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ABSTR\CT 

A study was conducted to evaluate the present irriga

tion systems in the Snake River Fan, Jeffers.on County, Idaho. 

The study was made during the 1973 irrigation season. · 

Representative fields were selected for measuring water 

application efficiencies; and, within these fields, specific 

furrows and border strips \\·ere chosen for description and 

analysis in order to evaluate the performance of tl:e exist

ing irrigation systems. 

Results of ,,·at er application effici·2ncy tests shmv an 

average efficiency of 24 percent for border ~rrigation, and 

51 percent for furrow irrigat~on. Since there was no surface 

runoff, 76 percent of the water applied was lost to deep 

pcrcola tion from th.e ];order-irrigated fields: and 49 percent 

was lost from furrow-irrigated fields. 

The average labor input far the area was 0.3], hour per 

acre per irrigation for border irrigation and 0.45 hour per 

acre per irrigation for furroK irrigation. I he labor input 

did not appear to have a significant effect on water applica

tion efficiencies in the study area. 

The dominant factors that cau.sed low • . .;a:.ter application 

efficiencies were Jong durations of irrigation for high intake 

rate soils and long irrigation runs. 



Cfl:\PTER I 

INTRODUCTION 

Surface irrigation has been practiced in this country 

for many years. Nore than 45 million acres are irrigated 

in the United States and irrigation accounts for 83 percent 

of the water consumptively used (28). In southern Idaho . 

alone more than 3 million acres of land are irrigated. 

\Vhen water is plentiful and low in cost, it is taken 

for granted and very fe\v people are concerned about its use 

(32). As a consequence, there is a tendencf for the farmer 

to run water carelessly over his land and hence, to over

irrigate. Efficient ~se of water is a~ important in areas 

of plentiful supply as it is in areas where water resources 

are limited. 

Excessive irrigation wastes not only water but also 

leaches \vater soluble nutrients through the root zone beyond 

plant reach. Also, excess application of irrigation water 

often results in drainage problems and high water tables. 

For instance, in the Upper Snake River area of south

east ern Idaho, \vat er is diverted in an amount .far above the 

consumptive use requirements of crops growing in the area. 

A recent study shmv-ed a water table r ise of more tha n 40 

feet during the 1972 irrigation season and dama g e to rural 

and urban land from the high water table was reported in 
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excess of $25,000 per year (5). 

Irrigation entails considerable waste of water if the 

system is not properly designed, operated and managed. Tge 

United States Bureau of Reclamation reported farm irrigation 

efficiencieR as low as 31 to 52 percent with an average of 42 

percent in conventional surface irrigation systems where 

irrigators followed normal irrigation practices (36). On the 

other hand, water application efficiencies as high as 80 to 

95 percent on border irrigation (34) and 72 percent on furrow 

irrigation have been attained on properly designed and managed 

systems (25). 

Nany presentJy used irrigation syst~ms use excessive 

water with .low water application efficiencies resulting •. 

This fact suggests that iQproved design, operation and manage

ment of the systems are needed. 
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Purpose of the Study 

The objective of this study was to evaluate the present 

irrigation systems in the Snake River Fan, Jefferson County, 

Idaho. 

The specific objectives were: 

1. To observe and describe the present irrigation 

systems and practices in the area. 

2. To determine the water application efficiencies 

under the present irrigation practices. 

3. To compare the efficiencies of water application 

for the different methods of irrigation. 

4. To observe the amount of labor required in using 

borde1· an~ furroh irrigation and determine its effect on 

water application efficiency. 

5. To study some hydraulic characteristics of surface 

irrigation in the area. 

6. To study the operational performance of selected 

systems to determine adjustments in operations, practices 

and design features which will insure higher irrigation 

efficiency in the study area. 



CH:\Fll•J{ II 

IlWIGNl'IO\ CO\CEPT 

Irrigation is the application of \vu lcr to the soil to 

supplement deficient rainfnll to provide moisture for plant 

gro\vth. Thet'e are sevc.:.'<'ll methods by ,,,hich irrigation \·:c-1ter 

can be applied to a field. The most common are: border, 

furrow and sprinkler irrigation. Each h<:ts character:Lstics 

that are more desirable for certain locations. 

Irrigation systems when properly designed, op0ratecl." 

and managed, will not only save \v"<3.ter and labor but \v:i.ll 

also prevent the dam8go of lcn~d, reduce pro.:lllcti on cost~~, 

nnd hence, increase i_nc0rnc. 

must be applied at the :cig;bt tirnf; ;:1nd in thE; ri.f1_;ht omount to 

produce high crop yields witl1out undue losses to evaporation, 

deep percolation and surface runoff. 

In order to understand the concept of irrigation, two 

terms must be defined, namely: field capacity and permanent 

wilting point. Field cnpacity i.s the moisture contc:nt of 

the soil when gravit<'ltional \vater has been remo\cec1. Perman-

ent wilting point is the soil moisture cc11tcnt wh:.'il plnnts 

permanently ~ilt. A plant will wilt wben it is no longer 

able to extract sufficient moisture frori1 ·i.. !Je soil nnd is 

considered permanently Kilted wheo it \>'ill not f'<.)cover Clfter 

being placed in a saturated atmosphere. The cli.fferf~nce in 
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moistm'e content of the soiJ between field capacity ancl the 

permanent \dlt.in~ point is considered the total available 

moistnr·c. This represents the moisture ,,,llich can be stored 

in the soil for f,uln;equent use by plnnts. F'or most crops, 

t h e opt i r:m m m o i .s t UJ' e z on e a p p ears t o b e b e t ,.,.- e en t he f i e 1 d 

capuci.ty nnd some level above the \d.lting point (7). 

Hc~:;cnrch on wllcnt ~ for instance, showed that hig.;her 

yields rc::sulted ~{hen lo,..,- to medium ,,·ater levels were main-

tnined clueing the early groKing period than \vhen higher 

moisture levels were maintained (1). In this study~ irri-

l2;ation water was e.pplied ,,,hen 20 to 40 percent of the 

. 1 b] . . nv<n a_ .8 rr:o:u:a.urc ;,·tlS rl.cp1.ot ed. On row crops, like potatoes, 

re:::earclJ has :Lndic:-ncd that soil moi s ture must be repl e ni shed 

\·.rJJen the Pl\railalJle mo :Lst ur·e is 50 percent .depleted (11). 

This means that l·lhcn the soil holds about l. 5 inches of avnilablc 

water per .root of depth and 3 feet is assumed as the rootj_n g 

dc~pth, the amount of \\'ntcr stored in that zone is 4.5 inches. 

Hh cn 2,.3 inches of soil moistur e is depl eted j.rri g;at ion wat er 

sllould be <Ti:iplicd. 

In all methods of irrigation ~here water i s applied 

to the surface of the s oil Kater infiltrates into the soil 

surface and i s sto:ced for later usc by plants. The rate at 

which , . .rater· enter s the soil i s an importc:mt pm"<uncter in 

irri. g;ation sy~tem d c~; ip.;~1 and u se . Thi s i s call e d the intuke 

rnte of s o:i.J.. The :i.ntnke rnte \d1 c 1: plotted n~~;rd.n s t time on 



logarithmic paper is a straight line. The infiltration

time curve is then represented by the equation: 

I = KTn 

where I = intake rate o£ the soil, inches per hour 

6 

(1) 

T = time that water is on surface of the soil, minutes 

K = intake rate at unit time 

n = slope of the curve "-hen plotted on logarithmic 

paper· 

The intake depth at any time is represented by the area under 

the intake rate curve and can be computed by integration. 

This area, by integration is 

K Tn+l 
D = 

6G(n+l) 
(2) 

The factor 60 is introduced in the equation so that the 

infiltration rate can be expressed in inches per hour. The 

values K. and n can be determined by plotting the curve on 

logarithmic paper. 

For furrow irrigation, Criddle and others (9) introduced 

the concept that the stream front should reach the end of the 

furrow within approximately one-fourth of ~he total time 

needed to bring the root zone to field capacity at the lower 

end of the field. If one-fourrh of the total time is required 

for the water to advance across ~he field, the opportunity

time for the soil to absorb ,.;ater will be abo-ut 25 percent 
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grenter at the upper end than at the lo,.;cr end of the field. 

llo\.,rever, s ine e the :i.nfi 1 tra t ion rate of the so.i 1 is not con-

stant nnd d e creas es at a rate which is generally inver s ely 

proportional to the square root of the elapsed time, the 

amount of wa ter absorbed during this extra time will be less 

than 25 percent of the total. Typical furrow intake char-

acteristic curves are shown in Figure 1 \vhere the average 
-0.5 

intake rate is, I oo 3-21 'I' If the square root relation-

ship is true, 12 percent more water wi.ll be absorbed at the 

upper end of the field than at the lo\ver end. The average 

deep percola tion loss for the full length would be in the 

magnitude of 5 percent. 

The advRncr=: , recessj_on, .infil"Lra tion and runoff relation-

ships in surface irrigation are graphically presented in 

F'i gu.rcs ~ and 3. 

A typical advcu1ce-recessj_on curve is sho,vn in Figure 2 .• 

The advance di s tanc e is plotted as the abcissa and the time 

as the ordinnt e . Similarly, the recession time is plotted 

versus the di s tance. \\'hen these arc p l o t ted on the same 

graph, the vertic a l di s tance bet~een the recess ion and 

advrmce curves rcp!' c s ents the intake opportunity time. This 

is the time that h'atcr stands 0t any poi.rt!: d0\1'11 t.hc length 

of the irriga tion ri.Jn. If the time requir·ecl to npply a 

cert8in depth of wa t e r to the soil at ~ point i s more than 

the intukc oppo r· tunit :;.r time, deer pcrcolat :i on \d.ll occur at 
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that point. When it is less, the moisture deficit is not 

completely replenished. 

11 

The theoretical distribution of onflow water for an 

irrigation run is shown in Figure 3. Using the infiltration 

opportunity time and the intake characteristics of the soil, 

the depth of \vater applied can be calculated for a1w point. 

The resulting \vater distribution profile can be used to 

evaluate the adequacy of irrigation and relative amounts of 

percolation and runoff. 



·CHAPTER III 

REV!~ OF LITERATURE 

12 

There has been a cor.u.siderable amount of research done 

on border and furrow irri.gation. Numerous articles have been 

published on how to evaluate the water use on a field, farm 

or project. Different op.inions have been raised as to what 

method is best to evaluate an irrigation system. 

Researchers have used different approaches to evaluate 

existing irrigation systems depending upon their research 

needs and objectives. The water application efficier.cy 

concept, however, has been widely used. 

Is:raelsen (22) developed the concept of water Eipplica-

tion efficiency to measure .and f-ocus attention on the 

efficiency \vi th which water is delivered to the farm and 

stored •ri thin the root zone. 

In algebraic terms: 

w 100 s E -"a - wr 
where E water appl i cation efficiency, percent a 

(3) 

w· = \\rater stored in the root zone during irrigation, s 

inches 

w£ = water del i vered to the farm, inches 

Isre els en (21) f urther s tated that meas uring water 
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application efficiency consists of three important phases: 
: ·;:'~~*'"":" 

1. Provide appropriate water measuremen.t structures 

for the farm, such as weirs, flumes, orifices or 

other reliable structures. 

2. Provide a reasonably constant · flow during the period 

of delivery to the field. 

3. Provide for the measurement of the amount of water 

stored in the root zone during each irrigation. 

Measurement of the volume of water stored in the soil 

during irrigation may be difficult and costly. The gravi-

metric method of obtaining soil samples and \veighing them 

before and after oven drying is a simple yet effective method 

of determining chan.ges in r.10isture content. :Representative 

measurements of the apparent specific gravity of the soil 

are necessary to convert moisture contents from percent 

weight to percent volume. 

Noreover, t\v-o assumptions must be introduced, namely; 

1) the depth of soil in which the soil moisture may be con

sidered as stored and available to crops, and 2) the time 

after irrigation \vhen further dO\vmvard flo\v o.:f water may be 

considered negligible (21). 

Hansen (19) recognized that application efficiency alone 

does not adequately describe the operation of an irrigation 

system. Application efficiency may be high \.:here crop re-

sponse i s poor. He proposed s ome concepts for evaluating the 
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adequacy of i~rigation, na~ely water storage and water dis-

tribution effi_·ciencies. 

Storage e:fficiency is a measure of ho\v- c.omplet ely the 

needed \\'ater has been stored in the root zone during the 

irrigation~ 'Yiiat er storage efficiency becomes important \vhen-

ever insufficient water is stored in the root zone. This 

condition may ~Dccur because of scarcity of ·h:-;.ater or because 

of excessive t~me required to secure adequate penetration. 

Storage efficiency is written as follows: 

we;: 
E = 100 --=.. (4) 

where 

s w 
n 

E = lta"ter storag;3 efficiency, percenrt s 

ws - ..-a::t.er s-torec":~ in · ·Lne .coot zone dtil.ring il·rigat .ion. 

inches 

\v = ~~aiter needed in the root zone prior to irrigation, 
n 

inches 

Hansen (19) stated that water distribut:i•on efficiency is 

used to evaln.ate the extent to which water is uniformly dis-

tributed • . U:nff.orm dist?·ibution of irrigatio.n ,.,-ater throughout 

the field is desirable. Drought areas will appear in a field 

which is not i.rrigated I.l!1iformly. In equat:ii <on form 

{5) 

wbcre Ed = water distribution efficiency, percent 

y = axerage numerical deviation in t'Jl.;cpth of h-ater 

stored from depth stored during; irrigation 

d - aver-age dept:h of water stored drrring irrigation 
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Meriam (29) defined distributi.on efficiency as the per-

cent ratio of the minimum depth of water infiltered into the 

ground to the average depth infiltered. The depth of water 

infiltered refers to the depth of water stored at any point 

in the farm. 

Another concept that Hansen (19) introduced was the 

consumptive rise efficiency. Not all water stored in the soil 

is used by the crop. Evaporation occurs from exposed ground 

surface, such as in a row crop field with wide frirrow spac-

ing. Significant downward movement of moisture beyond the 

root zone also occurs. The loss of water by deep p·ercolation 

and surf~ce evaporation following an irrigation can be 

The equation is: 

E 
u 

where E = consumptive-use efficiency, percent 
u 

Wu normal consumptive use of \vater 

(6) 

Wd = net amount of water depleted from the root zone 

Efficiency pnrameters described by Hall (17) are also use-

ful in the complete €Valuation of farm irrigation systems. 

For purposes of evaluation~ the following are the most valu-

able parameters. 

Operational efficiency is a ratio. of the actual system 

application efficiency to th2 ideal system application 



efficiency. It is ~ measure of how well the system is 

operated. 
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Season application efficiency is a ratio of the useful 

water applied during the entire irrigation season to the 

total volume delivered. If any part of the field suffers 

yield reduction because of over-irrigating or under-irri~a

ting, the amount of useful water applied is reduced by the 

amount of the excess 6r deficiency. 

Economic irrigation efficiency is a ratio of the total 

production under actual conditions to the expected production 

with ideal conditions. Hall stated that poor design and 

operation c ost more in lost prodt:.ction than in Kasted -.~,ater. 

An irriga~ed farm is an enterprise for profit no~ for water 

conservation. Therefore, any investment to improve systems 

must be justified by dollar return due to increased production. 

Hall sugg~sted that for purposes of design, the follow

ing are the most valuable: 

System application efficiency is the application 

efficiency of a system at satisfactory output. Satisfactory 

output is defined as the output obtained when 95 percent 

or some other percentage of the field has received adequate 

irrigation. This term is useful when it is not economically 

justifiable to achieve adequate irriga~ion of on entire field. 

IdeaL svstem efficiencv is the highest application 

efficiency a system can attain as it is des igned. 1bis 
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parameter is useful for comparing systems because it does 

not include operational deficiencies. 

Coefficient of uniformi.tv is equivalent to Hansen's 

water distribution efficiency. 

Jensen (24) stated that the quantity of '"ater that is 

essential and effectively used to control saLts must be 

recognized as a beneficial and necessary use of water in 

order to evaluate the ef.ficiency of irrigation systems. 

He defined irrigation efficiency as the ratio of the volume 

of irrigation transpired by plants and evaporated from the 

soil and plant surfaces, plus that necessary to regulate the 

salt ccncentration in the soil solution, and t.hat used by 

the plant in building plan-r tissue,. to "the total volume of 

water diverted, stOi"ed, or pumped for irrigation. This 

definition takes into account all losses of ~ater that 

occur after the water in a natural stream or .aquifer is 

controlled or removed specifically for irrigation purposes. 

Expressed analytically, the irrigat ion efficiency under 

steady state conditions, or - for long periods of time, becomes 

E. 
l \{. 

I 

where E. = overall irrigation efficiency for the farm, 
l 

project or bas i n as specified, percent 

(7) 



.. · ... 
W t . - the volu~e of water lost to evapotranspiration 

e. 

w1 = the volume of water necessary for leaching on 

a steady state basis 

R = volume of effective precipitation e 

Ws = volume change in stored soil water 

Wi = volume of water that is .diverted, stored or 

pumped specifically for irrigation 

Infiltration and Water Advance 

18 

The Soil Conservation Service (9) has presented methods 

and procedures for measuring furrow intake rates. The in-

stantaneous intake rate and accumulated intake are represent-

ed by equations l <:md 2, respectively. The baeic intake r~-::.te 

is the rate when the elapsed time is equal to about -600n. 

A furrow infiltrometer was developed by Bondurant (3) 

to directly measure the intake rate at any section of a 

furrow. A cross section of the furrow is isolated by two 

plates. A constant water level in the supply reservoir is 

measured at frequent intervals. This infil tromet er simulates 

the infiltration conc1i tions that occur in a furrow during 

irrigation. It provides a means of mensu.ring furrow infil-

tration rates when field measurement during an irrigation 

trial is not feasible. 

The advance of a streamfront in surface irrigation is 

dependent on several factors: 1) intake characteristics of 
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the soil, 2) roughness of the soil srirface, 3) retardance 

due to vegetation, 4) slope o£ the field, 5) size of irriga

tion stream, 6) size and slope of furrow channel, and 7) 

fluid characteristics of irrigation water. The interaction 

of these variables results in non-uniform, unsteady, open 

channel flow over the porous bed (12, 14, 22). 

Hall (18) developed a numerical method for predicting 

advance in a border. Later, the method was modified by 

Davis (12). The method assumed the following: 1) the flow 

is constant, 2) the intake is some function of time, 3) the 

depth approaches the normal depth at the head of the furrow 

and can be obtained by Nanning,s equation for open channel 

floh·, "'-1) inf.i,ltratio:..1 characteristics are uniform throu~~hou.-r; 

the length of run, and 5) slope~ roughness c:nd shape of the 

flow· channel are uniform throughout the length of run. The 

incremental distance is calculated for each successive equal 

time period .·..tsing the volume balance principle. 

Christiansen and others (8) derived an equation relating 

time of advance to the intake characteristics of the soi.l. 

It is a volume baJrmcc method but assumes a constant rate 

and thus a triangular subsurface distribution pattern. They 

did not consider the effect of slope and roughness on depth 

of surface storage, but rather they assumed an average cons tant 

flow depth \vhich \\'as adjusted by trial and error to fit field 

measurement s . They also developed a nomog;raph to obtain a 

/ 



20 

correction factor for the average depth of infiltration~ 

Desi .r;n l'Iethoc1 s 
-----~ ... ~-···------

Israelson nnd. Hansen ( 22) cli~1cussed several. varinbles 

which nrc nssociatect \1•ith 1-hc; hydrnulics of sr!.rface irrigation. 

These are: 1) rate of application, 2) rate at -,dlich water 

infiltrntcs i.nto the soil, 3) rate of advance ·af the wetting 

front, 4) surface rou,?;lmess of tho soil and vegetation, .5) 

shape of flo\v channel, 6) slope of the soil su . .rface, 7) 

erosion hazard, and 8) fluid characteristics of irrigation 

\vat er. 

