BER OF DAYS WITHIN THE STUCY PERIOD 
C NPO --- - · NUr·H1FR OF 2- HOUR T I NE PERIODS IN STUDY P ERIOD 
C lMP ---- PERIOD ARRAY OF MONTHS 
C LOP ---- PrRtnn ARRAY OF DAYS 
C LPP ---- PER l OD ARRAY OF PERIODS 
C LMD ---- OAtLV ARRAY CF MONTHS 
C lDD ---- CAllY ARRAY OF DAYS 
c 
(*********************************************************************** 
c 

SUBRO UTINE HOGEN { M B,KOB,ME,K~E,NOAY~NPOJ 

CO MMON Q (3, 1500 )1CONC (3,1500t, L MPI1500J,LDPI1500)~LPP(1500), 

$LMn£125),LODI125 J 
DIME~SICN MC 121 

1-' 
1\) 
\.J1 



DATA M(3),M(4)~M(5),M{61 1 M(7) 1 M(8 } ,M(9 ) ,M{l 0 ),M( l l )/' MAR ',' APR ', 

@'MAY','JUN','JUL','AUG','SEP',~OC T', 'NC V'/ 

c 
C CALCUt.ATE THE NU~BER OF PEPJODS AND THE NUMBER OF DA YS IN THE STUD Y 
c 

c 

NOAY=O 
IF( MB.EQ.ME) GO TO 8 
IBl=MB+ l 

DO 10 MC~TH=MBl,ME 
NOA Yr~;;;; 31 
iF( ~ DNTHuEQ~S.ORoMONTH.EQ.7~0R~MONTH~EQ . lO)NOAYM=30 

10 NOAY=NDAY+NDAYM 
R NOAY=NDAV+KOE-KDB+l 

NPO=NDAY*l2 

CALCULATE HEADINGS OF MONTH, DAY, AND PERIOD WITHIN THF DAY WITH f~CH 
C SUBSCRIPTED OY THE PERIOD OF THE TOTAl 1- 0 PERIOD ARRAY . 
C LIKEWISE THf DAllY HEADINGS OF ~10NTH AND DAY SUBSCR IPTED BY OAY OF 
C. THE TOTAl 1-0 DAY ARRAY. 
c 

c 

KSP=O 
KSD=Q 
00 3d MO~TH=MB,ME 
NOM=31 
IF( ~ONTH .EQ.4.0R . MONTH . EC .6. 0R . MONTH.EQ.9)NDM=30 
IF( MON TH.EQoME)NOM=KOE 

C SrART FROM BEGINING OAT~ ~0~ ~IRS T MON TH 
c 

c 
c 
c 

c 

NDMB=l 
IF(MONTH.EQ.MB)NDMB=KDB 

GENERATE CATE-HEAOING SUBSCRIPTS 

00 30 KOY=NOMB,NOM 

C GENERATE CAlLY SUBSCRIPT S 

......, 
f\.) 
(J) 

' 



c 

c 

KSD=KSO+ 1 
·- 0 0 ~ K S 0 l ~ K D.Y 
LMO(KSD3=M(MONTHJ 

C GENE~ATE PER IOD SUBSCRIPTS 
c 

c 

c 

DO 30 KP0~1, 12 
KSP=KSP+! 
LMP(KSP)=M (MONTH) 
L OP(KSP}::KDY 
L PPf KSP)~~t<PD 

30 CONTI NUt 

WRITE (3,99) NPD 
99 FORMAT(5X,'NPD = 1 14) 

RETURN 

t-J 
(\) 
---..) 



SUB?OUTINE FLO~IN 

c 
(*~** ***************************** ****~*********** ******** ****¥ ******* ** 
c 
C S U ~ P CUT T N E . F l n ',~ I N ~ E /\ 8 S T t ·l E S T .1\ G E F 0 R S P E C ! F I E () T i M E 
C I NCR E ~1 Ft\ T S ,1\ S ll tJ T L I ~ f 0 I N T H F: ~-i A I N P R 0 G R A .\1 AN 0 C. (J ~PUT E S 
C THE D I S C Y A;: G E F 0 ~ TH [ P R n PEP. \4 E I R " 
c 
C IF THC G!SCH!\f~ GE IS TO BE RE AD I~J DIREt:TLY, A 1 1' IS PLACED 

I N C 0 L U ~·1 N 5 0 F T H E S P E C I F I E 0 f~ s\ f 1\ C A R D -s 

r:. O~~F Cttt~l) ~1 U S T HF U SEO r-oR f::;.\CH Di\Y'S RECOR D 'THAT lS ENTERLf) , 
r: HO L~ [ V E P t i'J Cl [) 1\ T A N r F 0 f1 E EN T f: P ED IF THE STAGE 0 R D I SCHA R(; E 

DO E ') ~'J n T C! ! t , N G E F DR ;\ P E R 1 0 D C1 r: T I t-1 f: P A N G I N G F R IJ fiA SF V E R A l 
C ~ -1--1 ( 11. J 0 T I ~~ r: P E R I ll n S UP T n S E V F. ~ 1\ l. W f E K S 41 S tH~ R 0 U T I N f F L 0 ~J! N 
C ~~ I L L t. T I'~ 0:: 1\t-', L Y A \f [ R A G F A L L ~!, I S S f >-l G D f , T A 3 E T '..J E E N T H E T ltJ 0 
C P 0 ! ~,! T S rvl U :\H~· I N G T H ~ ~vt r S S Ii-J G n t\ T ,1\ • 
c 
r. S i HH~ r U T T ~< E F L C t..; I N C ,'\ L C U L i\ T E S T f-·HH: t: C l S C H I' R G E R A T t S 
r FOR FACH T I~E PERiOD , Q-ON, Q-JFF, AND 0-APPLIEO . 
r 
( T H f 0 AT J\ A'~ E P AS 51=, 0 T 0 T H F ~1 A I N P R n G R A ~1 A S A 2- 0 A R R A Y , 
C It~ COi'1r~D'J STORAGE Q(LOCATION'~T[~1t PE P.IQD ) .. 
c 
C A 8 L AN K ( t\ ~~ 0 I $ U S F: D T 0 S I G N A L T H ~ C f'P·1 P l F T I n N 0 F nAT A F 0 R A W F. I R • 
c 
c 
r 
\. -· 

c 

OE SC R TPTTC~ OF VAQI ABLES 
l'H·~F. 'i R -- NlJf.~B F:~ fJF D I FFE l~EN T ~-n::: IRS FOR ~~HI C H OAT ~~ Aq E 

Tn RE R FJ\D !~' 

C Q------- :JI:;CHt\RGF: A~U~ .AY TO dF P;\SSED TO THE M.AIN PROGRAM 
C QH ----- DlSCHARGE OR ST:\:,F D ... \TA R[ .. ~ll INTO FLOHIN 
C K \if: I R - - T H F !'\ lH<1 R [ \{ !J F T HE 111) E I R F 0 R "'J H I C H 0 AT A A P-1'.: 
C P f~ F S F-: N T L Y R C 1\ D f , N 0 C 0 R R F. C T 0 I S C H A R G E C C M P U T E D 
C t<~10 ---- N U ! ·1 ~~ER OF THE i\i Of\JTH 

1---l 
f\.) 
(X) 



• 

C Kf)R ---~ f\;U i'~I1ER OF THf DJ\Y ~·~I T Hl\J THF i"iONTH fHAT 
C TH;: S TIJ DY R EGA ,.._J 

C M B ----- ~ I! J tJ j F K. 0 F T H f ~ tJ N T H T H F S T U 0 Y ~' f G 1\ N 
C N P D -- -- N U r .: n f R. n F 2- I 1!1 U R T I ' i ~ P E R f 0 f) S I N T H E STU~ \ 
C C. 11. t C U l :\ T r: 0 I N S U R R 0 U T I N E II 0 G E 1\; 

C K P D ---- T 11 E T l ··1 F fl E R I 0 0 t~ [ f H I N T H E: Q- 1\ ~ R A Y 
C K D Y ---- T l -q-: N!. J \11 1~ F.: R fJ F THE D 1\ Y 

K P f P - -- TH r T P~ ':" r F R I 0 D \rJ I T t 11 N T H F: 0 A Y 
c K P D ---- T H c r I ~·1 :: P E ~~ I n n 1:1 r r H u ~ T H E 2- o A o. R. ft.. v 

I< 1:1 1=" -- -- (~ I ~ ,.'\ N C ~i C 0 NT f.: C L F 0 R T H f: P K r. P E R W E I R S: 0 R !--AU L A 
( V .'\ L : J E <; 0 F t<. i•J F 1\ t~ I) T H F C 0 R RE S P 0 N 0 I '\l G WE I ~ 
C 1 -- 2 FGflT C TPOl LET T!. 
C 2 -- 3 FOOT CIPOLLElTI 
C 3 -- 2 FrnT CCNTRACTED ~ECTA N GULA ~ 

( 4 - - 6 I N C H P '\ t<. S H td_ L F L U t~ F 
C 5 -- ? FOOT SUPPR f SSfO TRAPf ZO IOAL WITH 1:1 SID[ SL~P E S 

Kli ---·- A \.OUNT E'{ 
KRO ---- ~ COUNT ~ R 

c 
(*** *; ** * ~ *~ ~ ***~~* * * ***** ~~ ~*** ~~ ~***~******* * **** *** ~****~ * * * **~***** * 
c 

c 

SUnRnUTIN E FLOWIN ( Me ,KC B , ~~O ) 

(. fV1(! 0 N Q { l, 1 50 0 l , CON C ( 3 , 15 0 0 ) , L M P ( 1 50 0 ) , L 0 P ( 1 50 0 ) , L P P ( 1 5 0 0 ) , 
~~t ~~ P( l25) ,L On ( 125) 

D! MF NSIC\1 KPF R (7) ,QH( 7) ,MD ( 12) 
OAT A MD /31,28,31,30,31,30,31,31,30,31,30~31 / 

C INITit..Lt ZF. 
t 

KMB=~R 

I<PD=l 
DO 1 KZ=l,NPD 
on 1 KQ -= 1,3 

l Q(KQ ,KZ)-=0. 

C QEAO TN 'N WFIR' , THE NUMBER OF WEIR S FOR WHICH DATA ARE EN TFREO 
C D A T 1\ F P C' :·~ U P T 0 3 tl' E I R S C A N n [ US E 0 T 0 0 E T E R t~ I N E T 11 F t ~ ~ A D ~J II. T E R 

1-' 
f\) 
'-.() 



.. 

