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ABSTJlAC'J.' 

M.,Sc., Bernhard von Hoynlngen Buene 

SUBSURPACB IIUUGATIOIf IN A ST. SAII11BL 
. SARDY-WAIl SOIL 

.. 

!gr leul tural 
Bnalneerlng 

Usll1g a subsurface irr.igation system, set up .in the 

suamer of 1983 in a modified subsurface dralnage system, 

water table distrlbutions were observed in eight irrigated 

plots and eight non-irrigated plots. The various components 

of the head 10ss in the system were iso1ated and thelr 

values cal~ulated • 

Tbe total irrigation water input was measured and the 

eftect of this input on the water table WBS observed. 

It was found that the water table could be ralsed 

approx.imately 5-10 cm per day. The irrigation was tar from 

id.al due to an Inadequate water suppl y , nonetheless the 

overall yield trom the lrrlgated plots Mas about twice that 

of the non-lrrlgated plots. 

At the time of planning the experiment, it was thought 

that the wa ter table should be wl thin 60 cm trom the soil 

surface, however the average depth obtained in this experi

ment W8S only approxlmately 75 cm, because ot the Inadequate 

water suppl y • 
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(_~ RESUME 

.. 

't 
Ma!trlse Bernhard von Hoynlngen Ruene Génie Rural 

IRRIGATION SOUTERRAINE D'UN SOL 
SABLONNEUX DE ST. SAWEL 

., ' 

Un système d r irrigation souterraine 'a été installé 

pendant l'été 1983, en modifiant le système de drainage 

souterrain. Ceci a permis une observation de la distribution 

de la nappe phréa tique ~ sur huit parcelles irriguées, et 

huit parcelles non-irriguées. Les différentes composantes, 

de la perte de charge dans le système, ont été isolées 

et leurs valeurs calculées. 

L'intrant total dt eau pour l'irrigation a été mesuré et 

son ef:t:et sur la nappe phréatique a été observé. 

Il a été constaté que la nappe phréatique pouvai t être 

rehaussée de six à dix cm/jour, approximativement. Les 

conditions d'irrigation n'étaient pas idéales, de par le 

manque dt eau, toutefois, le rendement total des parcelles 

irriguées a été le double de celui des parcelles non

i.rriguées. 

Au cours de la plani:Ucation de l'expérience, il a été 

considéré que la nappe phréatique devait atteindre un niveau 

de 60 cm de la surface du Bol, toutefois, en pratique, le 

ni.veau moyen obtenu a été de 75 cm approximativement, 

étant dû à un approvisionnement insuffisant en eau. 
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IlIftODUCTIClf 

1 
Subsurfac. lrr~a~10B ha. beeD us.d la the Netherlands 

&Bd North.rD Germa~or a Dumb.r of deoadea. Dltohes were 

bu~lt that could drain as weIl as irrlgate the land. Today's 

method ot subsurface irrigation no longer requires ditches 

but rather drainage tubes. The irrigation water ls 

<dlstributed in the fields via these tubes. The resulting 

water table distribution will be such that the water table 

ia highest above the drain and lowest at midspacing. 

In Quebec, large areas of land have been made more 

productive with the aid of drainage systems, since many 

tields were too wet to cultivate. However, certain fields 

wlth sandy soils, have a tendeney to overdrain, due to the 

tact that the drainable porosities of these soils are re-

latively high. During dry summers, such as the summer of 

1983, drought-like conditions oceur on these soils, whieh in 

turn effect the yield negatively. 

This research was do ne to see if a subsurface drainage 

system may be moditied economically, such that it can be 

used for both, drainage and irrigation. The main factors are 
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the &yailabl11t1 01 irrlgation water aRd the optlmum water 

table depth to obtaln maxlmum yleld. -The.e two factors are 
~/\ 

interrelated, that 18 to say, the amount of water requlred 

depends on the water table depth and vice versa. 

Since tbe water table distrlbution produced by tbl. 

type of irriaatlon wl1l not be even, due ta the hydraullc 

bead 1088e. in tbe 8011, a relatively flat topoaraphy 1. 

requ1red to minimize the effect of thls unevenness. 

\ " -f - , 

1 

., 
i 



t 

( 

3 

The objeetiYes ot th1s study were: 

1) Ta assess the teasability of convert1ng a, subsurtace 

drainage system to a 8ubsurface drainage/irrigation 

.ystem in sandy soils. 

2) To evaluate the water requirements of the experimental 

plots. 

3) To evaluate the hydraulic head lasses in a subirr1gatlon 

.ystem . 

• ) To observe the speed at wh1ch the water table may be 

raised by subsurface irrigation. 

S) Ta determine whether the problem of poor water d1str1bu-

t10n during the firet year of subirrigation was due ta 

problems with the dra1nage pipes, whieh had been instal

led ten years earlier. 



'·'.3 Iaope 

The ~ re.ul t. of th.1.s re.earch would have been furtber 
J 

eDhanced by a comparative study of water table depth to crop 

71.1d, however neither time nor money was availabl. for .uch 

&Il undertaking. 

Furthermore, only one drain spaeing was u8ed, .1Dee 

further research of the effect of drain-spac1ng on the water 

table distribut10n was not possible due to f1naDc1al 

and t1me constrainta. 

To obtal,D a more exact measure of evapotransp1rat10D, 

.1.t would have been necessary to evaluate the upward flux of 

water from the water table, but that would have included a 

study of unsaturated flow, wh1ch was considered beyond the 

scape of this re •• arch. 
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CIIAPl'D II 

2.1 

T'he tena' SubllUrfaee Irrlptlon t 
J altlO referred. to .a 

tBablrrlgatlon', ls used here to slanlfy the ra18iaa of the 

water table to supply the nee •• sary molsture to plant root •• 

Thl. practlee i. well knOWD ln both The Ketheriand. and 

.orthern Germany, where the height of the water table ... 

coatrolled by open di tehes. Theae dl tehe., ln turn, w.re 

conaeeted to the rlvera by means of a1uleea, whieh were 

bulit lnto the extenalve dlke .yate. exiatlng ln the .. 

area.. Origina1ly, the ditehe. were bul1t for dralnace pur

po_a on1y, however due to lliproved drainase methoda, 'the 

water table dropped aufficlent1y that lrrigatlon bec ... 

nece •• ary on certain types of aol1. Aecordlng to Gwlna.r 

(1945), the .umaer of 1926 wa.s 80 dry, tut JaOre dib 

.Iulc.s had to be insta1led in certain s.etlon. of the lower 

.... r river district ln Horthern Germany, to aatiafy the 

irrigation demands. At high tide, the slulee. were op8ned 

and water f10wed lnto the ditches, as the tide retreated the 

a1uicea _ere C10S8d again, leaving the water brought in by 

the ttde ln the ditches. The 8ffect was that the water table 

rose ln the fields. 

The same system .a8 u.ad in The Nethe:i-lands, where sub-
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lrrlptlol1 ".. al80 practlced extella~ yel,. (lIootrhoudt, 1952). 

Bo1lud 18 a COUlltry, that due ta 1 t. low eleY8.tloll ha. had 

ta clealp &Il extellslye dralnqe a,.ate.; consequent l, lt h&a 

ODe ot the'.ast extellslve .ublrrlaatlon syate. lD the worlel 

(Crlddle and Kallsyaart, 1967). 

The aaln proble. howeyer, aee.ad to be the lack ot 

bowlqe ln the de.lp of thes. syate .. , the, .... ecl to 

ju8t evolye a. the n.ad tor the. aro ••• 

aenfro (1955) 1nY.stlaated the us. ot sub1rr1a.tloa &ad 

coDtrolled dra1nas- practl~~~ soa. re,1on8 of the Uatted 

Sta te.. Colltrolled d~lll .. e ma,. be consldered ta be a rora 

ot aublrrlaatlon, ln aa far'as lt .-plo,.s a .. thod ot 

reaulatlna th. outtlow of dralD .. e water, thereb,. .xertlDC 

.a.e control oyer the depth of the water table. Slnce ttie 
r 

... ot aubaurface dra1na has beco .. qult. poPular, due tOI; 

ecoaoalc reasona, the reauJ,atloD of the oqtflow lro. auch a 

clr&1nace .,..te. has beCOlie ra ther slaple. A. de.lan ot IlUch a 

a,..t .. 1. ,lven b,. Dot,. et al. (197S). --
ODe of the tlrat ta actually set up d •• 1an atandarda 

.. re lox!.!.!!.:.. (19S8). Later, Skacas (1979) •• t up the 

d •• tp crlter1a that should be usad, when a subaurlace 

dralnaae a,.ste. ls .1so uaed as a sublrrlaatlon s,.ste.. When 

the draln apaclna la ca1culated, the tollowlna thre. polnta 

baY. to be kept ln Il1nd: 

1) Wlrat ot al1, a dralnase a,..t.. should be 

d. •• lped., qch that 1 t cau draln the fleld. ln 
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a relat1.ely .bort ti .. , a. the draln spaelq 

.Iaoald be .uch, tha t adaqua te drainas. 1. pro

'Y,14ecl ln ti ... ofaxe.ss ,preelpl tatlol1. 

2) To lnelude the sub1rrlp. tion eapacl ty ln th • 

• ,.te., th. draln spacina shAuld be Bueh, tbat 

the water tabla .. y ba ralsed ln a shQrt a 

perlod of t1.. •• posBibl •• 

3) Th. dra1n apaciq haa to alloy th. capabi11 t, 

to &ehle.e a steady state condition durlng h1ah 

eTapot~1ratioD periods. 

Alter tha drain spaciaa has been calculated for each of'the 

abo.e thr_ ca_., the ,_ll.st ls then •• léetëd as the' 
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'2.2 Water Table Depth 

To be able to design a subirrigation system, one has to 

consider the role that the depth of the water table plays ln 
, 

the growth of the root,system of plants. 

2.2.& Effect of Water Table Depth on Yield 

The optlmum water table depth depends on both the type 

of crop groWD, shallow to deep rooted" plants, on the type of 

8011 and, of course, the,combinatlon of the two. Further

"more, this optimum depth fluctuates' from year to year, de-

pendlng on the cllmatic factors, precipitation and potential 

evapotranspiration (Luthin !1~, 1957). It was found that 

shallow rootlng cro,ps need a high water table and that the 

optlmum level depend heavlly on the so11 type. At higher 
.. 

than optimum water tables, the plants wlll sutfer, due to 

the lack of aeration, thereby restricting root growth, 

whereas at lower levels, yield decreases due to water 

deficiency. The approxlmate depth may, be deduced by investi-

~ating the physlcal propertles of the soil, such as 

capll1ary rlse, 

gaarde, 1974). 

water holdlng ca~lty etc. 
{ 

(van Schllf-

Several experlments have been conducted, showing the 

effects of a controlled water table. Blaauw (1938) (cited by 

Luthln et al., 1957), ln his investigation of the relatlon

shlp between water table helght and yleld of bulbs, found 

,that the optll1lW1l watitr table depth na 50 Cil ln a coarae 
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sand, wheraas it was 60 cm in a flne ~and. Slnce th. sand 

contalned lltt1. organlc matter, low water retentlon capa-

c~y, a lowering of the water table by Just 10 cm resulted 

ln a slgniflcant decrease ln yleld. Dot Y !! al. (1975), com

paring control1ed drain~ge and undralned experlmental plots 

on sandy so11s, showed that corn ylelds were Increased if 

the water table was kept approxlmately 1 m from the so11 

surface. Slml1ar resu1ts were reported by ~ollet et ~ 

(1974) on sandy so11s in North Dakota. Maxlmum yields of 

malze, sugar beet and a1fa1fa were obtained 'on these solls 
,1 

at water table depth of 70 cm. 

Even though these resu1ts give the indlcation that the' 
\1 

water table depth h~s a marked effect on crop yie1d, these 

results May not simp1y be transferred to other regions, 
., .P 

since different solI propertles and climatic factors May 

have a considerable effect on the resu1ts. 
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~.,~ .. b Btt.ct ot the Water 'l'able Depth OD 8oi1 ~pertie. 

One ot the soll propertles l intluenced the moat by the 

water table ls the lev'el o~ aera tion. "lll.1amson and Kr.1z 
\ 

( 1970) lnd.1eate, that t'Wo wa ter table depth l.1ml ts shou1d be 

taken lnto eons.1derat.1on. Flrst, the 10wer 11mlt ls that 

depth, that ",.111 st.1ll be able to 
'.1 

supply the plant roots 

"lth su~t).elent mo.1sture, .Le • prevent solI molsture 

det.1cleney, and second, the upper liait, wh.1ch permits the 
, \1 

roota to have adequate aeration, sinee a too hlgh a water 

" table wl11 ehoke off the plant roots. 
\1 " \~ 

Furthermo~e, Von Hoynlngen Ruene (1939) states that the 
\, " 

leachlng proe,ss ls on~d of the mOSl: lmpôrtant solI alter.1ng , 

factors and that, .1f not stopped e.1ther naturally or 
II 

artitlclally, may 1ead to ii total lmwver.1shment of the 
CI 

8011. 
, ., '\\ 

A controlled water table therefore,' slows down this 

process. Water, as lt irifll~~ates the sail, carries wlth it,\\ 

the nutrlents down ta the 101fer horlzons of the so11. As the 

water reaches 101fer levels, i t' s veloei ty decreases and the 

nutr.1ents wlll be deposi ted at these levels. If the water 
o 

table 
\,1 

ls sufflciently hlgh, Many of these nutrlents wlll 
v 

still be available ta the plants. Furthermore, lrrigation 

water supplied from belo .. , does not take part in thi. 

leachlng proe~ss. 

Accordlng ta the SolI Conservation Service of the U.S. 

Department of Agriculture (1973), dralna.r, of oJ'gaDic 80il. 
JO' " 

~ 

l 

i· 
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contrlbutes substantlally to surface subs1dence. Subsidence 

is caused by the oxidation of the organlc particles by 

aeroblc bacterla. A lowered water table allows alr to enter 

the pores of the 5011, which ln turn llelps the growth ot 

these aeroblc bacteria. Average subsidence in organic so11s 

in Europe and the United States ls around 25 mm per year. 

The degree of subsidence varies ..,1 th the depth to which the 

8011 Is aerated, or ln other words, 'lri th the depth of the 

water table. 

From the above mentioned, 1 t becomes clear tha t sorne 

form of water table control is not only benet icial but also 

advisable. For sc)1ls that have a tendency to overdraln, sucIl 

as the sandy loam soil lnvestigated in this research, sorne 

form of controlled drainage or sublrriga tian can prove to 

have a posltive effect on both the yield and the 8011 pro-

perties. 
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2.2. C TIleoretlcal b'a1uatloa of the Opt1aua •• ter 'rabl. Depth 

b1de from the above mentloned experlmental determJ.na

t10n of the optlmum water table depth, 1 t la posslble to 

obt~ln thls depth by applylng the continul ty equatlon and 

Darcy'" law. Glven ~he ~act that, at optlmum depth, the 

.ater table sbould aupply enough molature to the root zone, 

lucb that the consumptive use of the plants .1s met, ODe la 

ab1e to calculate th.1.s deptb by DULklnc the follow.1na aS8W1p

t10na and approxlmat.1.ona: 

1) At the optlmum water table leTel, tbe upwarcl 

t1ux la such that 1 t ectua1a tbe potentlal .Tapa-

transp1ra tlon. 