An (!qua tion .for flO\.; 'i.n l1o:-crler :i.rrir.~ation ;oras developed 

by ;-.rowwn (~'lC) bn :3c <1 on Naimin r;'s :::quat:ion. He related tho 

time needed to inf:L ·; h·ote the required depth of 1-.rater into 

the soil to the time for the "'at er to advanc c ,;:1 cross the 

field. 1\. constant k ,,,o.s intro due ed 11'11i ch was the ratio of 

the average velocity of ~dvancc to the avera g e velocity of 

.flo\v a s determine d by Na nnins;'s erftl . .:ltion. The resulting 

equation .i.s 

0/ :?. 
Q -- (8) 

where ·Q .. size of stream to [1pply tl1e de~dre:·~ dc~Jth of 

irrig;1 t ion, cu'IJ:i. c ft~et pe2 s econd 

L - Jeng th of run, feet 
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I = infiltration rate, inches per hour 

k = ratio of average velocity of advance to the 

average velocity o:f flow 

D = depth of irrigation, inches 

n = coefficient of roughness 

w = width of the border, feet 

s = slope of the border 

Shockley and others (33) developed a nquasi-rational" 

approach to surface irrigation design. Using the net volume 

required and an assumed ~fficiency, they calculated the total 

volume of inflow required. The time of application was the 

time necessary to produce th~ desired infiltration oppurtunity 

. at the head of the border. ALlowance was made for the time 

lag after the stream was cut off before enough water drained 

away and recession actually started. A disadvantage of this 

method is that the attainable efficiency must be known before 

the size of the irrigation stream can be estimated. 

Shockley (33) also reported some design limitations for 

maximum and minimum flow depths and maximum non-erosive streams. 

The maximum flow depths should·not overtop the border dikes. 

He suggested six inches as the maximum advisable depth. Also, 

the straam should be large enough to sprend evenly over the 

border. The minimum flO\v depends on slope, length of border 

and surface irregularities. For an adequateJ.y smonthed 

border, Shockley suggested the following flow: 



'"here 

0 . .= 0. 0004- L SD. 5 
"ml.n 

Q · - minimum allowable unit stream, cubic feet min -

per second per foot. 

L = length of the border, feet 

S = slope of the border 

TI1e irrigation stream should not cause erosion. For 

non-sod-forming crops like alfalfa and small grains under 

most conditions: 

Q = 0.06(100S)-0 • 75 
max 
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(9) 

(10) 

where Q - maximum non-erosive stream per foot of width max 

For sod-forming crops, streams twice as large are · 

considered per·m:isible. 

Phelan and Criddle (31) reported the maximum non-

erosive furrow stream to be: 

Q = 10/S (11) 

where Q = furrow stream, gallons per minute 

S = slope of the furrow, percent 

They stated that the maximum length of furrmv depends 

on che maximum furrow stream size, the infiltration rate, 

and the amount of water to be stored during each irrigation. 

Water Efficiency Studjbs on Controlled Plot s 

A study of \\·ater appl i.cat:i.O II efficiency for sprinklei, 
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and furrow irrigation of alfalfa on controlled plots conducted 

by Somerhalder (34) at the University of Nebraska show·ed the 

follm,·ing results: 1) the mean armual irrigation requiremen"ts 

to produce 6.6 tons of alfalfa hay per acre were 27.8 inches and 

32.2 inches of \vater for sprinkler and furrow irrigation, 

respectively, 2) the quantity of water stored in the root 

zone of the alfalfa crop was not affected by the method 

of irrigation. Sprinkler irrigation stor8<l 23.4 inches of 

water in the root zone out of a total of 27.8 inches applied 

compared to surface irrigation whj.ch stored 23.2 inches out 

of a total of 32.2 inches. 

The mean water application efficiency ottnined under 

the sprinkler method was 84 percent and 72 percent for the 

surface irrigation method. H~ reported further that the 12 

percent difference in water application efficiency was due 

to larger amounts of runoff from the surface irrigated plots. 

Kruse and others ( 25) compared the efficiencies of 

sprinkler and furrmv irrigation of grain sorghum under con

ditions suitable for irrigation. The results of their 

experiment showed that sprinklers applied water with an 

average efficiency of 82 .• 5 percent, whereas, the application 

efficiency obtained with furrow irrigation was signifi~~nt1y 

lower, 74.4 percent. This difference in application effic

iency required the application of 1.1 more inches of irrigation 

,~-ater each year on fur-rm\c irrignted plots than on sprinkler 
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irrigated plots. 

Pair (32) investigated the effects of irrigation methods 

on water application efficiency using controlled plots . with a 

silt loam surface and a silty clay loam sub-soil. The results 

of his studies showed that on shallow soil having a slope of 

3 to 5 percent, the water applicatton efficiency was 36 per

cent for downslope border irrigation, 62 percent for contour 

border irrigation, and 61 percent for sprinkler irrigation. 

He also studied the field water application efficiency in 

relation to the depth of water replaced in the soil root 

zone and reported lower efficiencies for small amounts of 

moisture replacement and higher efficiencies for the large 

amounts of moisture replacement regardless of the method of 

irrigation used. 

Jensen (23) evaluated the performance and operating 

characteristics of border check irrigation and reported that 

water application effjciencies of 80 to 95 percent were 

easily attained. The rate of·water application for maximum 

efficiency and uniformity of irrigation should be from three 

to five times the average intake rate. He also reported 

that irrigating crops having high retardance to flow such 

as sugar beets resulted in 10\ver efficiencies. 

Fischbach and Somerhalder (15) studied the efficiencies 

of CJ.utomated surfRee irrigation systems with and without 

runoff reus e systems and reported that water application 
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efficiencies varied from 56.5 to 73 percent without reuse 

while water application efficiencies with reuse ranged from 

84.4 to 96.8 percent. He concluded that the automated 

sm"'face irrigation method \vi th reuse can · be a very efficient 

method of applying water, Furthermore, he explained that 

the reuse system also eliminated the additional labor required 

to cut back furrow streams. 

Water Application Studies Under Actual Field Conditions 

Willardson (37) conducted water efficiency tests at· 

Milford~ Utah in a potato field using furrow irrigatiort. 

The efficiency of water application varied from 24 to 87 

percent during the season, depending up(:>n the availabi:li ty 

of .soil moisture .storage capacity. 

An evaluation of the use of irrigation water on the 

Northside Division of Ninidoka Project located in Minidoka 

and Jerome Counties, Idaho was conducted by Corey and others 

(10) over a 5-year period. The irrigation efficiencies· 

obtained ranged from 42.4 percent in 1958 to 54.8 percent in 

1961. 

Brock\,'ay and others (4) conducted tests on three potato 

fields and two bordered grain fields in eastern Idaho. They 

reported that an average of about 15 inches per acre was 

applied per irrigation on the bordered fields where the 

irrignU.on requirement ,,-as only 4 to 5 inches. 
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They also reported that the \{ater application efficiency 

for furrow irrigation of potato fields eerly in the season 

was about 50 percent on \ofheel compacted furrows and about 

20 percent on uncompacted furrmvs. 



Clit\PTER IV 

THE STl.JDY AREA 

The area chosen for this study is in the Snake River 
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Fan ~n'hich is located in the southeast portion of Jefferson 

County, Idaho. The approximate location of the area included 

in the study is shot,rn in Figure 4. 

Irrigation , .. ·ater used in the study area is diverted from 

the South Fork of the Snake River. The Great Feeder Canal 

is the main irrigation canal in the study area. It supplies 

water for some twenty major canal systems which in turn deliver 

irrigation \vater to some 100,500 acres of agricultural land. 

Other cGr..al ;:;ysteffis, \·iliO.St lieadl!,ates are above the point o!' 

diversion of the Great Feeder but "-hose supply of water is 

controlled by the Great Feeder diversion dam, have been con

sidered as part of the Great Feeder System. These are the 

Anderson, Farmers Friend and Eagle Rock canals. 

Climate and Soil 

The Rigby-Ririe area of Jefferson County lies in a 

climatological area which is known as the Upper Snake River 

Plain. This area has moderately warm summers and severe 

winters. The temperature averages about 68°F in July and 

17°F in January and 0°F temperatures or lower occur at 

least 16 days of each year. The average precipitntion in the 

area is 8. 7 inche:3 per annum and the growing season is about 
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123 days ( 5 ) • 

The soils in the study area are dominated by medium

textured soils. The north,~est portion of the area is com

prised of silt and clay loams '\\rhich range from 40 to 60 

inches in depth. In the southern part of the aren, the soils 

are predominantly Bock and Bannock learns. These soils range 

from 20 to 60 inches in depth and are underlain by sand and 

gravel. The northeast portion of the area consists primarily 

of Blackfoot silt loam ·,_..rhich ranges from 20 to 60 inches in 

depth and is underlain by sand and gravel (4). 

Crops 

Brock\vay and de Sunnevi.llt-: (5) conducted a crop distrib

ution survey in the area in 1972. The results of their 

investigation are shown in Table 1. 

Physical Ch~rncteristics of Irrigntion Systems 

Gravity methods of irrigation are widely practiced in 

the area. The main crops are grain, hay, pasture and potatoes. 

The percent di8tribution of irrigBtion methods used in the 

area is shown in Table 2. 

Ji'urrow irrigation on a potato field using siphon tubes to 

divert water from a stabilizing basin is show·n in Fig,1.1re 5. 

Irrigation water being diverted to a border u s ing 6-inch 

siphons is shcHvn in Figure 6. 



Table 1. Crop distribution in Snake River Fan, Jefferson 
County, Idaho • . 

Crop Percent Distribution 

Mixed Grains 

Alfalfa Hay 

Irrigated Pasture 

Potatoes 

Corn 

Sugar Beets 

TOTAL 

31.1 

38.8 

20.6 

8.1 

0.4 

1.0 

100.0 
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'I'able 2. Percenta;.:;:e distribution of irri ~;ation rnet!10d.s :;_n 
Snake Ri ,-er Fan ~ Jefferson County, Idaho (::5) . 

Irrigation Method 

Border 

Furrow 

Others* 

None 

. T 0 T A L 

Percent Distribution 

88.1 

11.0 

0.5 

0.4 

100.0 
=============== -=================================== 

* include flooding and sprinkler 

The length of irrigation runs in the area varies 



Figure 5. Water being diverted t.o a potato field 
using 2-inch siphon tubes. 

Figure 6. Water being diverted to a border strip 
using 6-inch siphon tubes. 
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from 924 to 1056 feet. The field streams used range from 

4.0 to 6.9 cubic feet per second. The average size of field 

cul ti vat ed per crop ranges fro'TI 10 to 14 acres. . The data in 

Table 3 show the average fieJd s ize, irrigation run and field 

stream for each erop in the study area. 

Table 3. Average field size, 
stream f or each crop 

Crop Area 
(acres) 

Mixed Grain 10 

Alfalfa 12 

Irrigated Pasture 10 

Potatoes 14 

Others 10 

AVERAGE 11 

irrigation run and field 
(6). 

Irrigation Field o · ._"')-rream 
__ Run . .J f t .:l_ _____ (cfs) 

924 5.7 

1023 3,9 

776 :-; .1 
'- . ~ 

956 6.9 

1056 4.0 

947 5.6 

Brockway (5) reported that 74 percent of the farmers 

surveyed indicated that all the applied water we s retained 

on their field \vi th no runoff to drains or a djacent land. 

A typical farm in the study area with pondeo \vater at the 

end of a border strip i s shm~n in Figure 7. 



Fi g,ure 7 M Ponded \\'at er at the lo\ver end of a 
border. strip. 
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CliAPTEn V 

P'IETIIODS Ai\D FHOCEDURES 

Water AppJicntion Efficiency tteasurem.~.!-

Assistance from the Soil Conservation Service office 

at Rigby, Idaho \vas sought in selecting farms that rc~present-

ed the major soil series in the Snake River Fan area of 

Jefferson County. Three areas which were designated as 

Area I, Area II, and Area III were selected for study. The 

soil type in each area studied is Blackfoot loarn, Area 

I; Heiseton loam, Area II, and; Bannock loam and Bannoct 

gravelly loam, Area III. Detailed descriotions of t·he soil 

series are given in Appendix B. 

The assistance of the agricultural C(ltmty agent vas used 

to obtain the necessary cooperators. The foll(ndng criteria 

were considered in selecting study sites: 1) the represent-

ativeness of the farm with respect to soil condition~ land 

preparation, land slope and crop growP..; 2) possibility of tak

ing inflow measurements at head ditches; 3) method of irriga-

tion being practiced, and; 4) willingness of the farmer to 

cooperate in the study. Random sampling was not employed as 

random samples may not have been represent·ative of the area. 

w11en the locations of the farms were established, specific 

fields within the farm \\·ere selected w·here measurements 

\vere made. 
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In order to calculate the water application efficiency 

for each field studied, the follO\ving measurements were 

taken: 

1. Area of the field to be irrigated, acres 

2. Soil moisture before irrigation, percent (dry 

\veight basis) 

3. Soil moisture after irrigation, percent (dry \veight 

basis) 

4. Apparent specific gravity of the soil 

5. Rate of water delivery, cubic feet p8r second 

6. Time spent in irrigation, hours 

7. Surface runoff, acre feet per acre 

The areas of the individual .fields were obtained from 

the Agricultural Stabilization and Conservation Service, tJSDA 

at Rigby, Idaho. The width and length of the representative 

border strips were measured. An engineer's level was used in 

obtaining field slopes. 

Soil moisture contents were determined gravimetrically. 

The samples gathered were immediately stored in a cooler to 

prevent the loss of moisture before we~ghing. The samples 

were \veighed and praced in an oven for drying~ To expedite 

oven drying of" samples, a vacuum pump was used in conjuction 

with the oven. A vacuum of 20 to 25 inches of mercury (9~8 

to 12 pounds per square inch) was m.aintained at a temperature 

of ll5°C. Ten hours of drying at this temperature and pres-
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sure \1'<1S found satis [<lctory since there \1·as no significnnt 

difference colnparecl to 24 hours of oven dt•ying at atmosphcr·ic 

pre:c;sure. Sumpling \\uS done at 12 locations in eneh field 

and samples wet'e collected at c0ch foot of depth extending; 

throngh the root zone of the crop. Root zone depths of 4 

feet for alfaJ.fa and 3 feet for barley and potatoes were 

us ed. A total of 40 samples for alfalfa and 3G for barley 

and potato fields were gathered. Sampling was clone before 

and after irrigation. These measurements were necessary to 

find the change of moisture resulting from irrigation. In 

all cases, a 24---hour interval '-~~as used bet,~rcen tbc sampling 

n er i o c:IE~. 

The apparent speci.fic gravity (As) of each field was 

Undistur~ed soil samples for A determin
s 

al s o rneasurecl. 

ation were collected by driving a cylinder 3.00 centimeters 

in diameter and 7. '? 5 centimeters j_n 1 enr;th. The un eli st.urbed 

smnplu obtninecl from the cylinder 1.·,'as oven dried alHl weighed 

to determine the A • s 

The existing farm ditches in the study area were found 

to be lar g e ,,ri th relatively flnt grade . In addition, large 

deLivery rates \ver e u s ed. The rate of '''ater delivery 

\1' <.1 8 mcu s ured ,,,ith the use of n curr ent meter '"ith a 4-b .l ade 

impeller cnpablc of nwnsuring stream '/eloc :i.ties up to ;1 feet 

per second . 

m"'d~~ in a n irr t g;ntion J<:~ter· n l, <'!11<1 Fi p;Lirf' 9 s how.s tllc: curr ent 



I'i g;•JT e F3. Measuring stream f loK in an i~rigation 
lateral. 

i"igure 9. Current meter- .r~nd counter used in stream
flow measurement. 
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meter and counter used in streanflnw measurement. 

All the rields studied had no provisions for surface 

drainage at the end of the furrow8 or border strips. There-

fore, no runoff m~asurements were taken. 

'The time spent in irrigating the border strips and 

furrow fields were recorded in order to determine the volume 

of water delivered to each field. 

The depth of soil moisture stored in each foot of depth 

in the root zone was calculated using the following equation: 

(12) 

\vhere df - depth of \•mter stored~ inches 

Pwl = percent moisture in the soil sample before irrigation 

P percent moisture in the soil sample after irrigation w2 -

As = apparent specific gravity of the soil 

d = depth of soil, inches s 

The total depth of moisture stored in the root zone was 

computed as 

\vhere 

(13) 

W = total depth of water stored in the root zone. inches s 

n = number of one-foot increments through the root zone 

The water application efficiency ,,ras calculated by divid-
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ing the total amount of water stored in the root zone avail

able for plant use by the amount of water delivered to the 

field (equation 3). 

Labor Reguirement 

The time spent in irrigating the fields under study 

\vas recorded. The time spent in setting the checks and 

siphons, transferring from one furrow to ~:he other, guiding 

the streams and other associated labor were also noted. The 

total labor requirement for each field was expressed in 

hours per acre pea irrigation. 

Measurement of Tnfil-rr8Ti.on J 1~ Borr'l\'•r ~-.:rip 

Ring infiltrometers \\"ere driven in a represeBtative 

border at £our different locations. The rings ranged from 

12 to 14 inches in diameter and were 18 inches long. These 

infiltrometers were driven into the soil until about 4 to 

5 inches of their length was left above the soil surface. 

Before pouring water onto the cylinders a polyethelene 

sheet was placed over the soil surface to prevent compaction. 

\vat er was poured in until the desired level '~as reached. The 

polyethelene sheet \vas then gradually removed. An initial 

reading of the water level on the scale set inside the cylind

er was then made. After several minutes, the level of water 

was read on the scale and then brought back to the original 
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level. This procedure was continued until sufficient time 

had elapsed. Figure 10 shows u ring infiltrometer with 

driving hammer and pl&te. Figure 11 shows the ring infil

trometer in place during an infiltration test. 

Heasurement of In.fi 1 trat ion in F'urrow Irrigation 

The methods and procedures followed in determining the 

intake characteristics of irrigation furrows were essentially 

the same as the ones described in Soil Con3ervatio2 Handbook 

No. 82 (9). Trapezoidal flumes were installed in the furrow 

at a distance of 200 feet frofu each other. The flumes in

stalled in the upstream portion of the furro~ were placed 

approximately 20 feet from tl:.t'~ head of the fur-ro1,-,- to avoid 

the effects of compaction present in tha field periphery 

on the infiltration measurements., The size of the furrow 

stream was based on what the farmer was using. Siphon tubes 

were used to divert water from the supply ditch to the furrows. 

Measurements were made both in the unpacked (cente~)furrow 

and packed (wheel) furrO\v. The packed or wheel furrow refers 

to that furrow where the tractor wheels travel during cult~

~ation, while the·center or unpacked furrow refers to the 

untravelled furrow during cultivation. Trapezoidal flumes 

installed at the upstream and doKnstre~m stations of a furrow 

are show·n in Figures 12 and 13, r0spectively. 



41 

Figure 10. Ring infiltrometer with driving hammer and 
plate. 

Fig~re 11~ Ring infiltrometer in place during infil
tration test. 



Figure 12c TrapezoidRl flume installed at npstream 
station of furrow. 
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F'i gure 13. Trap ezoi da 1 flume insta 11 ed nt do\,rns.tream 
station of furr~w. 



The rate of water advance was also i ' no~eo 
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for each of 

the representative border strips and furrows. Stations were 

established every 100 feet do·1,c.n the irrigetion run. The 

time \vhen t.he ,,,at er arrived at each statio1.1 was recorded 

both for the center and wheel furrows. 

Due to the large amount of data obt~ined from the soil 

moisture sampling, a digital computer program \vas written to 

calculate the average moisture in each foot of depth as well 

as for the entire root zone. 

of samples and their corresponding identification nttmbers 

were used as input datcl. Another progrc!m was us•..?.d to compute 

the witer application ~fficiency. 

A program was also \vTitten to process the dat<c:. obtained 

from the ring infiltrometer tests, the furrow intake tests 

and rate of \vater advance test~. The progre~n \\'as written so 

that the output would be similar to the standard data form 

outlined by the Soil Conservation Service (9). The program 

can be used for any of the tests mentioned above. However, 

the kind of test, number of tests, number of trials in each 

test, and the number of observations in each trial must be 

specified. 

In addition, a computer program was written to compute 
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the coefficients K and n to fit the infiltrntion equntion, 

I = KTn (equation 1), by n least squares rev·ession tcch

nj_que using a logarithmic transformation. 

Programs 1.\'ere also written to draw and plot all the 

grE1phs presented using the CALCO?-iP 936 Plotting System. 

The lists of program statements which were coded in 

FORTRAN IV for a IBl\'l 360/40 computer are shown in Appendix E .. 



. CHAPTER VI 

RESULTS 

\vnter Applicntio:n Efficiency 
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Five irrigation trials were conducted on border irrigated 

fields during the irrigation season in 1973. ~{O of the 

fields were planted to alfalfa and three were planted to 

barley. Five irrigation trials were also conducted on furrow 

irrigated fields planted to potatoes. The phys ical character

istics of the fields used in this study are shown in Table 4. 