( FLOY P1TF. THE SEQUENCING FnR ' KWE IR' WOULD BE AS FOLLOWS: 
C FO~ ? WE IPS -- 1 2 
C rnp 3 WE IRS -- l 2 2 
C FnR 4 WEIRS -- t 2 3 2 
c 
C <---------------------------RE~n DA TA- -- -- -

c 
c 
"' l, 

( 

. -
( 

c 

"':J\n {1,100) NWEIR 

::_-- 1\ 0 Y N T H [ P r) n P f P w E I k N U f-.1 B F P , t. N D P. E A 0 A f\i [) A R R AN G E 
T H F 0 1-~ T 1\ r- C P T ll A T v: E I P. • 

no ~~ o '< L 1 = 1 , \i 1,: E r R 
I ~ ( KL 1-.L T $ t--J\Jt~ I P. ) GOTQS 
n r ·"' K :.~ -::: 1 7 ~~ r J 
G{l,K ~) = C(l,KQ)-(Q(2 , KOJ•Q(3,YQ J) 
C{2,KQ) -::: O. 

6 0(3 , t< n> = o • 

s ~EA~ Cl , lOO} ~ ~EI~ ,KWF 

100 Fnt=:i~AT { 2!1 1 

< -----·-·-·--------------·------R E t,f) DATA-------

(. . < ----·- -- ------------------------R. E /\0 OAT A------
1 0 P E f, n ( 1 , l 0 1 ) K t ~ 0 , K 0 Y , K 0 r R , ( K P 1:: q { K PC ) 1 Q H ( K P C ) t K PC = 1 , 7 ) 

10 1 Fn Rr tAT (2 !2, Il , '3X , 7 { I2,F8.0)) 
( 

C .~ g l .l\ t H~ CA~O SIGNALS THE FNO OF DATI\ FOR A PARTICULAR w::I P 
c 

c 
c 
c 

IF ( Kt-·10 ) 40,40,11 

C /\ L C U t. A T E T H E N U r·1 A E R 0 F 0 A Y S S H~ C E T H F A f. G I N N I N G 0 F THE S T U D Y 

11 NOOA Y=O 
IF(K MO .L E.K MB ) GOTO 71 

7 2 K MO l=K ~0 -1 

DO 70 K~O=~ M ~,KMOl 

7 0 ~nD~Y = NOnA Y + MO (K MD l 

1-' 
\.-~ 
0 



~ 

71 ~ODAY = NODAY + KDY-KOB 
c 
C GIVF THE DATA PROPER SUBSCRIPTS FOR THE PASSING 2-0 hRRAY 
c 

l2 DO 30 KPC=l,7 
T F ( K PER ( 1< PC ) ) l 0, 1 0 , 15 

1 '-) K p 1) 1-= K p D 
KP0 =(~0DAY)* l2 + KPfR{KPC} 

c 
C f\ R /\ ~ C H T 0 T l-i E P R 0 P E F VJ E I R F C P f··HJ l A 
t 

( 

IF ( KQIR}30jl6,30 
16 ~OfO (21,22,23, 24,25), KWF 
21 O(KWriR,KPD)-= 6.74*(0H(KD C)* * l.5) 

GOTC 34 
2 2 (,.l ( K ~~; t~ I R , !\ P f) ) = l 0 • 11 ~: ( Q t l { K P C j * ~' 1 • 5 } 

GCT"C 34 
2J 0('<\!:iR ,K.PO) -= '3.33*(2., --082*QH{KPC ) )*{QH(KPC)**=l .. ~d 

CCJ TIJ 34 
? 4- 0 ( :-< l.J C: I H , K P D ) = 2 • 0 6 * ( Q H ( '< PC ) * * 1 • 5 8 ) 

GC TO 3'+ 
2 s c~ t K. rJ;: r P , K r n ) = s • 1 * < o t 1 < 1< ') c l * ~~ 1 • 9 l 

GC: TfJ 34 
30 Q(KW~IR,KPD ) = CH (KPC) 

C L I r--![ .\ R l Y .A R ·~ 1\ N G E ALL M I S S I N G DATA BETWEEN B 0 UN 0 P 0 I NT S 
c 

3 4 f'' P Z =I< P 0- K P D 1 
IF (NPZ-1)39,39,35 

35 OINC={Q(KHE I~,KPD)-Q(K tAE!P ,KPOl) )/NPZ 
~~p Z =NP Z-1 
DO 3A I<RO-= 1, 1\JP Z 
I<SIJ!=KPDl+KBO 

36 Q(KW£IR 1 KRDlJ =Q{KWEl R, KPOl )+KRD*OINC 

....... 
\>J 
1---1 



• • 

3q CCNTINUE 
GOTO 10 

I I- 0 c () r-..; T ! N u E 

C CALCULATE THE PROPER FlOW RATE FOR THE PROPFR LOCATI ON 
(. 

42 nc 45 KPn=I , NP D 
4 5 0(3,KPGJ= Q{l 1 KPO) - Q(2,KPO) 
50 CO r·JT I I'<UE 

RfTUrU,J 

~ 
\.).J 
r\) 



.. 

\' 

~ 

SUBRO UTI NE CH f MI N 

c 
(*************************************** *********~* ***** ************** ** 
c 
c 
C SUBRCUTINE CHt:r--1IN READS THE CO~JCENTRATI O N OF A CHEMIC AL 
f. fONSTITUEf~T FOR SPECIFIED TH·1E INCRE~~EN TS AS QIJTLINEP 
C IN TH~ MAIN PROGRAM . 
c 
r · 
\, 

r: 
c 
c 
c 
r. 
c 
c 
c 

ONE CARD MUST BE USE D FOR EACH DAY 'S RECOR D THAT IS 
FNTf:REO, HO ¥JEVER, DATA NFF.O r'!!lf rH: ENTERE D ( F THE CO N
CENTPATIC ~ DOES NOT CHANCE OR (F DATA ARE MIS S ING . 
S Ui'PD UTINE CHE f"t iN 'tJ!Ll L l ~!F.ARLY AVER~. G F ALL tv1I SS ING 0 /\T l~ 

J3 E T lrJ F. t: N P 0 H rr S B nUN D I N G T H f r·H S S r N G 0 AT A • 

THE DATA A!lE PASSED TO THE MA£N PFOGR A ~l AS A 2-D Af?.RAY 
IN CGM MCN STO RAG E, CONC(LOCATION, TI ME PER ID Ot 

C A AlANK CA~O IS USFD TO SIGNAL fHF COMPLET I ON OF THE 

c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

DATA FnR A PART ICUL AR CONS Ti fUENT AT A PARTICULAR LOCATION. 

DESCP!PTION OF VAqiAfllES 
CNCP --- CONCENT~~TtONS READ I NTO SUBROUTIN! CHEM lN 
CON C --- CONCENTRAT I ON ARRAY TO BE PASSED TO THE MAIN 

PROGR A~ .. , 
N 0 S t T E - N lJ ~~ !i E R 0 F S I T E S F 0 R. \-l' ~ I C H D AT J\ A R E T 0 BE 

READ F8R THF PARTICUL~R CONS T ITUE NT 
f'.H3 ----- NUt•1 BE:~ OF MClNTH THE S TUQ Y BE G!-\N 
KDB ----- ~\UMBER OF DAY \J-1 ITH!N M8 THAT T HE STU DY REGAN 
NPO ---- NUM~ER OF 2-HO UR Tl~E PE RIOD S WITHIN THE 

STUDY PER IOn 
KMO ---- NUMBER OF THE MONTH FOR \rJ HICH DATA ARE BE ING 

READ IN 

1--J 
\.N 
\.N 



C KCHEt-1 -- THE NUMBER OF THE LOCATION FOP WHICH DATA ARE 
C PRE SENT LY BEING ~EAO AND ARRANGED 
C THE VALUES OF KCHEM AND THEIR CORRESPONDING lOCATIONS ARE: 
C KCH E,._1 = 1 --- SU RF !\CE FLOWS ON 
C f( r: H F t"' = 2 --- SURF ACE F l 0 t1 S 0 F F 
C KCHEM = ~ --- G~OUNDWATfR 
C KOY ---- THE NUMBER nF THE DAY 

KPER ·--- THf: TI~'~E PERtno ~-~ ITH tN THE OAY 
C KPn --·- THC TtMa PERIOD WffHtN THE 2- D ARRAY 
C Kll ---- A COUNTER 
C KPC ---- A COUNTER 
C KBO ---- A COUNTER 
c 
c~••••••*~******~~****'*********•*~~**********•************$************ 
c 

c 

S U B R 0 U T [ N E C H E f\<1 I N ( N 0 S t T E , fv'f~ , K DB , N P D ) 
r o~~nN Q(3,1500) ,C ONC (3,1500l,L MP (l500JtLDP(1500),LPP!l500J 

* L r.1 U { t 2 5 ~ , t Df) f 12 5 ) 
OI~ENSICN KPER(7),CNCP (7), MO (l2) 
DATA MO (l ),M0{2) , Mf) (3), MD(4),M0 (5),M0(6),M0(7),M0(8J,MO(Q), 

* MD{iO),Mnt ll), M0 (12J/31,28,3l,~Ot31,30 ,3 1 ,31, 30f31,30?31 / 

C INITfALIZE 
(, 

c 
c 
c 
c 

KMB=MB 
KPD=l 
DO 1 KPD =ltNPD 
00 1 KCM=1,3 

1 CONC(KCM 1 KPD)=O . 

READ IN THE PROPER LOCATION NUMB~R AND ARRANGE THE 
DATA FOR THAT LOCATION 

DO 40 Kll=l,NOS ITE 
READ(l,lOO) KCHFM 

100 FOR MAT (lXIl) 
10 READ( 1,10l}KMO'~KDY, lKPER(KPC) , CNCP(KPC),KP C=l,7) 

.. ~ 
\)J 

+:-



l-·;,, 

• 
.. , 

•. 

101 FORMAT ( I2, I2,6X, 7( 12, F8.0)) 
c 
C A RLANK CARD SIGNALS END OF DATA FOR A LOCATION 
r, 

TF (K j\I'Q) 40,40,11 
11 NOOAY==O 

IF {~ ~O-KMB)71,71,72 
., 7 2 K i··i 0 1 == K M 0 - 1 

'· 

-, 

c 

DO 70 K MO= K~A,KMOl 

0 NODAY = NOD~Y + MD CK MO ) 
11 NOOAV = NOOA Y + KDY- KOB 

C GIVE THE DATA PROPER SUBSCR[~TS FOR THE PASSI NG 2-0 ARRA Y 
c 

c 

12 00 39 KPC=l,7 
IF(KPER CKP C))lO,lO,lS 

15 K P 01:-:: K. PD 

C CALCULATE THE NUMBER OF DAYS SINCE THE BEGINNING CF THf STUDY 
(. 

c 

KPD =~ NODA YJ*l2 + KPER(KPC? 
CONCtKCHEM,KPO)= CNCPtKPCJ 

C LINEARLY ARRANGE ALL MIS SING DATA BETWEEN BOUND POINTS 
r. 