2) OsJlOt.1c potentia1 18 assUllecl to be neglla.1ble. 

3) BTapotranaplration la constant at a certain 

water table depth • 

• ) Hyateresia lIUly be 19nored by cODslderlng only 

JK)notonJ.c chansea o:f suctJ.OD (.1ncreas.1ng or de

creasina)· 

5) Bydraullc conductlTltr ln uneaturated 8011. 1. 

a :functJ.on ot water content onl,.. 

Sinee the upwa.rd IIOTelllent of lIlOlature tra. tbe .. ter 

tab1e 18 due to the d.1.tterence ln hrdraullc potentlal, one 

MT rapresent thla potentJ.al dlttareDce by the tollowlna 

, 
, , 
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equatloa: « 

T(h) - T(,) + ,(.) + T(o) + V(p) 

wher.: 

Y(h) - th. hydraullc potentlal 

T(,) - the gravlty potentlal 

T(.) - the matrlc potentlal 

T(o) - the o.motie potentlal ( neslltr1ble) 

T(p) - the pre •• ure potentlal ( • 0 abOY. ".T. ) 
ThJ.a reduee. to: 

TIl. 

where: 

T(h) - V<a) + T(a) 

cont1Du1 ty equatJ.OD for the 'Art1ca1 flow of' wat,er 

Q 

t 

- Tolu.etrlc water CODt.Dt 

- tl .. 

T(a) - flux ln the z-d1rectloD 

(2) 

l'ur'ther.ar., Darcy'. equat10D ln ODe cl1 •• u1on 1. C1T •• 'b1: 

(3) 

1 

o j 
l, 

1 
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v(z) • f1ux ln the z-dlrectlon 

Q • the volumetric water content 

J[ - the hydraulic conductlvity 
1 

'h - the auctlon ln height of water 

z - the vertical position me a sured downward froa 

some reterence point 

Oô~i~D& the continuity equation and Darcy'. equ.tloD 

yleld. the tollowinB expression: 

ÔQ/dt • d/dz(K dh/da) - dE/dz (4) 

AD ana1ytlcal solution for thls &quation la DOt aTall

able, ho~ever applyiaa 8O.a of the asaumptiona .entloned 

preTloualy, one may solve th1a aquation. Plr.t, upward flux 

1 •• qual ta potential evapotran.plration, tharefore there 1. 

no change in water content, le. equatloD (4) soes ta zero. 

Second, h dependa 08ly on water content, since DODOtonlc 

chanaea in .uctlon are ... uaed. Therefore equatlon (4) ra

duc.s to: 

(5) 

TbJ.. equatl0D. -y be sol TM uains nUllerlcal _thod., 

~v.r the relatlonahlp bet ... n suction and hydraullc oon

ductlvJ.ty and the boundary conditions need to be auppli.d. 
~ 

1 

~ i 
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The toraer le dlscu •• ad lD datall by Klute (1972). Aa far a8 

tha boundary condl tlons are concerned, both the upper and 

the lower need to be gl ven. 1t'hisler!! al. (1968) points 

out that the maximum water uptake by the roota 18 at or near 

the lower section of the rooting zone. Skaggs (1979) states 

that the upper boundary may be taken to be the average root 

zone depth. The lower boundary ls of course the water table. 

Theretore, one may conclude that the upper boundary and con-

•• quently, the etfectlve depth, depends on the type of crop, 

or ratber, the rootlng depth of the crop. 

Prom the preceding discussion, one may see that it i. 

po .. lble to calcula te the optimum water table depth. How

eTer, slnce thls depth dapends on the evapotranaplratlon, 

whlch say, of course, vary considerably durlng the growing 

••• .an, the optimum wa ter table depth may be calcula ted by 

obtain1.n& the maximum potenUal evapotranspiratlon fram the 

waather data available. 

1 
1 

"1 

'1 
1 
1 
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2.3 Y.ter Table Distribution 

This next section deals wl th the water table d18tribu-

tion and :turthermore wlth the flo,"" of ",ater beneath the 

".ter table. It la necessary to obta1n an overall plcture o:t 

satura ted flow to be able to vlsuallze the shape ot the 

water table and the tlow process Invol ved durlng sub-

lrriaa tion. 

2.3 •• Shape of the Yater Table duria.a Subirriaat10n 

S1.nce the shape of the wa ter table la a reversal of the 

drainage case, the dra1n spaclng required for a comblned 

."lItelll May be calcula ted using the same lIlethod, the 

Rooghoudt equatlon. Both Fox.!.! al. (19~6) and Slcaggs (1979) 

deyeloped equations for drain spacings ln sublrrlgatlon, 

however both are ln :tact varia t10De of the Hooghoudt 

equation. 

Hooghoudt t Il equatlon for the dra1.nage calle 111 as 

tollowa: 

(6) 

Ybere: 

• • the drain IIpacin, (.) 

K • the hydraulic conducti yi ty (II/day) 
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q • the drainage coefficient (a/day) 

d • equi ... alent depth (m) 

h • the height of the wa ter table abo .... the drai. 

height a t lIlidspaeing (m) 

Thi. equation, ho.ever, 1118.1 not b. u.ed ln thi. tora 

tor .ublrriaatlon, sinee 1 t assumes that the helght of wat.r 

aboTe th. draln it •• lf ia zero. Obvioualy, in lIublrrigation 

that ia not true, turthermore, the drainage coetticient q 

need. to be replaced by the evapotranspiration rate. Atter 

~nJ the necessary modifications to the torlllula, equatioD 

(6) i. chanaed to the followlng: 

(7) 

• • the draln apaelna (m) 

E • the hydraulic conductlTity (lIl/day) 

• • the potential evapotraDapiration rate (m/day) 

d • the equi valent depth (Ill) 

B • he.1ght ot "ater table above draln (Ill) 

• - detlect10n of water table at midspacing (m) 

rl~r. 4 shows both ca8es, Le. drainage and 8ub.1rriiatlon, 

tocether. 

Since all the Tariable. are DOwn in equation (7), i.e. 
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~a .pac1... hy4raullc conductlYlty, etc., a, the d.~lec

tloa ot tbe'water table at midspacing, may be calculated. It 

la th8r.~or8 possible to calculate the shape ot the water 

table usine Booahoudt's equation. Gal1ichand (1983) ~ound 

tbat the Booghoudt equation gave only an approximation ot 

tke 82peri.8ntally ob.erved m. Bowever, it see .. ·that th ••• 

d1~~.r.Dce. were mainly due to the tact, that the soil ... 

DOt a. unitorm (ho.ogeneous) as had been assUJDed, in other 

word., 1t i. very llkely that the soil exhibited larl. 

variations in h1dra~ic conductiTiti8s. Such variation. w1ll 

.t~.ct the calculations such that only an appro~mate shape 

ot th. water table will be obtained. 

j 
j 
\ 

1 

. 

1 
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2.3.b Moye_nt o~ l'ater ln 8011 

Slnce thls reaearch dea1s with 8ubirrlaatlon, one ot 

the main pointa of lnterest le, of course, the flo. ot water 

beDeath the water table. Toth (1963) produced a mathematleal 

mode 1 , lncorporatlng the three dLtterent types of saturated 

flow t'ha t exlst: 

1) Local t1ow: Flow trom topographlc hlghs to 

tOPographlc lowa (topography here iœpllea the 

topography ot the water table). 

2) Interaediate tlow: Flow trom recharge areas to 

d1..charge areas. 

3) Resional flow: Flow from the basin recharge 

area to the basln discharge area. 

In thia reaearch, only the 1.nteraediate and the ~_ 

fla. prec:loa1.na te. The tla t topography and the exlsta.Jlce ot a 

10.. peraeabill ty clay below a depth of 2 • cause the 

r .. ional tlowa to be Tery small. The local tlow from the 

toposraphic hlghe, aboye the draina" to the topo"raphic 

lowa, at midspaciq, are the most important, aince the main 

coneerD 18 an eyen or relatlTely eTen water table. J'urther-

.ore, the tlow from the lrrigated plota to the draiDed plota 

could wel1 be descrlbed as an Intermedlate flow. Freeze and 

Wltherspoon (1966, 1967) found that Tarlatlons ln subeurface 

permeablllty intluence the genera1 tlow pattern beneath the 

water table cODaiderably. 
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2.4 rrlc't.1oD La_e. J.n a Subsurface IrrlptloD ST_t •• 

A 8ubirrigation system, distributJ.ng "ater ta the fl.1d 

trom a control ehamber, ".111 be subjected to certain fric

tion losses. ThJ.8 imp1ie8 that a head difference need8 ta be 

ma1.ntained for f10" to oceur. If the frictJ.on 108S can be 

estJ.mated, then the control chamber can be designed ac-

corcUllIly. 

Head 10llses lII&y b. cata,orized .e followlI: 

1) h(.Dt) : the entrance head. 10lle ot the tlow of 

water tram the control chamb~ lJù;o 

the distrJ.butor pipe. 

2) h(coll): the he ad 1088 ln the collector drain. 

S) h(t .. ) : the head 1088 result.1nlJ troll a te. 

conn.otion. 

4) h(elb) : the head 1088 encouat.red at an elbow 

(a 9G-deS. turn J.n the draJ.n pipe). 

5) h(lat) : the head 10118 in the 1aterale. 

e) h ( exi t): the head 1088 due to the re8ietaDce 

encountered by the t10" of water 

exit.1na the 1atera18. 

T) h(cony): the head 108S due to the conTers.Dc • 

.. ot the flow lin.. near the d.nia. 

Gall.1ahaacl (1983) toaad that tla. bJ. ... t Ia.ad 10_ t1aat 

1 
. 1 

1 
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. occurs 1.n a sUbirrigation system is the exit' head 108S, 

furthermore 1 t seemed that the head lOBS dùe to p1.pe flow 

was rela tively sma11 when compared to other losses. S1nce 

the Uow was 1amlnar, the Darcy-Weisbach equation \Vas used 

to calcula te the frlction 10sses ln the pipe. 

In order to dlstinguish betw6e,n 1aminar and turbulent 

f1ow, the Reynolds number needs t,o be caleulated, uslng the 

fo1101t'ing equation: 

R - dQ/vA (8) 

where: 

R - the Reynolds number 

Q • the discharge (1II3/see) 

A - the cross-sectional area of the pipe (m2 ) 

d .. the pipe diameter (m) 

v .. the kinematiC viseoei ty (m2 /see) 

Equation (8) implies that higher Reynolds numbers will be 

obtalned with hlgher :llows, sinee R ls dlrect1y proportional 

to Q. Accord"1ng to Streeter et !!.:. (1979), the flow ls 

consldered lamlnar for Reynolds numbers 1ess than 2000. For 

R values greater thad 20000, rough-turbu1ent flow, Manning' s 

equation, gives good results. For flows with R values between 

2000 and 20000, the transition zone, no single equation is 

eOlllp1etely satisfactory for estlmat1ng friction losses. 
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Approxima..te estlmates of head 10SS8S ~can be made wlth 

-='Mannlng's equatlon, or other equations. Solvlng for Se' the 

slope of the energy grade line ," the frlct.1on 1088 ln cor

rugated plast.1c drain pipes may be calculated: 

, where: 

(9) 

. s. - th. slop. of the energy grade line (mlm) 

n - the roughness coef:tic.tent (Ow01a for plastic 

drain pipes) 

Q - the discharge (cu.m/sec) 

d - diameter of the pipe (m) 

The head loss tha t occurs due to exi t resl.tance ma)' be 

calculated" us.1ng the rad.1al flow equa tiQn g.1 ven by Bravo and 

Sch"ab (1977): 

wher.: 

ln(r» (10) 

Q - the flow rate into an ldeal drai.n (cu.m/day) 

J( - the hydraulic conductlvity (m/day) 

L - length o:t dra.1n (m) 

h r - hydrauli.c head at the ldeal drain rad.1us r (.) 

he- hydl'aullc head at a radius of r. (Ill) 
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The ideal drain radius may be defined as the etfective drain 
1 

. radius re. Mobammad and Skaggs (1982) found that the 

effective drain radius tor difterent types.of tubing varies 

batween 8.0 * 10-7 cm and 3.9 cm. Modifying equation (10) to 

include the effective drain radius and solving for the head 

loss, yields the following equation: 

where: 

- the effective drain radius (m) 

h(exit)- the exit head 10ss (ha -hr ) (m) 

Therefore the exit bead 10ss may be obtained theoretrcally 

by solving the above equation. 

Finally, the last friction loss that occurs ls the loss 

due to the convergence ot the flow lines near the drain. 

This may on1y be evaluated theoretlcally if flow nets are 

drawn. The convergence head 10ss i8 then obtained from the 

tollowlng formula: 

( 12) 

where: 

E - the evapotranaplratlon rate (m/day) 
. 

h(conT)- head loa. due to the conTeraence ot the 

1 

• 

\ 
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flow lines (m) 

DpD- number of potential drops, vertical from the 

drain to the water table above the drain 

nCH- number of flow channels 

Therefore, the total head 1088 in the subirriaation system 

may be calculated by: 

h(tot) • h(ent) + h(coll) + h(te.) + h(.lb) 

+ h(lat) + h(exit) + h(CODV) (13) 

Gallichand (1983) found that a bead dift.rence between 

40 ta 70 ~ had to be maintained to achieTe steady atate 

conditions. 
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CIIAPTBIl III 

UPBIlIIIBHTAL LATOUT 

3.1 Bxperi"Dtal Site 

Kr. Leandre Charbonneau'. fara i. located approxi_tel,. 

24 km .outh of Sorel, Quebec, a •• hown on fiaure 1. The 

experiaental field it.elf, i. situated on the Che~n de. 

Allonaes in the Paroisse de St-Louis of Richelieu county. 

The topography of the 10 hectare field ls relatively 

fiat, with only 8mall variatlons of elevation. The topo-

craphical map ls given in figure 2. 

A .ubsurface drainaae system .. s lnstalled in thl. 

field in 1972. Since the do~nant soil aeries 1. of the St. 

8aauel type, a spunbonded nylon tilter wa. placee! OTer the 

top 2/3 of the drain to protect it trom sedimentation. 

Bowever, durin8 the sublrrigatlon experi.ents carried out in 

the aummer of 1982, lt waa tound that some parts of the 

dralnase syste. were elther blocked or had .ome sedi.ent 

depoalta. 1 Theretore, ln the tall of 1982, new dralDs .. re 

lD8talled ln the six experlaental plots that had not 

tuactl0Ded properly. Furthermore, 1Ir. Charbonneau carrled 

1. It 1_ not.war-thy, th.t .1n08 1972 n_ env.lap. rr.brla. 
t.v. b_n d.v.laped .nd U8ttd oo..pl.t8ly .round t"" dr.ln 
tub ••• AllIO, nylon 1. no longer- ueed blcauea lt h_ b--. 
round th.t nylon degr-.o.. ln -.My 8011.. (Aollln A. 1984 
Unp~li.hed Che_io.l ~l......-ing Ca~1oetlo,..) 
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out furth.~ 1&Dd 1ey.l1iAS to d.cr.... the yariation in 

e1eyation. At pre •• nt ti •• , th. maxilll1Ul Tarlation la about 

SO Cil. 