The results of water appl i cation efficiency test s 

for border and furrow irrigation are presented in Tables 

5 and G, ~ espectively. Tite water application eificiency for 

each method was determined by dividing the amount of water 

stored in the root zone by the amount of water delivered to 

the field. The computed water application efficiencies for 

the border irrigation trials ranged from 19 to 32 percent 

with an averag~ of 24 percent~ The results of the water 

application efficiency investigations for the furrow· 

irrigation ranged from 47 to 58 percent with an average 

value of 51 percent. 

It is ve_r:y apparent that the water application efficien

cies for the border irrigation trials shown in Table 5 are 

exceedingly low. One rea son for this is t!1e f3c t ~ ~1 ~1 t 



Ta~.Jle 4~ Physical ch:.:L:'acteristics of t .he experimental fields. 

. - --
JJo.t c cr.- Irrig;G tion 

'Tl" 5.u.l s I r~ r· j_ g.n t. i o 11 Loca. ti O.l1 C:cov Arcn ru;1 
.1_97~ (acres) (feet) 

l3or (l_("~J'l -----
i 13 ::~ :Ttl ]_:y 2_ 3 A:~ c.s III J3nr le:{ ~2-~ 9 1200 

2i3 T '1 '1 -· 
•J U. L~V _(. .:_) Area I Alfalfa 10.3 750 

3I3 ~J t.~ l y- ~?..7 Ar'e.::l II= Enr .: .. e:r~ 18~1 1275 

11.3 .July 29 i\.l"e a III ll ~ - :f';:: .l. _(a 35.5 1270 

5B At.;.t;u s t 1 Area III B2r ·j_ey 22.9 1200 

F't.:._~·l .... a ~-1,----
lF:-:.:* July 1,1 Area II Pot;::~ toes 14.9 1275 

2F July 18 Area I .Pot~1 ·t oes 23.5 1260 

3F :.J121y- 29 Area T Pot o.to es 23. ;) 12.60 -L 

4F Ju.ly 30 Area 
..,.-..,.-

Pot<.:; toes 14.9 1275 _Ll_ 

5F July 31 1\1~ ec' II I-.. o-t:;"ti:c>es l8ft0 1130 
--

* 3 refers to border irrigation. 

** F refers to furrow irrigation. 

Slope 
(percent) 

0. 29 

0.31 

0.30 

0. 26 

0.29 

0.22 

0. 26 

0. 26 

0.22 

0. 27 

.,t::. 
Gl 



Table 5. Summary of water application efficlencles and water losses for border 
irrigation, Snake River Fan, JeJ'fct·son County, Idaho. 

water applied \vater stored Water application R ff Deep Total 
Trials ff. . * uno percoln.tion lost** 

(:tn) (:ln) 
e J.c1enc) 
(per·(~ent (i1.1) (ln) (percent) 

lB 12.2 3.48 

2B. 8.5 2.75 

3I3 13.2 2.54 

4B 14.4 2.99 

5I3 1G.2 3.14 

AVEI<AGr~ 12.5 2.98 

w 
* E = ~ 100 

H \V 
f 

** percent of water delivered 

28 0.00 

32 0.00 

19 0.00 

21 o.oo 
.19 0.00 

24 0.00 

8.72 

5.75 

10.66 

.1.1.11 

13.06 

9.92 

72 

68 

81 

7~l 

81 

76 

..;.:. 

"' 



Table 6. Summary of ~ater application eificiencies and water losses for furrow 
j_rr·igation~ S~1al(e 1-~i\rer !~211~ ._}cf.'_f'e)"\S011 Cotlnt:y·, It_1nllo. 

Trinls 

J.F 

2F' 

--zr: 'J . 

11 fi"i 
.• J. 

5.f 

A \rERA.GE 

:.-:~ 

E 
a 

Fater applioC 

"LT Hs 

1{_0: .. 
-~ 

r ·l· n) \- .. 

4.3 

::L6 

3~5 

4.1 

2.8 

3e8 

100 

i\'ater stored 

(in) 

2.. Ol1 

l. 84 

2.04 

l. 84 

1.51 

1.85 

** percent of water delivered 

Water Gpplication 
efficiency* 
( 1~ c '· ·· cnt) \ . . t'~ · .t. \...- . 

47 

51 

58 

45 

54 

51 

Hunoff 
( . \ 
":tn; 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Deep 
p-~rcoJ[ltion 

(in) 

2. 2.6 

l. 76 

1.46 

2. 26 

1. 29 

l. 81 

Total 
lost*'* 

( pe::.'cent) 

53 

·19 

42 

55 

46 

49 

,.:::,. 
CD 



farmers used large irrigation streams of 2~4 to 7.8 cubic 

feet per second per single border and set. The recorded 

time of irrigation setting pE::r border per irrigation ranged 

from 3. 5 to 8 hours during the daytime and "-'"as more than 

10 hours for overnight sets. 

The \vater application efficiencies obtained for the 

furro'.v irrigation trials wer-e also rather low with an 

average of 51 percent, 27 percent greater than the average 

for border irrigation. The significant difference may be 

attributed to the longer irrigation times used for the border 

irrigation. Application times for the furrows ranged from 

3.5 to 4 hours per setting using an average furrDw stream of 

28 gallons per minute on packeu furro\1~8 and. 33 g~llons per 

. minute on unpacked furrows. The average ¥:ater application 

efficiency for all irrigations, furrow and border, ,.,..as 32 

percent. 

Runoff and 0ther Losses 

On any farm under irrigat~on, there are unavoidable 

losses of water. There are al.so avoidable losses. For 

each irrigation trial, an effort was made to determine hO\v 

water was lost. 

The computed field losses Ior each irrigation trial are 

shown in Tables 5 and 6 for border and furrow irrigation, 

respectively. None of the fields used in this study had 
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drainage provisions and all tailwater was ponded on the low

er ends of the fields. All th0 applied water, therefore, 

was retained on the fields ,,rith no surface rurroff. Hence, 

the amount of water lost to deep percolation was computed by 

subtracting the amount of ,,,ater stored from the amount of 

water delivered. Since there •.vas no runoff from the fields, 

this amount represented the t0tal water lost. 

The total amount of water 1ost, expressed as a percentage 

of water delivered ranged from 68 to 81 percent for the 

border irrigation and 42 to 55 percent for furro\{ irrigation. 

This water obviously percolated below the root zone beyond 

the reach of crop:2. Figures 14 and 15 si.10\<.' the total depth 

of water stored and lost in each irr~gation trial. 

Soil l\·loisture 

The soil moisture data were all punched on cards to 

facilitate routine calculations with the digital computer. 

Soil moisture contents for each foot of depth for the entire 

root zone were determined. These data were used in estimat

ing the amount of water stored in the root zone after irriga

tion. 

The average soil moisture contents before irrigation for 

the entire root zone were also computed. The average soil 

moi stur e content (dry-wei ght basi s ) prior to irrigation 

ranged from 14.78 to 18.43 percent Kith an average of 17 
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percent for borclct' irri.t::;<d,ion; \dlcrc'as, it ranged f'rom 

18 . 9 0 t o 1 ~) . 4. 3 p e t' c c n t h-i t h D n :-1 v r' r.· a g e o f' 19 p c r c c n t for 

furrow irriguLion. Tile high cr fj_ g;nr es shown for furrow 

irrj_gcLion do not ncees::;m•ily indicate that higher moisture 

len:~ls are maintained fen' ro1,r crops due to the varj a hili ty 

of ot;-:ccr factors such as soil texture, strncturnl conclitiou 

and organic matter content. In g~cneral, the test fields for 

border irrigation were located in coarser textured soils. 

L<-l b or Rec: td r ement 

The amount of labor spent on each experimental field 

~as also obtained. 

irri(;nt:Lon, the nmou:d_. of lRbor e:x;.;ended to j_rrig<:~te an 

acre rangecl from 0. 2.5 to 0. 41 hour~ per acre per irrigation 

In furro\·,' irrigation, the labor 

input rnngcd from 0. ~".\ t5 to 0. E>8 hours per aci'C per irrigation 

The higl 1er· labor inp:Jt for furrOh' 

irrig:rd ::i.on incli c.:d.- cs tl; nt rnorc time h ' US spent by· the furmcr 

location to nnotllcr· and uthel' assocJ. <.~ted labor. In addition, 

it ,,·a::; obser-ved th n t :i.n. p.;cncrnl 1 more tha n one nwn h ' i1 S 

rcqu:ircd for {iUTO\\' :irri~ntion h'hcrcns only Oi~ e mnn \\'C1S 

needed for borc1er ir·.r.·ip: :~ Li. o:1. 

An attempt \·;n ~: maci c to {jntl the ef!'ect of labor input 



Table 7. Summary of labor input fOJ ' border nnd furrmv 
:irrigation, ·.JeL[erson County, Idaho. 

Trials )lethod of 
Delivery 

:===.------===--==---:=--== 

Labor Input 
( hr I acre/ irrigation) 

Average 

-···--·-·-------------·---------- ----------

Border 

18 

2B 

3B 

4B 

5B 

Furrow 

1!'' 

2F 

3F 

4F 

5F 

Siphon 

Siphon 

Cutout 

Siphon 

Siphon 

Siphon 

Siphon 

Siphon 

Siphon 

Siphon 

0.32 

0.41 

0. 28 

and turnout 0. 25 

0.30 0.31 

0.43 

0.58 

0.48 

0.35 

0.39 0.45 
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for· border and fnrro\\' irrigation on ,,·ater application 

cf.fjciency. Lnbor input data were plotted against water 

<l!J }J l:Lcob.on efficienc.~" in the scatter diag;rmn s hown in 

Fi gure lG. A simple correlation analysis was run to deter-

mtne the rc1nt:i.onship between the t•,.ro vari.ables. The cor-

relation coefficients obtained wer e 0.60 and 0.85, for 

furrov.' and border irr i gat:Lon , resp cct i vely. Both sho,,r no 

sie;ni.ficnnt r(_dation at the 5 percc~nt leveL This indicates 

that an increase in the labor iuput would not necessarily 

increase the ,,.E\ ter appLLcaiion 0.ff.i.ciency. It is to be 

noted that the results of the analysis are not very conclusive 

due to the s::m l.J snmpl e size. 

JJ· t ta k:(~ I?.C1t(~3 

The resul.ts of the infiltration tests on the border 

stJ'ip~~ c:re slW\·m in F'ig;11r'e 17. '1\vo of the intake tests were 

co;·:d~;ct.cd on Ban110c.k g;rw .. · el1y loam and Bannock loam planted 

to bnr.ley nnc.t Dll'alfa~ :ceE:pcc.tively. The other test was 

mnd c; on B.l.nckfoot ~dlt Jor.;n \,ritil newly cut alfalfn hay~ The 

basi.c. :i.ntnl.;:c rntes for the diff8rent borde:r sites \·/er e l. 9, 

l. 2 nnd 0. 7 incl1es per J10nr for Bnnnock grnvc:-lly l onml 

Ikmnock l onm Dnd BlRck .foot si 1 t lonm, r espcct i vely. The 

acc.nm~ll<ltcd intnkc dc~p tll \1' <:\S represented by thf~ following; 

cqua Lions : D =~ CL G2>T
0 

• G
3

, for· Bannock gravelly lonm; 

]) C) '.) ''' 'I'O. C>G ., J l ., I' ' 0 06 ri,O. 36 J" l , = , r .• 0 , bi.l !lilOC ·: . Oil.fil ~ [I HCl; :...~ := • c... . . . , i .nck .fOOT; 
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silt loam. 

Exmninat.ion o.f Figure 17 sho,,·s that the infiltrntion 

rates in the border fields arc very high. The intake op-

portunity time::.; to infiltrate '1 inches of water \Vere about 

45, ?~i <:met JCjO miuute:=: for Bannock gravelly loam, Bannock 

loam, and BJackfoot silt J.oam, respectively. Tho average 

amount of wa ter needed to bring the soil to field capacity 

on the border fields we.H approximntely 3 inches. With this 

depth, the intake opportunity time to replenish the needed 

soil n'oi sture for the assumed root zone is only 32 minutes 

for Bannock g1·avelly loam, 52 minut cs for Bannock loam and 

87 rninut es for l.Ht:J c k foot si 1 t lomn. 

The summary of furro,,r--intake relations developed from 

iuflow-ouLflo~ measurements over a given reach is shown in 

Figure 18. TI1e furrow intake tests were conducted on Black-

foot si 1 t loam and Hei s.r:Jton loam and both fields \ver e planted 

to potntocs. F'or Blackfoot silt loam, tbc basic intake rate 

was computed 1.5 gn.llons per minute per 100 feet or 0.52 

inches per hour and .LG gallons per minute per 100 feet or 

() ,... , .. ,. . h 
• ;.) c) ~L j 1 C . 8 S JH: r bour foi~ packed and unpacked .furrows, res-

pec.t :i_ve.ly. 

The varint:i.on of intnte depths for the pc:tch:ed and unpack-

ed furTOI\"S is shO'.·:n in Fig:ure 18. In 131ackfoot silt lonm, 

the nccumLJ.lL1t o.d intake w<.~s represented by the equations: 

]-) = C' 1 '?'ln. /18 I' tJ 1 l r ·t 1) o J ,.,,,o" 48 r J• • . o .or · lcpac.;:c c!.: nrrm,·sanc c:: • . t~. or 
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unpacked furrO\vs. In Ileiseton loam, the ncQunmluted intake 

1 "b d l tl t" 1-) 0 l7'l.0· 48 1 D 0 08'I'0 ~ 51 \1'C1S c escr1 e )y - H~ equa -J.ons = • _ _ anc =-= ..... l 

for packed and unpacked furro,,·s, rcspecti vclj,-. These 

equations were derived by integrating the area uncter the 

intake rate curves for a row spncing of 36 inches. 

Examination of the above equations revec-1ls that furrow 

int nkes are quite high. To infiltrate a depth of 2 inches 

in a row crop field would require an intake opportunity time 

of about 95 to 145 minutes in a packed furrow and 45 to J30 

minutes in an unpacked furro,,r. The average depth of ,,,at er 

needed to bring the soil to cnpncity dur :i ng an irrigation 

was npproximately 2 inches. 

Considerable variability of intake depth for the two 

kind~; of furrovs FDS apparent in both soil type:;. This 

variability is obviously due to cornpaction of the packed or 

wheel furrow during the cultivation process which impedes 

infiltration into the soil . It should be noted that the 

infiltration tests '" e.ro only conducted once at the represent--

ative fields. Hence, the result s of these tests 'muld be 

applicahJ.e ot that time for tho s e specific field conditions. 

VD.riation of intnke rntes might be expected as the irrige1tj_on 

season progi' csses. LindermEm (27) reported that the infiJ-

traLi.on rate decreases with .c:.uccess:Lve irrigation."'. thereby 

in ct·ca:-oing; t.1Je l'cqu:i-z·ed infiltrnti.on opportunity time for a 

gi v c n moist u r· e c1 e 1' i c i L • 
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In developing a predictive equation for advance distance, 

Fok and J3j_shop (1 11) assumed the advance equation to be in 

the form 

( 14-) 

where a and b are the empirical constants. In order to 

determine \dlether the field data ,,,ould satisfy this assump-

tion and to find whether an exponential curve in the form 

b . x = at \\'onld fJ.t the advance data, statistical analySC)S 

,,re:r·e run to determine the cor.relation coefficients bet,·.reen 

estimated vnd observed values. The computed correlatioil 

coefficients listed jn Table 8 are all highly significant 

at t .he 1 percent level. This signific<.1nce incli.c8tes that 

the actual data are well described by the advance function 

as expressed in equation 11. 

The coefficients n ancJ 11 of the advance~ function were 

compute d u~;iug a lc:)a s t squares rcgress:Lon teclmique to 

plot the LH:~s t .fit curve in the stnndnrd exp onential form. 

Tlle plo t ted curves are shown in the subsequent pages (Figures 

20, 22, 24\ 26 and 28) and all the measured advance data 

are li.sted in Appondjx D. These ratc-of-acl·c<:'l nce dotn \vcro 

gtli.llerec1 Lrom field<::; whore crops \1'ere nt th e i r vegetative 

sta ge . 
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One of the objectives of this study wac: to evaluate the 

perform3nce of existing; irrigation :::.;ystems to determine the 

recommended adjustments in operat:i_o.ns~ practices and design 

features which \611 insure higher irrigation efficiencies in 

the ar·ca. To attain this objective, selected furrows and 

border strips in the study area were investigated and analyzed 

to show hoT.v these systems could be improved. The methods and 

procedures discussed in Ag;ricultural Handbook PJ"op 82 (9) 

and by Meriam (29) were used in evaluating the systems. 

The specific furrows evaluated were in Ar ea I. 

Area I representing the Blackfoot series is located in the 

central portion of the study area. The soil type was Black-

foot silt loam with an estimated root zone dep t h of 3 feet. 

1~e field was planted to potatoes and was 1260 feet long with 

a gt·adicnt of 0. 2(:) percent w One siphon was used to divert 

\\rr;.tcr to the packed furrO\·:s and 2. siphons were used on the 

TVo flOII rates \\'ere used in each type of 

furrow: 2'? and 30 g;allous per minute for the r;sckecl furrO\\'S, 

nnd ~3 2 ;mc1 iO g;allcns per minute for the unprtci~ecl furrows. 

The cbpth of K<lter JJcec1cd to refill the root zone wru; estimated 

to be 1.8 inches. 

The intake' characteristics of the soil m:·e shcHI'Jl in 
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Figures 19 and 21, and the advance curves are presented in 

F'i gur cs 2.0 and 

Adding 1. 8 inches of ,,,at er to the soil would require 

an intake opportunity time of 130 and 88 minutes for the 

packed and unpacked furrows, respectively. To attain 

'efficient' irrigation, the stream front muf; t reach the 

10\\'el~ end of the furrow in one-fourth o.f the intake oppor-

tuni ty timcG The one-fourth irrigation concept wa8 dis--

cussed in Chapter II. Using the one--fourth irrigation 

criterion, only 33 and 28 minutes are required for the 

stream to reach the lm.rer end of the fur-ro\vs. From the 

a(l·.rance curves fer the 87 and 32 gallons per minu.t e u.<,:ed · b~f the 

farmer, <::s sho\1T1 in i1'igurc~s :~0 and ~·2, the btream frontr; 

reached tlle end of the ftn~ro-~;r in. 10::5 nrHl l7G minutes, respect-

ively, for the packed and unpacked furrows. The furrow 

streams ,~-ere run by the farmer for 225 rnim.1.tes for both 

furrows. 

A summary of the analysis made to determine the effects 

of furrow leng;th nr:cl strenm size on irrigatic)ll efficiencies 

for Blnckf'oot silt loam is shm,-n in Tnblc 9. Tlto r)ackcd 

furro\,r llucl a '"ater n.pplication effic i ency of G6 percent and 

a distrilmtion eJJ'icicncy of 69 percent. F'<H' the unpnckecl 

furro-.·,', tl1e water application efficiency ,,-as 60 pr~rccnt nncl 

the cUstribut:Lon efficiency ,,·as 60 pcrc(~ nt. Th c c:t·i_ stribu ti on 
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Tnble 9. Effects of furrow length and s~renm size on furrow irrigntion system 
efficiencies, Blackfoot silt J.,)arn. 

Length of Stream Applica- Advance Intake Deep Runoff* E percolFt- d 
run size tion timo time ti.me tion* 

(ft) (gpm) (miri) ( . . 
, lnJ.n) (min) (%) c~~o) (%) 

Pncl<ed furrow· 

Present 
system: 12GO 27 225 105 120 :14 -)j 69 

600 27 163** .T3 130 3 31 D-1 

Vt.~ri- ~ 800 30 163** 3~) 130 .... t. •) 94 0 t-

ntions 33 163** ;53 130 " 33 94 1000 ~' 

1200 36 163** 13 130 3 26 91 .. 
Pnpncl<cd furrow 

Pl'esent 
~.\'Stem: 1260 32 22.5 L7G 49 40 -UJ GO 

{ 400 
32 110** •) C) 88 3 5G 94 _.._ 

Vnri- 600 38 110** I')') 88 3 17 9-1 ·~"-' 

ntions 700 'l1 * * * 110** 22. 88 3 4 11 94-

·• expressed as a percentage of water ~pplied. 
•* based on one-fourth irrigation criterion for 'efficient' irrigation. 