3 4 N P Z = K P 0- K P 0 1 
IF (NPZ-1)3q,39,35 

35 C!NC~(CONC(KCiiEM,KPO) -CONC (KCHEM:KPOl)l/NPZ 
NPZ=NPZ-1 
00361<f30=l,NPZ 
KBDl=I<RO+KPDl 

36 CONC(KCHEM,KADl)=CON C( KCHEM , KPD l)+(KBO*CINC) 
39 CONTir\UE 

GOTO 10 
40 CONTINUE 

RETURN 
10 REA0(1,10l)KMO,KDY,(KPERCK PCJ,CNCP(KPC),KPC=1,7) 

1-' 
\.N 
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tO! FORMAT ( !2,I2,6X.7(12~F8.0}J 
c 
C A RLANK CARD SIGNALS END OF DATA FOR A LOCATIO~ 
c 

IF (KMO) 40,40,11 
11 NODAY=O 

I F (KMO-KM8)71,71~72 
72 KMOl = KMO - 1 

00 70 KMD=KMB,KMOl 
70 NODAY = NODAY + MD(KMOI 

....... 
\).J 
()) 
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MA IN PROGRA~ 

(*****~*********************** **** ************************************* * 
c 
C MAINPPOGPA~ FOR DETERMIN I NG WATER AND MASS BA LAN CE FOR A 
C TR~CT OF LAND. 
c 
C AREA, ROO T ZO NE C~PACITY, EVAPO TRANSPIRATION DATA, WEIR STAGE OAT~ , 

C ANO CHF~CCAL CCNCENTRATICN DATA A~E CO ~D INEO TO PROVIDE A WATER 
C ~NO MA SS RALhNCf FOR TH E GIV EN aREA . 
r 
C \-JR I~ STAGE CATA A'\.ID CH Et·qCAL CONC ~NTPATICN DA TA ARF. READ IN 
r BY SU~POUT!NES FLOWIN AND CHE ~[N RESPEC TIVELY. 
( 

C 1\ 0 E SC R I P T I C N 0 F T ll E \1 A R I A B L E S U S E f) f S G ! V EN T H R 0 UGH OU T T HE 
C PRO GRAf\1 AND IN THE SUB~O UT INES .. 
( 

C*******~*********************~~*****~** ************~****************~** 
c 

c 

c 

c 
c 
c 
c 
c 

CO M~1N Q{3,1500),CONC (3,1500),L MP (l 500 ),LOP(l 50 0),LPP(l5 00), 
* LMD (125),LO n (l25 ) 

~lM (N5 10~ CROP(5) , FT(l25),Q0(3,125 ) ,S TORE0 (125), DCONC ( 3,125) , 
*f) P ( 1 2 5 ) t C U M ( 3 ) , C H r~ ~~ !~1( 5 ) . 

DATA P R C/~PUNC 1 / 

READ IN THE NUMBER OF CROPS TH ROUGH WHICH THE PROGRAM MUST LOOP 

<--------·---------·-------·---READ DATA------
R E /l, 0 ( 1 , t 0 1 ) N OC P 
DO 999 KOCRP = l,NOCP 

C P E f , 0 I N "l ,\ '1 E 0 F C ~ 0 P F 0 n W H I C H 0 A 1 A A R E E NT E R E D 

~ 
\.}J 
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.' 

.· 

c 
c 

( 

c 
( 

c 

c 
c 
c 
r 
'-· 

c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 

.• 

<---------------------------R EAD O~TA------
~EAOt 1, 100)CROP 

100 FOqt-'1 '\T ( 5 /~4) 

READ IN ~EGINNING AND END ING DATES OF STUDY PERIOD 

<-----------RE~C (l,l 01)MB,KOB,ME , KDF ----------------READ OATA------

101 FGR~AT{4!2) . 

PEAD I N NU~RE R OF ACRE S IN STUD Y AREA, ROCT ZONE CAPACITY,ANn 
AMnUNT 0~ MO ISTURE IN RCCT ZCNE AT THE BFG!NNING OF TtiF STU OY 

T L Ir~ ~ T H f h M 0 UN T 0 F ~~ 0 I S T U R t J. N T H E R 0 (l T Z 0 N E { I N I N C HE S l , S H F N 
GRnU~·!f.HJ t.TFR CO M~1ENf: ES r~nV ING UP Y.J ARO [NTCJ THE ROOT ZOi'·lE 

<-----·----------------------READ OAT~------
RF~D(l ,l J2)A CRES,CAP,STOREO (l),TLIM 

10? FORM~T { l6F5 .0) 

RfAO TN PRINT CCNTROL 
I F T II F F I R S T ~~ 0 R D ON THE P F I NT C CN T RG L B E G I N N I N G I N C 0 l U ~~ N l 
IS ' PU~!CH' THE DEE P PERCOLATION DATA WILL BE PUNCHED OUT 0 1\J 
CARDS AC COR niNG TO FOR"'1AT 214~ ANY OTHEP HO~D IN THE FIRST 
C 0 l U ~1 N S 0 F T H E CAR C W l L t C AU S E THE P RQ G R A~~ T 0 BY P 1\ S S T H i S C P T I C N • 

RE/\D{ l, 103) PRI 
1 C 3 r 0 R ;.-, AT ( t\ 4 ) 

t<PCN=2 
IF ( PRI . EQ .PRC} KPCN=l 

<---------------------------REAO DATA------

CALL Sll BPO!.J TINf HDGE N TO GENERATE OATES fOR T/\f3LE ENTRIFS AND 
T Q CALCULAT~ TH E NUMBER OF DAY S AND 2-HOUR TIME PERIOOS IN 
THF STUDY 

........ 
\.).1 

co 
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c 
c 
c 
c 

c 
r: 
c 

c 

--

CALL HOGEN (~B,KDB,ME , KOf,NOAY,NPD ) 

PFAD TN C/\ILY ET FOR THE CROP 

<- ----- ---------------------READ OATA------
RF~nt t,l Q5) ( ET(KOYl,K OY=l, NDA Y) 

1C5 FORMA T{lAX F5 .3) 

Cf\LL SIIRPfl i.JTI NE FL'J 1,~ IN TO READ IN FLOW 0 /\ T A FRC~ MEASURING OEVICES 

CA~l FLC~IN { MB ,KDO,NPO) 

( WRI T E OUT \ TAR LE OF D[SCHARGFS ORTAINFO FRO~ FLOWIN 
( 

c 
c 
c 

KNT=l 
~<'PDl=O 

nO 13 KPO =l,NPD 
IF(Q{l,KPOJ.EQ.O •• AND.Q{2,~PDl.EQ . O •• AND .Qt3,KPD l .EQ.O.) GOTn l 3 
!F(K NT e E1.1} WR ITE(3,200 )CRG P 
K P f) f.= K P r- K P 0 1 
IF( I<POD .. GT . l.ANO .KNT.GT .. l) Gf'l TfJ 11 
GO T\l 12 

11 WRITE (3,201) 
J<NT= KN T .. l 

1 ? WRITE ( 3 , ~ 0 2) L M P ( K P 0) , l 0 P ( K P f) ) , L P P ( K PD ) , ( C ( J, K P 0) , J = 1 , 3 } 
K.NT=KNT+l 
It= { t< ~J T • G T ~ '• R ) K NT= 1 
KPDl=KPn 

13 CO NTI NUE 

Ch LCULATF VOLU MES OF SURFAC E WATEP IN IN CHES FOR PER I ODS AN D DA YS 

TOT=O. 
f ONV= 1. 9834 7/ACqES 
KO UNT =O 
DO 20 KQ= l,3 
l<DY=l 

!-' 
\.}J 

\..0 
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c 

DO 20 K PO=l, t'-IPD 
Q(KQ ,K PDJ=Q(KQ,KP Dl * CONV 
TOT=TOT+Q {KQ,K PD) 
K CU N T=l\ C U i~ T + 1 
IFl KnU~T . L T.l2)GOT020 

QO(KQ,t<OYl=TOT 
TOT=O. 
KOUNT=O 
KDY=KDY+l 

2 0 C 0 f'l T I N IJ r-

C WRITE OUT RE SULTS OBTAINED ABOVE ALONG WITH CU~ULATIVF TOTALS 
c 

r 
1,. 

00 15 J=l:3 
15 CUM(J)=O. 

C WRITE OUT PERIOD RESULTS 
c 

~<NT = 1 
I<PDl=O 
On2 3 KPD =l,NPO 

.. 

!F{Q(l,KPO) .EQ.O •• ANO.Q(2 9 KPD) . EQ .O •• AND.Q(3,KPOl.EQ.O.)G0 TO 23 
IF.( KNT.EQ .ll ~JRITE(3 ,206} CROP 

c 

KPOD=KPC-KPOl 
IF CKPDD.GT.l.ANO.KNT4GT.ll GOTO 21 
corn 22 

21 ~.JRI Tf: {3,201) 
I<NT=KNT+ l 

22 DO 16 J=l,3 
16 CUM(J)=CUM(J)+Q(J,KPOl 

't~ R I T f ( 3 t 2 0 ·7 } L M P ( K P D } , l 0 P ( K P D ) , l P P ( K P D) , ( Q ( J , K P 0 l , C tH~ ( J ) • J = l , 3 ) 
KPOl=KPO 
{NT =K NT+ 1 
If{KNT.GT~48)KNT=l 

23 CONTINUE 

C WRITE OUT DAILY RESULTS 

......, 
-+==' 
0 

' 



c 

c 
c 

D'l ?5 J-=1,3 
2 5 c u ~q J ) = 0 • 

KNT;;l 
nn 2~ KDY=l,NDAY 
IF(KNT*FQ.l)~RITE(3,208)CROP 
on 26 J= 1, 3 

2 0 CtJM(J)= CUM\J)+QO {J,KOYJ 
K~- T=K NT+l 
\rf R. I T t:: ( 3 , 2 0 9 ) L t-.·1 D (I< 0 Y ) , l D D ( K 0 Y ) , ( Q 0 ! J , K 0 Y ) , C U r~H J ) , J = l ~ 3 l 
IF(K~T.GT.4q}KNT=l 

2A CONTINUf 

C C~LCUL~TE DEEP PERCOLATION LOSSE S AND AMOUNT OF WATER STOR~n 
C IN THF ROOT ZONE FOR EACH DAY 
c 

- c 

DO 30 ,J= l,3 
30 CU1\1(,J)=O. 