The solI, Itsel!, consists of a dark brown flne sandy 

10a. top layer, up to 30 cm thlck. Underneath, there ls an 

oliy. pale medium sand, golng down to about 160 cm. A clay, 

whlch May be con.ldered to be the lmpermeable layer, ia 

locat.d beneath It. Solle areas ln the fleld could be des-

crlbed as Imp.rfectly dralned, slne. it was too wet ta be 

•• eded ln the .prlng of 1983. ID the past, It was ob.erv.d 

by th. OWDer that durlng drler sumaers (about 3 years out of 

S) the erop suff.red fram water deflciency, camparad 
\ 

nearby sllty 8011-,. This IDdIeated that IIOr. wat.r 
1 

d.rained out and 1._ .... r.taIDeeI .. aYai1ab1. water for 

CZ'Op .. 
, 11&;1.. ba."1l arcnra on tlli. fi.1d • .1Dce 196'7. It .... 

al.ao o""ecl tut TeIT few p1aat roota pe.etrated the 11011 

deeper tJlan 35 ca. 

" 1 

, 
1 

t , 

1 
l, 
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3.2 Bxperl"Dtal De.laD 

In the spring of 1982, a modification was made to the 

subsurface drainage layout, 8uch that an eight replicate 

experimental design could be made. Each replicate .. as set up 

in such a way, that it consisted of both an irrigated plot 

and a non-irrigated plot, separated by a buffer zone. Each 

plot contained two subsurface drainage pipes. The experimen

tal layout is shown in figure 2 and 3, the plot sizes are 

glven in table A57. 

In arder ta observe the water table distribution in the 

varlous parts of the experlmental field, "ater table pipes 

were installed at locations lndlcated in figure 3. Each 

plot, non-irrigated and irriglated, contained two rOllS of 

observation pipes, approximately 40 m~ters apart. Each ro. 

of observation pipes consisted of three water table p~pes in 

each of the non-irrigated plots, 15 meters apart, and five 

water table pipes in each of the irriga ted, plots, 7.5 meters 

apart. It was necessary to install this Many pipes, to 

obtain adequate profiles of the _ater table distribution. 

OYerall, there were eight rows of water table pipes in the 

field of sixteen plots. 

Fu~hermore, to observe the shape of the "ater table 

Just above the irrigating dralns, water table pipes "ere 

placed at 15 cm, 50 cm and 100 cm distance from the irrigat-

lbs drain. -
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To observe the leakage trom Irrigated to ·non-irrigated 

plots, sets of water table pipea were placed at 7 meter 

intervala, from the irrigating draina toward the non-

Irrigating drain. 

The water table pipes were installed with the help of 

an auger. First, a 10 cm diameter hole was augered and the 

water table pipe was lowered into the hole, leaving 10 cm 

sticking out. Original sandy 80il was placed and tamped into 

the apace, surrounding the water table pipe. Secondly, the 

elevationa of the tops of the pipes and the ground beside 

the pipes were taken, uaing an engineer's level. The contour 

map, shown in figure 2, was drawn using these ~round 

elevationa. 

1 

-! 
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3.3 "t.r~al. &ad Bqu~paeDt 

At the onset of thi. experiment 1D the .priaa of 1982, 

four control chambers were built. These chambers were 

de.l.nad such that the whole 8Y~~~ could tunction elther a. 

a aubsurface drainase system or aB a controlled sub.urface 

drainage/irrigation syste.. Figure 5 shows bath the d.slan 

&ad the di.en.ions of a typlcal water level control chaaber. 

With the drain valves open, the fleld ia drained ln the 

uaual a&D.Der, hoyever, wl th the draln val Tes clo.ed, the 

outtlow is stopped and the water table in the field may be 

rall18d or lowered as required. Pwaplng water lnto the 

control chamber will cau •• the water to flow baolcward 

throuah the draln pipe. into the fleld, thereby ralsins the 

water table. On the other hand, exce.siTe precipitation wl1l 

c.a.e the water table to ri.e aboTe the OTertlow draln, 

th.reby dralnlna aIl unwanted water. 

To .... ure the w.ter table hei,ht in the tleld, 19 .. 

, r.D. 1.5 _ter loq PTe water table pipes were UNd. The.e 

pipe. were aealad at one end to stop the entry of soil inta 

th. pipe. Soil water .ntered these pipes Tia 6.4 .. diamater 

bol.. drilled at recular 1ntervals aloDa the length of the 

pipe. A apunbonded polyester fil ter III&terial was wrapped 

azoUDd th. pipe to inhlbit the entry of fine sand partiel ••• 

lurthermore, the pipes eould b. clo.-d at the top with a 

reIIOTable cap. The eap was lntended to prohiblt the entry of 
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.ar~&Ce water, .hicb would baye liye. erro.eau. readi ... 

resardlD1 the wate~ table deptb, OD the other haDd, the cape 

could be remayed, sa that water table readiDl~ could be 

take. witbout difficult7. 

To pump wa ter i.to the cODtrol chaaber., a portable 

ce.trifusal tractor-driya. puap waa ueed tor .,.t of the 

periode Due to probl .... 1 th tha tractor, a ..... 11 auxlllary 

puap, capable of supp111nc approxlutaly 40 IJIlP. cp., ...... 

e~lo1ed. Tbe .. ater .as pumped ta the chaaber. Yla 50 aDd 37 

.. dl ... ter PTe tubiDl, whlch .. are lald out aD the 8011 

.ur1ace b.t .... D the ra .. ot COrD • 

• 

' . 

.. 
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3.4 ADcl11ary •• atur •• 

A temporary .eather station, set up near the field, was 

uaed to meaeure the daily maximqm and minimum temperatures, 

raintall and pan evaporation trom the let ot July to the 

31st ot August. Standard meterological thermometers in a 

Stevenson screen, a tapered raingauge and a Ciass-A 

evaporation pan were utllized. The readings were takén at 8 

am and at 6 pm. The weather data tor both July and August la 

presented on table Al ot appendix A. 

To be able ta supply the tield wlth irrigation water, a 

dam was built ln the municipal drain, thereby creatlng a 

re.ervolr. The dam, located about 1 km downstream ot the 

tield, conslsted ot a steel trame, which was anchored to a 

concrete base. Wood planks were used to contain the water 

behind the dam. The complete structure, excluding the 

concrete base, can be remavect in tall and reinstalled in 

spring. 

The ditch re.ervoir was depleted by July 19th, due ta 

an extremely dry .ummar, tharefore a secondary water' supply 

was needed. A 55 m deep well was drilled and the water • 
pumped out to the tield via a 10 cm diameter non-pertorated 

~ub.urface drainage pipe. Untortunately, the well was 

co.pleted at a tao late a date ta have had any slgnitlcant 

beu.fit on thi. experiment. 

, 
, 1 
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ca&Pra Il" 

UlULTI AJIJ) DI8CU88Iœ 

4.1 •• ter Table allapea la Irrl.atecl lUId .oll-lrrJ.ptecl Plot. 

Ga1lichand (1983) tried to obtain the wat.r table di.t

rlbution in the irrisated plots by th.oretical .ethoda, 

usina bath the &ooahoudt equation and th. flo. net analy.i •• 

Tb. two •• thods save diff.r.nt an .. ers. Th. prob1 •• li.s iD 

th. fact that the hydraullc conductiTlty used in the &oos

hoùdt equation is an aT.rase valu. for the whole tleld. 

&ow.ver, due to the spatial variation of th. hydraullc 

conductivlty in the tleld, hl. re.ult., u.ina the Boochoudt 

equation wa. inadequate. A. far sa the flo. net ana1y.i. 1. 

concerned, the re.ult. .ere clo •• r to the experi .. ntal 

value. deterained by hi. measure .. nts. Thi. 1. probably due 

to the flow D.t analy.i. beina le ...... itiv. to the .patial 

Tarl.tion of the hydraulic cond~ctivity. 

In thi. re.earch, the defl.ctlon • at aidapaciaa could 

DOt be predicted, slnce .teady .tate was not attained. ODe 

objective of this r •• earch was to observe the chans_ in the 

water table levels under conditions ot irrigation and nOIl

irrlaation. Steady st,te conditlons, as such, .ere n.ver 

achl.ved, ainc. the wat.r suppl1 had be.n d.pl.t.d by the 
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tlae the .. ter table had reached the desired beight. The 

amounta and timing of water pumped into each cbamber are 

alven in table 1. 

In all elght irrlgated plots, the water table exhibited 

the typlcal shape, as can be seen from figures 6 to 21. The 

water table distribution of both the 13/07/83 and 15/07/83 

are shown on these drawings, indicating the upward changes 

of the water table elevation ln thls two day interval. The 

,round surface, in the vicinity of the irrigating drains, 

became moist, when the water table was within 40 cm. 

The special water table pipes placed within 0.15 m, 

0.50 m and 1.00 m indlcated that the water table appeared 

like a bubble above the draln, but then dropped off rather 

rapldly, about 25 em to 40 cm, ln a 7.5 m distance from the 

drain. 

The water table ln the non-lrlgated plots remained, at 

or below the drain level for the whole duration of the 

experlment. Precipitation, that fell ln that tlme period, 

Dever penetrated the soil more than 15 cm. For tbe period 

from the 06/07/83 to the 19/07/83, the water table nt mid

apaeing dropped 8 to 10 cm in the non-irrigated plots. The 

water level in these plots was too low for the dralns to 

fUDction, sinee no discharge oceured at the drain outlet and 

a1so, the water table was almost completely fIat, almost 

parallel to the solI surface. Thls Is shown in figures 22 

to 35. 

\ 



( 

.. 
06.2 C&101l1atioa 01 th. Bead Loa._ 

To De able to de.isn an efficient .ubirriaatioD .,at •• , 

i.e. the nuaber and .ize. of th. control cha8ber., .it ia 

nec ... ary to obtain the friction 10 •••• Involved in .uch a 

ayat... Ae ha. b.en .hown in the Review of Literature, the 

total head 10 •• -y be calculated usina equation (13). Bow-

eTer, in arder to u.e the proper .quation to evaluate each 

IDd~Tldual co.pon.nt of equation (13), it i8 tir.t n.ce .. ary 

to calculate the Reynolds nuaber R, in order to d.te~ne 

whether the flow in the draIn pipee i. laaialLr or DOt. Thia 

valu. aay be obtained by th. tollowiq tOJ!"IIUla: 

a - dY/v ('4) 

net.: 

a- the aeyDOlda nuaber 

d • th. pipe di ... ter (a) 

y. th. diachar". veloclty (a/.c) 

T- th. kin .... tic ViSC081ty (.2/aec ) 

81ac. the tlow volUlle wa. _aeured wlth a flO1r _t.r, 

reaa~t •. shawn ln table l, It la poaalble·to calculate th. 

dlacharae T.loclty: 

y - QlJ. (15) 
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... ber.: 

Q • the ~lOW ~te (cu.m./.ec) 

A • th. croee-.ectlonal area o~ the plpe (.2) 

CoablDlna equatlone (14) and (15) ylelde equation (8): 

li - dQ/'&'T (8) 

Th. Un_tic "lacoalty T 1. taken to be &qual to 9.6 x 

10-7 .2/ •• c , .1Dce the water te.perature varled only bat.een 

21 des-C and 24 deg-C. Thls estlmate see.s sufflclent, alnce 

auch a small varlation ln te.perature influences the R 

Talue. only slightly. 

Slnce a subirrlgatlon syst •• ls to be de.l~ed for 

large flelds only, the head lo.s calculatlon here was done 

for the largest experlmental syste. avallable, that le to 

.ay, for plo te A-5, A-e, A-7 and A-8 sarvlced by control 

chaaber 4. The total area o~ these four plots ls 

approxlmately 17700 .2. Slmllar calculatlons, done by 

Galllchand (1983), .ere conducted only for the slngle plots 

.1-2 and A-4, servlced by control chambers 2 and 1 

re.pectl"ely. The exact locatlon of each control chamber le 

ahOWll ln fipre 2. 

Table II sh0w8 th. Il.yaolde auabers calculated uslq 

equatlon (8). Siace thia partlcalar ay.te. lacluded four 

lat.rala, the a.auaption ..... .ad. tut •• ch later~l carrlecl 

• 
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equal volumes of water. Therefore the four R value columns 

shown in table II, give the result for each section of 

collector pipe, from the control chamber to the collector 

elbow. Since the values obtained range up to 22780, 

indicating transitional flow, it is clear that the equations 

for laminar flow May not be used, rather an equation, such 

as Manning's formula has to be used to ob tain the head loss 

in the various sections of the pipe. 

The following subsections will deal with the individual 

components of the head loss: 

4.2.a Head Loss in the Collector Pipe 

AlI friction losses in the pipe May be calculated using 

Manning's formula. To obtain the losses incurred at the pipe 

entrance, the tee connections and the elbow, the sace 
.,.{>,I 

-.1 equation May be used, however the equivalent length of pipe 

has to be taken for each individual case. Schwab (1966) 

states that for a 10 cm drainage pipe, the equivalent ,length 

for the pipe entrance at the control chamber May be taken to 

be 1.83 m, whereas the equivalent length for both the elbow 

and the tee connections is 6.71 m. 

To evaluate the friction los ses in the collector pipe 

itself, the actual lengths were used. Since, however, the 

volume of the flow decreases by one quarter after each tee 
( 

connection in this system, four calculations had to be made 
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for each Inltial flow volume. Uslng equatlon (9): 

(9) 

One may obtain the head 10s8 ln eacb partlcular •• ctloe of 

pipe by multlplyl~ the slope of the ener~y grade lln. Se by 

tbe length of plpe in question: 

"bere: 

h • S 1 • (18) 

1 • the l.nath or equiTaleat lemath ot pipe (.) 

h • the head 10.. Ca) 

Th. re.u1t of the calculations ~or h(eat), b(t .. ) and 

h(elb) ls giTen la table III. Slnce there are thr.. t .. 

connectiod8 in thi. partlcular p'art ot the aubirrlsatlon 

ayste., three b(tee) lasses are calculated. 