*** exceeded the maximum a11o\vab1e str~:1m size, Omax = 10/S, 32. gpm. 
-(!J no runoff because tailwater was ponded. 

I~ 
n 

(%) 

GG 

46 

S3 
,-~ ,.., 
\J 'r-

71 

60 

41 

50 

53 

.::;:. 
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water infiltercd by the average amount of water infiltcred 

(29)~ Distribution efJicicnc:y d e scribes the uni f ormity of 

water intal\"c without rcg:ard to the adequacy of irrigation. 

Several variationr:; on fur:r'O\\. len gth and stream size wore 

analyzed to determine their effec ts on \·Jater application and 

distributjoQ efficiencies. The length of run ,,,as chosen 

and the correspond.inp; stream s ize was either taken or extra-

polated from the advance curves to meet the one-fourth 

irrigation criteri.on. The data in Table 9 indicate tlwt the 

application and distribution efficiencies are increased by 

increasing the furrow stream size. This flow increase would 

improve the r<.rte--of-n.d'.rc ucco For the unpacked furrow, tbe 

water appl:i c n tion efficiency dj ci not ap1Jcar to improve 

1·rith out decreasing tll0 di s tribution efficiency.. For high 

distribution c~ fficiency, the maximum allo\-.rable length of r un 

is nOO fee·L This '.'.'OU1cl give a \·.rater application efficiency 

of 50 percent c Since it is not practical to maintain two 

furrow lenp;ths in a single fi e ld, a n nvm' age lcng t11 of 900 

feet is recommer1d0d for thi s fj_ (~ld. At this L:mgth a wnt f!Y' 

distribution efficiency of abovt 91 pe.cccnt and a water 

application effi.ciency of about 61 percent would be expected. 

The proccclur~} fo.l Jowed in .::::\raluating fur-row irrigation 

in thi s aren wn s es scmtia1J.y th e smnc as that l..tsed in ,\r c a 1.. 



71 

Area II is located in the central section o£ the study area 

and is reprc~ented by the Heiseton series. The soil type 

was IIeiseton loam. The field wns 11.50 feet long with an 

average gradient of 0.27 percent. It was planted to potatoes. 

The flow rates used in the test were 28 and 30 ~allons per 

minute for the packed furrO\\'S, and 33 and 35 gallons per 

minute for the unpacked furrows. The duration of irrigation 

in each case ,,,as 215 minutes. The depth of '~rater to be 

applied was estimated as 2.00 inches. The furrow spacing 

was :56 inches. 

The intake characteristics for this test arc shown in 

Figm·es 23 and 25, and ndvancc cu:r''.-'c~s m.~~.! shown in Vi.g;ures 

24 and 26. 

This invc.st.ig;aU on shv\vS that it tokes about 95 minutes 

to apply 2 inches of water to the packed furrow, and 48 

minutes in the unpacked furro,,•. This indicates that the 

furrow strccms ~hould be run about 119 and 60 minutes in 

the packed ond unpacked furroKs, respectively, to satisfy 

the one-fourth criterion. 

/\.. ::.mmm<tr·y of c.mnly s is for lh_i ::; te~;t, is shovm in Table 

10.. Dnta j_n tld.s tnbLe shml' that the hie;hest nttai.nable 

,,,atcr cli s tribll ·~ i.Olt c.tnd ,,,·ater Dp_plicat:i.on efficicmcies for 

the packed :·un·ow occur \dwn the length of run is clecl~enscd 

to SOO fee t nnd the J'm:Tm,.· strcnm size is increased to 3G 

g;n.llons pm: m:i.Jw.tc .. \(i..th this vm:int.Jon.
1 

tbc csti.mr1ted 
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Table 10. Effects of furrow length and ~tream size on furrow irrigntion system 
efficiencies, IIeiseton loam. 

Length of Stream Applica- Advanc i.: Intake Deep 
j•PrCO- RuclOff* E E run ', .Lz e tion time tinw time 
;: ; , i <Hl * d a 

( ft) (gpm) (min) (m:l:;} (min) (%) (%) (%) ( p/) 
10 

Packed furrow 

Present 
system: 1150 28 215 78 137 29 -CD 79 71 

600 . 26 119** 24 95 2 31 93 67 

Vnri- ~ 800 36 119** 24· 95 2 28 90 70 
at ions 

900 38*** 119** 24 95 2 23 c -~ 75 ,) c) 

1000 4:1*** 119** 24 95 2 21 93 77 -
hl{Hlcked furrow 

Pr·esent 
s.Y stem: 1150 33 215 115 100 40 -(J) 82 6() 

{ 3
110 33 60** l'> 48 2 18 93 80 ~· 

V<~t'i- 400 37 60* * 10 48 2 17 93 82 .... 
ati.ons 500 43*** 60** 1 0 48 2 6 ('..,. 91 .<-· ,_1 u 

--··- - -- --.~ " -----= .. - ..,0: = 
* Expressed as a percentage of ·, ;1ter npplierl. 

** Bused on one--fourth jrt·i p:rd 1 ·, crJ ;('t"ion f'or 'efficient' i1Tig;1tio;:. 
* * * Exceeded maximum :J.lluh'1th i <' ,·; t i'•.>.li<i .. i~e, Q - 10/S, 37 gj)IIl 

-w No runoff because t.ai1water \~·as pvuded. max 

~ 

-: 
c;-, 
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water distribution efficiency is 93 percent and the water 

application effi ci e:1cy is T? p ere ent for the packed furro'". 

Similnrly, by decreasing the length .to 400 feet and increas

ing; the furrow stremn to 3'7 gullons per minute, the ,mter 

distribution and \Wter application efficiencies for the 

unpacked furrow are 93 and 82 percent, respectively. The 

recommended length for this field is 600 feet for 'effici ent ' 

irrigation. 

Bo_F cler Irr:Lg:·~~?- 0.!_1._,__-0-_r ea I I L 

This area is locat eel in the south ern section of the study 

area ond represented by Dnnnock series. The soj_l type was 

Bannock. loam with an est:i_mnted. r·oot zone of 4, feet. The 

border was 1270 feet long, 6R feet wide with an average 

gradient of 0.31 percent. The stream flow used by the farmer 

was 4.2 cubic feet p er second. The application time was 370 

minutes. 1~e soil moisture deficit was estimated to be 3.00 

inches. Recession data were not gathered at all stations 

because the field was covered with a heavy stand of alfalfa 

v:hi ch made o bs ervati ons eli f fi cult . In addition, recession 

was extrrnncly fast after the water supply to the border strip 

wa s turned off clue to tl1e hig;h intake rate of the soil. 

The field dn tn from cy livdc r .Lnfi J ·~romct er tests and 

wntce advance obsen' nt i.ons <U'c> pres e nted in .Appendices C ancl 

D, res p ectiv e ly. 'J'hc intake c hm·nct cri E-;tics of -~he :.:; oil m -·c 



shown .in Figure 2'7. The bnsic intake rate wus e s timated to 

be 1.2 inches per hour. The advance curve is presented in 

F igure 28. As shown in Figure 27, 45 minutes are required 

to replenish a 3-inch d e ficit of ,,•at er. The data in Fi gure 

28 shmv the stream front reached the lo1.,,er end of tlle border 

in 160 minutes. 

It is apparent for this field that the duration of 

irrigation was too long. Since the intake opportunity time 

to replace the moisture deficit is only 50 min~tes, deep 

percolation will occur if water is held in the border longer 

than t"hi.s length of time. Tlle deep percolation losses could 

be decreased by increasing the flow rat 0 in t he border so 

that the stream front \·Wuld reach the er.;<'i of the trri.g:ation 

run faster. The water could then be turned off sooner. An-

other alternative is to lessen the border width to increa s e 

the unit flow rate. The length of the border shoulQ definite

ly be shortened. Using the unit stream concept (9), replen-

ishing the 3-inch water deficit with the present irrigation 

layout would require a unit stream of 0.016 cubic feet per 

second (from Appendix F). The farmer used 0.0051 cubic feet 

per second which suggests that the unit stream has to be 

increased to improve efficiency. The maximum ler.gth of ·run 

for the present stream size used by the farmer was estimated 

to be 380 feet. This was comput ed by dj.viding the pres ent 

stream size (4.2 cfs) by the recommended unit stream and 
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and present h'iclth of border, multiplied by 100. Although 

this estimated unit--border stream ,\·as not tried for this 

specific condition, it could be used as an approximate 

value for evaluation of the present s ystem. 

B o 1::_~~_£!:_ I r r i p_:a t i o r~.l :\ r e t=t _I l_I-_:_. 

The representative border strip evaluated was planted 

to barley, and was 1200 feet long and 66 feet wide. The 

soil \\'as Bannock [';ravelly loam \d th a field slope of 0. 29 

percenL The irrigation stream used by the .fc:~rrner ,,ras 7. 8 

cubic feet per second. The e s timated water dcfic].cncy was 

3.5 incb es for an assumed root zone of 3.0 1eet. 

The t·esul~ s (Ji' the i~1filtr~Yti c; n test fo~c thj_s soil .:1 r-2 

shown in Figure 2-9 .. As shown in this figur·e, the infiltrc:-

tion in this field \\ras very high. The bas ic infiltration 

rate was estimated to be 1.9 inches per hour. Tb add 3.5 

inches of moisture to the s oil \\'Ould onlv repuire 38 minutes 
v > 

whereas the farmer <:-:pplied h'a ter to this strip in 195 min--· 

ute~: . 

Again, s imilar to the first border test, the duration of 

irrig;c:ti.on •.·;n s too long for this strip. Therefore, it. must 

be less en ed to prevent excessive wat er lo s ses . Th e farmer 

used n unit streom of 0.0098 cfs and the reco~nended unit 

s trenrn i s 0.0 20 c f s . The ma x imum lcnr;th for the ])l'escnt 

. s trc<~m size in this field for 1 eff ici ent 1 i r r .ir;ntion ,,,oul c1 
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be GOO feet and thi s repres ents about 50 percent of the 

existing; f:i. eld lcng:th. Additional observations from adjacent 

strips sh0\1'Cd thnt h~£1t c r advance was not even and that the 

irrj_g;ator npplied ~~:fiter until all land surfaces \vere wetted. 

This resulted in a build-up of water at the lower end of the 

border, and exces sive water loss. 

Border Irr~J_;G.tion .. _:~Te.3!.__I. 

The border strip ovalw~tecl \vas planted to alfalfa. The 

soil type was Blackfoot silt loam. The border was 750 feet 

long and 58 feet wide with a gradient of 0.23 percent. The 

s trecm si z e used by the farm c ::..n in this strip was 2. 4 cubic 

1·eet ~H::r s e<.:ond. The e s t irr;<::, t eC. ''' '.'iter dei'i c~ ency \.'as 2. 8 

inches for a root zone depth of 4.0 fe2t. The rate-of-advance 

data were taken during the start of the test but, were dis

continued because of extremely uneven movement of the stream 

front. The uneven wovement \vas caused by the non-uniform 

gradient of this strip. 

The irrtake characteristics of the soil are presented in 

Figure 30. The ba.si.e intaJ\:c rnte was estimated to be 0. 75 

inc.hes per hour. As shO\v11 in l"it;ure 30, it would require 

approximately 72 raiuutes to repl0ni .s h the 2.8 \Wtcr deficit. 

This strip was irrigoted by the farmer for approximately 

200 minutes~ 

Agnin, t.hc duration of irrigation \·.'as too long .for this 
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border strip. The \\'nter must be · turned o f f sooner to reduce 

,,,ater losses. In addition, adclitionnl land levelittg s hould 

be done to int3ure even movement for the n d -·l ancing stream 

front. The unit stream used by the farme_t' was 0.0055 cfs 

and the recommended unit stream is 0~009 cfs for 'efficient' 

irrigation. The allmvable length of the LLelcl for the 

present condition would be 480 feet. 
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CO\CLUSIONS 

The results of the field tests conducted indicate that 

inefficient irrigation is practiced in the study area. They 

indicate that the present irrig:ation systems and practices 

should be improved. The results of the tests show average 

water application efficiencies of 24 percent and 51 percent 

for border and furrow irrigation, respectively. 

Since all the sampled fields have no drainage systems 

to carry runoff, all excess water was ponded at the end of 

the irrigation run.. ller.lcG, percolation amounted to 76 and 

·19 perccr..t of the ~~r.'1ter delivered to border and furro,,r 

irrigated fields, rcsp8ctively. 

The primary factors that cause low '.v-ater application 

efficiencies in the study area are high water intake rates 

of snils, long set times and long field runs. The first 

factor is beyond the control of the irrigator but the systems 

could be modified t o suit the p r evailing conditions. The 

eecond is a management factor and can be controlled by proper 

attentio~ and intelligent judgement of the farmer during 

irrigation. The third is a design factor which can be ad

justed by redesigning the system. 

The labor input in both border and furrow irrigation did 

not seem to significantly affect water application efficien

cies in the s tudy area. 
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Although large streams \\rere recorded during the tests, 

it appears tha t stream size needs to be increa s ed to improve 

rate-of-advance due to the high intake rates of the soils 

and long irrigation runs. Care, however, should be taken 

not to use streams l~rgc enough to cause ero s ion. 

No specific length of border and furrow irrigated field 

can be defined for efficient irrigation although the esti-

mated allo~able length of each sampled f i eld can be good 

approximations. The estirnat eel maximum <.1 ;.'Jl.1'able 1 ength of 

fields irrigated, for most soils encountered, is 775 feet 

for fw·ro~ irrigation and 485 feet for border irrigation. 

_A J · •· 5h the result~~ in this stu(l.y were obtained from 

.field.s beLieved to b e representat.ive of th8 ·u'C::u, ·several 

var:i.ables actually exist and it might be misleading to 

apply ~hese data to the entire Snake River Fan area of 

Jefferson County. 

In general, it could be stated, based on this study, 

that the present irrigation practices, operations and 

system designs need to be improved. The question, hO\~ever, 

is would the farmer be willing to invest additional labor, 

time and capital to reduce \vater loss and improve \vater 

applicati6n efficiency? Is he willing to improve his 

existing system from the standpoint of water conservation? 

It appears that there is no economic incentive at the present 



time for the farmer to improve l1is irrigation pr3ctices 

and systems because wAter i~ plentiful in the a1·ea and 

low in cost. If it could be shown tl1at excessive water 

application leaches soluble plant nutrients and causes 

water logging thus decreasing crop yields there would be 

more incentive for improving irrigation practices and 

systems in the study area. 
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GLOSSAHY OF' TER'lS 

Apparent ~cifi<:_ p;rm'itv (bulk density) -the ratio of the 
\l'cLght of a g:i.\Ten volume of dry soil, inclucUng the air 
space, to the wGight of equal volume of ·.v-ater$ 

Available moisture - the difference in moisture content 
between the field capacity and permanent \vil tin[~ point. 

Border irrigation - method of applying irrigation water to 
a sloping area usually rcctnngulm' -!_n s11ape bounded by 
borders on the sides to guide a moving sheet of water 
as it flows down the border strip. 

Consumptive use (evapotranspiration) - the sum of the amou~1t 
ol' ,~·ater transpired by the plant plus e\caporation from 
adjacent soil surfaces. 

Consumptive u:;;e efficiencv - the ratio of the normal con
sc.mptive use of water to the net amount of water 
depJ_eted from the root zone in the soil. 

·-:::o_:-:-r e-lf:c't_i o~c .::~ f-f._~c-~.C:~!.. -- a nur.ib or i:ndicaT.ing; li0\v' ('_lv.=: ely 
th·o variables o~e related. 'This number varies between 
plus one and minus one. Plus one· indicates a perfect 
correlation, zero indicates no correlation and minus 
one indicates perfect negative correlation, that is, 
as one variable increases the other decreases. 

Cut back - the process of reducing the streem size in a 
--- furrow or border strip in order to reduce excessive 

runoff. 

Deep percolation - the portion of the \Wter delivered to 
the field which percolates beyond the soil root zone 
and is therefore unayailable for consumptive use. 

~ield capacitv - the moisture content of the soil when all 
gra\citational \\'ater has been drained. About one third 
atmosphere tension in the soil is normally considered 
the field capacity. 

Furrow irrigation - the method of applying Kater to a 
small, sloping channel cut or pressed into tile soil. 

Infiltration rate - the rate at which water can enter 
the s ur fa c e o f the s o i 1 • 
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Lenstl~- of run - the <~ctu<~l length of fi.eld where the stre<1m 
of ,,rater \dll run during irrig<~tion. 

~1ctho_~1 of lcnst ::.:.gtwrcs - a method of obtaining the slope 
of a J.i.ne \dlicll best fi.ts a numbei' of plotted _points. 

Pl-lcked furro''' (\dleel furrow) - the Curro\v· where the trnctor 
,,, l1 ee .Ls travel duri 11g cul ti vn t ion. 

PermnncJ~l-'>'ilt in p: poi.n~ - the moisture cor:.tent- of the soil 
\dlcn a plant \dlts perrnnnently. ). 11lant \·,· i.Ll not 
recover after being placeCl .Ln a .:"i!Lu·cn L \ ; (·t c.1lmospilcre 
,,,hcrq little or no evapot:cansr>i.ration occurs. 

Soil series - a t~roup of s oi 1 s developed from the s<1me kind 
of pm:;ent material by the same genetic c:ombi.nation 
of processes, and whose horizons are s! : . ,L -1;-u~ in their 
arrangement and general charflc t eristic .::. , An example 
is Blackfoot series . 

Soil tvpe - the subdi\·ision of the soi] scrie~; on the basis 
()'f_,-'tllle ... -\ ho·rizorl . . An c~xctiHJJle is - l~.lf-l(;l(_foot. silt lonrn .. 

Unn<.!'::ked furrow (center fur-rnw) - the u.n:trc-n-"f':i.leci furrow ----------,.--.· ---..,;.. dur1.ng cultivation . 

Unit stream - the total strenm applied to a border strip 
divided by the width of the strip an..:·; tlle length of 
the field in hundreds of feet~ 

\1'ater application ~fficienc:_y_ - the ratio of the amount of 
water stored 1n the root zone depth divided by the 
amount of water delivered. 
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APJ>ENDIX B 

DETAILED DESCRIPTIO~~ Ofo' T;m SOIL SERIES 

IN THE: STUDY AREA 
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BLACKFOOT SEHIBS* 

The Blackfoot series is a member of the finc-lonmy, 
mixed, L·igid family of Fluvcntic U2ploxerolls. Typic<1lly, 
Blnckfc.ot soils have a grayish bi'Ov.-n ~~ilt loam \lJ hori7Jon~ 
light iJ<'Ohnish. gray silt loom and silty clay Jo ,1m C horizons~ 
nnd stratified silt loam and sandy loam from 35 to more 
than 60 inches. 

Rnnf.!'e of clwractcristics. The moan soil temperature 
t• <l ll''"C~t-:--1., 0·-;-l, -:Ti1"7j~0-J7;1Tf', '[' LlC 01' ,,.. .. , .. , ; C C' rtl' hQll \1 r"l c• ...,,l 1.1' ' ''-' f<"'ll) ar ... <.... . b •- . . ~ l l - _. ~ l \_-:_ ~ . 1 t:' < .( J J. ...L C U . ( . , :") (' i . l L ( ) . ( 

decrease \d th depth to a level of 0. 3 1wrcent or less \d thin 
;)0 inches of the surface. The soil is usually mojst but 
dry beth·een 10 and 40 inches for 60 to 90 consecutive days 
during the summer riwn ths. The 10 to 40--inch contra 1 soc t ion 
has 18 to 27 percent clay as a weighted average. The soil 
is slightly to moderately calcareous. Sorrw pedons hnve 
s tratified sandy lonms, loams and loamy sand belol{ ?S inches. 
Depth to S <::11Ht and gravel is gre<:lter than GO inches. The Ap 
iwrizon has coJ.or values of 5 or 6 dry~ and 3 moist, and 
ehroma of 1 or 2. Textures are loams and silt loams. 

S£~-~:~rl;. Tl1esc ~oils ar·o ·0'!1 11cnr·l)r lev·c:J. O.t' L-!1Cl~1l'iC.lcd 
rj_\-er terraces.. fi~lcvations are 4 .. 700 to 5,000 feet. Slopes 
are bet\,reen 0 to l percent. These soils are formed in 
mixed alluvium. 

Drainag-e and permeability. Moderately well drained; 
runoff is very slo\,~; moderat~~ly permeable. The formation of 
the profile ,,~as under somewhat poorly drained coudi tions 
but it is presently moderately well drained. The wcter table 
fluctuates between 4 and 6 feet. 

Use. Used mostlv for irrigated hay 1 small grains, 
pasture, potatoes and. some sugar beets. 