DO 35 KOY-=l,NOA Y 
IF(K8Y.EQ.liGOT031 
KX=KOY- l 
STORfC(KO Y)=STOREDtKX)-ET(KOYl 

31 OVFR=STnRfD (K0Y)+QD(3,KOY) 
IF(OVER-CAPl32 ,32 , 33 

3 2 f) P ( I< 0 Y) =0 . 
STnREO(KDY)=OVER 
!~(ST ORFO ( KOY)~GE~TL I M J GO TO 35 

300 OP(KDY)=STOREO{KOY)-TLIM 
STORFI":(KOY )=TLIM 
GO TQ 35 

33 OP!KOY)=O VER-CAP 
STOREC{KDY}=CAP 

35 Cr'NTINUE 

C WRITE OUT THE RFSULTS CALCUL~TED 
c 

t-' 
~ 
t-' 
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KNT=l 
DQ 11() KOY=l,~!DA Y 

I F ( K i· ~ T • E. t~ .. 1 ) I,J R I T E. ( 3 , 2 1 2 J C R 0 P 
( 

C S U ~~ C U "1 U l A T I V E T 0 T 1\ l S A N D \~ R I T F 0 I.J T R F. S \J l T S 
c 

(. 

c 
c 

c 
c 
c 
( 

(' 

c 
c 
( 

c 
r 
( 

c 
c 
c 
c 

C U ~~i ( l } = C !J ~I( i } + Q 0 ( 3 , K D Y ) 
CU~(2)=CU ~(2 )+ ~T(KOY ) 

c u t-~ { 3 } .::: ( 1 J ,v ( 3 } + 0 p ( !< f) y ) 
\r' R I T F ( ?· , 2 1 3 ) L ~1 D { K C Y ) ~ L D D ( K D Y ) , Q 0 ( 3 , K 0 Y 1 v C U f·H 1 ) , F T t K D Y ) , C: U >• { 2 } , 

:.:c 0 P C !< D Y } , C U ~It { 3 ) , <; T CR. E 0 ( K 0 Y ) 
GO TO (37,~8),KPCN 

3 7 ~-1 R I T E ( 2 , 2 1 '+ ) l ~ 0 ( K f) Y ) , L 0 0 { K D Y ) , Q 0 ( 3 , K 0 Y } , C tJ M ( l ) , F T ( K D Y l , C i. J ~~ ( 2 } , 
~~or (KOY) ,CU .'·'\(3) ,STORED(KOY) ,KOY 

?8 I'NT-=:YNT+t 
IFIKNT.GTa4B)KNT=l 

40 CONTINUE 

T H E F l 0 1-J 0 l\ T 1\ 1\ P E C 0 ~-1f3 r N E 0 Vl I T H C C N S T I T U f NT C 0 N C F NT R l~ T 1 0 f J S T 0 
C A l C U l A T E T HE f'-1 !\ S S B A L lx N C E F 0 R [ A C H C 0 N S T I T U F. NT 

1\i\1 ENO OF RffOP.O CARD DES I GNA T£S THE f-ND OF ALL CHfM ICAL 
DATA FrR t\ CROP 

nr PO KA~l=l tl OO 

R F. AD I N f\l U '-1{3 E R 0 F SA M P l I N G S 1 T E S AN 0 C H f M I CAl N A ~1 E P R. l 0 P T fJ D f.\ T A 
ENTEREG FnR EACH CONSTITUENT 
N 0 S 1 T F = Nl J.'·H~ E R IJ F S I T E S F 0 P ~.J H l C H 0 ~ T A A P E EN T E R [ 0 

IF NClS I TE· = 2, DATA f\RE ENTE~.ED ONLY FOR S URFA CE FLOWS ON AND OFF 
IF Nn<;ITF = 3, Df\TA ARE Ef~TERFO BO TH FOR SUR FACE FLO WS ANO DP 
I r- "! Q S f T F = 1 , 0 AT A A R E [ N T E R F 0 0 N l Y F C R 0 P AN 0 U T I L I Z F. THE 

SURFACE FL00 OATA EN TERED I MMfniA TfLY 
PRf:CEEDING TH!)(lUGt ·: SU PROU T! NE CHfM I N 

K S 0 T = f1 F P T H F R 0 M ~~ H I C H 0 F E P P r.: ~~ C (J l A T I 0 N S A r~ P L E: S 'tJ E R E 0 R T i\ I N f D 

i--' 
..;:: 
f\) 

\ 



• 

C AY USING THE QDTION OF NO S ITE = l t DP CONCENTRATION S FR(~ M VARIOUS 
C OEPTHS C~N BE ENTEREO TO DETERMINE THE INFLUENCE AT EACH DEPTH . 
c 
C <-- - ------------------------READ DATA------

c 

READ (l,l06, END=81) NOSITE,KSDT 9 CHMNM 
106 FORM~T{Il,I2,5A4) 

C C A l L S U p, R 0 U T I N F C H E ~·~ I N T n I N rUT T HE C 0 N S T [ T U E N T C 0 N C EN T R 1\ T I (1 N f) A T A 
c 

C A ll C t l E ~~ I N { N 0 S I T F , f. I B , K f) 8 , N P D ) 
c . 
C fALC ULATf CC NST!TUFNT VALU ES IN PCUNOS / ACRE FOR EACH T ~~'E PERIOD ANO 
C FACH D.AY 
c 

c 

I F { ~ J 0 S J T F. .. E Q • 1 ) G 0 T 0 6 0 
DO l~3 .. 1~1,3 

l~ 3 c u ~' ( J ) = 0 • 
0 0 ft 5 l< ::: l , 2 
K.OY=l 
K~T=O 

D 0 '~ S "-' P f) = 1 , N P D 
C 0 ~-: C ( K , I< P 0 } = C 0 N C ( K t K P 0 ) ':~ Q { K , K P 0 ) *-0 " 2 2 6 5 1 2 
CUM { K ) = C U tJ ( K ) + Cn N C ( K. , K P 0 ) 
KNT=I<.NT+l 
IF(KNT.LT.l2)GO TO 4 5 
D~CNCCK,KQY):CUM(K) 

t\ f) Y == K 0 Y + 1 
c u r-~ c K > = o • 
KNT=O 

45 CONT I~UE 

C OUTPUT PF SULTS OBTA I NED FOR DA YS AND PERIODS 
c 
C t.JR ITF OUT PERIOD RE S ULT S 
c 

KPDl=O 

~ 
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c 

c 
c 
c 
c 

f 
c 
c 

c 

DO 46 J=l 9 3 
4 () c u ~ ( J ) = 0 • 

KNT=l 
DO 50 KPO=l,NPO 

.. 

I F ( c 0 ~I ( ( l ? I< p D ) • I: Q • 0 •• AN 0 • c 0 f\l c { 2 ' K p D ) • E Q • 0 • ) G 0 T 0 5 0 
TF (KNT.EQ.l)HRITF(3,220) CROP,CHMNf..., 

K pn n = K. f' C- K PIl l 
IF!Krno.Gr.l.AN9.KNT.GT.l) GOTU 47 
r;nrr 48 

'~ , h' R r r E { -1 , 2 o 1 ) 
~. NT=IO·I T + 1 

~ R CiJ~·\( l) =C 'J.v ( 1) +CnNC ( l, KPO) 
I, !J ;·.• ( ?. ) = C U F ( ? } + C rJ N C ( 2 ~ K P 0 ) 
v-1 R 1 ·r f ( 5 , ~ 2 l i l f" P ( K P 0 ) , L 0 P ( K P [l ) ~· L P P ( K P D j , ( C 0 N C ( J , K P D ) , C U ~.q -i ) , J ~ 1 ., 2 ) 
I<.NT=KNT+ l 
IF{KNToGf.48} K~T=l 

KP Ol=KPD 
'30 CO NTlt.!UE 

f) F T r- R t q ~ ~ [ :~n-1 t C H F G R M t\ T UN 0 E R ~-J I l C H T 0 W R I T E 0 U T D A I l Y V A l U C S 
CON T P 0 t l E C BY WHETHER OR N 0 T Dr> 0 l\ T A APE EN T £ R E 0 

lF( NO SITE.EQ.3~0R.NUSlT E. EQo l ) GQ TO 60 

~iRIT[ PUT rJAILY RESULT S FCR NO OP DA T A If, CLUD EO 

no 51 J=t , 3 
51 C Ut-1 ( J ) = 0 . 

KNT=l 
DO 55 KDY=1.,NDAY 
IFCKNT.EQ.l)WRITE (3,22~)C R O P ,CHMNM 

CU~ ( l) = CUM(l) •OC ONC (l, KO Y) 

C U ~1 ( 2 ) = C I.JrJ ( 2 ) +DC 0 NC ( 2, K 0 Y ) 
vJ P. I T E ( 3 , 2 2 6 ) L MD ( K D Y ) , l D 0 ( K 0 Y ) , { DC 0 N C ( J , K 0 Y ) , CU M t J ) , J = 1 , 2 ) 
KNT=KNT+ l 
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I f ( !<' ~·: 1 • r. T .., 4 3 ) !<. N T = 1 
SS COtJT r ~<U[ 

GO T·J BO 
c 
C OIJT :\I N f:AII Y AVERAGES FOR DEEP PERCOLATICN CON CENTRATIONS l\ ~0 
C C 0 ,_., P U T E [) A I L Y V .~LUE S l 0 S T T 0 D P 
c 

c 

60 TDP=O • 
K!J Y=l 
K T= 12 
01 6~ KPD=l,\JP r) 
iP =T OP~CONC(3,KPO) 

Ic {KPC.LT . KT)GO TO 62 
DCO~Ct3,KD Y) =TDP / l2 . 