The head 10ss values for each sectlon ot collector are 

giTen ln table IV. Agaln, the assuaptlon made bere ls that 

each 1ateral will take exactly one quarter ot the total tlo. 

enter1ne the system. GITen the falrly unltora and equal rls. 

ot the water table in the four 1rr1aated plots, connected to 

this control chamber, 1 t see_ ta be a tairly reaaonabl. 

a •• uaption. Plaure 2 shows the exact location ot the coatrol 

cl1aabers and the plpe ayst_ analysed aboye. 
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4.2. b JIead Loaa .1. the Lateral 

To obtaln the head 108s ln the lateral, llannlng' s 

equat.1on may aga.1n be employed, however one modl~lcat.1on 

needa to be made. The dlfference here 18 that the laterals 

are perfora ted and Q, the flow ra te, decreases 1fl th distance 

troll the collector, therefore the flo. has to be evaluated 

at each polnt ln the lateral, 80 that the haad 1088 lIay be 

calcul.ated. AS8umlng that the flow rate ln the lateral d_ 

creasea 11nearly, the follo.ing, equatlon may be usect: 

Qlat - QCOI «L - x)/L) ( 17) 

whera: 

Q - tbe flow ln tbe la te raI a t a - .-t1 cular 
lat -

cu..tuce x away fra. the collector (.3/da1) 

QCOI - the flow that entera the lat.ral (.3/da1 ) 

L - tbe total lencth of the lateral (a) 

If one aseUlle., tut _1 thln a_Il di.taIlee, euch ... 
\1 

olle .. ter, the :flow 1. cout&Dt, then h(lat) -1 be cal-

culated b1 substl tut!nc Qlat .1DtO equatl01l8 8 and 16 J the. 

ua1nc aD !t.rat!,..e approach, the head 1088 11&1 be ca1culat

ed. The result, gJ.Ten ln table V, .ho". tha head 10 .... tut 

occur after the flret 54 • of the aecoDd lateral frota the 

left. 
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4.2.c Beacl Lo .. due to blt a •• i.t&JIce 

Galilchand (1983) found that the ex.1 t heact 10 •• WU tbe 

larsest slngle bead lo.s, however ~e :round thll1 oDI,. by 

dec;tuctlon, not br direct lIleasurement or calculatioD. UD-

fortunately, due to several reasODS, 1 t W'aS Dot po •• ible to 

experimentally obtalll the exlt head 10 •• ln thl. research, 

hOYeYer, as already stated in the ReT1.e", of Literature, 

IIoha_ad aDd SIcatArIl (1982) found .that the etfective rad1.ua 

of a dralll depellda on the drain perforation area. In quebec, 

the ainllDum dra.1n perforation area 1. 21 c.2 lm of dra.1a. 

Accord.1na to the re.earch done by Moha"ll'ad and Skag. 

(1982), the etfectlve draln radlus re tor a 10 ca diaaeter 

plpe ,,1th a per~oratioD area of 21 CJa2 Ira 111 approxJ..aately 

1.!S _. S1.nce the exact perforat.1oD are. of the dra.1n pipe. 

U88Cl .1D th.1. experJ.aellt 1. not OOWD, the IÙD.1aua va1ue 1.. 

a88Uled tor th. aate of th. calC11l.atiOD of the en t head 

10 ••• 

Subat1.tutlq re. 0.0015 • i.to equatl0D (11), h(ex1t) 

1. ca1culated for a 10 CIl di_ter corruaPlted pla.tic dra.11l 

p.1pe. L, the uni t 1encth, 1. talte. to be 1 m. 81.Dce the flow 

1. ...uaed to decr.... llnearl,., the ___ f10w per ua1 t 

l ... th _,. be calculatec:l tro.: 

( 18) 
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"bere: 

Qo • tl.ow out of drain per unl t length (m3/day) 

Q • tl.ow Into lateral trom collector (m3/day) col 

Ll.at • length ot the lateral (130 m) 

Co.bining equatlons (18) and (11). one obtalns the 

tollowlng: 

(19) 

Substltutlng the varlous values tor the camponents in 

equatlon (19), Buch as L:It 1 m, re ;: 0.0015 m and r s = 0.05 

m and froID Rasbld-Noah (1981) the hrdraullc conductl vi ty K-

1.56" m!day, the resultlng equation for the exit head 1088 i8: 

h(exlt) • 0.0027476 III Qcol (20) 

Tbe values. obtained tram equation (20) for the exit 

head 108s, are given ln table VI. 
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lB o~er to be able to calculat. thl. par~lcular ca.

poilent of the total heact 10 •• , lt".. tlret n.c .... ry to 

draw the flow nets. Slnce Dpn, lD equatlon (12), ls d_ 

peDdeDt on the vertical distaDce between the water table 

above the drain and the drain itself, three fla .. nets with 

dlffereDt ft values, 50 cm, 65 cm and 80 cm, which ware 

thoucht to represent the best aTerases of the irrlaated 

.xperl.ental plots A-5 throuSh A-8, .. ere drawu. Tbe flow net 

dlasraaa are glTeD in Appendix B. The Talu.s for Dpn aDel 

DCH' for th. three different ca ... , are aiTen in table VII. 

U.lac equatlon (12): 

(12) 

aacl .u_titutll18 the appropriate ~ &ad IlCK Talu_. ODe 1. 

able to calcula te the cODTerSeDce head 10_. ne h)'clrau11c 

coDductlTit)' I i. t~D to be 1.564 a/dar, i.e. the aTerace 

~ Talue obta.1necl by the ausa- hole .ethod. Qo' the flow rate 

out of the drain per ua.1t leacth, 1. calculated ira. th. 

'" l'~ 

yolu.e of flow tut entera the lateral at the coll.ctor .. ".. 

r4t8Ulta of thJ.e calcUlat1.oB are al.,e. lB table YllI. 

1 



To obtal. the total head 10 •• , o.e ha. to add up all 

the lDdiYldual head 10 .... that occur fra. thé cODtrol 

chaaber to the polat of latere.t. la thla exa.ple, the head la... eyaluatect .. re up to water table pipe .&-11. U.l,.. 

equatloa (13): 

h(tot) - h(e.t) + h(coll) + h(t.e) + h(elb) 

+ h(lat) + h(ex1t) + h(cODY) 

o (13) 

tu total h_d lQ.. ma,.. be calcula ted. Bowey.r, acae co ... 

po __ te of th. preTioua equatioa equal to zero or are 

.11ahtly altered. The co.poDeat h(.lb) • 0, 81Dce, for thl. 

eX&llpl., the .lbo. of th. oollector doe. Dot co.. lnta 

CODa1deratioa. J'urth.r.ore, h(coll) con.l.ta of .... rai 

dlf1.re.t CO~"Dt8: 

b(0011) • h(coll.AB)+h(coll.BC)+b(coll.CD)+h(coll.DB) (21) 

~l the co.po.eat. OD th. r18ht .1de of thl. equatloD 

co .. tltut. the yarlou. oollector .ection. fra. tee coaa.c-

tio. to te. cODaeotloD up to the .lbow. rlaure 2 ehow. the 

.arloua •• ctlo .. , .ith pelDt A bel .. the control chaaber &ad 

polat B, th. .lbow. Pol.t. B, C &ad D are the t.. 00_ 

aectlO... Slace .. ter table pipe A-l1 ( ... Pleure 3) 1. the 

( r-
I 

( 
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poiat o~ later_t, the ~ill&l two COI!!IPOa •• t. of' eqaa'tloa 

(21) are equal to .ero. 

81a1lar17, h(t .. ) coll.l.t. of .eT.ral coapoaent.: 

h(t •• ) - h(t ... B)+h(t ••• C)+h(t ... D) (22) 

Bere, 'the flaal co.ponent 1. equal to .ero, for • .1l1.1lar 

r_ao ..... entloDed aboTe. 

F1nally, by sub.tltutl., equat.1on. (21) and (22) lata 

equatlon (13), ODe -1 DOW' calculate the total head 1088 lD

TolTed in the aublrrlaatlon .,..t.. between the control 

ch_ber '4 and water table pipe A-11, whlch la above o •• of 
.. 

th. 8ubsurface lrrlaatlon plpee. Th. re.ult of th! •• xaaple 

1~ ahOWD ln table IX. 

/ 

l' 
l' 

• ( 
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Wa ter 1_ lo_t due to leaJca,e froa lrrlpted to nOD-

lrrl,ated plota and by eTapotransplra tion. Tb. water 10_ 

due to eTapotransplration see_ to be, by far, the lar, •• t 

of the two components. Sillce 1 t 1_ the maln objectl Te of a 

8Ublrr1gation sy_tem to supply suff1cieDt molsture to the 

plant roots, it la deelrable to mow what quantltles of 

... t.r are required to s.tl.fy thia demand on any partlcular 

daJ' ln the growlll1 aeaeoll. To be able to calculate the 

.axillUDI amount of water requlred, It la nece •• ary to auwae 

that the actual e ... apotran_plratlon rate equal. the poteDtl.1 

rate. Then: 

(23) 

"laera: 

Q. • YOI\11141 of wa ter requlred for eyapotzoan8p1.ratloD 

(a3/day) 

~at • 1eqth of the lateral (a) 

• • potaDtlal eTapotraDaplrat10D rate (-Ida,) 

8 • the dra1n apae1q (a) 

ODe COIaPlet. c1rala 8JMLClq De.. to be coD81derect ID 

equtl0D (23), .lace e&ch drala .erTlee. ail the l&ad froa 

&1upac.1q to ald8paclq. B.cause all four plot., .&-5 to 



( 

&-8, rttC)el.e- tbelr ... t.r frOli coatrol chaaber four, 'be 

total area o~ all ~our plot. aeect. to be coa.ldered. TIler.

~oret th. total area 1.: 

A. - 1&0 • * 118 •• 17700 .2 

The., th. requl~ Toluae to .atl.f1 the .. xlawa eTapotrana

p1ratloD dell&lld 1.: 

• 

Q. • 17700 * B (2.) 

To be able to obtaln the leatace component ot the water 
, , 

10 •••• , one need. to use Darcy'. law and the shape o~ the 

water table bat.een the Irrigating and the Don-irrisatlnc 

drain. Th. Toluae of tlow in the y-directIon i. Si T.n by: 

wb.er.: 

Pout 

f 

QI • the leataae per ua1 t l ... th 

E • the hydraul1c cOnductiTlty 

(25) 

T • th. ~ertlcal dlstaace bet .. en the l.peraeable 

layer aad the water table at poI.t x 

/jy/~x - the hyclrau1Ic aracllent at poInt x 
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lrrllat~DC and the Don-~rrl,at~DC dralD. Thi. 1. becau.8 tbe 

.rea fro. the lrr~aatlDC dralD ta the mldspaclng 1. atill 

co_id. rad to be the irrlaated plot. The re.ult of equatloD 

(25) atill neede to be multlplled br the total length of tb. 

border reaion of the fleld. 

AddiDg bath Qe and Ql tasether, yields the requlred 

yolwae of water that neede to be supplled to the lrrlgated 

tl.ld. The tinal reeult of thie calculatlon ie glvan iD 

table X. On •• hould notice that water supplied in excaae ot 

tbe loss •• will raiae the water table, lD case of a deticlt 

tbe water table wlll be lowered. Aleo, lt ahould be noted in 

table X, that leakaie prior ta the 13/07/83 la zero, ainc. 

tb. Iradient waa very ... 11. 
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The tlme requ1red ta rals. the water table depeDded 

very auch on the volume of water pumped lnto the control 

ch .. ber and on the depth of the wa ter table 1 taelf • The 

lormer ls se1f-explanatory, however the latter aerlt. an 

exp1anatlon. The evapotranspiratlon rat. varies accordlns ta 

the water table depth, since a low water tabla wlll d.llver 

1 ... water ta the .011 surface br caplilary rl •• " than a 

hlSh water table. Furthermore, leakaSe from the lrrigated ta 

the non-lrrlgated plota wl1l be negllg1ble if thera i. only 

a ... 11 dlfference ln water table elevation bet.88n th. two. 

Aa the water table 18 ralsed, bath leaka.ce and ~ctual .""po
traaaplration rat •• 1ncreaee,' thereby alowlDa th. rat. of 

tb. water table ri ••• 

To sive an exaapl. of th. previoUil expl_tloD: OB. the 

0"1/07/83, the water table deptb at II1d.paclDa lD plot A-5 

11 •• C ... e 1.025 • belo. the 11011 .urface. Yater dellT.red 

'to plot A-5 .. s 31.71 .3/dar • Thl. Talu. i. obtalned by 

cUvldlna the p1lllpl.na rat., table 1, br 4, alnce control 

cluulber 4 aerTlced four plot •• Th. re.ult .... that the water 

'table ro .. exactl,. 10 CIl at a14l1Paclq durlna tut da,.. oa 
tbe 13/07/83, the .. ter table depth at the .... locatioD ... 

0.81& a. lUth a .J.a1lar a.oUDt of water puapecI &ad a .1&1lar 

pot.Dtlal en.potl'&B8plratloD rate, the _ter table ro" olll,. 

•• 4 CIl. Thi. lJldlcat •• tut bo'tJa 1Mb •• &ad actual evapo-
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t~lrat.1oll rat •• had 1acre&MCl. Olle ahould Dote tut tb. 

actual. '.Y&potraaaplratloll rat .... .111 olll,. lDcreue UJltll th. 

poteDtial rate 1. attalDed. 

The actual tl.. tateD to ra.1.e the water table ID the 

fleld froa dralD deptb varled widely, bow.ver by stud,..1D8 

th" . data table. ID Appendlx A, ODe _y Dotlce, tbat .11l-

crea ••• of wat.r table .levatlon • .ln exce •• o~ 5 cm 1. qu.1te 

Co..aD. On the av. race , th. wa t.r table wa. ral.ed approx.l

_tel,. 40 ca ln the lrrll'ated. plot. durlq the .xperl_Dt. 

o.. .~ould reallze thoqh, tba t the pumplq ra te. _r. DOt 

Ter,. .tead,., 1. e. DO puaplD&' took place OD the 09/07/83 aacl 

olll,. Ter,. 811&11 a.ount. o~ wa ter ..... r. puaped on th. 

10/07/83. Tbi. wae _lDl,. due to .. chaDleal hilure of tb. 

pu.plac eqU.1paellt. 

The TOlu.. of ..... t.r requ1red to ral •• the wat.r table 

depead. very auch on the cla1l,. coDauaptlTe uae of th. crop 

aDd OD the leakaae. To b. able to ral.. the ft ter tab1., 

_t.r in exceaa o~ the 10 .... baye to be puaped ID. J'urther

.ore, the dralnable poro.1 t,. o~ th. 8011 1llfluellce. the 

_t.r qU&lltl tJ .1pl~lC&Dtl,.. ull1Jll.1q that th. drainab1e 

poro • .1 tJ 1. 10$, then to ral_ the water table ln the fle1d, 

.. "lCM bJ' cODtrol chaaber 4, 10 CIl, on. Ileed. to aupp1)' 

about 177 .3. Added to th1. are the wat.r la.... due to 

TIù.. 8.1 VM .,.. lDdJ.cat1.oa 

of th. qU&D.t1tJ 01 _t.r tut 1. 1'eqU1red to rai .. tu _t_ 
tab1 •• 
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4.1 ~j.... 01 t.. IubJ.rrlptJ.on hrto..-nce J.n 

1M2 &ad 1983 

The re8U1t. o:t the .ubirrlgatlon experl .. nt earr-1-ed out 

1. the ... er o'f 1982 by Ga.111chand, showed that 01 the 

el.ht lrrlpted plota only two "ere eons.1dered a sucees •• 

TIle cause. 'for the fal1Ul'e ln the re .. ln.1q 81x plots "are 

at tlrat DOt kilo".. In the 'fall 01 1982, the drain p1pe. 