* This series description was supplied by the Soil Conser
vatioll Se.n:i cc, Higb:v, ld.:1ho. 



.liEISETO\ S~~HES* 

The HeL~-eton ser:Les is a member oL the conrse, mixed, 
cnlcnreous~ .flcigid family of Xeric Torriorthents. Typically, 
IIeiseton soils have a gt~ayish brown or bl'0\\'11 loam Al or Ap 
horizon and lig;l1t grc:w ancl light br0\1'nish gray sandy loam~ 
very fine sandy loam; ancl loamy sc:md C horizons thnt have 
mottles belo\1' 20 inches. 

J?.nllp.·e JE': . ...Sl~0rnctr:--cistics. 'fhc menn nilnlw.l s oil. temp
erature rauges from •12 to ,lG 0 l", o.nd the mean. summer temper
ature at a dep th of 20 inche~ ranges from GO to 66°F. The 
10 to 40 inche s control section .cont<Jins less than 18 percent 
clay and less than 15 percent rock fragment s . The solum 
ranges from 5 to 10 inches thick. The entire profile is 
sli~1tly to moderately calcareous, but no di s tinct calcic 
horizon is commonly present. The profile ranges from mildly 
to moderntely alkaline. The 1\ llori.zon v.-hen mixed to 7 
ir~ches has a v:alue oJ' 5 or 6 dr.Y ancl :·:>. ~) mo.i.st, \:i th chroma 
of 2 01~ 3. Th e Gl bor:i.zon ha:·.; value of 5.5 to 6.5 dry, 3 •. 5 
to 4. 5 molst . c.~nd c.:llroma of 2 or 3. It ts dominantly Sundy 
loam or .1oar.:1 b.at .i:lay Leo s .i.lt J..oait", or loamy sAnd. 

Sd;ting... The soils are on level river flood plains 
and low stream terraces at elevations of 4,200 to 5,000 feet. 
Slopes range from 0 to 1 percent. The soi 1 is formed mainly 
in ffioderately coarse textured mixed alluvium which may overlpy 
sand and gravel. or other str8tified sediments at depths 
greater than 60 inches. 

Drainag:e and permeability. Noderately \-.'ell drained; 
slow or mediu:u runoff; moderately rapid permeability. 

Use. Primarily cultivated under irrigation for hay, 
small grains, pasture and some potatoes. 

This series description \\'as supplied by the Soil Conser
vation Service, Rigby, Idaho. 
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H\ i\:'\JOCI\ S:TJUFS* 

Th;; Bannock series is a membe ·,~ of th0 coarse-lonmy over 
sanely sLeletal, mixed, fl'i_gicl fami '-Y of' 1\1·jclic Cctlcixerolls. 
Typically, Bannock soils have grayish brown loam Al or Ap 
horizons, gra~·ish broKn and light hro,\·ni~h gray loam B 
horizons, strongly cnlcurcous Ccn horizons , a.nd gJ'.:lXel and 
sand \vithin ·10 inches oC the surfaec. 

Rnn _g-(~ jn c.haracteri~tics. The mean nnnria l soil ternp-
erat ure "i7iin[~e :s-J.·ro.i!ill1-to--·:r"i oF and the me.=1n summer soil 
temperature at a depth of 20 inches ranges from 5 9 to 66°F. 
The soils are usually dry and are dry for nbout 60 to 85 
consecutive clays during the lnt e s urnmer. ·:-he mo lli c epi pedon 
is 6 to 11 inches th:L.ck. The A and B horizons range from 
moderately calcareous to non-calcareous. 'i'he Al horizons 
have value of 4. :3 to 5. 5 (!ry and 2. 3 to 3. 5 moist and chroma 
of 2 or 3. The IJ horizon has value o.f 5 or 6 dry nnc1 3 to 4 
moist and a chroma of 2 or 3. It is dominantly lourn but is 
gravell:f or si 1 t loam in some 11 edous. 

Sett.ing. Tl1e srd.ls arc OJl 1c\<e1 to slopi.ne~ stream 
+~'~I~"-;.-e-;,-·:;-;::~ · ··ll· ·"--l·,~ 1 " :J 11 -::: - ~ ~- -:. 1 e"'--.- Al'v- "'- v' Jn ,_;_ 000 +o .-) 900 ....,_. t.....'- · 1J .._ .._ .... (_~ L~ _...._ _lv . u .. J ...... '"~ Ut... \::: .L ~clt.. J..J_.._-:~ • · ~..,w l.- ' , 

feet. Slc pcs r<J.uge from 0 to 10 p c rcen1... . 'l'he svils formed 
mostly in medium textured alluvium over grRvel and ~>and. 
The alluvium is dominantly from quartzite and s edimentRry 
rock sour-::es. 

DrainaRe and permeabilitv. Well drained; slow or 
medium runoff; moderate permeability in A and B horizons 
and v ery rapid in the gravel and sand. 

Use. :·':os t ly cultivated under irrigation for hay, 
pasture, potatoes and small g,rains. 

This series description was supplied by the Soil Cons er
vat i on Service, Ri gby, Idaho. 
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3. 2 ,~ 

3. 2lt 

2.74 

o.o 
7.00 
5.8C 
4.60 
4.00 
3.60 
3.30 
3.30 
2.55 
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u= s s 

100 '-T 

c.o 
1r. 4 3 
J. d 3 
3.08 
2.53 
2.21 
1 • 7 1 
1. 'B 
1. 4 6 

;) • 0 

J.62 
3 .. 02 
.2 . 3 7 
2.37 
1. 6 2 
1.62 
1.37 

o.o 
3.50 
2~90 

2.3J 
z .. oo 
1.eo 
1.65 
1.65 
1.27 



108 
r= u i(, !~ f' ',1 I ~~ f I L -;- f~ .'\ T I G ~~ TEST 

£\f~fl\ 1 
f) LA Ci< F (_n T ~:, I LT L; l II ·,1 
17, LC PF = 0.26 )~ ., 
PllT /J. T~ F I EL 0 
r•J'U~l l \: SP~. CI~!G = 3 lJ r:~c~;Es 

U 'H')~ C K f C ( C t= f'.; H : q ! FIJr; Rm.J 

T .\0 ,., [ ST .\T J.J:~ - ,t, ST!o~T I C\J - B 
CL CCK DIF~ ~F- C!J.'ItULt.- HtAC 1 .. Et\D LDSS L CSS 
T I ~.~ 1: E=r\CE TlVE RDG r.: L C;~ ~G G F L ;J ',..J GP :·'11 GPt·i / 

H~ :.1 IN ( !·1 I 1\] ) l ;~ I ~~ l ( l ~.; ) ( (; p ~: ) ( I i~ ) ( GP,'.\) 200 FT lJO FT 

FUJ: PD•·: ~JU ~-Fl, f ;:- 1 

10:35 c • 0. /1'. 4:::; 1 , . ' • 

Ji._' • u \...; J.~ J . ;j o.o 0 . 0 
10:40 ~-) . 5. '+. 4C 35 . CJ J . 50 ~ 8 . SO lb.93 0 • 1+6 
l0: 1t5 5. 10. 4 .40 3 5 . 00 3 . 70 2 1.iJO 13.93 6 . 96 
11: 0 1 5. 25. 11'of+C :_:15 . •JG 4. CO 27.0C ,-{. 1: 3 4.21 
11: 3 5 35. nO. 4. ·~" 3 5 • L1 ;) !~. 20 :;.o.oo 5 . ~·3 2.71 
11: 5f 21. 8 1 • 4.45 J(• . 80 4 ?(' ._;.; 31. 1) 0 L, • ~ 3 2.21 
12: 10 14. 95. ·'t. 4 5 36. ()0 .; • 30 3 1.00 4- . -~ 3 2 . 2 1 
AV EP ;\GE FLJ\·1 AT S T A Tr Ji~ A ·- 3 5 . ft 3 

F U0 . P C\-i NU:·:I:_~ ER 2 

3: L4 c. o. 4.35 JJ.JO o.c o.o o.o o .. o 
3: t) 4 10. 1 o. 4.3 ? .:L>. -lW ·~ . 7 1 21. 70 l ') . : - . lA ~-,,oe 

4: () to.. 16. 4.35 33 .() CJ 3.90 25 . 00 ~. 86 1.,. 4 ·~ 

4! 1 ') 15. 31. 4.35 33.UO 't • Ott 27.5 0 6 . 36 3 .1. 8 
4:45 3 ·'J . 6 1. 4.4C 35 . 00 4 .1 8 2S . 6() 4.26 2 .13 
5 :35 50. 1 11. 4.40 35 .00 4 • 1 g zq .su 4 .. C6 2.03 
5:45 10. 121. 4.40 35.0() .:. • 20 3J.OO 3.~6 1. 9 3 

IIV[qAGE FLOI-J AT STf>.TinN A = 33.86 

Fur P J 1:J ~\J lJH G ER 3 

10:37 o. o. 4. :+0 35 .00 o.o o.o OwO o.o 
lo:t.2 s. 5. 4.40 35.00 3 .70 2l..50 14.36 7.18 
10:47 5. 10. 4.40 35.()0 :3 .91 25.20 10.66 5.33 
11: 2 15. 25. 4.40 35.00 4.20 30 .00 5. 86 2.93 
11:3 7 35. 60. 4.50 37.00 4.30 3 1.00 4.86 2.43 
11: 58 21. 81. 4.50 37.00 4. 30 31.00 4. !16 2.43 
12: 12 14. 95. 4 .5C 37 .00 I A -, 

"+ • ~L 32 .50 3 .36 1.68 
AVERAGE FLO W AT STATI ON .A = 35 .86 



/\:~r:- :\ 2 
HC: ! SFTC :-: lfJ/;~· 

su·r r = 0 .21 '/, 
P l.T ;": p ·) F I [~ I. :J 
F l J ~- ;.: :_l ~.; S ;' A C I t< G -= 3 b [ N C 1- E S 
P 1\ C K F C ( t·ii· r: l: l l 1- lF i~O 1·/ 

s r,:n r c \J - e 
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LCSS L US S 
Tfi· ~;::: E\r:t: TfVE f:; i)(: F!_ •J' ; '~ C G F L d ·.~ G P fJ. I G P .'1 I 

H I~ ~·1 I ~.J ( ~'t I r\ ) ( '·' I \J l ( H ; l ( G ;) ·.~ l ( P ·U ( C? i·i l 2 :J 0 r- T l l) :J ~ T 

1 0: t. 0 
lO:tt5 
10:')>~ 

11: 5 
tl: 1 b 
11 : t~ 0 
1 2: () 
1 2 :25 
··V!:Pt\Cc 

10: ,_;. 6 
1 0 :50 
1 l : f; 

11 : l 7 

ll: 4 l 
12: l 
12: 2 f; 
AVERtGI: 

10:42 
10:47 
11: c 
11: 8 
11:1 ?. 
11:42 
1 2 : 2 
12:27 
fiVfP t, GF 

,.., 
\.'. 
r.; 

13. 
7. 

11. 
2 ~~- . 

20. 
2'=i. 
F I __ C~ \ ~ 

c. 
5. 

l 3. 
7. 

1!. 
24. 
..., ,.., 
L '.J • 

2 5. 

0. 
5 • 

1 2 • 
25. 
3 6 . 
(, Q. 

::3 J. 
l OS . 

3.7C 
3.65 
3. 6:: 
3. lJ 5 

3.6 ::: 
3. 6 5 

A T S T !. T [ 'l N \ = 

o. 
5. 

3.86 
3.85 

1 '3 . 3. '35 
25. 3.35 
J6. 3.3" 
60. 3.<35 
8 ~). 3 . 85 

FLOI-1 1\ T 
1C5. 3. :35 
STATIOr~ A = 

c. 
5. 

13. 
R. 

10. 
24. 
20. 
2 <; . 

FL (l \-.! 

o. 3.~5 

5 . 3. 55 
18. 3.'55 
26. _3.4 5 
36. 3.55 
6 0. 3.55 
RO . 3.55 

1G5. 3 . 5 5 
,':, T S T !1 T I D !'! .', = 

2 l. SJ 
2 c . 7 "i 
2(;,.7'-J 
2J .. TS 
2 C.7 5 
2~ .7 ~ 

20 .75 
') .~ 7"' 
··- v • . .) 

2J . ;~ ~ 

J .. l) 
2 .35 
2 . 10 
1 • 0 0 
3. lO 
3 . 21) 
J . 30 
3 . JO 

z~~~~o o.c 
24.25 2 .40 
zr- .. 25 
2 ·'t .. 2 3 
2 4. if) 

24 .. 2 5 
? / ? ,.:... .... . .- ".) 

24.25 
24. 2? 

2C.75 
1. 9 .2 5 
19 .. 25 
19. JO 
19 .2 5 
1~7.25 

3 . 15 
J . 20 
3.35 
] • 1t0 
3.50 
3.55 

J.O 
2 .40 
3 .GO 
3 .10 
3 .10 
3.25 
3 .2 5 
3 .:50 

0.0 O. G 
S . !, ;J 14.44 

11. 5C 'l. 34 
12. 3:J ;3 .5•t 
u.s c 7~34 

1~~3J 5 .54 
l6.0J !h J 4 

o.c o. o 

l4.1G 
14 • ., c 
16.60 
17.50 
13.50 
19.25 

o.o 
6 . 8 0 

12.30 
lZ.3C 
13 .50 
15.30 
l 5.7C 
16 .. 0 0 

10. 15 
q . 55 
7. 65 
6.75 
5 .75 
5.CC 

O. Q 
1 2 .61 

7 •ll 
7. ll 
5 . S1 
4.11 
3. 7l 
3.41 

o.o 
7.?2 
It • 6 7 
4 . 27 
3. 67 
2 .77 
2 .4 2 
2 .4 2 

0.0 
8 .7 2 
11.0! 
4.77 
3 .82 
3.37 
.2 . 8 7 
2 .50 

o.o 
6.30 
3 .5 5 
3.55 
2 . '1 5 
2 . ,)') 
1. 85 
1 .. ·; 0 



M~tA 2 
Hf: I SFTCg! LO/I.M 

'-LCPF= = ().?.1 '~ 

P :J f f. T .I c: I [ L 0 

FU 0 R1~ SPACING = J6 INCt ·ES 
U 0! P A C I< [ C ( C.:: :'·! T E R ) f lJ R R (.} :1 

T S T.\ T I 'Jf~-,\ 
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STAT l :J\J-3 
C L '1 C!< D I r: F E P - C U'-~ 'J LA - 1 1 ': t [) :-: E i\ D L US S L D S S 
T I ··~ r.: ': i, C E T I 1/ E q L1 G F LLl 't! ·: U :0 F L n I! G P i·~ I G P ~;I 

H ~ n I N ( !"' I N ) ( :·'I ~~ ) ( H. ) ( G P ~·1 ) ( Hi> { 0 P .'~ i 2 0 J F T l J 0 F T 

8: 0 
r: s 
8: 1 0 
8: 15 
(1: 2 2 
8: 50 
g: 12 
9: ( 1 
9:"iC 

o. 
5 • 
"i. 
5. 

13. 
2?.. 
22. 

<;. 

29. 

" · u .. 
') - . 

10. 
15 • 
28. 
') Cl • 
72. 
f3l. 

110. 

,, • 0 0 
L. • (' c 
~~. C G 
J.S5 
3.9) 
3. 15 
3.95 
3.15 
J cr:: 

• .1 J 

27.:)0 
27. 0 0 
27.00 
26.00 
2o.OO 
?t n (" 
L . ) • \,_, 'J 

26.JO 

2 t: . • 0 c 
10: 1C 20. !.30. 3.9j 26.00 
10:30 20. 150. 3.~5 2b.OQ 
AVEPA Gf FLOW AT SlATIS~ A = 26.27 

J.O 
) • ·j 

·~ • .JJ 
2 • 6 5 
3.20 
}octO 
'1 . , .. 
- .. :> _) 

3.65 
3 • ;, ') 

: ~ 70 

8: 1 
8: f, 

.(l:ll 
3: 16 
B:29 
8: 51 

o. 
5. 
5. 
'). 

o. 3.::;10 2J.50 c .. c 

9 •• ':1 
• J. .J 

9:22 
9: 51 

10: 11 
10: 3 1 

13. 
22. 
22. 

29. 
2 o. 
20. 

AVERAGE FLO\'f' AT 

5. 3.80 
10. 3.30 
15. 3.7~, 

28. 3.75 
50. 3.75 
72. 3.75 
:31. 3.75 

110. 3.75 
130. 3.75 
1SO. 3.75 

$1 ATI::JN A = 

r~ . 50 
23.50 
z~.sc 

22.50 
22.50 
22.50 
2 2 .50 
22.50 
22.50 
22.50 

22.77 

J.O 
~~ • 2 () 
2 .. 63 
-~. 9 5 
3.20 
:.30 
3. 36 
3.40 
3.42 

FU~RC'n' NUrt~B ER 3 

o.u o.o 
O.J ?..6.27 
r.,.zo 22.01 
S.4G 16.?7 

14.70 11.57 
17.50 H.77 
1 '1 .20 
2J.75 
2C .. 75 
2Jw75 
21.50 

J.O 
;) • 0 
~.;:;a 

s.no 
ll. HJ 
14.70 
l6. GO 
16. () 0 
17.40 
17.70 
13.00 

7.J2 
5.52 
s. 52 
5.52 
4.77 

22.77 
17.27 
13. S I 
10. ~n 

8.C7 
6.77 
t,.17 
5. J7 
5.C7 
4.77 

8: 2 O. 0. 3.gz 2S.OC 0.0 0.0 0.0 
8: 7 5. 5. 3.~2 25.00 0.0 o.o 24.45 
8:11 4. 9. 3.90 25.00 2.90 il.50 12.95 
8:17 6. 15. 3.85 24.25 3.10 13.50 lO.S5 
8:30 13. 28. 3.8~ 24.25 3.28 15.70 A.75 
e : 5 2 2 2 • 5 o • 3 • 3 5 2 I, • 2 s 3 • ~., o 1 7 • 5 o 6 • 9 5 
0:14 22. 72. 3.~5 24.25 3.50 19.50 5.Q5 
9:~3 c;. El. 3.t'P 2 1-t.25 1 • . ~)5 1·1.25 5.2C 
q : r; ?. 2 0 • 1 l (.) • j • ~ 5 ~ · ·~ • 2 5 .1 • 5 7 1 9 • :) 5 4 • 2 0 

10:12 20. 130. 3.qs 24.25 J.cio za.J8 4.45 
10:32 20. lSO. 3.35 2~.25 3.64 :J.60 J.E5 
AVf.D ,.'\t,[ FUH~ AT .(_:. T .~TI .JN A. = 24.'~5 

G.O 
l 3 • l/.~ 
11.04 

::l .£..4 
5.79 
~~J'? 

1.51 
2.76 
2.76 
2. 7 6 
2.39 

o.a 
l J.. ~q 

g. 6!~ 
6.Q9 
5 .4 ') 

''t • C-=t 
3.3) 
3.(iq 

2.69 
.2., 54 
Z.Jg 

o.o 
12.23 

6.48 
5,.48 
4 .. 3d 
3.4;j 

2.S8 
2.b0 
2. !. J 
2.23 
1. '1 3 



'!\PPENDIX D 

R/tTE-0£1'-ADVAl\CE DATA 
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A ~\E/\ l 
B L 1\ C f( F ;: :~ T S 1 L f L I) t, '·1 
SL C PE- = 0 .2 6 :~ 

P C1 T f\ T ~ f i FLO 
F l l !~. ~ C >i ~ P !• C F ·i l- · = 3 h I · ~ ·: 1·· r S 
P A C K E C I ~H ~ ? l) ~U ~RJW 

Q = 27 . CO GPM 

T '1 .; 

C LilCK ~I ! F r :: F -
T I ;At_: >: ~· J C~ 

STAT I c;,J !-R i'IN p · !1\: ) 

0+ 0 6 :4 0 o. 

1+ 0 6 : 4 1+ I 

'-+ • 

2+ 0 6 ! It 0 5 . 

3+ 0 6 . c:;' . ~ ... 5. 

1-t + 0 7: 0 (~ . 
5 ·f· 0 -, . 7 7. I . 
6 + 0 7:1 4 7. 

7+ 0 7:22 o. 

8 + 0 7:31 c 

9+ 0 7:40 g . 

10+ 0 7:50 lC. 

11+ 0 8 : 1 1 l • 

12+ 0 8:13 12. 

12+60 8:25 12. 

11 2 

C U ·.~I J l. /'1 -
TI 'J r': 

~ '·1 I i' l l 

o. 

t. , 

9 . 