DC n~:C ( 1, KOY) =DC 0 I\IC ( 3, K n Y ) * 0 P ( K n Y) ~:co. 2 2 6 512 
f{KUY.GE.NDAY )G OT06 S 

.. D v:: '< n Y + 1 
K T-::K T-..12 
TOP=O..., 

n 2 c o i\J r r ~.;~. J t= 
6S c nr·<TT r\uE 

C t,.J R ! T f 'l U T r) A I L Y R E S Ul T S F 0 P.. I N C L U 0 E 0 D P 0 AT A 
c 

c 
c 
c 

KNT=l 
no 6n J=l,3 

66 CU ~ (J)=O. 

DO 70 KD Y=l,NDAY 
IF (K ~T.FQ.l)WR [TE(3,230) CROP,CHMNM,KSDT 
on 6q J=l,3 

68 CU~(J)=CUM(J) •DCONC(J,KDY) 

WRITE nuT RE SULTS 

F< T T E ( 3, 2 31 ) l. M 0 ( K DY } , L DO ( K CY ) , { DCO~~ C ( J, K DY) , C U ~H J ) , J = 1, 3) 
K 1'\T =!< NT+ 1 
! F { K~T.GT .48)KNT=l 

......., 

+:
\51 
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70 CO NTTN UF 
[1 0 C n t·: r I N U F 
8t CntJTI~lUE 

1 5 0 F 0 p ~1 t.. T { I 2 ) 

.. 

C FORMAT CARDS FOR PRIN TOUT 
c 

20 0 FORrAT( 'i'/1/tnx ,•cPnP: 
~ CFS 1 ,//llX 9 DATE PFR IOD 
-;:: '+' <-~X,4l·(' _~)/) 

0 1 f 0 f.J' l\ T { 1 C X ) 

• ,5 A4,//lOX, 9 TABLF OF FLOW RAT ES GIV EN TN 
Q ON Q UFF Q APPLIFD 9 / 

2 0 2 FuR ',1 :~ T ( 1 t) X J\ 3, 1 X 1 2, 3 X I 2, 5 X F 6. 3, 2 ·( t, X F 6. 3 } } 
2 0 r) F 0 P ~.~ .'\ T ( • l ' I I / 5 X ' C P. n P ~ ' , 5 t\ ~ I/ ~-; x 1 P E R I 0 0 1\ N 0 C l J ~ tJ LA T I V F. T 0 T /4 l. V n L U r· 

* E' 
f.( S (1 F S U R F 1\ C r WI\ T F P G I V r N I N I ~·J C H 1? S ' I 16 X 1 D l\ T E P r R 'I 0 D W t, T f. R 0 N • 
~~ , 1 J X , ' \-' .6. T E P n F F ' , 7 X , ' ~! AT E R /'. P P l I F. 0 ' I 1 5 X , ~ ( 5 X 1 P E P. 1 0 D T 0 r l\ L t ) ! 
):c 0 + 11-+ Xt68{ '-' ) / } 

2 0 7 r- 0 P. M t. T { 5 '< f'l 3 , t X I 2 , J X l 2 , 3 { 3 X F 7 ., 3 ~ 2 X F 7 .. 3 ) ) 
? 0 R r- DR ' ~ 1\ T ( ~ l 1 II I 5 X 1 C R C P ' , 5 f\ 4, I I ~) X : D :\ 1 L Y /', N 0 C lH·l U l AT I V F T 0 T !\ t Vn L U r-1 E 

* S 0 F S tJ P F /1 C r H t .. T E R G I V E ~J I N I ~~ C H r S ' I I 9 X • D 1\ Y ' , 11 X , ' H A T F.~ 0 "-J ' , 1 1 X , 
~:~'wt. TER OFF' , PX, ' Ht.\TF R APPL I ED' /l'1 X,3( 6X'DAILY ' ,JX,'TOTt\L• )./ 
~< ' + ' , 6.X , (; 7 ( • _ • ) I ) 

2 C (I F 0 P f.} t~ T ( 8 X 6 3 , 1 X I 2, 2 X, 3 ( 3 X F 7 e 3 , 2 X F 7 . 3 ) ) 
212 FORtV· T( 1 l 1 ///5X'CR(lP: '.,5Atr ,//5 X1 lNCHFS OF \-lATER 1\PPLIED, LGST TO 

*',!.X, 
*EVAPJTRA~SPIRAT JGN, LOST TO OFEP '/5X 1 P~RCdlATICN, AND STORED TN TH 
(=E PrtJT ZCNF:'/I'+X'0t\Y vl/\T[R /\PPL iE D HATFR TO ET ',Jf\T cR 
*TO DP WA TFR I N1 /9X,3(4X'OAILY TOTAL 1 ),4X'ROOT ZCN E' I'•' 
t.~ 2 X , 7 0 ( ~ _ 4 ) I } 

213 FO~ ~ A T 13XA3,1 XT2,1X,3(1XF7.3,2XF7e3),6XF4 .2) 
2 14 FORMA T (\ 3,1XI2,3(1XF7 .3,2XF7~3},3XF4.2,3Xl3) 

2 7 0 F G F' ~ ~ 1\ T { ' 1 1 I I I 6 X • C ~~ 0 P : !) , 5 A '• , T 3 0 , ' C 0 N S T r T U F N T : ' , 5 A '+ , I I 5 X • P F R l n 0 
* 1\ N 0 C U ~} U L A T I V E T () T .. \ L t\ f·1 r U 1\1 r S G F C ll ~ J S T I T U F N T A P P L l E 0 ' I 5 X ' l\ N 0 L 0 S T T 
':< H H C UG H S U R F t. C [ F l Cl ~-./ S E X P P. E S SF 0 I N P 0 U ~ ~ 0 S P E R A C R E ' I I 6 X ' fl l~ T F P f: q I 0 
*0', 7 X.,'Cf:NSTfTU~iJT 0~!•,6X,'CCli\ST£TUFN T 0Ff '/20X,2( SX'P ER £!l0 TnT 
;;: l<:-. L ' ) I ' + ' , 4 X , S 6 { ' _ ' ) I ) 

2 1 FOf7 \1 f\T { '1XA'3 , 1Xl?,1Xi2,5X,4(?XF13@'1 }) 

r-' 
+:
()) 
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2 2 s FoR ·~A r c ~ l ' 1 1 1 5 x • c R n P : • , 5 ,\ 4 , r ] o ., ' c oN s T ! T u E ~J r : ' , 5 A 4 , 1 1 5 x • o L'\ 1 t Y A 
~::r-to l.tlf-'t~l<'\Tii/f TfJT1\L ,~t-1 ()tJ~~TS 0F CJNSTITUENT AP PLIED*/5X~/\Nn LOST TH 
:::~ R. n U \. li S L ° F ii C F F L 0 W S c X P R E S S f. D : N P C lJ N D S P f R A C R F.: a I I Q X 1 D..'\ T f ~ .. T ~ I; ;; 

~~ ~ C G ~ ~ S f T T : J r NT 0 !\l '1 , 6 X T 11 (. ( 1 N S T I T I 1 ~: r 4 T n F F 1 I 1 g X , 2 ( 5 X ' 0 f, I L Y T 0 T A L t 3 J 

(: ~+' ,-rx.,s ~~c '-' l/l 
226 f0 PM AT(8X,A3,1XI2,5X,4 ( 2XFA.3) l 
230 FO~~AT(~l~///5X'CROP : • ,5A 4 ,T30,'CONSTITUENT : ', 5A4 ,/ /5X~O~ILY A 

.:-:~ ~; 0 C U ~'-~ U l t\ T I V F T n T A L t\ t·1 0 U N T S 0 r: C C)~~ S T I T U E NT A P P L I E D ~ N D l 0 S T t I :' X 
:~ ~ T H r~ (l U C. H S lJ r) ~ A C E F l8 \\ S t~ N D D != r P P E R C G L J\ T I 0 ~ E X P R E S S [ D rr-.i ?-' 0 U ;· ! n ~ P [ 
;;.~~ t. cr~['// 6X • nATE CONST ITUENT ON CONSTITUENT OFF COr-l 
~~ S T I T U E N T 1 D D P ! I 5 5 X ' ( ' , I 2 , ' - f T S 1\ ;·~ P L I N G 0 E P T H ) • I 
~:~ · 1 5 x , 3 c 6 x ' n A I L Y T n r At ' l 1 ' + • , 1 x , 6 s < ' _ • l 1 , 

.31 fQR~AT(AXA3,1XI2,2X,3 ( 2XF8 . 3,1XF~ e 3) ) 
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SUBROUTINE CHEMIN 

( 

( * t. . * ..;~ :{: >:C * t ~!< ~~ )!t ::·. * * ~~ ;;: ~: * * '1.{ "!.~ ~' * * * ~C :(-: t,:. >';; f.<* * ~· ~:: * t.; -J.r i,~ * ~~ * * ~~ ;-; . .>;:: * f.~ * * ~;: * t,:: ~:< * ~:c :!< :({ 'f,c :: · 'fT. ~" :(~ :~ :f,: ~~ ,;· >:~ ~~ * * ~' 

r 
(. 

c 
c 
r. 
(' 

c 
c 
c 
c 
r: 
c 
c 
c 
c 
c 
c 
c 
c 
r 
c 
(, 

[ 

c 
c 
c 
c 
c 
c 

SU~? Pr.tJTI~'E Cll[~·l!N r.E .~DS T HF. CCH! CF~tTP.t-, TJ(l~l OF A CHEf-1lC/\L 
C rJ i·' S T I 1 U f.: r·-n· r (1 P S P E C I F T F 0 T P•1 F I ~J C R ( ~), r N T S 1\ S C1 U T l l N F D 
IN THf ~~[N PPCGRA~ . 