1Nre d1l8 up and llU1pected. It wa. towad that sose p1pe. were 

partla11y b10cked .. 1 th _d1.en t • The deeJ.810n was then macle 

tg rep1ace all the dra.1Ds 1n tho.e plota that had not tunc

tloDed properly, that 1. aIl plots .. 1 th the exception ot A-2 

&ad .&-4. .&11 Il... c1raJ.u .ere ellTeloped wl th a kDltted 

pol,.e.ter tJ.1 ter ... terIa1. 

Tbe re8Ult of the IlUblrr1ptlon experl .. nt, carr1ed out 
• 

J.n 1983, .howed &11 lrr1.ated. plote worlt1ac ".11. The nter 

table, ln &11 plota, reapollded to the lnput o:t 1rr Igatlon 

water. Spot eheckll, _de .. 1 thln a fe" hours of pUllplng 

atartup, .howed water table eleyatlon lncrea_. aboTe the 

draina. The two plot. that had worked ".11 ln 1982, a,aln 

perfonaed adequately ln 1983. 

It appeal'1l theretore, that .th. excbaDp o'f the ul

:tuDctlonlna dral_ 1n the .1x plot., had. 1I01Ted the water 

,.---;i.llye~ prob1e_ of the preylous ,.ear. 

TJ.eld 1.Dcre .... , .. hleh 1Nre 1.ndlea ted 1n 1982, 
_zoe 

1 

___ taatlated. ln 1983. bell .. J.th a relatJ.ye11 .hort lrrl-

, 
1 
! 
1 

1 
1 .' 
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gatlon period of t"o weeks, due to shortage of water, the 

yield iD. the lrrigated plots "as double that of the non

irrigated plots as may be seen in table XI. 

One of the objectives of the sublrrigatlon experiment 

in 1982 was to a ttain steady sta te conditions, whereas in 

1983, the speed at which a water table May be raised was 

important. Looklng at the crop yield, one might deduce, that 

steady state conditions wi th a water table at 60 cm below 

the surface might not be neccessary. Perhaps 1 t sutfices to 

have such an eleva ted wa ter table only durlng cri tieal 

periods o~ plant development. 

1 

l 
f , 
l 
l . 

r 
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OPDATIaiAL GUIID or A 81JBStml'ACK IIRIGATIOIf STSTEII 

To be able to operate a subirrigatlon system efficient-

ly, one should note the following poInts: 

1) The top eleTation of the control chaabers, should he at 

or sli~htly aboya ~roUDd leyel. They should not Interfere 

with the normal operatlon of the farmer. 

2) In fall, prior to harvest, the valves in the control 

chambers should be opened and the so11 allowed to drain. 

This improves the trafficabI1lty of the land. 

3) Valves should remain open wntil sprini, to alloy the soil 

to be drained adequately for spring seedina. 
, 

4) Valves should be closed as soon as possible atter seeding 

etc., bas been carrled out. Thls conserves as much solI 

moisture as possible to aid ln the germination proeess. 

~) The overflow plpes ln the control chambers should be set, 

su ch that the water table does not rise ao high &s to liait 

the aeration of the SOlI in the root zone. 

6) If the water table starta fallina below a certain leTel 

lD the control chamber, lrrliation water needs to be added. 

By puap1na interaittently, the water table wlll he allowed 

to tluctuate bet .. en two predeter.ined leTel •• 
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CIl&P'l'BIl YI 

l 

StJIIIWlT AllI> <XIrCLUSlarS 

6.1 Sum.ary 

A modification of a subsurface drainage system was 

made, such that it could also be used as a subsurface 

irr~gation system. An experimental layout, containing eight 

irr~gated and eight non-irrigated plots, was devised. Two 

rows of water table pipes were installed in each plot, to be 

able to observe the water table distribution. 

The flow rate of the irrigation water was measured at 

each control chamber using water meters. Weather data was 

obtained from a temporary weather station, set up near the 

experimental field. All observations were taken in the s~ 

mer of 1983. 

6.2 ConcluaiolUl 

According to the results obta~ned in th~. re.earch, the 

following conclusions were drawn: 

1) The water distribution s1st •• worked Yery well iD all 

experimental plots. The water table r1 .. iD the 1,rri .. ted 
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plots varied from 22 cm to 53 cm ln a perlod of two weeks. 

The water table elevatlon dropped ln aIl non-irrigated plots 

by approxlmately 10 cm ln the same perlod. The difference in 

elevatlon between the non-irrigated and lrrlgated plots 

varied from 50 cm to 90 cm. The average water table depth ln 

the irrlgated plots was 75 cm on the final full day of 

irrigatlon, whereas it was 1.30 M below the surface ~n the 

Don-lrrigated plots. 

2) Leakage at the onset of irrigation 15 negliglble. It 

lncreases as the water table is raised. The importance of 

leakage losses will however decrease wh en the lrrlgated 

area 15 lncreased. 

3) Theoretical head losse9 average around 20 cm. With higher 

flow rates, thls would naturally Increase. 

4) Ylelds ln the lrrigated plots were almost doubl~hat of 

~ the non-lrrlgated plots. 

5) Technlcally speaking, it is possible to convert a sub-

surface drainage system to one that accommodates bath. a 
1 

subsurface irrlgation system and a subsurface drainage 

system, given that the land Is relatively level. It would 

be advisable to design future drainage systems. such that it 

incorporates the sublrrigation aspect, l.e. designing for 

the minimum number of control chambers etc. 

6) The problem of poor water distribution during the first 

year of subirrlgatlon _as due to the fact that sediments had 

entered the drains and blocked them. Replacing these blocked 

, 

l 
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pipes alleviated the problem. 

7) The speed at which the water table may be raised depends 

primarily on the depth of the ~ater table, the volume of 

water pumped and on the dralnable poroslty of the soil. In 

this experiment, upward water table changes of up to 10 cm 

per day were achleved. Ta be able ta ralse the water table, 

irrigation water in excess of the losses, i.e. evapotrans-

piration and leakage, has to be added. The ~osses depended 

on the helght of the water table and on the potential evapo

transpiration rate. Values for losses from plots A-5, A,6, 

A-7 and A-8 (approximately 1.75 ha) ranged between GO and 90 

m3/day. ~~ 

\ 
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aeco ... Ddations for Future a ... arch 

According ta the observations made during the 

subirrigation experiments carried out in the summ.rs of 1982 

and 1983, several specific points would still need some 

attention: 

1) Head 10sses in the pipe system and the exit head loss 

should be measured experimentally to see the validity of the 

theoretical values obtained in this rssearch. 

2) The yield relative ta the water table depth should be 

determined. 

3) The sffect on crop yield of stsady stats and tluctuatlng 

water tables should be examined. 

4) Ressarch ls needed ta determlne, if nutrient and terti

lizer lasses are decreased by use of water table control 

chambers to reduce the total annual drainage and lsaching. 

5) The economlc costs and benefits of production scale sub

surface irrigation syste .. need to be evaluated. 
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l'ABLI 1 : l'LaW RAD IIft'O COilAOL cu.. •• 

(CUBIC IIBTIRS/DAY) '4t 

caAMBa 1 CJWfBD 2 CBAIIBD 3 CHAMBa" 

08/07/83 20.37 10.7e 31.10 69.76 

07/(1'1/83 37.04 19.55 56.S5 128.83 

08/07/83 13.25 16.62 48.07 107.81 

09/07/83 

10/07/83 9.28 4.89 14.14 31.71 

11/07/83 29.83 15.64 45.24 101.47 

12/07/83 38.89 20.53 81.83 133.18 

13/07/83 29.63 15 .... 45.24 101.47 

14/07/83 35.18 18.75 53.72 120.4' 

15/07/83 

16/07/83 44.52. 23.7" 71.57. 148.40 , 

17/07/83 37.7'" 2O.l3e 53.30 125.80 

18/07/83 40.07. 45.38 41.88 133.57 

19/07/83 1.33 25.38 23.88 62.48 , 
• , ... 

JrO'l'K: • • •• t~ted flow 

Puap .... hut dOWll at 12:00 OB th. 19/07/83 
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T~ II : auBOLDI lfUIIBDS l'OR TBB VAIlIOUS SBCTIœS 01 TID 

CXlJJ·WCTOR SBIlYIlfG PLO'l'S A-5 'l'BROUGB A-a 

SBCTIOlf 

DATJ: 'COLL. AB COLL. BC COLL .. CD COLL. DB 

08/07/83 10711 8033 5356 2678 

07/07/83 19474 14805 9736 4888 

08/07/83 18553 12415 8277 4138 

09/07/83 

10/07/83 4889 3852 2434 1217 

11/07/83 15580 11885 7790 3895 

12/07/83 20449 15337 10224 5112 

13/07/83 15580 11885 7790 3895 

14/07/83 18500 13875 9200 4825 

"-.'5/07/83 
p 

18/07/83 22788 17089 11393 58H 

17/07/83 19318 14487 \~> HM 4829 

18/07/83 20509 15381 10254 5127 
t 

19/07/83 19180 14385 9690 4795 

-
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TABLE III BHTlUNCE, TEE AND ELSOW HEAD LOSS VALUES 

DATE H(EHT) H(TEE.D) H(TEE.C) H(TEE.D) R(ELS) 

(11) (m) (m) (m) (m) 

06/07/83 0.00065 0.00240 0.00135 0.00060 0.00015 

07/07/83 0.00216 0.00792 0.00446 0.00198 0.00050 

08/07/83 0.00156 0.00573 0.00322 0.00143 0.00036 

09/07/83 

10/07/83 0.00014 0.00050 0.00028 0.00012 0.00003 

11/07/83 0.00138 0.00507 0.00285 0.00127 0.00032 

12/07/83 0.00238 0.00874 0.00492 0.00218 0.00055 

13/07/83 0.00138 0.00507 0.00285 0.00127 0.00032 

14/07/83 0.00195 0.00715 0.00402 0.00179 0.00045 

1~/07/83 ""'- '" 16/07/83 0.00306 0.01123 0.00632 0.00271 0.00070 

17/07ij83 0.00220 0.00807 0.00454 0.002Q2 0.00050 

18/07/83 0.00248 0.00910 0.00512 0.00227 0.00057 

.. 19/07/83 0.00217 0.00796 0.00448 0.00199 0.00049 

.. 

• 
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TABLE IV COLLBCTOR HEAD LOBS V &LUES 

CQLLECTOII SECTION 

DATE AB BC CD DE 
(ID) (a) (ra) (II) 

4 

06/07/83 0.00322 0.00619 0.00253 0.00064 

07/07/83 0.01063 0.02046 0.00836 0.00210 
~ 

08/07/83 0.00768 0.01479 0.00604 0.00152 

09/07/83 

10/07/83 0.00066 0.00128 0.00052 0.00013 

11/07/83 0.00680 0.01310 0.00535 0.00135 

12/07/83 0.01172 0.02256 0.00921 0.00232 

13/07/83 0.00680 0.01310 0.00535 0.00135 

14/07/83 0.00959 0.01847 0.00754 0.00190 
• 

15/07/83 

16/07/83 0.01455 0.O~800 0.01144 0.00288 

17/07/83 0.01082 0.02084 0.00851 0.00214 

18/07/83 0.01220 0.02349 0.00959 0.00242 

19/07/83 0.01067 0.02055 0.00839 0.00211 

" 
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TABLE v LATmlAL RIAD LOSS v ALUBB OP TO •. T • PIPE A 11 

l'U1I IIrfO LATBIUL 

DATE LATBIlAL RIAD LOSS 

(eu • .vday) (a) 

06/07/83 17.4-4 0.00079 

07/07/83 31.71 0.00260 

08/07/83 28.9~ 0.00188 

09/07/83 

10/07/83 7.93 0.00016 .. 
11/07/83 2~.37 0.00166 

12/07/83 33.30 0.00288 

13/07/83 2~.37 0.00166 
<> 

14/07/83 30.12 0.00235 

16/07/83 

16/07/83 37.09 0.00366 

17/07/83 31.45 0.00256 

18/07/83 33.39 )1- 0.00288 

19/07/83 31.23 0.00252 

-

L 
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TABId VI nIT RIAD LOS8 YALUIS 

P'L01f IlfTO UIT 

DATE LATDAL BBAD LOSa 

( cu.a/day) (.) 

06/07/83 17.44 0.04'92 

07/07/83 31.71 0.08712 

08/07/83 28.95 0.0740e 
'b' 

i' 

09/07/83 

10/07/83 7.93 0.02178 , 
1 

11/07/83 25.37 0.06970 

12/07/83 33.30 0.09148 

13/07/83 25.37 0.06970 

14/07/83 30.12 0.08276 

16/07/83 

16/07/83 37.09 0.1-0192 

17/07/83 31.45 0.08&41 

18/07/83 33.39 0,,09174 

19/07/83 31.23 0.08581 

i> 

\ - , 

) -'-' , 
i 
" 

'-
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T ABL! VI 1 V ALU18 OBTAI1IBD P'IlOII TRB FLOI lOT8 

B 

(a) 

0.50 

0.6e 

0.80 

If(CB) 

\ « 

JJ(CB) - NUMBER OF FLOW CHANNELS 

I(PD) 

2.50 

3.215 

3.50 

N (PD) - NUllBER OF POTENT III DROPS BETnEN THE 

IRRIGATING DRAIN AND THE WATER TABLE ABOYE 

1 



DATI 

08/01/83 

07/01/83 
\ 

08/01/~3 
\ 

\ 09/07/83 

10/07/83 

11/07/83 

12/07/83 

13/07/83 

14/07/83 

15/07/83 

16/07/83 

17/07/83 

18/07/83 

19/07/83 

{ 

r . 89 

TABId VIII : COIVBaGBlfCK IIBAD L088 V'ALUBS 

f'1DI IRTO 

LATIIlAL 

(cu.a!day) 

11.44 

31.71 

26.9f5 

7.93 

28.37 

33.30 

28.37 

30.12 

37.09 

31.45 

33.39 

31.23 

Jt 

eue,aGDCE 

DAD LOS8 

c.) 

0.06969 

0.12612 

0.10710 

0.03169 

0.10138 

0.13307 

0.10138 

0.12036 

0.14822 

O. 12568 

0.13343 

O. 12480 

/ dit 

" 



DAD 

06/07/83 

07/07/83 

08/07/83 

09/07/83 

10/07/83 

11/07/83 

t2/07/83 

13/07/83 

14/07/83 

15/07/83 

16/07/83 

17/07/83 

18/07/83 

19/07/83 

70 

TABLE IX TOTAL RU.D LOSS YALUU 

--" 
ruJfI IlfTO 

STSTU 

(cu. aida,> 

69.78 

126.83 

107.81 

31.71 

101.47 

133.18 

101.47 

120.49 

148.37 

125.80 

133.57 

124.92 

TOTAL 

lI&tp LOS8 

(.) 

0.13221 

0.26207, 

0.21681 

0.0&849 

0.2019-& 

0.27775 

0.2019-& 

0.24665 

0.31686 

0.26112 

0.28044 

0.25896 

NOTE: TOTAL HEAD LOSS CALCt1LATED lB THE HEAD LOSS 

THE CONTROL CBAMBER 4 AND WATER TABLE PIPE A 11. 