1 1-t . 

20 . 

2 7. 

~ ;_ 

.) t . 

t.,. 2. 

51. 

(, 0. 

7 c. 

81. 

:') ::. 

1C 5 . 



GLAC~C[(T ~ lLT LC~~ 

SLG?r: = C .~ 6 ~!; 

PC'T .H O F I FL ll 
F u p f..~ ru s p t, c r r' c = 3 ,') I I l c } ' L s 
r A C i( r. C ( ',, H ~ := L l F LJO R -: .•. ; 

0 = ::;J.CO GP~ 

T \j r-
c u•c" ,-)I F F ~ ~. -

T ! '··' 2 ~= l'~ c ;: 
s T r. T I :J"~ 1- R :: [ i j I I \J ) 

0+ 0 6 :42 o. 

1+ 0 6:44 2. 

2+ ,.., 6:47 3. \ . .' 

3+ 0 6;:.:; 1 I ..... 

4+ 0 6:55 4. 

5+ 0 7: 0 5. 

6+ J 7: 5 5. 

7+ 0 7:10 5. 

R+ 0 7: 16 6. 

9+ 0 7:22 6. 

10: 0 7:29 7. 

11+ 0 7:3S 7. 

12+ 0 7:44 8. 

12+60 7:53 9. 

113 

CU :-..~ UL/~-

T I 'J ~ : 

( t·~ I ·~ ) 

o. 
? .__ . 
5 • 

c ,·. 
13. 

1 >l. • 

23. 

2B. 

'34. 

40. 

47. 

54. 

62. 

71. 



f1 L :, r: :<J C C T S ! L T L U •\ ~.~ 
s L c r ~ = o • ~, (: ·;, 
PiT:, T i l F 1 ::L [) 
~ : I r, ~ :' ',, S fJ t. C I \ G = ~ ') I'~ C 1~ F S 
u~.; F .~ ; i~ ~- r: ( U i' T E :,' l f-ll f F i. L: 

Q ·:; J ? • 0 0 G f~ 1-' 

T 1'-1 E 

:) + 0 

l+- 0 

2+ () 6:47 

3+ 0 6:53 6 . 

4+ 0 7: 1 ' .. ~· . 
5+ 0 7:11 10 . 

6+ 0 

7+ 0 7:3 8 1 4 • 

8+ 0 7: 55 17. 

q +- 0 8: 13 1 g. 

10+ 0 8: J 1 1 q u. 
11+ 0 8:52 21. 

12+ 0 9:14 22 .. 

12+60 9:36 22. 

114 

Trv: 
( !·' I i I ) 

0 . 

' ··' . 
7. 

1 3 • 

2 l. 

31. 

58. 

7'>. 

111. 

132. 

154. 

176. 



; ) L /' ( !'. F- ;- ' : T S I L T L C.~ \.; 
s '- c r :~ = o . ? ~1 ~ 
~''11 :·.Tr: F I f:L : : 
H J 0 ,:: cw S P .\ C: I \l l; = Y ) P iC f- F S 
lJ ' IP :C~< F. SlCUn?.,;) >- :_H (.-:•~~ ·_., 

() = 4 o . OJ r_;pv 

T '~ r. --
C L 'JCK ;) i F r- :: F-
T I :! : ~: . ' ! .. ~ -

STAT I ·l ~-i 1- r · 
I : .. , r' r '; ( ~-1 I i ~ l 

0 + 0 ~· : 3 6 c. 

l+ 0 6 :?8 2. 

2+ 0 6 : i:l 3. 

3+ 0 6:44 :: .. 
4+ ·"' '--' 6:48 ,.., . 
5+ 0 6:52 , 

•-t. 

6+ 0 6:'56 4. 

7+ 0 7 : 1 5. 

:-J+ () 7: 7 '-. 
~· 

J+ 0 7:13 , 
o. 

10+ 0 7:20 7. 

11+ 0 7:27 "7 
I e 

12+ 0 7:34 7. 

12+60 7:43 q - . 

113 

CW'!JL ,fl..-
T r v :: 
{ :' p : } 

c. 

2 . 

5. 

8 • 

l :'. 

Lb. 

20. 

2 c. -·. 
31. 

3 7. 

'•4. 

51. 

58. 

67. 



/1 ~~ ~= . ~ 2 
H E:~· s ;: TC \~ i_C:,'\f1 

P r : .~~ T (1 F I [ L ~~ 
~= u :: P c , ~ s P 11 c I \ G = ., b r ~ . ; ~~ r f; s 
P •\ ;:: l<. :-: C ( ~-. h~ ::: L l ;.: U F 2 ~.1 ':1 

Q ::: 2 1\ .CO GPr-' 

r " ., E 
CL OU'. i)T fF ~ : -.,. I ;'J C: ~~\C.: I 

ST~TJD ~J H. ~-· r :.J ( : 'I l ~.: I 

0+ 0 10! 36 
,, 
\..: . 

t .. 0 10:38 z. 

2+ 0 10:£.1 3 ~ 

3+ l) !0:45 ·4. 

4+ 0 l 0: 't9 '+ ~ 

5 ... i) , :~ • r- I 

.L U •.?-+ 5. 

c-+ 0 ! l : 0 6. 

7+ 0 l 1 : 6 6 . 

~t- 0 11 : 13 7. 

9+ 0 ll !21 8. 

10+ 0 11:29 8. 

11 + 0 11:40. 1 l. 

11+50 ll: 54 14. 

_LlG 

C i ) " r_ j L :\ -

r :v ..:. 
( '.: I · ~ } 

... 
\J • 

z. 
,. 

) . 
c: • 

1 ? ~ 

1 •: . 

21... 

JC. 

3 7. 

It 5 • 

53. 

64. 

78. 



·.• 

H :.: I S f.: T r~ ~. : L r ,\ · .~ 
S L :: ::: r: = 0 • 2 7 · ~ 
p :~ T I : ~~ r- [ c L I) 
Fi_ lr:- ::·:~ i·.' <; PtcCI\,; = Y1 l ~ICH.:S 

PA f \fr( w ~E l LJ FU 0 R8 ~ 

T 
I 

" .. A t 
C L 1JS ><. Cl lFc ·::P-

T I i'' ;:: ~ ,' JC: 
ST.\TI Df\ 1--' r:: i·1 I ~I { ;·. ~ ~ ~ ) ) 

0+ 0 10 :41 J. 

1 .. 0 10: .'t3 2 ~ 

2+ 0 10:45 -, 
.::. . 

3+ 0 10: '·8 3. 

4+ 0 10:51 
.., 
:) .. 

5+ 0 10!55 4. 

6+ :J 1 o: sg I ... 
7+ 0 ll : 4 c:; 

--· 
2+ 0 11:10 6. 

9+ 0 11:16 6. 

10+ 0 11:23 ..., 
I • 

11+ 0 11:30 7. 

11+50 ll:3S s. 

.. 1-

.L .J I 

c I J •. , _I L .\-
rrv~ 

( >1 I :~ ) 

c. 

2 • 

4 • 

7 • 

l 0. 

l '.,. 

18. 

23. 

zg. 

3 5. 

42. 

,.., c;. 

57. 



f.... 1:~ ~ :\ ') 

I j ( T s •: T I '~ : !C ;\ •• 
S I. I P ::: -::: C • ?_ 7 · ~; 

1"' (1 "' \T'l 1-T F- LG 
F !I :.: ; : r • : . ..:: " ~, C f ~ 0 = 3 r, I >! f> ' r: S 
l J ~ JJ :\ c v. r: l.' ( ~ c ;., r:: : l F tF :·n · i 

() = 3 5 • J v G P r.1 

T .. , r 

'\ · i './ .-. ·.; ~~ r: 

C !_ C C ~~ !J I F r- r: ~ - C t J v t J ~ \ -

~+ J 

1+ 0 

2 + 0 

3+ u 

4+ 0 

6+ 0 

7+ 0 

~H- 0 

9+ 0 

10+ 0 

11+ 0 

11+')0 

r I t ~ ~- ~~ · , c ·~ r i '' _ 

7:5 6 

-., • c:..: 0 
f • J I 

8+ 1 

2 : 5 

~:i J 

P.:22 

t3 : 29 

s :37 

8:45 

8:54 

? : 4 

9 :24 

( 't, I ~; l 

' "'. 
2. 

3 • 

1-t. 

5. 

• ·- . 
6 . 

7. 

B • 

8 • 

9. 

10. 

zc. 

( ·.; .l • J ) 

;' .... 
2 . 

h -· . 
., . 

.:z b . 

33 . 

' , 
' ·r .l. • 

4
, . 
1 • 

52 . 

68. 

O Q 
() L_ e 

r ' -.-1\ 
: .... . :.; f l. 

118 



\'. .\ T ;: ;;- ~ :; V ;'. :·, C F. l /1 ~- :, 

w:r TCI\ U16_ :.~ 

SL>' = O.i.I -1 
pt)T:T:I '-I=:Lr:'-
F u c ·< r ,,. . c, P :\ c I :, ::; = 3 r> I r-J c ~ r_: ~.i 

t F ! ~' ~C.-<, E C ( C. F i'i T t: ~' ) F U :, r' U' ·! 

(.) = 33.:.}0 CP :V 

T '. ~ c 
lLCCK u r ~ F •:;: --
T If'lt= :: 1Y ( '; 

STt·.flC\ f-k ~ ; r •\! ( " I I: ) .·; 

0+ G: -. :55 o. I 

1+ ·"' 7 :sa 3 . ~~· 

2 ~- n 
J E : 2 It • 

3+ 
,, 
u t. : 7 5. 

'•+ ., 
'J 

,, 
c: • - '1 

• .1. -~ : .. ·. 
5 + G 8:20 

..., 
' . 

6+ (.") 8:28 8. 

7+ 0 8 ;3.>_3 10. 

.0. .• 
} . 0 8:50 12. 

~+ (: 9 . 4 14. . 
10+ 0 q. . . 13 14. 

11+ 0 9:33 15. 

ll+;o 9:51) 17. 

CU i' JL :\ ·-
TIV[ 
(!i I"~ ) 

c. 

3 • 

7. 

12. 

, ,, ... :: .. . 
25 . 

33. 

43. 

55. 

6S. 

83. 

9 8. 

ll 5. 
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[', :, i' , \ I i c i< l L; .'~ ·~ 

SL\PL: :-: 0.:-; 1 ~:. 

fl _\t:e l LY f:. ! :-:: l() 
H F: !\ V Y S T :\ ~~ D 

P. C: P r:' r ;~ l'f! ~ T ~' = b 5 c T 

fJ = <1-.2 0 CFS 

T 'i 

CLCCK D !Fr: ~~~: -

T I r. : ~ L . '." ·__: 

S T .'\ T I D ;., f-- f:: tv~ I r\~ ( ·.1 I :-_, ) 

0+ 0 2 :1'5 {~ 
,) . 

1+ 0 2 : 1 ~~ ':l, - . 
2+ 0 2:22 4. 

3+ 0 2:2') 4. 

4+ 0 2: 31 5. 

5+ 0 2:37 6. 

6+ 0 2:45 8 . 

7+ 0 2: 5 ft () . . 
Rt 0 -,_ . -. 7 13. 

9+ 0 3:23 16. 

tO+ 0 3:40 17. 

11+ 0 4: 0 20. 

12+ 0 4:20 20. 

12+70 4:35 15. 

--
CtJti'__l L :~ -
T I \/ :.=_ 

( '· ! !'.J ) 

o. 

? -. 
7. 

ll. 

1 A • 

- ? 
(._ .. _ . 
30. 

~ ~ ..:; .. , . 
52. 

6 8 . 

85. 

!0~. 

12;:;. 

140. 
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h ~~ T ;~ ::.• r\ !) V .\ ~ • (. C i_ 4 f 1-\ 

/.'K E A 3 
') '\ ·~ ' 1 ~ C'>·': G '- \ \1 t..: L L Y ~ !.\ :'·1 
S L. i ~ fJ :: = 0 • 2. 9 ;~ 

Ll /;r..' L fY :::IFLD 
H c /\V Y S T M. ') 

r. 0 i ;[") E P- :,., I D T H = 6 ') != T 
rJ = 7.8C CFS 

T "-~ E l 

c u :r. K ')f j:': ~ ::: : - C! J'HJL ' ·--
TI'~E ~ ~-; c ;: Trv= 

ST .'\ T I [: r-..J f-R ~' T •. I . ! I ... ( ,..~ I ~~ l ( ··1 I i ·~ l 

')+ 0 12 : 0 o. c. 

1+ 0 , ? • . '- . 8 [! • n. 

21- 0 12:17 9. 17. 

3+ 0 12 : 27 lC. 2 -, 
I • 

l;. ;.- '"' l2:3f! , . ., 39. >._) ~ £... . 

5+ 0 12:51 1~ .. 51. 

6+ 0 1 : 5 14. 65. 

7+ 0 l : 10 1l. • 1 S . 

8+ 0 1 : ?. It 15. S4. 

9+ 0 1:50 16. 110. 

1 0+ 0 " . L • 6 16. , ..., ' 
.LO o 

11+ 0 2:23 17. 143. 

1?.+ 0 2 :40 17 •· l..SC. 
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,-
r 

r ·-
P P Ll G R A~~ T 0 C L\ L C lJ L A T c: S U I L ~HJ I S T U r- ': 

r; r;: ;-: ~-~ 'H. K S : T fl I S P R 0 G R f1 r.~ \n L t C A L C U Li1 T f: Hi '": !, '! c P l\ G F S Lll L 1-1 r;r S ; U R. F F () R E A C H 
C FTCT 'jF f1f:PTH Cl F SOIL SM·1PLED M ;r1 ''~LS~ THE JI,'J[i.~t.GE ~ '1 fHSTURE 
r PFESENT IN THf ROOT ZONE, R(rURF ANn AFT[P lPRIGATI CN ,. 
' 
{~ •:i. J"!C t1 ::~ ,!~ ~: ·~ * ·~ · !': ! •J:t ~"= .,., ~~; \:( ·' :: ::c -.;~ t,l * ~~ '1,' * ;}:. ,;; ·\ ~c Y,: ':c ~~ ):c ):: !:;t ):.:: Y,: ~ :: T,: '*;.: ·.;, ~:: '):: ~-:' :-~< 1;: :.~ !'!!-:: ~: ~ ;:,: );c Y,~ ·.Jc -:•: 1< )~ :{< ~;: ~::: ':~ l:~ ):{ * * ):.: ~;: ~;.; .;; );.: * ¢: 

C rlUTPT! TCl TillS p,~nl;FI\~·\ C;J;~SISTS nr Hlr: HJLUI~J!r'G Vfl"1:\ !:i LES 
c 
C Kt,R.Ff·------rnr•'iTir:IF:S THF LUC.I\T!fif·j nF THE TFST AQ.fl\ 
C 1-A~EA NU~UEQ 1 
c 2-M). r: 1\ ~~ u ~.11~ r R. 11 
r: 1-t1FF'\ t]LJ~f':[P lll 
C \fFft:L'j-----L)rNTIFIES TH[ K. li' lD UF CRClf> GRtlv!N IN THE Tt-ST AP. EA 
C l - !II_ F 1\ l. r A F f ~~ L D 
( 2-0ARLEY FIELD 
C 3-PnT6Tn FlfLD 
r I P ~~ 1 G ~ --- - ~ l ' 1 t'i'.!l' I f r ~ S Tl H E C1 F S Ar·~ P I l r,~ G 
C l-nE:F ~1RE Ir.>". IGI\TIC'N 
r. ~ - t.. r: T I= r:: I I~' ~~ I G 1\ T 1 f] ,\j 
C. ~ HP•1 - - - -- - - - I D E ~! T 1 F I !: S Tf I C r'>J U ~) f\ F.: R CJ F S 1\ rv P L t 
C F\·!··--------F'~F ~H 1-!i::TI;IF UF SMlll ~fii>'PLF. H:Fft";TH CF C\N 
c nr'C/1.1':------f!Vf'-! nr; TFII ,,:EIGiiT Cf snrL +C/VJ 
c c.h:!-·~ ~------'.1[-: t Cfl r ur CMi 
C ~~ PEP-------I ' >f: ~JT I r IES TH[ DE:PTH DF St\>l?LF-D LAY>: '~ 

C 1 - F I P S T HJ::; T r1 F Dt_ P T H 
r ? -- S r C. !i [\) n r-: C (l T C:F D F P T r i 
C 3- T i I P\ D F 'J !1 T U ~ ') 1.: P TI-l 
C 4-FflUl~Tl1 :lF OfPTll 
r 
r 
'·· 
(. 

r 

'anr\!f':=------I~!riHIFES TW .\SSU,V,[fl r.·.c:::·riiJC q:~TH CF CR\.i? 
3-ASS!J~FO ~<DO Tir-.JG l)EflT!I IS 3 FUT 
4- ;'\ ~ S iJ I~ 'JJ R f.l L' ; I i\1 (; 1Y: f"l T II 1 S '• F F. f T 

C ()lrT~lJT Ui: TilE P 'HJGRM' C'~J!·JSISTS nF THE r~ c:L UWil' ~ ; v~ ;'. I/I. f) Lf:S 
r 
'-• 

'. '<J r< r: A , N F I [ l D, I :·~P. I G , N U ~'1 , f= ·.~ , iJ DC '\ i'J , C 1\ ;~ , \i ') l? - --> P ~~ l: V [ li US:._ Y D l F I 1\1 E Ci 

,_. 
i\) 
(;1 



c 
r · 
'· 

c 
r. 
c 
r: 

i! . ~J--------~1Vf\l fJ!~F : 1 't!'::Ii:;rn '."': F S: L! 
TI!ISS-----·-~~ ·· lTSTU::. E LflST DUE TO fi\':=r\J iHYFK 
;)fRCe~-----rlJtSTLFE U1ST D!J[ TO rvr::'-1 rJ I\ Yli'JI, 
;:TW1[S-----SIJ.'~ TOT .4 L f l != ''.fl iSTtJP.~ l\~ F·\Cil FC(lf iJ::: Dli-'Til 
FTtiVF------f·V"CF.-1\GE '-Fl!STUPF FC)P r:ACH r:nrT or Ll t''Til 
TUH1CT------SJI'l TCJT.I\L fJ~- TH:: AVf.R .\1;[: r-HJIST UR E t=QP. TH~ R.CJU T ZLJt\lE 
L\VF"',Ol -----AV[R..!I.GE :'-IQI STUPE F:JP.. THE FtH !HE RC"inT ZCINF 

(~* ·~~~~~~********~*****~*~**~~*~~**~***~~*~~*****~**~****~****~*~**~** 

c 
r <-----------------------------RF~D C~RD--------------

c 
Q/-f\L! {l,2)K,R,S 

2 F f' P. '·1 AT ( I 2 , 2 F 2 • 0 ) 
c 
r. TUTI;\L IZE COUNTEQ 
c 

r: 
r 

r 

L C TP =0 
?00 TFCLCT~.GE.K)GG TO 600 

<-----------------------------RFA~ CAR0--------------
1 ). h\ n ( 1 , 3 ) K M'. ': /", , ~! F 1 U. D , T f~. r. rc; 

3 F 0 m; /.\ T { 3 I 1 ) 
I_[ T J) = L C T R + 1 
I ((I( .", R E !\- ? l i 0 , 2 0, ~~ 0 

( DRI~T n~sr:Rr~T!DN cF T~ST ~REA 

c 
? 0 '.·!f' I T E ( ?· , 2 2 ) 
,?. ~: r , I r~ ~~ '~ T ( 1 H l ' ' A R c /1. ~J wu [ R I I r ) 

\ ~( 1 T \l 4,J 
10 '1· c1Tt~\-1,l/} 

l ? r i i f:' 1.\ T ( l H l , ' .l'.. f.; t- /\ l'l ;_! 0i f1 F P. I ' ) 
:~c TU 40 

') 0 \~FIT E ( 3, 3 ~. l 
.> 3 r r ~ R r-L\ r ( 1 H 1 , • l\ ~~ f7 A ~''nEt:;-; I r 1 • > 

t. 0 i r ( 1\1 ;: I H. D- 2 i :) G , (, 0 , 7 J 
6 0 :. ;r~ IT r::; r 3 , c· () i 

,...... 
i..) ,... 



c 

6 A H ." ~,1 /\ T c • R L\ 'U E y F I E L J ' J 
GC' -:- : 1 PO 

5 0 1-i P I T F ( ::3 , '5 "i J 

S5 f-C
1
Pr1.\T( 1 tLFALFA FIEL D' J 

r, r: T () ~l 0 
70 hPlTF(3,77} 
7 

7 r: n D '1 ;\ T ( t p c T -iT 0 F r E L 0 • ) 
r1 o r F c r P r~, r G- 2 l q:; , Q 1 , 9 1 
·~ o \· ' r rTF c 3 , g 7 J 

97 rc P'-1AT( • snrL ~10isT:JPF HC:.Fm~r: H·P l l~A Ti tH·i '/J r;c; Til r:o 

<1~ tJ PTTFC3,9R) 

q r< r: r: P :,1 J\ r < • s c r L ~w r s r' Jr< E A n E P r r.: R_ rc, :H r c1 N , 1 1 
<~ '~ ,., ~~ r r E c .:; , 1 o o i 

c 
C PFINT CnLUN ~EADING c 

100 rnR:1AT (' S""PLE " 'J CRfSH WT O O+C,\N \H CA >: [) DRY WT lGSS ~ MO l lSTUP[' I 
r 
C INTIALIZE tnUNTERS c 

f"WST=Cl. 
S[Cfl~~=O. 
TJJ IPD=O. 
FCUk T= 0. 
KT R =O 
"'lfTR =0 
FDU IS=O. 
T ~ 'F1 CJ I = 0 .. 