0 \lf: ( /'. ;~ D :-.1 US T P. £. U ~ F I) F 8 ~ f. A C H 0 .~ Y' S R fCC R 0 THAT I S 
FNTFR.t=n, 1-'CH·:E VEP, D:\TA f\~EED t· ~O l Rf: FNT FRFO IF THE CON
CENfi7!\Tirr.; r.:JFS NOT Cil!d\'Cf: ClH If' DAT1\ td-~.f f·11SS !NG. 
SU8!i\HJTH·H: ('H[I·\Ii~ ~JTLt Lli\Jft~rt.y t•VE~A.Gf All NISSING OAT/\ 
R E T ~~ [ f i·J P C T N f S B ll UN D I N G T H E ~,q S S IN G D ,l\ T A • 

THE n~TA A~E PASS~D TO THF MAl~ PROGRAM AS A 2-D ARRA Y 
I N C n rv~ i''; n '\l 'S T 0 P. fJ,; [ , C 0 ~ : C ( l G C t \ T I r N , T l r"l E P E R. 1 0 D ) 

A nt /'r!K ( /!Q r: iS U~ ED TO S I CN/\L Tl i[ C0~1PL FT tON i1F T~1E 

0 A T /'. F C' R A P A f~ T f C ll L f:.. F C n f\; S T I T U F NT ~'\ T t, P A R T I C U l A P l 0 C AT I 0 N • 

nFSCPIPTICN OF VARIA 3L~S 

CNC:P --- CONCE~·JTI1t.,T[C1NS P.t-.At; tr-.1Tt 1 SU~PnUTI~JE CH F.M [N 
: 0 NC - -- C C' r··J C t N T R 1\ T 1 n N /l f<. R 1\ Y T 0 n F. P t, S S t: 0 T 0 T H f ~~ f\ t N 

PR (l G R t\r· 
N n S T T E - N I J r-1 r' E R n F S 1 T E S F 0 R \-! H I C H 0 AT A A R E T 0 P, f 

RFAD FOR THF. P/\RTICULAR. CON STITUENT 
~1R ----- f\U t,1B f R Of ~10N TH THE S T UO Y P, EGAN 
KOR ---- NU~iB[R OF D•\ Y 'r!ITH!N ~P. TH/\T THE STUDY nF.GAN 
,\!PD ---- i\Urv1Bt=F OF 2-HOUR TIME PeRIODS WITHIN THE 

STUDY PERIOD 
KMO ---- NtJt.',£1 E R nF THE t~O N TH FOR WH T CH OAT A ARE P. E! NG 

PF.An IN 

• 

t-J 
~ 
co 
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KCHF~~ -- Tllr.: "HJ-,P1ER OF THE LCCA TICN FOP v.:H ICH DATA APE 
P R[~ [NTLY BEING RFAO AND ARRA~GED 

THF V/'.LUF.S Of- I<.CH[~-1 l\ND THEIR CORRESPONDING LOCATIO NS AR.F : 
K C H [ M ::: 1 --- S I} R F .6. C [ F l n ltJ S r. N 
KCH r~1 = 2 - - - SI.JRFf,CF Fl.C'tJS nFF
( C H F M ~ ~ ---- G ,.>- r; U f\J D \-1 A 1 C R 
!\DY ---
KP ER - ·-
!<pI) 

f<.ll 
!~PC 

I< c n 

THE I',' U'-1'lER OF rHE Ol\Y 
T H [ T I "1 F P E R. I CD W I T I · I ~~ T H F 
THE rr r·1E PEF'IOO WIT HIN THE 
A Cf!U:'\:T[ R 

" co u :'J r F ~ 
f1 COUNT'::R 

DAY 
2-0 APRAY 

( Y,' .\= * * 1.~ :!: ~c ::(: ;;~: ~:~ .:, ': : * * ~' ~c -,;, ; , :t,'< :f.c ~ ~ * ':~ '!t t,: * j,: >':: 1,' l(t ~:--* Y,t ;:!c ~ * * 1;: ~':'. * ~:c * * ~; : ~: * "(t * :tf ):C * 1,c 1.~ :¢: Y,< ;;~ :(c ,:( ~- ·~ · ~~ * -1; ,;_: '{· ~:: :;c ~ 1.: ~· 

c 

( 

r: 

( 

c 
c 
c 

S Up. ;~ n lJ T t N F: C H ~ ~ f i'~ { N rJ S I T F , i"' P t I< n B , N P [) ) 
( o \,: r "j '-! G t 3 01 1 ':> o o ) , c n N c t 1 , 15 o o } ., !.J~ o { l so o ) , L o o < 1 5o o > , L P P < 1 5 o o > , 

* l rA () ! l 2 ') } r L D f.! ( l2 S ) 
D I :··1 r N S r 1. i N I< P F r~ { 7 ) , C N C P { -, ) t f\!1 0 ( 1 2 ) 
p 1\ T /l ~1 l' ( 1 ) , t~~ o t 2 ~ , A.., n ( 3 > , r·~ c ( 4 > , ~-1 u ~ 5 ) , n f' ( 6 ) , rA o < 7 ) , ~·f) ( B ) , M :1 t q t , 

* i· ~ D ( 1 J i , ~} i) ( 11 ) ,. 1\.111 ( 12 ) I 31 , 2 B , 3 1 9 l 0, 3 1 , 3 0 , 3 1 , 3 1 , 30 , 31 , 3 0, ~~ l/ 

INITli\LTZE 

M r3-= }.1J~ 
KPD =l 
IF(Nn~ITF.EQ.l) GO TO 5 
00 1 KPD ·=l,NPO 
on 1 KC M=l,3 

1 rn~C (KCM,KPD)=O. 
~OTfl 8 

5 no 2 Kno =l,NP~ 

2 CONC(3,KPO) =0. 

RF/\0 IN THE PROPFR LrtCATICN NU~4f3 Eg l\ND APRANGE THE 
OAT!\ FOR Tl ll\T LOC ,;\TlON 

t-' 
.p-
\.0 
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( 

c 
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c 

r~\. 

8 Dn 40 Vll =l,NOSI TE 

R [ 1\ n { 1 ~ l 0 C ) K C H[ !·, 
100 FORi~ :\T{Ill 

<------ ----------------------? E /'.) 11 :\ T ,. ------

<-·---------·-----------------R E l\n Dt~ T A------
10 

101 
R [ C. r ( l , 1 ll } !<. ~~ rJ , K flY , ( K P F R ( K PC } , C N C P { K PC ) , K PC = 1 , 7 ) 
n P ~.~ A. T ( f 2 ~ T 2 , h X r 7 ( I 2 , F R • 0 ) ) 

:ll /H-!1< C /~ f-U: S £ Gr·JA L S F. t~D 0 F Ot\ T t\ FC'R A L C CAT I 0\! 

I r ( K ~~ 0 ) 't 1J, '• 0, 1 1 
11 ~1nn /, Y= t) 

IF lK~G-KWU)71,71 ,72 

72 vnn1 = 1<~-1c - 1 
GO 70 ~~n=Kr~ ,K ~Ol 

70 ~OO~Y = ~ODAY + MG (K ~O ) 

7 1 t ! n 0 /~ Y = N CD f, Y t- K D Y- K 0 R 

GIVE THF DAT t\ PRClPFR SUG~ CRIPT S f-OP THE PASSING 2-D 1\RR/\Y 

12 no l° KPC =l ,7 
I r· ( K PET <:<PC l ) 1 0, 1 0., 15 

15 KPDl:Ki')O 

C A L C U l A T F- T H F N U ~-1 t3 E P. 0 F 0 A Y S S I N C E T HE R F G I N N I \1 G 0 F THE <; T U D Y 

KPO =(NGSAY}*l2 + VPER(YPC) 
~ONC{I< C ~ 1 r:~ ,Y..PO)= C NC P(KPC) 

C LINFAPLY ARRtNGE All MISSI NG DAf A BET WFE N BOUND POINTS 
c 

3't I'JPZ=!<PC-K PDl 

t-' 
'v'1 
0 
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IF (NPZ- 1}30~39, 1 5 

J~ CINC= (frNC{KCHE~,K 0D )-CnN C(KCHEM ,KPD1))/N PZ 
NPZ=NPZ-1 
0 C' 3 hI< P. ~) .-.:: l , N P l 
K n n 1 = K R fJ ·t i·· P D 1 

~- 6 C 0 f\J ( ( K C H F f·1 , f< P D 1 ) ::: C r: N C. ( K f r l f ~-1 , !< P 0 1 ) + ( K B 0 t.' C I N C ) 
? o CGN TtNl!E 

G[)TO 10 
4 0 C n NT I t,J U E 

RETURN 
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\ .n 
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SUBRO UTINE FLOWI N 

c 
(**¢*********** *** *********~****~********$*************~*****~ *~ ~*~*~*** 
(. 

r: s :.J l3ROUT it·~E FLO'·J!N REl\D ~ THE STAt;E FOR SP ECIFIED TitJ!E 
C ! t-~C:RE I'1~NTS AS OUTL I NED IN THF. !.1A TN PROGRAt4 AND (rJ HPUTFS 
C THE OISCH~RG~ FOR THE PRO PER WEIR , 
c 
c 
c 
c 
c 
c 
.~ ,, 
c 
c 

c 
c 
c: 
c 
c 
c 
r 
~; 

t.~ 
c 
c 
f. 
c 
c 
c 
c 
r. 
c 

i F T H E D I S C H :. P G E I S T n B E R E t, D I N D 1 R E C T l Y , A 1 l 0 J S P ll~ C E D 
IN COLIJM~ 5 OF THE S PEC. IFr ED ;)!\TA CARD. 

ON[ C ARO rJi l iST BE USED FOR EACH DAY'S RECO RD THAT IS ENT (RED -, 
H [J i.< FV F R , ~,J 1J C .t\ T J\ N E F. 0 B E EN T E R E D I F THE S TAG E 0 R 0 I S C H A F G E 
nr;;:s f'!OT CJJ :\N GE FOR l\ PE RIOD GF TIME RANGiNG FR0\1 SEVF Rl~l. 
2 - HCUR T!~ ·iE PFRIDD S UP TO SE\fERr.,L HEEKS. SUBROUTJNE Ftr.n,:IN 
HP .. L L t::\E'\PLY !\'/c ·o\f; E ;\ ll ~it S ) l NG O.t\TA OET '.!IIEEN THF T \•l L 
P0tNTS onuNO!N G fHE MISSfNG 0&TA G 

SUOR OU TINE FLOWIN CALCULATES T~~EE DISCHARGE RATES 
FOR EACH TtME PERIOD, 0-0N, Q-OFF , AND Q-APPLIEO. 

THE D AT .t\ A R. E P A S S;:: 0 T 0 T H E ~4 A I N P R 0 G R f\ M AS A 2- 0 A R R A Y , 
IN CO Mr~n~ STOR/\(,E Q{LOCATIQN,TI~~ E PERIOD). 

A BLANK CARD 13 US ED TO SIGNAL T~E COMPLETION OF DATA FOR A WEIR. 