, 
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( 

TjBt·B X : WATU. UQUIRDINTS lM PLOTS .&-6 'l'IIJlO11GR .&-8 

B.T. TOTAL 

DAD RBQU 1 REIŒlfTS LBAlCAGB REQUIREJIINT8 

(cu.m!day> (cu.m!day) (cu.m/day) " " , 

06/07/83 60.38 60.38 

07/07/83 64.73 64.73 

08/07/83 61.26 61.26 

09/07/83, 50.98 60.98 

10/07/83 60.38 60.38 

11/07/83 60.90 60.90 

12/07/83 65.77 66.77 

13/07/83 60.03 3.15 63.18 

14/07/83 68.38 10.10 78.48 

15/07/83 82.30 12.84 95.14 

16/07/83 69.08 15.13 84.21 

17/07/83 \ 77.43 15.67 93.10 

18/07/83 67.51 16.20 83.71 ,. 
19/07/83 69.95 16.18 86.13 

( 
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( , 
TABLE XI: YIELD FRON EXPERIMENTAL PLOTS 

NON-IRRIGATED YIELD 

PLOT (kg/hect) 

B-1 2301 

B-2 2118 

8-3 3128 

B-4 2278 

0-5 3490 

8-6 2828 

B-7 1722 

B-8 1583 
/ 

MEAN 2431 

1 .... 
\ 

o 

fl • 

IRRIGATED 

PLOT 

A-1 

A-2 

A-3 

A-4 

A-5 

A-6 

A-7 

A-8 

f.lEAN 

YIELD 

(Icg/hect) 

4206 

3882 

4673 

2955 

4625 

3943 

5814 

.5465 

4445 

.1 

, 
.1 
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1 

1'0 

Tabl. A.1 • Weather data fo~ Cbarboaa •• u'. Para • 

L Ju11 1983 

'Teap (d ... C) " Date P.I. Prec. Pu BTap. 
lIax Ill. <.> (-) (JIll) 

01 S1.d 10.5 4.R 1.1" 
02 28.5 10.0 4.06 - 3.43 
03 ~1.5 18.5 4.89 -' 3."3 

, 
0" 34.5 19.0 0.23 3.00 8.85 

Ge 34.0 12.0 4.50 1.91 ".58 
08 24.0 11.5 3.4' .- 3.9" 
07 ,2".0 '''.0 3.72 3.88 
08 2".5 11.5 3.52 5.14 
ot 22.5 ·'7.5 2.13 8.14 
10 2".0 11.5 3.'" - 5.31 
11 23.0 14.0 3.00 ".'70 0.10 
12 24.0 18.0 3.1' - I.U 
13 28.0 8.0 3 ... a '7 •• 
14 28.5 10.0 3.93 2.21 O .... 
15 :Jt.5 18.a 4.73 0.21 1.34 
1. 28.0 1 •• 0 3.11 ':1' 
17 21.0 18.0 ..... a 1.28 
18 21.0 12.0 S." 1.11 
11 S1.0 ".a 4.02 ".32 O." 
20 31.0 1'7.0 4.14 0.7' 6.1' 
21 21.5 11.0 3.IS 2.GS .... 
22 21' .0 1,0.0 3~ao 2.n 1 •• 
23 21.0 14.0 4.0'7 1.52 •• OS 
'24 2'7.0 13.0 3.1' O •• 2._ 

~ 

25 21.0 10.0 3.11 - -

ft 21.0 11.0 3.1' - ,1'.'4c 
2T 21.0 12.0 3.88 - 2.117 
21 30.0 20.0 ".13 O.'" ".1. 
21 21\,0 1 •• 0 .... '.13 1._ 
30 S1.5 8.0 3.1" - 1.T1 

( 

31 30.0 18.0 ".N" '.SI 7.U 
.... .... : c - cu.a1atl.e"data 

_.~- ~ - ----_ ... _--- ~~- --- ---- -



111 
" AUGUST 1983 

C., Date ~-.p (c1ei~C) P.E. Pree. Pan ETap. 
lIax U1n (mm) <-> (ma) '\ 

01 29.0 19.0 4.19 Il.11 
02 28.0 14.~ 3.11 0.~1 4.41 
03 30.0 17.~ , 4.1. 8.T7 
04 30.0 1S.0 3.93 3.43 
O~ 32.0 18.0 4.38 ~.14 

08 32.15 115 .<0 •. 1. 1 
•• 32 •• 715 

07 2~. 15 18.S 3.68 .. 
08 28.0 11.0 3.40 21.59 1 .... 80 
09 21.0 8.0 2.SS 4.37 
10 22.0 T.O 2.153 4.03 
11 24.0 11.& 3.10 ,4.48 
12 22.5 S.D 2.4' 2.23 
13 23.0 5.0 2.4. 
14 27.0 3.0 2.82 ' 10.280 
15 30.0 13.0 3.75 4.71 
16 30.0 1&.0 3.93 S.82 
17 27.0 11.0 '3.84 2.03 1.60 
18 27.0 17.15 3.88 0.28 2.5T 
19 31.0 20 .. 0 4.45 0.51 ~.8!5 

20 27.0 11.0 3.31 9.78 
21 27.0 8.5 3.10 0.T8 5.3e 
22 21.5 11.5 2.88 1.91 1.91 
23 28.0 2.5 2.4i 8.81 
24 2 •• 5 9.0 2.'2 3.43 
25 29.0 11.0 3.41 8.2& 
26 31.5 18.0 4.14 31.75 7.00 

" 
27 30.0 12.0 3.86 1.52 4.52 
28 29.0 - 0.&1 

J 29 .. - 2.&4 5.87c 

SO - ~ 

31 

.ot.: c • cu.u1at1Y. data 
PB wu calculated .. 1 .. tu Thoratbwalt. equat1oll. 

.. 



') 

-,~~----- -- P_~"" __ ~ r 

'" '. 112 . 

! 1 

; 

C' 
f.a&a AI : ..., ILIWA'.fIœ AT Y'AIlIOUB WAftI T ...... '1'" 

a&YJ.TIœ (a) 
...-.... - ----....... ...-----... ---.--.... ---_...--_~~~----

LIns 
W.T. ----------------_ ............... ---_ .......... _-------------..,-----~--- j -'1" A B C D 1 r Q <. B f -_.- ---..,----~ .. .-.-~----------... _---..... _-_ ..... _-----~_ ... -.----~ i 

1 
1 20.51 20.4& 20.4& 20." 20.48 20.48 20.47 20 •• 1 

1 

2 20.31 20.33 20.34 20.38 20."7 20.48 20.45 20.55 
1 

3 20.~ 20.48 20.43 20.62 20."7 20.38 20.4& 20.41 

SA 20.066 20.48 20.45 20.38 

• 20.53 20.47 20.43 20.40 

3C 20.51 20.01 20.48 20.38 

" 20.73 20.82 20.08 20.57 20."& 20." 20.45 20.48 

& 20.75 2O.M 20.83 20.57 20.'" 20.51 20.4& 20.04 

• 20 •• 2O.N 20.55 20.58 20.37 20.48 20.3& 20.61 

7 20.80 20.56 20.64 20.58 20.068 20.47 20.42 20 •• 

a 20.N 20.64 20.55 20.52 20.81 20.46 20.50 20.48 , 20.58 20.81 20.54 20."9 20.49 20.52 20.41 20.42 

10 20.58 20.80 20.64 20.44 20.46 20.47 20.43 20.4& 

11 20.58 20.58 20.52 20.47 20.44 20.49 20.49 20."8 

12 20.066 20.48 20.57 20.52 20.46 20.5" 20.64 20.49 

13 20.55 20.49 20.54 20.52 20.32 20.39 20.58 20.55 

1. 20."7 20.47 20.51 20.52 20.39 20.49 20.58 20.40 

1& 20.51 20.48 20.57 20.52 20.54 20.55 20.59 20.83 

1. 20.48 20.52 20.52 20.52 20.60 20.57 20.66 20.80 

17 20.34 20.52 20.51 20."6 20.59 20.58 20.50 20.80 

1. 20.-4& 20.81 20.50 20.52 20.67 20.58 20.52 20.&9 1. 20.062 20.57 20.51 20.52 20.59 20.70 20.3" 20.58 

lU 20.48 20.49 20.59 20.87 

1. 20."8 20.47 20.60 20.61 

11C 20.58 20.49 20.63 20.83 

20 20.51 20.51 20.44 20.43 20.81 20.88 20.58 20.45 
21 20.55 20.50 20.48 20.52 20.80 20.77 20.72 20.11 

22 20.58 20.56 20.53 20.9 2O.M 20.H 20.~ 2O.~ 

-- . ,.,_---..-.. __ ........................... --..... ~-----------~~----------
( 
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1'11 
, , 

.,... AS : W,AftI t ..... PUll 

PIDI .\-1 : LIn 1 

D1P18 (a) .. 
PIPIS 

p 

MD .,18 

a, B2 83 

08/07/83 . 12:10 1.208 1.201 1.080 1.1&1 

01/07/83 13:80 0.1. 1.034 
, 

1.0oa 1.015 

01/07/83 12:2& O.'.S 0.141 0.12. 0.128 

11/rn/83 11:30 0.1. 0.1&2 0.113 ' o ••• 
12/01'/83 12:30 0.1" O.He 0.870 0 •• 23 

13/DT/83 12:38 1.002 0.981 0.882 0.9S7 

14/crr/83 .:5& 0 •• ,8 0.82e O.NB 0.842 

11/crr/83 13:05 0.4.38 0.782 0.78. O.Tao 

18/OT/83 11:5& 0.444 0.184 0.188 0.e82 

11/OT/83 13:3& 0.800 0.71' 0.M1 0.T03 

11/07/83 12:05 0.180 0.823 0.848 0.1eT 

18/OT/83 13:37 0.8&0 0.812 O.IM O.Me 

18/OT/83 18:47 0.102 O.NI 

20/0'1/83 11:4& 0.178 0.981 0.873 0 •• 3'7 

IO/OT/83 ,.:4& 1.010 0.108 -
22/0'7/83 13:20 1.OM 1.011 O.IM 1.0311 

1 

i 

1 
t, 

el 
t 

i 
1 

i" 

1 
1 
î 

1~2U 

0.840 

0.'" 

0.82. 

0.811 

1.01' 

0.111 ' c 

0.&10 

0.04 

0.181 

0.831 

0.820 

o ... 

1.022 

1.ota 

1.1M 

... 
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" \1 " 

," 

\ " 
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... 

--------~-----------------------------------------_. - " 

OfJ/OT/U 

0'1/0'1/" 

oa/l1t/a 

11/01/8a 

121ctr/~ 

1S/OT/U 

,"'OT/_ 

" ,,,,o,/U 
te/OT/a 

1T/f1f/a 

18/01183 

,./OT/a 
" " 

~"'/OT/U 

IIYO't /u . 

a/01/83 

a/OTi. 

.,. 

1,. 

,.... " : WA!'D ".t. ,~ 
PIDr_ ..... , : LJD G 

\ 

\ 
\ 
\ 

" :40 

13:20 

,,:&8 

":00 

12:00 

11:01 

':21 
12:. 

11:~ 

13:00 

11:. 
0 

12:H 

'.:4' 
11:. 

":52 

12:" 

1.120 

0.103 

0."2 

0.101 

0.733 

O.'U 

O.SII 

0.182 

O.SM 

0.417 

O •• .., 

0.11' 

0.142 

0.10'7 
. 

0.133 

1.GOS 

DDfII Ca) 

OT 

1.1. 1.04T 1.1'. 

1.'01T '.000 1.001 

O.HI 0 •• 31 O.IM 

O.MI O ••• O.Ma 

0.840 O.eTl 0.'30 

O.M' 0.810 O.'sa 
0.834 0 •• 3 0.ST4 

0.TT4 0.784 O.IOT 

O." 0."2 0.110 

0.870 0.81' 0.H5 

0.7U O.T" 0.'710 

0.88 0.'7t'7 .0.137 
) 

0.810 

0 •• 34 O .... 0.'30 

- 0.808 

1.012 o.na O .... 

Oc 

1.1. 

0 •• 0 

0.804 

0.818 

0.833 

O." 

0.5se 

0.544 

0.510 

O.MI 

0.811 

0._2 

0.N1 

1.010 

1.CMS 

1.0tI1 



'-

J 

,,. . 

'UllY AI: 'ft.,. 7ML11 PIPa 

JIIDI &-2 : LUI • 

J8tB (a) 

PlPIa 

DAU 'l'lB 

.,2 .,3 114 .,5 

M/01/N 11:-6. 1.083 1.14'7 O.et? 1.218 

Of/OT/a 13:40 0 • ..0 O.HO O.,. 1.142 

08/01/13 12:15 0.512 O.IU 0.8'71 1.082 

"/O"I/a 11:20 0.334 0.810 0.87. 1.118 

11/0'7/83 12:20 O.SM 0.8'7'7 0.888 l~oea 

13/OT/83 12':. 0.73'1 O.IS'7 0.830 1.OTO 

,.,,01/11 tl. 0.1G 0.'711 0.110 1.041 

1a/07/a 12:M 0.171 0.81'7 0.1&0 1.023 

1e/OT/IS 11:<15 p.2eO 0.1It 0.120 1.001 

,,/en/a 13:. 0.234 0.8" 0.143 1.012 

M/OT/13 11:60 0.323 0~103 0.1&0 1.0S4 

'./01'/83 13:11' 0.5'" 0.1H 0.1ee 1.Gel 

lt/0'I'/13 11:42 0.701 O." 
IO/O"I/a 11-:. O.'" 0."0 o.arr 1.111 

10/01/11 lt:U 0._ O ..... 

ta/OT/a 13:115 0.U4 1.020 0.1:'1 1 ..... . 

.,8 

1.22& 

0.912 

0.940 

0.'33 

0.98'7 
" 

1.028 

0.1'74 

0.100 

O." 
0.141 

0.110 

1.0. 

1.0T3 

1.1. 

1.'. 

1.2OT 
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'l'JBLI At : WAftI TAIIY PIPIS 

PLOT A-2 : LIn G 

DDft (.) 
, 

PIna 

DAn TID 

015 018 017 G18 019 

08/0'7/83 11:50 1.127 1.223 1.115 1.170 1.051 

07/07/83 13:30 0 • .e2 1.025 1.080 1.103 0.030 

Q 08/07/83 12:05 O.HO 0.920 0.982 1.0&5 0.244 

11/0'7/83 11:10 0.3'78 0.912 O.IU 1.088 0.010 

12/0'1/83 12: 10 0.438 0.940 0.943 1.033 o.ou, 
13/0'7/83 12:18 0.7e? 0.8t7 0.815 1.018 0.822 

14/0'1/83 ':30 o. D7 0.718 O.IU 0."2 0.010 

lalOT/a 11:'" 0.21& 0.817 0.13'7 o ... 0.000 

18/0'7/83 11:33 0.307 0.881 0.101 0.840 0.040 

1'1/0"1/83 13: 10 0.313 0.8'3 0.110 O.NO 0.020 

18/0"1/13 11:_ 0.388 0.710 0.820 o .... 0.1. 

'./0'7/83 13:08 0.S7& 0.7H O.MT o .... 0.430 

18/0'7/83 18:.f.O 0.733 0._ O.MO 

~2tJ/OT/13 11:'" o.u. o.,. 0._ 1.041 o • ..,. 