C < --------------- ---- ----------- r;> f: t, !J C .r:. RD--------------3 r 0 ? Ft, n C l , 5 ) ~ J! Pi , F h, Cl [) r. :, '·.J , C 1~ i,l , 1'{f; E P , N Z () \1 r· 
'5 f" GP '-'t.,TCI .?,F4.l,F4.l~F3.1,2I 1 I 

c 
r F C ~-' Z G i'J E • G T • 1 ) G 0 T n l l 1 
lFCFI RS T.N E .O.JGn TO 1!3 ,_.. 

('.) 
vl 



\ 

\. P !: HH D r:: P T H l f= S A ivl P L [ D L A Y F ~~ 
1.J f;· J T E { J , l 1 2 ) 

c 

] 1 2 ~ (I p ,,, /t T ( I F I : ~ s T F 0 0 T I ) 

F IDST-=F I~ST+1. 
GO TO 113 

11 1 I r ( ~lZ D 1\J E.G T. ~ J (~ 0 Til 114 
T ! ( S C C n t·J • "-l F • ') • ) G 0 T 0 1 1 3 

·:,.! P I T f ( ) , 1 1 ~ ) 
1 1. '; F ~· P r ~ ;\T t 1 s E c c N n r o J T ' l 

sF r r ~ ~.J = s F c·J I' ' + 1 • 
r~r: T C 11] 

11'· Tr-trJ?rl~ 1 r.r;-r. ·3JGO TD llt· 
I r ( T! I I r.; D. f\] E • 0 • ) G 0 T (] 113 
':i r I T 1:" ( 3 , 1 l 7 ) 

1 1 -, H' R '' ~ T ( 1 T rs I ~ D F o Cl r ' 1 
THI~.n=THir:: (Hl. 

G G T C' 1 1 ·' 
1 1 f , I r ( i= !J !J R T • ~-1 F • ;) • J G 0 T 0 1 13 

'4 f' T T E ( 3 , 1 l 8 l 
1 1 R F i' f\ 'v1l~ T { 1 F (J : JfH H F (l rJ T • ) 

FriURT=FGIH'T+1. 

l. C r ~~ P U T F ll V U J r; R I E D W E I G H T , t·i 0 I S T U -~ E: L U S S ~ P l: ~ C ::; l•j T ,·:, J I S T U R E 
r: 

r 

113 '<.TF<.=KT~t1 

'JrT;;-.,.~.JFTD+l 

(] r 'r! =I"' (l I ,\ i'~- C A ·~ 

T l l.\ S S = F ~;- n DC !:. 1-1 
M. >:- C [ ·'l= T l C S S I 0 '1 1 ~ ,:, 1 0 ·') • 
FT~QIS=FTMGIS~P~~CE~ 

r. "'F I N T i-' F S t,; L T ') 
c 

\4 F: I T F ( 1 , 1 1 <; l N U ~-l, r- \.-/ , rJ 1J C t. i': , Ct. "J , 0 CW , T L [.; S :::. , P 1~ ;> C i:: :-1 
11 9 F C RJ1 AT ( To , I 2 , T l4 , f 5. 1 , T 2. 2 , f= 5 • l , T 3 l , f' 1t • l , T 4 0 , i: 4 • i , T 4 8 , i- 4 ~ i , i 56 , ;: 6 . 2 

2) 

!~fNFTR.Nf.t2lGO TO 1C0 

~ 

f.) 
c, 



c 
r: C \"·1 PUT E t:.. V C P r\ G E ~-10 I STURE F CJ F nNE r L>lT 0 F D [ P T li 
c 