DESCRIPTIC~ OF VAR IABLES 
NWt=IP. -- fHP-~!3 ER OF DIFFERENT WEIRS FOR i4HICH DATA ARE 

TO B f: READ IN 
0----- -- OISCHARGE ARRAY TO BE PASSED TO THE MAIN PROGRA~ 

OH ----~ OJSCH~RGE OR STAGE DATA READ INTO FLOWlN 
K H E I R -- THE N lJ'"1 C E R n F THE HE Y q F 0 R W H I C H DATA A R E 

f'I(F:SENT LY Rf:.: .6.D ANO CO :~ RECT DiSCHA~ GE co·-~D UTED 

K f~ln ---- NU:·1 r.l ER OF THE t•10NT~~ 

f-.1 
\J1 
!\) 

\ 
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c i<DP· ---- NtH·H1ER OF THE OAY WITHIN THE MONTH THAT 
r. THr.: STUDY BEGAN 
c ~~ B -----· t\lHH1ER OF THE MONTH THE STU DY REGAN 
c N?O --~-- f\:U:~j ; F0 OF ?- HOUR TI fH: PER !ODS I N THE STUDY 
c Ci\LCULATC:O IN Suf'IROUT INE HDGE~-! 

c KPD ---- .!HE TI ·'·H= PER Inn \! ITHI N TH J: Q- ARRAY 
c KDY ---- THE NlP·1 f'ER OF THE OAY 
c KPfR --- THF: TH1F. p[qiQO HITHIN THE DAY 
c KPD - - -- TH[ TIME PERinO tJTTHTN THE 2- D ARRA Y 
c K~~F --·-- RRANCH CONTRCL FOR THE PRnPER \.JEIR FDRi~lJL A 

c Vf\LUES nF K~·J F A~~O THE CORRF. SPONOI NG \.JF. I R 
c 1 -- 2 FnOT CIPPOLL~TTI 
r 2 -- 3 FOOT CIPPP-llETTI 
c 3 -- 2 FOOT CONTRACTFO REC TANGULAR 
c '+ -- 6 f NC H P A rz S 1; lli_ L r L U r·1 r: 
c 5 - - 2 FOOT SUPPRESSE O TRAPEZO IDAL WITH 1:1 SIDE SLOPFS 
c Kll ---- A COUNTER 
c KBD ---- A COUNTFR 
r 
(******~***********~**~**~*******~***~******** ************ ******~******~ 
c 

c 

SUAROUTINE FLOWIN ( M8 , KDB~NPD1 
: f1 ~H1 Cft.,t 0 { 3 , 1 5 0 0 ) , C fl N C ( 3 , 1 5 0 0 ) , l t·i P t 1 50 0 ) , l 0 P ( 1 50 0 l , l P P ( 1 5 0 0 ) , 

~LMD(125),L00fl25J 

DIMENSICN KPFR(7),QH( 7), M0 (12) 
OATA MD I 'l,28 ,31,30,31,30,31,31,30,31t30,31/ 

C INITIALIZF 
c 

c 
c 

N~!f IR=2 
K t·1£\::. ~1A 
KPO=l 
On 1 KZ=l, NP O 
DO l KO = 1,3 

1 Q{KQ,KZ):Q .., 

READ I N TH E PROPER WEIR NUMB ER, ANO REAO AND APRANGE 

1--J 
\J1 
\.N 
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C THE OATA FOR THAT WEIR • 
f. 

c 

DO 40 KLl=l,NvJEIR 
5 READ (l,tOO)K~FIR,KWF 

00 FOfH41\T {2[1} 
1 0 P E A 0 ( 1 , 1 0 1 ) K t·i 0 , K 0 Y , K D I R , ( K P E R ( K PC ) , Q H ( K PC ) , K PC = l , 7 ) 

101 FORF-1tlT (2 1 2, I1,5X,7t I?.,F8.0 )) 

C 1\ £3LANK C/\RO SI GNAL S THf F~JD OF n ATA FnR A P ARTICULAR wr= I R 
r .... 

I F ( !( ! 'n ) 4 0 , 4 0 , 1 1 
C Cl\lCUL~TE THE NUivi0ER OF DAYS SI.NCE THE BEGINNING OF THE ST UD Y 

c 
c 

11 NOOAY-=0 
IF{K ~C nlE9KMB} GOTO 71 

1 2 K r-1 o 1 = ~< r-10- 1 
00 70 K~D=KMB,KMQl 

7 o r~ n n .'\ v = i'·~ on ;i.. Y + no ( K N D l 
71 NGOAY = NCOAY + KOV - KOA 

C GIVE THE DATA PROPfR SUBSCRIPTS FOR THE PASSING 2-0 ARRAY 
c 

2 DO 39 KPC=l ,7 
IF (Kr>ERfKPC:)) 10,10 , 15 

15 KPOl = KPO 
K P 0 = {f ~ 0 0 A Y ) * 1 2 i· K P ER { K PC ) 

c 
C BRANCH TO THE PROPER WEIR FORMUlA 
c 

IF (KOIR)30~16,30 

16 GOTO (2lt22,23,24, 2 5~26),KW F 

21 Q{ KWE IP,KPO ) = 6.74* ( QHtKPCJ** l.5) 
GO TO 14 

22 QCKWEIP,KPO) = 10.ll * (QH(KPC)** l.5) 
GO TO 34 

23 Q(KWEIP , KPO ) = 3.33*(2e -O n2*QH ( KPC) )* ( QH(KPC)** l. 5 ) 
GO Tn 34 

~ 
\J1 
-P' 
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c 

• 

2 it Q ~ f< \-IE I R , K P D ) = 2 • 0 6 * ( Q H t K PC ) * * 1 • 58 l 
GO TO 3't 

2 5 Q t K t! E I R , I< PO ) -= 8 ., 7 * f QH ( K? C ) * * 1 • 9 ) 
GO TO 3't 

2 6 Q( KWEIR,KPO } = 2.0 6 ~ ( QH ~ KPC) **l.58)/.52189 

GCTU 34 
30 Q(KWEIR,KPO ) = QH(KPC) 

C LI NEARLY ARR ANGE All MISSING DATA BETWEEN BOUND POf NT S 
r: 

c 

34 NPZ=KPfl-K DOl 
IF (NPZ-1) 39, 39,35 

35 Qf~(= (Q lKW E!R,KPO)-Q(KWEIR,KPOl)) / NPZ 

NPZ=NPZ- 1 
IJO 36 l<nn= 1, NP l 
KBD l-=KP Dl +KBO 

3 6 Q f K \I c T R r K B 0 l ; = (J ( K WE I R v K P D l ) + K B 0* Q I NC 
3 '·1 CCNTINUE 

GrJTO 10 
40 CONTINUE 

C CALC ULATE THE PROPER FL OW RATE FOR THE PROPER LOCATION 
c 

42 DO 45 KP D=l~NPD 

45 Q(3,KPDJ= Q(l,KPO} - Qf2,K PO) 
50 CONTINUE 

RETURN 
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MAIN PROG RAM FOR DETERMINING MA SS BAlANCE FOR A SETTLING POND 

C MAIN PROGRAM FOR DETERMINING MASS BALANCE ON SETTLI NG POND 

c 
c 

c 
c 

CO ~MO N Q(3,1500) ,C ONCC3 , 1500),LMP(l500l, LOP(l 500) ,L PP( 1500), 
*LMO( 12 5) ,l00(1 25) 

DIMENSICN CRnPt5),QDC3.125),0CONCt3 , 125J ,CU M(3 J ,CH MNM{5 ) 

C READ IN THE NUMBER OF CR OP S THRJUGH WHICH THE PROGRAM MUST LOOP 
c 

P.EA D {1~ 101) NOC P 
00 tO KOfR?=lvNOC P 

C REAO IN ~AME OF CPOP FOR WH I CH DATA APE ENTERED 
c 

,.. 
\,, 

f.'[AD(l ,lOOlCROP 
l 0 0 F 0 R r-1 1\. T { 5 .f\ 4-) 

C READ .N BEGINNING AND ENDING DATES OF STUDY PERIOD 
c 

c 

PE AD (l,l0l)M~ 9KOB,ME,KDE 

101 FORMAT (4 I2 i 

C READ IN NUMBER OF ACRES IN STUDY AREA 
c 

c 
c 
c 
c 
f. 

c 

PE,~D( 1, l02)A CRE S 
1 0 2 F 0 P r.~ 1\ T ( f 5 ,., 0 ) 

CAL l SUBROUTiNE HDGFN TO GENERATE DATES FOR TABLE fN TRTfS ANO 
TO CALCULATE THF NU MBER OF DAYS AND 2-HO UR TIME PER i nOS IN 
THE STUDY 

CnLL ~~GCN (MB,KOB,ME,KOF,NOAY ?NPO) 
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c 
CALL SU BROUTINE FLOWIN TO REA D IN FLOW DtTA FROM M(ASURtNG DEVICES 

r 
\, 

CALL FLOWfN t M9,KOB,N? OJ 
c 
C WRITE OUT A TABLE OF DISCHARGES OBTAtNEO FROM FLCWIN 
c 

KNT:::l 
KPD l= 0 
00 13 KPO=l:NPD 
! F(G{ l,K 0 0>$EO.O •• ANO.Q(2,KPO).EQ.O ) GO TO 13 
IF(K~T.EQ ~ l) WRITE{3,200)CRQP 

200 FORMAT('l:/1/lOX,'CPOP : •,5 A4 ,//lOX,'TABLE OF FlOW RATES GIVEN IN 
* CFS't l/l lX'DATE PE RIO D Q l N Q OUT Q RETAINED' 
* 1 .;. • 9 X ;; '• 4· ( ' _ 0 ) I ) 

K P IJ 0= t\ o D- K P D 1 
IF IKPDO .GT ~t .AN~.KNT.GT.l) GOTO ll 

2 0 1 f n R f·1/\ T ( 1 0 X } 
GOTO 12 

.. 1 U R ! T E ( 3 , 2 tH ) 
KNT::::KNT+l 

12 WRilE(3t~02) LMP(KPD).LDP(I<.?DJeol.PP(KPO),(Q(J,KPO),J=lt3) 

202 FOR r~ AT ( 10XA3, 1Xt2, 3XI2,5XF6. 3,2("tXF6o3)) 
KNT=KNT+l 
IFfKNT.GT. 4 A)KNT:.:l 
KPDl=l'PO 

1 3 C 0 N T { ~! lH~ 
C ChtCUl i\TE VOLU MES OF SURFA.CE HATER IN INCHES FOR PERIODS AND DhYS 

TOT-=0. 
CONV= 1.98347/ACRES 

OUNT=O 
DO 20 t<Q=l,3 
KDY= l 
00 20 KPD -:.: l,NPD 
Q(KQ,KPO):::Q{KQ,KPD)*CONV 
TOT=TOT+Q(KQtKPO ) 
K OU NT= K 0 U f\ T + 1 

• 

1--l 
'-.,'1 
-...) 



J ',' 

~; 
.. 