10/07/11 18:. o .... .. 0._ - O.T • 

DlOT/1I 13:. 0."'.- 1.0It 1.0M 1.114 0.111 

( . -
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T.A.BLK A7 : WATBJl TABLI PIns 

PLOT A-3 : LIn r 

DIP'l'B (a) 

PIPIS 

»AD 'lIB 

Pl r2 1'3 ,,, 

08/07/83 11:30 1.128 1.140 1.087 1.140 

07/07/83 13: 10 0.687 1.047 1.02" 1.082 

08/07/83 11 :48 0.673 0.992 0.97" 1.028 

11/07/83 10:80 0.585 1.010 0.978 1.043 

12/07/83 11:50 0.704 0.988 0.933 1.006 
. '" 

13/07/83 11:58 0.i23 0.9U O.," 1.018 

14/01/83 9: 15 0.318 o.ga 0.138 0.171 

_18/OT/83 12:2& 0.357 O ..... 0".870 0.818 

18/01/83 11:15 0.318 0.1H 0.78S 0.788 

17/m/83 12:50 0.504 0.717 0.101 0.7. 

1./m/83 11: 18 O.SM 0.800 ' 0.1ao 0.811 ' 

"'/07/83 12:. 0.1M o.sa 0.7" 0.U5 

'./OT/83 18:52 O.UI 0.112 -
20/07/83 11:215 0.110 O.,. 0.112 O .... 

2O/O't/U 20:00 O •• .eo 
aJOT/a 12:. 1.010 O .... O.th 1.,GOT 

,.5 

1.201 

0.982 

0.911 

O.M'7-

0.N7 

1.~ 

0.708 

0.848 

O."" 
O .•• 
0.803 

0.8T7 

O.MO 

1.008 

1.0_ 
, , 
1 

1.OU 
, 
, , 
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l_ 
TABU AS : W.lTD TABLE PlPU j"~ 

r---
~ A-3 : LI" E / 

DIPTB (a) 

PIPES 

DATE TIIŒ , 
i 

B6 17 B8 ! 
1 

1 

.. 
1 08/01/83 11 :00 1.142 '.080 . 1.048 1. '45 '.270 

'" 1 

01/01/83 
1 

12:40 0.904 '.015 t .017 1.015 1.023 1 

08/01/83 11: '5 0.881 0.981 0.982 1.023·· O.9ge 

11/01/83 . 10:20 0.8'5 0.995 0.991 1.046 1.018 
4 

12/01/83 11 :20 0.904 0.970 0.963 1.032 1.032 

13/01/83 11 :28 0.989 0.976 0.960 1.030 1.107 

14/07/83 8 :40 0.672 0.924 0.960 0.985 0.774 

15/01/83 11:55 0.1. 0.871 0.911 0.928 0.824 

1./07/83 10:45 0.513 0.780 0.855 0.849 0.~31 

13 17/01/83 12:20 0.829 0.784 0.801 0.825 0.780 

18/07/83 10: 40 0.790 0.83" 0.830 0.890 0.'930 

" 1e/0'7/83 12: 15 0.840 0.855 0.890 0.916 0.978 

'./0'7/83 18:55 0.e32 0.909 1.049 

20/0'7/83 10:5" 0."4 0.944 0-.923 1.000 1.112 

20/07/83 20:0'7 1.020--~ 0.948 1.138 

"~ 22/0'7/83 12: 15 1.01& 1.008 0.982 "O~O 1.210 

( 
t' 

'. 
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C_ o 

TABLE A9 : WATER TABLE PIPES 
\ 

PLOT A-4 : LIn F 

DEP'l'H (m) 

PIPES 

DATE TIllE f , 
( 

1'18 F19 F20 1'21 F22 .1 

1 

, 

06/07/83 11: 20 1.039 1.118 1.083 1.169 1.119 
1 

07/07/83 13:00 0.612 0.975 1.039 1.052 0.761 1 

08/'07/83 11: 35 9.435 0.888 0.964 0.954 0.612 

11/07/83 10:40 0.567 0.880 0.918 0.940 0.697 

12/07/83 11 :40 0.488 0.916 0.914 0.973 0.665 

13/07/83 11 :48 0.860 0.943 0.935 1.014 1.044 

14/07/83 9:05 0.219 0.770 0 .. 884 0.815 0.354 

15/07/83 12: 15 0.235 0.696 0.788 0.731 0.344 

16/07/83 .. 11: 05 0.268 0.651 0.722 0.676 0.330 

17/07/83 12:40 0.,316 0.n4 0.730 0.7M 0.474 

18/07/83 11: 05 0.270 0.655 0.702 0.883 0.403 

19/07/83 12:35 0.519 0".695 0.724 0.724 0.580 

19/0'/83 18:38 0.697 0.777 0.782 

20/07/83 11: 15 0.778 0.862 0.837 0.918 0.875 

20/07/83 19:22 0.808 0.&75 0.908 

22/07/83 12:35 0.890 0.970 0.951 1.037 1.003 

( 
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TABLE Al 0 : WATER TABLE PIPES 

PLOT A-4 : LIRE E 

DEPTH (m) 

PIPES 

DATE TIllE 

115 E16 E17 E18 

06/07/83 11:10 1.032 1.079 1.063 1.134 

07/07/83 12:50 0.795 0.990 1.017 1.059 

08/07/83 11: 25 0.695 0.912 0.965 0.998 

:·11/07/83 10:30 0.774 0.933 0.955 1.006 

12/07/83 11:33 0.780 0.943 0.946 1.010 

13/07/83 11:38 0.903 0.982 0.968 1.Q33 

14/07/83 8:52 0.540 0.865 0.939 0.965 

15/07/83 12:05 0.570 0.814 0.889 0.920 

16/07/83 10:55 0.579 0.793 0.857 0.895 

17/07/83 12:30 0.708 0.831 0.880 0.910 

18/07/83 10:55 0.656 0.828 0.869 0.912 

19/07/83 12:25 0.747 0.864 0.890 0.936 

19/07/83 18:35 0.846 o • 91"4",.) " 
"-'" 

20/07/83 1 1 :05 0.903 0.953 0.943 1.004 

20/07/83 19: 16 0.931 0.970 

22/07/83 12:25 0.989 1.032 1.022 1.087 

119 

0.585 

0.484 

0.626 

0.442 

0.945 
\.) \~ 
0.230 

0.224 

0.240 

0.331 

0.297 

0.880 

0.871 

0.929 

0.9se 

1.018 



" 
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TABLE Al 1 : WATBR TABLE PIPBS 

PLOT A-6 : LIME D 

DEP'I'H (a) 

PIPES 

DATE TIllE 

D7 D8 D9 Dl0 

06/07)83 10:37 1.160 1:147 1.135 1.073 

07/07/83 12: 17 0.565 0.909 1.020 0.882 

08/07/83 10::52 0.708 0.827 0.925 0.780 

11/07/83 9::57 0.517 0.885 0.963 0.820 

12/07/83 10::57 0.821 0.891 0.904 0.805 

13/07/83 11 :05 0.790 0.813 0.865 0.7029 

14/07/83 8:22 0.308 0.697 0.826 0.Se7 

15/07/83 11:32 0.440 0.611 0.T:51 0.583 

18/07/83 10:22 0.270 0.558 0.879 0.530 

17/07/83 10:53 0.488 0.595 0.889 0.559 
JI( 

18/07/83 10:22 0.298 0.558 0.887 0 .. 530 

19/07/83 11 :27 0.390 0.597 0.703 0.578 

19/07/83 18:30 0.752 0.830 

20/01/83 10:32 0.847 0.840 0.848 0.783 

20/07/83 i> 19:0tI 0.900 • 0.923 

22/07/83 11:52 0.983 0.971 0.H5 0.882 
(\ 

Dll 

1.0ao 

0.522 

0.591 

0.408 

0.691 

0.883 

0.239 

0.317 

0.189 

O.Sel 

0.200 

0.297 

0.858 

0.740 

0.7" 

0.87'7 
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TABLB A 12 : WATD TABLE PIPa 

PLOT A-6 : LIn c 

DEPTB Ca) 

PIPD 

DATE TIllE 

cs C6 C7 

06/07/83 10: la 1.180 1.206 1.133 1.120 

07/07/83 11:50 0.563 0.988 1.025 0.9H 

08/07/83" 10:25 0.897 0.888 0.9U O.SN 

11/07/83 9:30 0.575 
.. 

0.926 0.929 0.844 

12/07/83 10:30 0.761 0.934 0.877 0.838 -
13/07/83 10:38 0.7M 0.842 0.815 0.748 

14/07/83 7:55 0.380 0.733 0.771 0.848 

15/07/83 11:08 0.380 O.IN 0._ 0.572. 

18/07/83 8:55 0.238 0.802 0.827 0.520 

17/07/83 10:H 0.310 .0.825 0.830 0.543 

18/07/83 8:55 0.352 O.aM 0.5" 0.508 

11/07/83 11:00 0.288 0.820 0.833 0.553 

18/07/83 18:14 0.720 0.753 

20/07/83 10:08 0.807 0.868 0.713 0.751 

20/07/83 11:07 0 •• ' 0.183 

22/07/83 11:28 O.NO 0._ 0.123 O.aM 

ca 

1.143 

0.816 ----..., , , 

0.830 

0.577 

0.728 

0.724 

0.3012 

0.212 

0.281 

0.3. 

0.287 

0.3œ 

0.1&1 

O.TH 

0.118 

o • ..., 
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C 
TABLB A 13 : WATD TABLB PIpa 

PLOT A-8 : LIn 0 

DD'1'II (a) 
\ 

PIns 

DAD TID 

015 018 011 Ole Dl' 

1 

06/07/83 10:32 1.140 1.176 1.155 1.223 1.175 

07/07/83 12: 12 0.758 0.988 1.050 1.073 0.811 

08/07/83 10:47 0.746 0.912 O.tel 1.008 ,0.828 
1 

11/07/83 9:82 0.737 0.9M 0."3 1.022 0.587 

12/OT/83 10:82 0.832 0.931 0.845 0.995 0.8"11 

13/OT/83 11:00 O. !./ 'Ôi"7. 0.912 0.943 0.84"1 
( 

14/0'7/83 8: 1"1 ~.~1 0.831 0.814 0.924 0.822 

1&/0'7/83 11:2''1 0.072 0.785 0.168 0.871 O.aM 
. 

18/OT/83 10: 1"1 0.470 0.743 0.812 0.828 0.&14 

1"1/0'7/83 10:48 0.520 0.741 0.805 0.8H O.HO 

11/07/83 10: 1"1 0.355 0.711 0."182 0.815 0.4. 

11/0'7/83 11:22 0.380 0.730 0.804 0.811 0.515 

18/07/83 18:. 0.147 0.812 0.836 

2O/OT/83 10:2"1 0.8. 0.801 0.801 0.858 0.11' 

20/07/83 11:02 0.877 0.184 o • ..., 

22/07/83 11:41 0 • .0 1.010 1.007 1.082 1.011 



-
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TMILa A14 : WA1'a TJJILS PIPa 

PLO'1' A-' : LIO C 

DDftI (a) 

PIPIS 

DAD TI" 

C12 C13 C14 Cl& 

01/0'1/83 10: 1'1 1.1'12 1.150 1.145 1.200 

0'1/0'1/83 11:5'1 0.100 0.8H 1.00'1 1.130 

08/0'1/13 ·10:32 0.'10 0.711 0.11& 1.010 

11/0'1/83 8:3'1 0.517 0.845 0.132- 1.01. 

12/0'1/83 10:3'1 o. ,,,,. O.U' 0 •• ' 0.1'10 

13/0'1/83 10:4& 0.n3 0.'1'72 O." 0.8. 

14/01/13 1:02 0.404 0.864 0.802 0.10'1 

11/OT/83 11:12 0.33'7 0.H2 o. "Ise O." 
18/0'1/83 10:02 0.212 0.180 0.8" o.no 

1'1/0'1/83 10:33 O."" 0.5'11 0.810 o.ne 
18/0'1/83 10:02 0.320 0.130 O ..... 0.1. 

,t/01/83 11:07 0.328 0.5'1'7 0.8'12 0.'7H 

lt/O'1/83 11:25 0.'1&'1 O. '187 -
20/0'1/83 la: 12 0.114 0.801 0.81' 0.180 

20/0'1/. 11:01 0.110 0._ 
22/07/aJ 11:'. 0.810 O.Nl o ... 1.003 

C1. 

1.1'15 

0.820 

0.a31 

0.'183 

O."" 

O.al. 

0.81' 

O.MS 

0.50'7 --~~--
O.MI 

0.'" 

0.81. 

0.T84 

o .... , 
o .... 
o ... 

1 
! 
! 
f 
1 

1 
1 

. ! 
1 

1 1 , 
\ 



( 

e 

·- -_ .. _----_ .. _--- ,---_._---

,. 
• 

TA8L& A 15 : WA'I'D T .... PIns , 

DAn TI" 

Ge/01/U 10:00 

0't/01/83 11:40 

08/0'7/83 10: la 

11/07/8S 1:20 

12/01/83 10:20 

13/OT/83 10:28 

14/01/83 7:45 

le/M/83 10:58 

le/01/83 1:41 

''''/0'7/83 10: ,. 

18/01/13 1:46 

19/07/13 10:80 

18/OT/83 11:12 

20/01/83 1=61 
f 

20/01/83 lI:. 

21/01/83 15:20 

D!rIf/83 ,,: 1. { 

PL01' A-1 : LIn 8 

1DaPl'B (a) 

PIns 

ST 88 

1.150 1.1Be 

0.528· 1.048 1.100 

0.8"4 0.955 1.017 

0.M7 0.97e 0.M8 

0.708 0.938 O.Ha 

0.7041 0.875 0 ••• 2 

0.322 0.805 0.880 

0.214 0.717 0.770 

0.227 o ... e 0.707 

0.317 o ... ", O.IN 

O.HO O •• U 0.873 

0.2& o .... o .... 
0.708 '0.101 

o." .. 0.8'7. 0.81. 

0 •• 3 0.104 

0.-* o.en o ... 

0.817 0._ o •• , 

810 

1.152 

1.030 

0.127 

0.13& 

0.9U 

0.&63 

0.7M 

0._ 

0.117 

0.1. 

0.93 

0.130 

0.813 

-
0.ta1 

o ... , 

811 

1.180 

0.1.' 

0.871 

0.881 

0.7B8 

o.TlSa 

O.dO 

O.MS 

O.ISO 

0.180 

0.3411 

0.38'" 

0.713 

o • .,.. 
0._ 
o ... 
0._ 



~ - -- ~~- - ~ - -~- -............. , ... __ ----~ 

j ( . 
• 
! 

O8/07/a 

fYI/07/83 

OI/OT/83 

11/OT/83 

12/01/83 

13/0'1/83 

\ 14/01/83 

11/01/81 

1I/OT/~ 

1't/0'I/83 

18/01/83 

_/OT/a 

,.100/a 

JO/flT/. 

aG/rn/. 