r 
l, 

r. T 1\ V E = r- P-1 'J I S I 12 • 
:~ F T R =0 
~~~T~(3,122lFTAVE 

! ? 2 ;: ~ ::; . ~ .~. T ( TIt s ' ' ~ v f ':' 1\ G t= I ' T 56 ' F r) • 2 ) 
~- r T '·1'~ I= T CH: ~ i] I ·H : T ,\ V r;:. 
~ n1r! r s = o. 
IF ( K T R.- S ) 3 50 , .:, 0 0, I+ 0 ') 

35U IF(~TR-Rl30C,J6C,360 

~~0 rr(N~~P-314C0,400,1DO 

C crw. PUT E 1\ V c \ 1\ G :: ~W I S T U :< t 1- G R THE r- NT I'~ [ R. 0 C T Z 0 N ~ 
r 

" 
c 

.;. J 0 /\ V F ~1 r I = T fJ: ~1 •-: I I ~J DE;> 

C P!~HIT f,V[PM";f l·'fJ! STIJRi: F'JR. THE:: f,\J-i IRt: '":_i~C:T Zi:J ".ic 
c. 

' I I I T I ( 3 t 1 :::~ 3 ; 1\ V [ ~l!J I 
t~J ctc~·'''~TlT22,'AVtr·;\Gf ~ir:JISTUR'"· IN w1rT z:r;~JE P~ls,T56,r:A.2.i 

r:!Q.ST=;J. 
C', ~: c rJ i'-1 -:.: G • 
Tt!!.RJ=O. 
;:ClJRT::::O. 
;;r: Fl 2CO 

f-,!) 0 STOP 
um 

....... 
{ '.) 

"'1 



C P~OGR~M TO C~LCULATE INFILTRATION ~AT~ 
c: 
C*~***t*¥***~»~~****~*****************~**** * ~********~******~*********** 
r: U·JP iJT TC TH[ PR f1GRA:'t CC,\ISISTS OF- THE r GLLC\·:rNG VARI.4HLES 
C ''IETHCU-----ICf:NTIFltS t.-.rl'::THcR 1-LJP~C~.' :.}R Rli\G INFlLTPl1TiGt•i TEST 
( 1-FUFJ·: C\·i !i',FIL TR .. H [ii :J TEST 
c 
c 
c 
c 
c 
c 
c 
(, 

c 
c 
c 
c 
c 
c 
~ ,, 

c 
.(' 
~-

c. 
c 

2- :{ I i\ G I i\ F I L T ~~ i\ T I 13 r ~ T t: S T 
1\FEt\----~--It.;t:NTIFf~S TliE LDC~TtCN Cl- reST 

1 - !\ >>. r: 11 1 
2- .1 I\ F ;\ 2 
3-1\R.l.A 3 

\JSLfl;:'t:-----ICENTIFIES THF SLCJPF: ilF TI-E: FIELD 
1-·0. 26% 
2-0.Z.'-J % 
3-0. 31 ~: 

4-0.Jh % 
•\lSUIL--------ICt=t·HIFI::S T!H TY?t CF SCIL IN THE Tf::ST ,l) ii .C/\ 

1- fi L r, C n: () , J T ~ I L T L U Ml 
2 - H E I ~~ L T [ N L C t, ,\.1 

:1- ;)i\\0i!'~ CK CRi\VEl.LY UlM' 
t+-JM, :·FJ(K L.Ct~:·1 

' lFlJF'--------ILJ[i''TII:rr::S THf; KI:~o Ui: FU F'i:.!m~ 

l. - U r· I;) :1 C i< r: C ~ ( E ~; T E ~~. l F U i< R C ;-. 
2 - r /'. C v. E C ( \-. i- E E L I F ! p:: F ChJ 

:~KII~D------IiHf\TIFU: S TliL TYPE OF ;-~ .:nf:R -~DV1-\~CE 
C l ·- F U ~ F 1_; I.J ~U\ T F R t\l) V 'I M: f. 
C ? - C '' r.: \ ~ [ f.:. '" i\ T [ f! t- '} V ;\ ~;C E 
r. . H~---------rr:U;;T(rlLS THE DISCiL~!<G~ /,; !\Cf~CC:i~ S1RIP 
C 1-2.3~ CFS,A~[h 1 
C ?.- 4 • ? 2 C f' S, .. ~ K!:: A 1 t 
C 3- l • 7 t) C F S • t• ·~ [ !!. 1 1 1 
( KC--- ------·--Ji:F ,'<Tlff:~ s Hi[ ~)ISCiil\-' l~f . !.IT Flii-f Cl\, 

C 1-~-\c.:J() CPt1 ~ :~ :..G •JL~\ '' Sl R U1 '-~, c ~: - o.Jl t.:; r- •.J:·. f. Cv4, L<~ c L\ 1 
r 

'· 
r 
'~ 

c 
c 

..;:-60. 0 0 CJC!'-, U\ f; ;",[ SH~ ~j,r:, vih l: [ l ;: ' JRi·:C\·1 , L ~; ;:,:: 1 
3-27.ll 0 GP~, R~J~i.JLM' SfR[/l/·1, l·:ri'::f:L. FU P!~ :J \ ·:, /l. i<. [A l 
,,_ 3 0 • C C G F ~ , l .DR C; [ S T R [ M; , ~~ H!:: E L F i J R R CJ ·~1 , A K t ,_'\. 1 
5-33.00 GP~, REGUL~R STRE4M, CE~TE k FURPJW, AREA 11 

;-
i\J 
(JJ 



r 
,-

6-35.00 GF~, LAPG~ STRfA~, CENT~~ FUR RCW, ARlA ll 
7-2P.OO GP~, REGULAR STREAM, ~hE 0 L FU R ~CW, A~~A 11 

C !3- 5 3 • 0 :) G P ~, , L I'd~ G E S T ?, ~ :\'1 , ~~ h :: E L ;:: . J:\ r._ C\·< , f.<.:<. E i-'1 1 l 
C \JHO\JR------f-" JU~-CLCCK Ti r-·\1:: UF UISE. ,:.:v ,n fCf\J 
:: : .q:~--------rvirr..:!JTE-CI. --JCK Tl\1[ ~- ) F c: ,~s c:~ v:~rrcr· J 

r ,, 
'')IFr-------Tif"E Gifi-;::Rc.r- ~ Cl r; EJ't.[ Ci\J C n :.>E!~ VA. TICN, :-;,r~~IJTES 

C lJ t<- -------C lJ 1-1 U L A T I V E T I ME , r-'- 1 N U T E S 
C f I L Ml A - - - - - - H E /l C P f: fd i I N C I N T "· I /1 N G U L A ~~ F L l .. W L ;, T S T ,\ T i C ''l i\ , l ~-l C t- £ S 
C HfMH\-- - - --·H L' .I\ 1) R i-: :'\I)J.NG U~ L\ INJGUL ll.;~ FLU:'.!i E: ~-. T ST/~ E 200FT FK. I'. 
C F Lf.l'. ~ A------[CUIVALE :\iT JISCHt\:-: GE F~ GP l ;.;T STATUn _t-, 

C f=I(J ~JG------EC:LIV~,LE''H CISC ,iA f~ GF i:~ Cf) tl i\T S T f. TI C::~ E 
C d[FURE-----RElluiNC !'·!Tin: qpJi.; li'\FIL ·i , ~ C r ·. :rr- :<. L:<:F,JRE F!LLii-.:G,lf'KhES 
C AFTER------READING I~ ThE Rl~G l~FILf ~ G~ETlR hFT~k FILLING~ IN 
c 
\. :1UTPLJT f.J F 1t-ot= PRCCPl\tJ CO~·ISISTS ~JF THe F f ~LLCH~H~ G VAi-ZD ::.L::::S 
c 
c 
r 
c 
c 
c 
c 
c 
c 
c 
·-~ 

r 

NST.'\NO-----l[FHHICS THE ~,l.HUf..E CF C'-:> UP GPUI-:t'-. ~ : ~ iJCRi)(/~ STRIP 
1 - ~~ [ \~ L 1' C L 1 
2-HffVY ~)Tti.~G 

H. ' JSSl\-----LCS~ P .1 FU'Rll\,! 1 CP1V PE.z 2'JIJ t-T 
~: 1. ll S c; 13---- -1_ [) ~ S r ~\ F 'J ;, i-\ 0 H , G I) :-1 P [ ? 1 C ·J F T 
T f l.tlli/l-----Si.J~1 Tr~TI\L C• FL_:J'v1 U, /\L'.. :J \ ~)~PV/\.1 i CP :5 l~j :')T/.\TlOi·; A 
.\Vf:FLJv.'----t·VFPJ\CF. FLCh AT STATlfYl 1-\ · : c;f~ TI-E DU <ATICf'j l;F TEST 
D·!i)Er------I~T.!\I<E [;EPTil ['llkl{'.JG Hk ;·• f ; LIU, 1:':\~Hc S 

n :Rtd[------f'H:''.i<E RATF nu::r~..;G TH~ ;:;<-R!J D ,I~-Cf ; ES 

i=i'iC).~------ACCU:'-'ULATLT 1•\!T.t~;<.[ DEPTH FiJi-\ TilE. PE-.R.JUO,I'-lCiiC:S 

r ]T 1-1:: F' V /, P. I M; u: S l. SF D P.J T r: E P ::< c; G R M 1 

c 
l~ . J----------~,lJfv', [i:: CF cnsFr·.vr,TIC~·J S i~Lk 1\:'!f~ l 

'· L ---------- - 1\;U tv :..H: R C F H ' I i1 L S 
'ltW-··------TI'] T l', l_ :"\V-1 '1~ ~ OF 1 ~ST 

c :: ~ ·::: ~:~ ~: :-::. ')> ~ i';: t.: * :;t l,'t :-!( ~( ~( : ~ ~ i,: ~~ ): :-> ; ;~ :::.: ; ; :~ l;.: :::.;. ::: ;;-: ');:: ):: ::. ~~ ~~ ::~ ~:'t i.· ~-~ >: ~ ~:( -:·. ;;~ ::: ;, "::- * ;.;::: Y,: · : ~ -.~ : ;~ .::::: .,::: -- . ~ :;: - ~ ::-: ' :: :-; ; ~. ·:: ;J _ ~ :;; : ; :: .:; ~ ;. ; ·. i,: : :.: ):: :;:: )'~.: x.~ 

r 
:) I 't; E ,'.J S 1 C f·~ i'-! H G LY ( 2 0 ) , N l ( 2 0) , ,'--11!\ { 2 •.J : • :" I ::- F { 2 G l , C i. F" { .2 J } , H Ef, Cl~ { 2 ~) i , F L 0 ~· i 

? 1\ ( 2 0 ) , H Ef., C (l ( 2 C ) t F Ul'l\ ! ~ i 2 0 ) , F L C: S S A I 2 U ) , l: L C S S f-'. ( 2 0 ) ~ ll f.: F C P. f ( ? () l 1 \ F T E R { 2 
2 D ) , E '-.;Q E fl ( 2 0 ) , EN R .AT E ( 2 :) ) , E i\C lW ( 2 0 ) , i~ S T "• l ( 2 0 ) , ; :? \ 2 ,; l , t! S T i\ 2 { 2 0 I 

i-J 
r·:> 
(.9 



c 
r 
I , 

(, 

c 
c 
,... , __ 

r 

" c 
c 

,-,, 
r 
"' ,.. 
\_, 

RfA0 (1,2)NU~ 

2 F[kMAT(l2l 
~(TR=O 

<-------------------- --·--------k (: /:,D CARD--------------

<-:--~~'2'"!'---- ·~t!IW::?I...,...'"!':~'C't"'..,$ ~~- 9"~ : ·~~~!': !!t- .;...~:'""'r~ ~· t\ ~ - ~ C /\~: fJ ~_.,.. ____ r:; --:---:'"'--..,... 

2 0 h {[A G {1,J) ME T~CD 

3 F C R ~1 f\ T ( I 1 l 
U ( ' 1 E T II n r1- 2 ) 1 C 0 ,1 0 1 d -I 9 

lJO ''~~ ITE(1,4) 
4 F C R:·1 AT ( 1 H 1 , T 2 0 , ' FUR R n\; l N F I l T ;:u T ICl r.; T l S T ' I j 

125 
5 

<-----------------------------R Ei\D CARD-------------

R [ AD ( 1 , 5 ) K A R E A , N S 0 I L , t\ S L U P F: , 1\ F I E L ~l , f'- F lJ '< , l'\ S T /'.1 1\ D , !\ :( I :'W , i·~ (~ 1 K Q 

H l R ~u T ( tt I 1 ) 
lf(KAR[~-2)102,103,104 

PPINT DESC R[PTION OF TES T A~En 

to ;;· ~.~r: n E t 3,6! 
,, t: C' r:< n 1\ T { l X , 1 t R E.\ 1 ' ) 

GC TO 105 
1. D 3 ·,-J P IT E ( 3 , 7 ) 

7 F ( l F ·\ I~ T ( l. X ' ' M: E A ~ ' ) 
[; r· T rJ 1 G '5 

1 -J 4 -i ~ ~ 1 T t { 3 , 13 ) 
L F ( d' H f\f ( I. X , ' .~ t< f: ,\ j ' ) 

1 J 5 1.; c l o ( 1 o 6 , 1 c 7 , 1 c s , a 1 1 > , :·.J s n 1 L 
1 J {, •tj R l T E ( 3 , ·; ) 

S U l f·: 1•1.\ T (1 X , 1 ilL A C K r 0 fl T S l L T U>H1' ) 
Gl: T C 1 QCJ 

l.07 \.JP liE(3,10l 
10 ccR:-1.!\T ( lX,' 1-EIS EHJN UJA i"i ' l 

;... 
(, j 
r~ 

~ 



.... 
I.. 

~c ro 1c~ 

tC 3 WRITE(3,ll) 
11 FORMAT(lX,' [ANNOCK G~AVlLLY LOA~' l 

GC TO lCCJ 
P.ll 'l'iRITE(3,(H2l 
812 FCJk i·1AT(JX, 1 11 1\N•'·JCCK L ! J:~··: •> 
l iJ '~ G C T G { 1 l < l , 1 11 , 1 12 , 1. 1 ) l , ~~ S I. il P f 
l 1 Q ~PIT [ l 3 , 12 I 

12 FCt~i1 AT(1X,' SLOPE= C.26 ~~ 1 ) 
GC T J 11 1-t 

t l l '.·~ R I T E ( 3 , 1 3 l 
l J F c R :-1 1\ T ( l X ' I s ~ [l p E = 0 • 2 i "~ ' ) 

r; C T lJ ll /+ 

l l 2 -~ R I T [ ( 3 , 1 t , ) 

1 4 r: C r::·i 1\T ( l X , ' S L '] P E = .) • 3 l ~' l 
GC TC 114 

1 L :, i·J :~ I T C: ( 3 , l 5 l 
lS rr: f:.:.\'fiT(lX,' SLOP(:= 0.2.7 ~') 

114 H( i~ Fit::L.0-2.l5CL,5C2,503 

r, n 1 '·; F: r T r: < 3 , t) o 't l 
s J 4 F c R :·i t.. T < 1 x , • .A L F A L F..-, r- r ~ L n 1 J 

GC TO SCS 
'> 0 2 ',.J P I Tf:: ( 3 , 'J G 6 l 
'.) Q (-, f C t< •··I /\ T ( l X , ' P. A R l E Y F I [ I. [) 1 ) 

GC TO ')Q') 

'5 :) 3 'ri!U TE (3, S0 7l 
S07 ~rR~~T{l X ,; ~CTAT ~ F!ELD'J 
S .J S 1 F ( H T i l C i') - 2 j l 2 3 , l 2. 4 , 7 J 0 2 
1 2. 3 ...i r-: I T !: ! J , l 6 l 

l t.: r C g ""• i\ T { l X , ' F U R R C·l S P :\ C I N G = 3 6 11'< Cf- 1 E S 1 ) 

I f ( ~~ ~ U i\- 2 ) l 1 5 , l. l 6 , l l G 

115 ARITE<3d7> 
1 7 F 0 fi ~-1 /i T ( 1 X , ' L; :\J P A C K t= f. ( C UH E ;. } F :. .. F~ R C Y.; 1 / ) 

GC TC! 117 
116 :t FITE(3,1 .'.n 

l f f: 0 R M A T ( l X , ' P .. t. C I< E C ( '.-1 H [ r: L ) F U R R iJ i'; ' I } 

,_... 
(,1 
;..-



C !'Pl'H CCLLJ;·1~-I f-E/~OI!'~G 
r. 
·~ 

c ,, 
c 

' ., 

117 IF(MfTHOG.~C.3lGJ TO 7JJ3 
·.~ r I T E { 3 , l 9 l 

1 o ~: t iH-\ f, T ( T i) , ' T I '~ t: 
.J f< I T E ( 3 , 2 0 l 

20 FGR~ATlTl,'CLCCK 
2 LGSS') 

,'lfiTftJ,2ll 
21 FIIPJt.T (T3 1 'T i~'E 

2 GP~·U I l 
Wr:ITEtJ,22) 

CiFFErt-

ENCf 

22 FGk~AT(T2,'HR ~IN (~I~l 

2 100FT') 

S T ~~ T l u ;'l -A sT.~ T I Yl-~ I l 

C U I·HJ L A- H E ;\ I) Hf:41) L iJS S 

T IV F: R D '; F LQ',., ROG FLm: GPI•1/ 

( r·\ r .-~ J ( r :\~ ) { G P ,,, l ( l ;~ ) { G P '1 l 2 C 0 r- T 

<-----------------------------k[AJ CARD--------------

·~ r M) l 1 , 5 u l \l , L 
c:; 0 F C' F'-1 t1 f ( 1 2 , I l ) 

!if" ?.00 je:l,L 
::'f Ml ( l , S 1 J ( ~HID U k ( K ) 1 f\ll i K ) 1 ,\1 I \J ( K l , H E ~ U 1\ \ K ) r F L C h /1 ( K l l i-n.:: /l.Ld ( K t , r U Jl.·i 3 ( 

2~),K=l,f'\l 

:,) 1 F [) p :1 r T ( I? r A 1 t I 2 I F 3. 2 ' f 4. 2 ' F 3. 2 'F 4 .• 2 ) 

C r~c;wun: TirH CIFFERUH:F 

(' 
'-• 

,:,r'J6 (J( ?01 K--:l,t\ 
If(K.Gf.l I GO TU 883 
') I r f- ( K. l = 0 • 0 
r~(' Til ?C 1 

H o 3 I r ! \J i i 1 J u? ! K l • 1\j t • ~; H o uP t f~- 1 l > G n T LJ 11 2 
1) I r 1- ( K l = ~~ I i ~ ( K ) ··- 1'-~ I f\ ( K- l l 
Gf' TC ?01 

l 1 H I l I r F ( V. ) = 6 0 • - :-~ I 1'\ { I( - l l + "1 I 'J { K ) 
2 J 1 C C il T II-!U E 

[ cr~PUTE CUrLL6TIVE TI~E OF CAS~kV~T~C~ 

:·--
C.J 
tv 



r-

c 

I) ,~ 7 () J t( :: L ' t\i 
I :-:- ( ;<. • r_; T • 1 ) G () T 0 8 0 '5 
C V·1 ( K ) -= r_; • 0 
G: ~ TC 7 CO 

!~ : ) 5 I F ( K • ;; T. ~ l ::::,r; T C 8 0 6 
C t: ~~ ( K ) = : 1 i F F ( K ) 
G L T C 7 i_·, 'J 

~ ~ J L C: l J' 1 ( K i = ~ I F r ( K ) t- C U ~J. ( 1<.- l ) 
1 ."'JO Cr-f~i UJUC 

I F ( 'H~ HI" I} - 2 ) 2 2 2 2 , 2 2 2 3 , 2 2 2 9 
2~.::2 T~="L•JhA=O.O 

!') L 2 0 3 t< = 1 , I\ 
203 !fLO~~=TFLC~A+FLCWA(Kl 

'\ V F l C ~..,. = T := L 0 h A / N 

r. CC/\lf'UTC L CSS It\ FUi<R.D\~ Pt: J.: 200 1-T 
DC 2 0 4 I< = l 1. N 

c 

IF(K. Gf.l)G(: TO rwo 
'~LUSSil( r: l =0.0 
GC TC 204 

~~ () 0 I= L ll S SA ( t< l = AV F l 0~- FL 0 1--Hl ( !< ) 
~'.)4 CCNT I ~HJr: 

C CC:1PUT~: u :-;s IN f-u ,uw·.~ PER l.CO Ff: ::T 
,.. 
\... 

r 
c 
c 

! I r· 2 U ') K :.: l , i, 
IH!': . • r~T.llGU TG 8Cl 
FLCSS :O.{t() =O.u 
t;! TU ~C') 

(:,Jl >=t~JSSfl(i~l-=fLOSSf.!Kl/2. 

2 J 5 CU;T I 1\JlF 
GC TJ(llq,l20,12l),J 

'· F I f\!f F lP t:: U ;; !\ U '•H1 E r.: 

l l fJ :i F I T E ( 3 , 5 2 ) 

......, 
(,l 
C·~ 



(' .... 

'3 ? r: c r<; : /\ T ( 1 T 2 '+ , • F L; :~ ~ c 1, ~·ltJ:-1 ['. E F: 1 ' 1 l 
GC TO 12~ 

1 2 Cl . ·J P I T F ( 3 , 5 3 ) 
~)J FCi~t-1i\T(/T2'+, 'FURRC~~ ~W~1GER 2'1) 

G lj T 0 12 2 
l 2 1 i·/ P I T F ( 3 , 5 4 } 

'j 'T r-Cll':\litH( /T2L., 1 f-UPf~CVi 1~ Utv ;q_-p_ 3 1 1) 

f. ;' P PI T P. t ~ U L l S ( r l) ~ i~ CJ 'ri l ~; F 1 L T P. L1 T I C:~ 1T S ll 
c 

(. 

c 
c 

c 
c 
c 

l ? 2 ·.J F T T :: ( ...,, , 5 5 l I 1\ ~-! 1 U R ( K ) , \J l ( K i , rv: I t, ( K ) , D i F r ( K ) , C U ,v ( K ) , 1-< E A[):, ; K ) , :c.: L Ci f.! A ( K ) 
2 , H l td: ~~ ( f< ) , F Ul 1,, r: ( K l , F Lfl S S '\ ( f\ l , F ~ . ll S ') () i I< ) , K = 1 , ~ ~ l 

~5 F~RMAT(T2,I2,Al,I2,TlC,f3~U,Tl7rF4.0,T24,F4.2,T3l,F5.2,T3R,F4.2r 
2T44 7 FS.~.:,T5l,F5.2 ,l59,F5.2l 

~-~ P I T E ( 3 , R 2 2 ) ·'\ V F L C 'fli 
'1 2 2 F 0 ~~j\~ .'1 T ( T 2 , 1 /1 VERA G E F L ~1 W 1\ T STATIC ;·J .'\ = 1 , T J 0, r: 5. 2 ) 

TFLOhJ\:.::C.O 
20 0 CUH UlUC 
l.J 3 . ; C T R = j-.J C T R + l 

IriNCTR.EQ.~U~)GO TO LJOO 
GC TO 2C6 

lOl 
'i () 

L:L, 

')7 

12(· 
~) :(~ 

1 ') 7 
~· 

C Ci-: PUT /\ T Ll ~; r: rJ R. l i'\ f l L T R C:'-1 C h f\ T E S I 

'rJRlTF(3,56) 
~ CY ;, \ /ll ( lt i 1 , T:~ :~ , ' 1\ H~ G I :\J r- I L Tf.', C i'1 c T E: '{ F S T f I ) 
i;{j Tf) 12.5 
IF!~ST ANO .EC.2lGO TO 126 
df.'TTl::(JI')7) 

r-: C r;: ;.1 n T { L< , ' I\ E '-~ L Y C l.J T F I E L D' ) 
:,~ r T u L.' 7 
':i P T T E ( l , :'i 8 ) 
r- c r: '11\ T \ 1 X ' ' ~- t i'... 'J y s T II -..; 0 I ) 

I r: ( 1-\ f T H C !! • F l. • 3 ) G ': T (1 7 C ,) 3 

PRINT COLUMN ~EADI~G 

I-' 
G-l 
..p:. 



c 
· ... 

c 
c 
c 

r, 

1HRF.-=O 
7 t-, l ·.~ F I T E ( 3 , 2 ::> l 

?.J FC~'t1f·T( T42,' JI\TAKE I~JTI'.KF' l 
1J r I T [ ( 3 , 2 5 l 

2~ FC?MATCTlO,'TIME 
2ATCn'> 

:.; P I T [ ( 3 1 2 6 ) 

T I ;.1t RE!•CH\ G ;~f;\CU ! G CCPTH 

2(; Fr · l~t·\'IT (T3, 'CLCCK DIFFE~- CUI'tJLf,- r3EfOI~E AFTfR 
l lfHAt<.l~'l 

t.PITE(3,27l 

r. h T E A C C U \1 U l 

CUR P~G DUR 1 ;·.JG 

2 7 r= c.~ r~ ~~ T { T J , • T r tJ E E~~C E TIVE F I L ! _ l \ G F I L L I IIJ G P E R. ! C i_; P E ~ I ::.; D 
2 ;~·E. P T H ' ) 

~ ~ F I T E ( 3 , ?. 8 } 
2 i\ H~ R i·i II T { I ~~ , • H 2 tH '~ (:1 PJ ) 

2 C I ~l l ' l 
NTQE=NTRE+l 
!F(NTRE.EQ.2lGO T( 762 

(i-1 IN l 1 n: J (I \d ( I~ l ( I i\ ) 

<-----------------------------REA) C~~D--------------
READC1,29)N,L 

29 FGRMAT(12,ll) 

IJC 2COO ,J=l,L 

<----·-----·------- -·---- ---···----- - !' FAO C 1.1 RU-- ------------

:<['\D( l 1 3t)) {NHClUR (!<.) ,Nl !Kl ,' ·1Ii·~(K) 1()t;FU;.::~-={K) ,:.:..FTER( 1() ,K=l 1 '~1 

3 0 1= r 1·: t•i A T ( I 2 , 1~ l , I 2 , r 3 • 2 , F .) • 2 ) 
Gl: TU 6S6 

C Cr~PUTE INTAKE DEPT~ DURING PERIOD 
c 

222J ~C 2C9 K~l,~ 

I r ( K • (; T • 1 ) GC! T i] 4 E 5 
r~H1EP(i<) =0.0 
r,n ro zcg 

t. r;, 5 :; i~ ~; f: P ( ;< ) = li E F 0 I{ E ( K ) - ~ F T t: R { I< - l l 

f-' 
Crl 
(..l 



2.0~ CCNTINU~ 

c 
C C U~ P l JT F. Hi T t. K E R A 1 c D U ;( I ~~ G P E R 10 G 
c 

r
'-

!JC 210 K=1,1\ 
IFIK.GT.llGC TC 4CO 
::: id~ .~ T f: ( K ) = J • U 
(} C T l.~ .:~ l :) 

~ 'J C u . R ;~ T ~~ ( :< l = ::t\ !) E P ( ;\ ) •:< 6 J • I [) I F F { K l 
210 CCt\Jf [NlJE 

C CUl~'lJTc t~CCU~~ULATED It\TAI<E DEPTH 
c 

D [J J. 3 J K ::: l " ~' 
lF(t<.GT.llGCj' TD 2 11 
;: ~ C ~ J ,'1 ( t~ l :: C • G 
t;~ TO 130 

? 1 l i ~~ ( :<. • ~~ I ~ ~ ) G C T D 2 2 2 
E r\ cur·· 1 r. l = u. o [ r { :< l 
G C T C J. ·:.·J 

..' Z 2 U .. C U ,'.~ ( t' l ::: E i·, 0 E P ! K l t E ~.J C U!·~ ( 1-\. -1 I 
1 ~ 0 r: r-~H l fHJ E 
L ·1 1 ' ~ l. T ri ( 2 1 2 , 2 1 J , 2 l 4 , 2 1 5 i , J 
?t2 ~~R lT C (.1,:~ll 

11 F C ; ! ,'t,\T(!T26,'CYII;\Cf: ~~ \!Ui'. ~Et lf/l 
~C TU 132 

)lJ WRITE(J,A?l 
':!u .. ' H 1:' \ /I T ( I T 2 ( l , • C Y L I i\ !; f.: r:: ~; U r 1 nE: P 1- • I l 

GC Ttl l?.~ 

.2 1 4 ·r F I ! L i ~. , .; J ) 
.:\'5 .: C :---:'·!f. T \1 T 2 r) , ' C Y L I i\ 0 Ef~ rc; U i'-1 'I cr. 3 ' !) 

;;c r o l3? 
2 1 C.· '" k 1 T E ! 3 , 3 4 l 

34 FO~; ~i,q (llll,' (CIJ ,\TI~Ut1TIC~J) 1 //) 

t;C T 0 7 c l 
7 1:; 2 ',i F I T ;::: ( .3 , 7 (; 3 l 
763 FORMAT(/T26,'CYLI~DER NU~nER 4'/) 

r-: 
C..l 
c: 



;'< r ,~ E = o 
c 
C P~I~T RESULTS (Rl~G I~FILTRGM~TfR TEST) 
c 

c 
•: 
'., 

l :1 2 '.-J r:: I T ·~ ( 3 , 3 '3 ) ( i\J H U UP, ! K ) , i\ 1 ( K l , H I !\J ( I< ) , iJ I F r { ~~ i , C U ~:, ( K ) , 8 f F U f·: l ( i<. l , 
2 1\ r T F: i~ ( K ) , t= 1\ IJ t: P ( K ) , E ~J R. /1 T E ( I< l , E 1\ C U iJ ( K i , I< :-= l , ~~ ) 

J 5 F DR '·1 i\. T i T 2 , I 2 , A l , I 2 , T 1 1 , F 3. 0 , T 1 S , F 4. C , T ? 6 , F 4. 2 , T J 4, F 4 • 2 , l4 3 , f 4. 2 , 
2T~1.f5.2,T60,f5.2) 

2 n 'W c L rn It~ u E 
Gl TO 133 

q~ y WGITE(3,7001) 
7iJCi ;.: rR:.;,~. T(l.iii.,T25,'lf.I'\IE(.{ .'\DV/•r!CE r;ATA'/) 

GG TO 125 
7 0 J 2 I f ( ~ K HW • G T • 1 I G 0 T 0 1 2 4 

GL TO 12:1 
l C J 3 I F ( N K I f\i D • G T • 1 i G 0 T 0 4 J !t :) 

2 'J 1 

?. r; -. 
- ·'"-

'l c: ., 
'- ) J 

2S4 

2 ~ ~~ 

2'.'.i.S 

2 r, 7 

? ~'-. 8 

2 ~:, 1 
2 ~ . ~~ 

Gr TO (251,2~2,2~3,2~~,2S5,256 1 257,25 ~) ,KQ 

P~H-:T D!SCHARC!; 

~~ ~· 1 r E ( ::l , 2 ~;-, 1 l 
GC' TD 7C'J4 
I-I f- I T F. ( ~ , ? r.; ?. ) 
c,r; Tfl 70 Y t 
·~ · : ~, ! '1" t.: ( ::. , / ( 3 l 
c; r · T r; 7 o 0 4 
'rJ '' I T E ( 3 , ?. t; 4 ) 
'.~ U T U 7 0 0 4 
·,.,' P I T E ( 3 , ;~ 6 5 i 
:,A: T !-. 7 C: l) 4 

\·1 H I T [ ( : , ? !·, <'J l 
cr rc 7 -J04 
,,J!: I T ~ · { --\ • 7 1, -/ ) 

r. r' T c 7 ~>J 4 

.. ; F I T ;: ! 3 , .~ t) 0: ) 
r: r R:,lll r ( 1 x , • 
H 1 R ~HI";" ( 1 X , ' 

Q = 3~.00 GPM 1 /) 

Q = 6C.UJ GP~'/) 

,._... 
,- ' -·· ' ..... , 



c 
,.. 
L. 

c 

c 

? (t 3 
? '. 4 
? ( r: . . ) ) 

2 <)(:, 

2:') 7 

268 
7 ')C4 

:- [j P. :-1 AT ( 1 X ' I 

F L ~~ i·l t. T ( l X r 1 

Fnf~MATilX,' 

Ff R'-'1/,T ( lX,' 
F C k rg T I 1 X , 1 

F f! K t" A T ( 1 X • 1 

~~ '"' r r r < 3 , 1 o 1 o 1 

Q = 2 7 • J 0 G P f-1 1 I l 
(J -:: 30.00 (;flM 1 /) 

G: = ) ~ • () 0 G p ~·1 I I ) 

r. = 35.00 Gi:>~J.' I l 
Q = Zd.CO GPM 1 /) 

Q = J 3. OU GP ~1 1 I ) 

FlU! F f' P1·1t\T(//T?O,'T f \1 i": 1 /fl4,'CLJCK Ci!Ff [i\ - C.lH·liJ L .'\- 1 /Tl 4 ,'Ti M 
2 [ [ 1\ C C T I V E 1 I T 3 , 1 STAT I 0 N H R :v; I ~~ ( :·-11 ;·~ ) { i', I ~J ) 1 I } 

!( F iiO { 1, 60 C 1) N 
6 ,) ll F C R 1"1 tH \ I 2 ) 

<----------------------------- RCA~ CARD--------------

'<, L f, [) ( 1 t fJ \.1 J 2 ) ( t; S T A 1 ( K ) , ~~ 2 ( K ) , 1'-J S T A 2 { 1\ ) , i\J H ,J U K. { ;<. l , N 1 ( K ) , i': I ~' ( K ) , r< = l , N ) 
f> l ) J?. F C R ;.1 fl T I I 2 , A 1 , 2 I 2 , :~ 1 , I 2 ) 

GC TO 6S6 
'• '. :. U f . \' T r:; ( 2 7 l , 2 7 2 , 2 7 3 ) , \l l~ 

2 7 l ,; t: I T ~ ( J , 2 ·~ l ) 
GC TC': 1C G4 

2 7? JF lT€:(3,28 2 ) 
r, ( T C: 7 C'Jlt 

BCR8[~ 

BO~DE~ 

~ICfH = 67 
wiDTH ~ s ~ 

? 7 3 '·.' P I T E ( 3 , ;~ El 3 l 
2 ; l c C P, r.'. 1\ T ( I l ): t ' 

.:: l 2 ;::: c I~:-': /', T ( I 1 X ' I 

2 q ?.· f r• '~ ··i ,\ T ( I l X , c BGRCER WICTH = 66 
GC TQ 7J G4 

FT'I' (' 
~ = 7.7c cr:s~ !l 

FT'Il !_J = .::..2~) CFS'Il 
F r ' I ' () = 7. ~lQ CF$ 1 /l 

c I) ~ I N T p E s u l. T :; ( \·!/', T [: P. 1:. I) v /\1\ c E D :·. i /\ ) 
c 

• ) ') ) ,, 
Lt.. 1. ~ . 

? } t~ 

Fl JO 

.~ ~ I T E ( :- , 2 '~ 'l I ! !\ S ·1 A l ~ ~: l , ;' J 2 ( K J , 1\; ·~ T A 2 ( K ) , i'J: i Cl U R ( i( ) , ~ l ( K l , ~1 I N ( K l 1 D I F F ( K ) 
2 , C lJ >I ( K ) , K = 1 , ~ ) 

r l ::: '•i :\ T ( T 4 , I 2 , t. l ~ I 2 , T 1 3 t I 2 , .·\ 1 , I 2 , T 2 3 , F 3 • 0 , T::; 1 , F 4 a 0 , I ) 
~; c T (J 133 
') TI,IP 
d..; I) 

\-...0 

C. l 
C/) 



J 39 

CU~VES FOH ESTHL\TING UNIT-EORD8H STRE.Al'lS 



CURVES FOR DETERMINING OESi ~ ABLE SIZE OF STREAMS TO 
USE ON A BORDER STRIP I' WIDE .AND iOO' LONG FOR SOILS HAVING 

DIFFER EN T 8 A Si C IN T /.\I< E R ATE S ( 9 ) • 

HO 