. ~· ' 

·· ... :, 
.... 
~r 
~ 

i ; . 
, 

.,'r; 
~ 

-~ 
"' ·t· . ~ 

.:1· 
J 
·' ·f:· 
.~ · 

.t ,. 
~· 
~ 

~· 
~ 

.-:· 
:£. 
~1: 
.,. 

.. , 

.... 
.. 
· :~ . 

~"! 

::'; 
.~: :. 
~ 

-~· 
~;· 

.=f 

:. 

~ ..., 

.:.. 
-'!· 

-y;· 
, .. ,~ 

;'" 
. ~f~ 

" 
.~ 
·::o 
., 

,, 

~·. 
~ ..• 
~ 
J: 

,. • 

T F { K 0 U r.l T • l T. 12 ) G 0 T 0 2 0 
Q 0 { I< 0 , t< 0 Y } = T 0 T 
TOT=O • 
KflU NT=O 
KDY=KOY+l 

2 0 C 0 NT I ~~ U F 
C V!RITE OUT RESULTS OBTAINED ABOVE At.Ol'lG WITH CU fv1 ULAliVE TOTA LS 

DO 1'5 J=l?3 
1 5 cu fvl( J ) = 0 • 

C \-.! R I T E 0 U T P E n Y 0 0 P. E S U L T S 
KNT=l 
K POl=O 
00?.3 KPO=l,NPD 
lF(Q(lrKPO).EQoO~.AND~Q(21KPO) .E Q.O )GO TO 23 
IFi ~NT~ECsl) WR ITE(3,206) CPOP 

• 

206 F ORf~A T{ 'l'///5X'CROP: 1 ,5A4//5X" PE Rif10 AND CUt~ULA TIVE TOTAL VOLUN 
*E' 
~ s OF WATER LOST IN POND GIVFN IN INCHES 1 // 6X 1 0A TE PERIQD',6X, 
*WATER IN',llX,'WATER nur • ,7X 0 WATFR RETAINED 1 / /1 5X,3(5X'PERlQOt, 
*4X, 'TOT!\L'}/"+''tX,73( 1 _ 1 )/) 

KPOD=-KPD-I<POl 
IFCKP~O ~ GT.l~AND.KNT~GT.l) GOTO 21 
GO Tfl 22 

2 1 rJ R I T E ( 3 t 2 0 1 ) 
KNT=KNT+l 

22 no 16 .J=l93 
16 C lH~ { ,J ) = C U r-.4 

( J ) _. Q { J ., 1<. P 0 ) 
\-JR I I'E ( 3, 2 07) l MP ( K PD) , lOP ( K PO), L PP ( K PO) t ( Q t J, KPD), CUt"1( J), J= 1, 3) 

207 FORiiAT{5XA3, 1XI2,3XI2,3 ( 4XF7. 3 ,2XF7.3)) 
f<.POl=KPO 
KNT':':KNT+ l 
If{ KNT .GT.48)K NT=l 

23 f.O NT! NUE 
c 
C WRITE OUT OAILY RESULTS 

00 25 J-=1,3 
25 CUM(J)=O. 

• 
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KNT=l 
DO 28 KOY=-=1 9NOAY 
IFt~NT~EQ~l}WRITEl3,208 lC ROP 

• 

0 8 F 0 R M r.\ T ( 11 1 ' I II 5 X ' C R 0 P ~ ' t 5 A 4 , II ~; X ~ 0 /'J. I l Y AN 0 C U t·1 U l AT T V E T 0 T A l V 0 l U f ·i E 
*S or: SUP.Fl\Cf: i·J.b.Tf:R GIVEN IN !NCHES' //QX'OA Y ' ,llX,' vl/\TEP. IN',llX, 
* ' t·J r... T E R n t. J T ' , :l X , ' ~~A T E R R E T A I N F. 0 '1 /1 5 X , 3 ( 6 X • 0 A l l Y 1 

, 3 X , ' T 0 T A L ' ) I 
~.:'+' ,6X,6 7 { ' -' )/) 

ro 2!, J= l .,3 
2 6 c u n t J > = c u r.q J } + '1 n < .J , K o Y ~ 

f<NT=I<.tJT'+ 1 
t·: R ! T E ( 3 , ~ C 9 ) L r.; 0 ( K 0 Y ) ~ l 0 D ( K D Y } t { (J D ( J , K D Y ) , C U M ( .. J ) ., J = 1 , 3 l 

2 0 9 F 0 R fi ~\ T ( 8 X 13 , 1 X [ 2 , 2 X , 3 ( 3 X F 7 • 3 l' 2 X F 7 .• 3 ) ) 
I F (l( f'.l T o G T • 4 fH K N T = l 

28 COt·lT I f,!UE 
C PE/\0 IN THE NUi··H3[R OF CONSTI T Uf:~!T S FOR YJHICH DATA AR E Ef'IT[RED 

R E f'. IH 1 , 1 5 0 HJ A N I. 
1 5 0 F 0 P r.q\ T ( I 2 ) 

DO 60 KANL=l,NAN L 
C READ TN THE NU:·1BER OF SAf'-'P LING SfTES AND CHEMICAL NAM E P RtO~ TO 01\TA 
C EN T E P f: D r C q F./\ r: H C 0 N S T I T lJ F NT 

REAO(l,l0()NOSITE,CHMNM 
1 0~ ~ORMAT(Il,5~4) 

C Cf'.ll SURPOUl'INE CHF.MIN TO INPUT THE CONSTITUENT C O~~CENTRATION DhTA 
c I~ l L c H F ~.., It·i ( N 0 s l T E ' f-1 B ' K 0 B ' N p D ) 

c 
C CALCULATE CCNST ITUENT VALUES IN POUNDS/ACRE FOR EACH TI~1E PERIOD AND 
C EAr:H Df\Y 

c 

c 

DO 43 J=1,3 
3 cu ~q J>=o .. 

00 45 K= l,2 
KOY=l 
KNT=O 

0 45 KPD=l,NPO 
CONC(K,K 0 0~=CONC (K,K PO)*Q( K ,KP0 ) *0 .226512 

• 
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CUMtKl=CUM ~K ) +CQ NC( K,K P O) 
KI\IT=KNT+l 

(KNT~L!.l?)GO TO 45 
f1CO" ~ C t i<, KO Y l =CUH ( K) 

OY=KDY+ 1 
CUt·H K) == 0 .. 
f(.NT=O 

lt5 CONT!NIIE 
on 4~ KPQ = l,NPO 

• 

44 CONC(3,KDO) = CO~C ( l,KPO )- C2 NC (2 ,KPO) 
00 t4 KY=l,NOAY 

• 

64 DCCNC(J,KY>=DCONC( l,KYJ-OCONC(2,KV) 
c 
C OUTPUT P ESULTS OBTA fNED FOP, DAYS AN D PERIODS 
r. 

c 

c 

KPOl=O 
DO '~6 ,t~l,3 

46 CUM(J):::Q. 
CNT= 1 

DO 50 KPO=l,NPO 
IF{CONC(l,KPO ) .EQo O •• AND.CON((2,KPOJ .EQ.O.) GOT050 
If P<NT .r:Ccl lWR 1TE (3,220) CROP,C H;4N t·1 

220 FOR MAT{'lf///6X 9 CROP : ',5 A4, T30,'CONSTtTUENT: 1 ,5A4,//5X'PER IOD 
1.-tAND f:tP··HJLATIVE TOTI'"L A"·10UNTS OF CO NST ITUEr-.JT INTO, OUT OF AND'/5X, 
*~RETAINED iN T~E SFTTt.ING POND EXPRE SS ED IN PCUNOS PER ACRE' 
~ //6 X'DA TE P 
*fR!nO CONSTITU EN T IN CGNSTITUENT OUT CONSTITUENT RETAINED' 
* 115X,3t5X' PER Ion TOTAL 0 J/'+' ,t.x,7ll !_'l tl 

KPDD=KPC- KPDl 
IF(KPQ0oGTol.AND.KNT.GT.l) GOfO 47 
GOT~ 48 

47 WR!TF. {3,201) 
KNT~KNT+l 

48 CUMfll=CUM ( l)+C8NC (l,KPO) 
CUM(2J=CU~(2,+ CONC( 2,KPO ) 

• 
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CUM ( -:; } = f. U ~·H 3 \ {· f U ; 1 C { 3 , K? D } 
~ .. ; R f T t ( 3 1 2 2 :. i ~ . . ' \ :< r 11 ) ? l D P { K P 0 ) ~ C .:J P { K P 0 ) , ( C 0 N C ~ J , K P 0 ) ~ C U ~ ( J ) t J = 1 , 3 ) 

221 FORMAT l5 XA3 1 1Xt2.3XI2, 
KNT~KNT+l 

I~{KNToG1~48~ KNT=l 
KPDl=KPD 

50 CONTINUE 

6{~Xr.;'3~3J ) 

C WRITE OUT DA ILY RESULTS 
no 5 t .J == 1 , 3 

3 l C U ~-H ,J i -:;: 0 o 

KNT-:-:, 
DO 55 KDY =~~NDAY 

F ( I( t\ T 'tl t G ~ 1 ) 1--J R I T E l 3 ~ 2 2 5 ) C R :J P , C H f., N r-1 
225 FOR~~T{'l'/1/~X~CRGP ! 't5A4,T30t 1 C ONST!TU~ NT : 1 t5A4 7 // 5~ 0 DA!LY 

t:t'\NrJ CUhUL!JiiVf:: TOTAL At·HJUNT S f!F CONSTITUENT iNTO, OU T Of= !:.NO' ! 5X : 
*:RETAINED I N THE SETTLING PO~O EXPRESSFD IN PCUNDS PER ACRE ' 
~.: //6 X • D 1\ 1 E 
* CONSTITIJENT IN CONSTITUENT OUr CONSTITUENT PETAINfO ' 
*I 15 X~ 3 { 5 X 1 0 1\ l L Y TOT 1\ l 1 ) I t~ ~ ~ ~ lt ){ ., 71 t • _ ~ ) I I 

DO 52 .J -==1 .. 3 
52 CU~{J )=CU M:J~~ OCONC(J,KOY) 

it! R T T E ( 3 , 2 ~· 6 ; tJ·1 D { t\ 0 Y l , l fl D ( K 0 V > ; ( C) C 0 N C ( J .. K D Y i , C lJ t"l ( J , , J = 1 , 3 ) 
2c6 Ff1gf·1~i f7XA3, lX I2 1 2X3'6{ 2XF8,. 3) J 

t< N T=i(NT + 1 
lFfK NTaG T. 48 1 ~NT=l 

55 CONTINUE 
60 CONTINUE 

STOP 
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