11/07IU 
'" ; 8/f1"I/U ~ 

\",-, 

( ,v 

• ,. 
'1 

'1"" ". : 1'A.'BI 7A8L1 PIPa 

PlDr A-7 : LID A 

DIPHI (a) 

PIpa 

8:40 1.31. 1.320 1.228 1.173 
~ 

11:20 0.108 1.1N 1.202 1.100 

8:U O."'. 1.110 1.142 1.0as 

8:00 0.'114 1.1. 1.1. 1.08 

10:00 O .... 1.123 1.OH 1.000 

10:01 O.IN 1.041 1.010 O .... 

7:21 0.118 O.'" 1.017 O.t. 

10_:. O." O." O.IIT 0.140 

.:. O .. STI o ... a 0.811 O."" 

e:M 0.110 O.au O.'" O.,. ... .:. 0.1,14 0 •• ,0 0._ O. Tf1f 

10:30 0.110 0._ O •• , O." 
lS:10 0._ - 0 •• ,1 

8:. 0._ 1.000 0.110 O."" 

,.UII 1.010 - O.IMN -
11:00 1.010 1.101 1.012 0._ 
10:11 1.1. 1.11S 1.011 O • ..., 

1.130 

0.737 

O .... 

0.700 

O.TeI" 

O.TIlI 

O.aI 

O." 
O." 
O." -~ 
O." 
0.400 

O.'" 
O."" 
O ... " 
O.'" 
O." 



--
-.---- -'"t ~~. ---... ~ ..... - ~- -, - - 1 

; 
i 1. 1 
1 

1 
! 

Cl 
, 
; , 

,.. .. 1.1' : 'DTD 'fA8LI PIPII8 

PLOt' .... : LlO • 

DUfB (a) 

PIPSa 

DAR n. .,. 818 81" .,. .,1 
.... 

OI/ff'I/as 1:,00 1.ott3 1.130 1.182 1.~ 1.230 

en/Of/IS 11:. O.,. 0.'-' 1.037 1.201 0.120 

0&101/13 16: '" O.IU o ... ,o •• " 1.130 O • ...., 

11/0'7/1' 1: ,. O.eGO o .... O.'" 1." O."'" 
11/0'7/13 10:21 0.882 0.114 0._ 1.03'7 0.800 

13/OT/13 10:2'7 O.'" 0.1T3 O.'" O.'" 0._ 

·'UOT/83 1:" 0 •• ' 0.813 0.U3 0 • ..,0 O •• TG 

11/OT/13 10:61 0.311 0.101 O."" O •• 'B 0.8011 

11/01/13 .:. 0.281 G.M1 0.11S 0.880 0.1'. 

11/OT/a 10:11 0.303 0._ 0.T3O 0.83C 0.800 

1I/OT/1I 1:" 0.288 0.534 O. T_ 0 •• " O.MS 
, 

,./OT/a 10:12 o.ua O.MO 0 • .,,1 O." 0."1 

11/01/11 11:23 0._ - 0.101 0.127 

1O/00/a 1:54 O.""" 0.104 0.810 0._ 0.8011 

JO/M/a '1:13 O."" O •• , , - 0._ 

11/OT/a 11:12 O.IU 0.100 0._ 1.0" 1.GOS 

21/01/. 11:1. 0.180 0.1" O.MO 1.osa 1.010 . 
( 

" 



, 
, 

lü 
t 

PJ.Dr ...... : LIli & 

...,. (.) 
PInS 

Q • DAD cttID ~ 

&13 A1. &15 A1. 

oa/OT/. .:41 1.081 1.110 1.134 " 1.112 1.112 ' 

OTI01II3 11:24 O.,. 1.0. 1.081 " 1.123 0.1'70 
< 

'08/M/13 1:5. 0~.T2 0.151 1.020 1.048 0.105 . 

11/M/a 9:04 0.11. O.ta 1.004 1.Od O.TM 

12/01/13 10:08 O.T. 0.9&T 0.M3 1.'011 0.810 

13/01/13 10: 12' 0.T13 O •• .., O." 0 • ..,0 0.104 

1UOT/a 1:28 0._ 0.18$ o.na 0.851 O .... 

,a/Of/a. 10:. 0.4'0 0.101 o.an o.rre O.3T7 
0 

18/Of/lS 1:. o ..... 0.1H 0.1Of o.,. 0.&60 

1'1/f1I/a 10:Ga 0.4ft q.111 0."0 o.nt o ... 
11/Of/a t,. O.aI O.TB 0.Ta1 0.'131 0.121 

18/01/a 10:3'7 0.101 0.1. 0.T47 0.7. o • .., 

1t/Of/a 11:1. o.". 0.184 o • .,.. 

IO/""/a .:n o.,.., 0.1" 0._ o ... o ..... 
IO/O'f/a 11:01 0.a1 - o •• ,. - 0._' 

11/0'I/a 11:M o .... o • .., O.HO o.en 0.8a1' 

Bl07/a 10:1T o .... 0.182 o ... 1.001 o .... 

( 

. \ 



- ~----- ~----------------.-- ._----~"'--~- ._. 

, . 
.... . c! 

Il 

'l' .... 41. : W...,. .,... Pua 
PLOr 11-, : LID G 

DDU (a) 

PIPa 

DA.,. "ID 

• 010 011 

• 
oe/O"t/a ,,:. 1 .... ' 1.'" 1.112 

• f(I/OT/a 11:. '.1. 1.'" 1.1'" 

, O8/O'f/a 12:00 1.181 ,.1ft 1.1. 

1t/O't/1S 11:01 1.DI 1.110 1.1M 

:SI/Of/a '1:1S 1 .... 1." • 1.m 
~ 

.. ,./OT/a 11:tO 1 •• T 1." 1.TF1 

1'f/tII/1I 11:. 1.an 1 .... 1._ 

te/OT/a 111..00 
\ 

1._ ,\~. 1 •• 1 1 ..... 

-II/M/U, ' 11:. 1." 1.271 1." , 

• 
<'!7 

• ( \ 
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'1'~ .uo: W"'fD '1'.IBL'I PIns 

PLOr 8-1 : LlO B 

DDTB (.) 

PIns 

DiB '1ID 

BI .10 

Ge/OT/a 12:08 1.211 1.214 

O'IIOTla 13:.' 1.110 1·211 

Ota/OT/a 12:10 1.221 1.210 

11/OT/a 11:. 1.110 1.210 

1a/err/1I ' 11:a 1 •• 7 1." 

,./CrI1a 1SI00 1.IM 1.118 

,.,/tIf/a 1S:. 1._ 1.1fO , 

... ,errIU 11:. 1.11S 1." 

t:l/fIf/la 13:10 1.1M 1._ 

.t 

." 
1.21' 

t.212 

1 .. 110 

1.220 

1.210 

1."" 

1. 'lM 

1.101 

1._ 



( 
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TJBLJ: .&21 : WATD TUJ.,E PIPIS 

PLOT 8-2 :. LIn G 

D:IPTB (.) 

PIPIS 

DATI: TID 

G20 021 

01/0'7/83 11:53 1.141 1.2.3 

OT/07/83 13:33' 1.142 1.2d 

08/0'7/83 12:08 1.1al 1.254 

11/0'7/83 11:13 1.182 1.210 

13/OT/83 12:11 ' 1.1.e 1.301 

11/ar/13 12:. 1,.20& '1.321 

11/07/a 13:13 1.211 1.334 

,./07/a 1S:oe 1.223 1.3064 

II/M/II 13:oe 1.'" 1.311 

<;22 

1.310 

1.310 

1.318 

1._ 

1 ••• 

1." 
1." 
1.1N 

1.'" 



( 
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TABLE .122 : WATD TABLE PIPES 

PLOT 8-2 : LIn B 

DBPTB (m) 

PIPES 

DATE TID 

820 821 

oe/07/83 11:58 1.100 1.173 

07/07/83 13:37 1.099 1.173 

08/07/83 12: 12 1.107 1.183 

11/07/83 11:17 1.146 1.220 

13/07/83 12:25 ' 1.157 1.237 

15/07/83 12:02 1.170 1.U4 

17/07/83 13:22 1.190 1.289 

le/ar/83 13:12 1.205 1.288 

22/07/83 13: 12 1.228 1.29'1 

• 

822 

1.301 

1.300 

1.282 

1.338 

1.348 

1.358 

1.370 

1.3'17 

1.388 



( 
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TABLE A23 : WATER TABLE PIPES 

DATE TIME 

06/07/83 11: 05 

07/07/83 12:45 

08/07/83 11 :20 

11/07/83 10:25 

13/07/83 11: 33 

15/07/83 12:00 

17/07/83 12:25 

19/07/83 12:20 

22/07/83 12:20 

PLOT B-3 : LIHE E 

DEPTH (m) 

E9 

1.214 

1.210 

1.215 

1.248 

1.253 " l 

1.268 

1.280 

1.299 

1.311 

f 

PIPES 

El0 

1.182 

1. 181 

1.188 

1.219 

1.227 

1.240 

1.249 

1.264 

1.279 

Ell 

1.191 

1.185 

1.190 

1.220 

1.224 . 
1.229 

1.232 

1.237 

1.262 

l, 
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TABLJ: A24 : WATEll TABLB PIPES 

PLOT 8-3 : LIn F 

DBPTB (.) 

PIPES 

DATE TIKI 

ft rl0 

06/07/83 11 :25 1.236 1.17e 

07/07/83 13:05 1.232 1. 1'15 

08/07/83 11 :40 1.240 1.180 

11/07/83 11:~ 1.272 1.218 

13/07/83 12:53 1.287 1.230 

15/07/83 12:20 1.295 1.243 

17/07/83 12:45 1.303 1.257 

19/07/83 12:40 1.313 1.275 ...... , 

22/07/83 12:40 1.325 • 1.8D 

Fll 

1.187 

1.1.4 

1.200 

1.234 

1.240' 

1.2. 

1.24' 

1.280 

1.278 

\ 

l 
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T4BLB A2S : lfATEJl TABLE PIPIS 

PLOT 8-" : LIn 1: 

DEPTB (.) 

PIPIS 

DATE TIU 

1:12 113 

06/07/83 11 :07 1.244 1.160 

07/07/83 12:47 1.242 1.167 

08/07/83 11 :22 ' 1.247 1.168 

11/07/83 10:27 1.275 1.198 

13/07/83 11 :35 1.277 1.202 

15/07/83 12:02 1.290 1.214 

1'7/07/83 12:27 1.297 1.237 

19/07/83 12:22 1.305 1.250 

22/07/83 12:22 1.320 1.253 

," 

114 

1.232 

1.230 

1.234 

1.264 

1.285 

1.278 

1.288 

1.289 

1.312 
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TABLI d8 : WATBIl TABLI PIPa 

PLOT 8-4 : LIn 1 

DIPTB (a) 

PIPSS 

DATE TIID 

112 1"13 

96/07/83 11:27 1.BO 1.185 

07/07/83 13:07 1.288 1.197 

08/07/83 11:42 1.292 1.193 

11/07/83 10: 47 1.3U 1.227 

13/07/83 11 :55 1.329 1.230 

15/0'7/83 12:22 1.33'7 1.240 

17/0'7/83 12:4'7 1.3-'0 1.281 

19/0'7/83 12:42 1.342 1.283 

22/0'7/83 12:42 1.300 1.28' 

r14 

1.283 

1.288 

1.282 

1.315 

1.31' 

1.321 

1.314 t 
j 

1.3. 
, 
l 

1.337 
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. TABLI A27 : WATD TABLB PIPa 

PL01' 8-5 : LIn C 

DBPTB <a) 

PIPa 

DAD TIn 

Cl C2 

08/07/83 10:0& 1. leS 1.187 

07/07/83 11:4& 1.288 1.180 

08/07/83 10:20 1.294 1.1el 

11/07/83 i:2a 1.328 1.228 

13/07/83 10:33 1.343 1.238 

15/OT/83 l1:OG 1.3&3 1.264 

17/OT/83 10:21 1.388 1.21'2 

18/OT/83 10:51 1.382 1.2tM 

22/(17/83 11:20 1.<&OS 1.301' 

CS 

1.242 

1.233 

1.2.' 

1.212 

1.281 

1.2tI 

1.301 

1.311 

1.343 

1 
f 

" 



08/07/83 

07/07/83 

08/07/83 

11/0'1/83 

13/01/83 

,11/OT/83 

17/07/. 

'./OT/IIS 

22/cn/a 

( ) 
138 

T ..... Al8 : .,ta TA8LII PIPa 

PLOT 8-1 : LIn D 

DDTII (a) 

PIns 

TI. 

Dl 

10:42 1.228 1.1. 

12:22 1.223 1.123 

10:17 1.228 1.132 

10:02 1.284 1.110 

11:10 1.211 1.110 

11:3"1 1.~ 1.1. 

10:1. 1.301 1.1. 

11:32 1.122 1.208 

11:1'1 1.MO 1.210 

\ 
-

Da 

1.IM 

1.HO 

1.IM 

1.330 

1.144 

1 •• ' 

1.380 

1.MO 

1." 

. , . 



,. D· 

( 

1 

1. 

1'ML8 A28 : WA2'D 'fAILlI ,IP88 

'PJD1' _ : LI" C 

DD'nI (a) 

DAB 'l'ID 

Cl1 ca 

" 

J 

;-
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• 

1'AJILII A30 : W.A.TD 'rABLI PIPa 

PI.Dr .... : LlO D 

DDfii (a) 

PIPa 

œft 'l'ID 
1 

1 
D20 D21 DU 

1 , 
1 7 '\ 

/ ( 

oe/ar/83 10:21' 1.'88 '.220 1.1M 

Q'7/O'I/83 12:0'7 1.1. 1.211 1.185 

08/07/83 10:42 1.1'72 1.211 1.201 
""> 

11/0'7/83 ~:"'7 1.21'7 1.2&3 1.235 

13/at/83 10:H 1.220 1.281 1.243 

~a/07/83~ 11:22 1.21' 1.2'70 1.2" 

-1'1/0'1/83 ~ 1.223 1.rt8 1.210 

18/OT/83 11: 11 1.227 1 .... 1.1'10 

21/0"1/. 11:42 1.238 1.302 1." 

, 



l 

( 

· _ri ...... ~ _,.., ..-. T __ ..... ~ _____ ~ ~ ~ 
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'fAIlLI AS1 : WA'l'II 'fAIlLI PIPIS 

PLOT B-T : LIn A 

DBP1'II Ca) 

PIPI8 

DAD 'l'ID 

A1 

01/07/83 .:30 1.387 

01/07/83 11: la 1.368 

08/07/83 9:aO 1.313 1.11T 

11/07/83 8:0a 1.381 1.110 

13/OT/83 10:00 1.310 1.110 

15/07/83 10:27 1.310 1.113 

11/0'1/13 .:10 1.110 1.114 

11/07/83 10:. 1.38' '1.1O'F -

I2/tI'I/U 10 •• 1." 1 •• ' 

1.27a 

1.2" 

-
1.2'70 

-
-

1 .... 



( 

.. - -- ,,,-~._-------' ,----------- -- ----'. - - '-' . 

oe,/fIf/83 

M/m/as 

oà/m/as 

ll/OT/83 

, l3!m/a 

11/m/1S 

1'1/rn/as 

,./OT/. . 
BIOT/a 

lU 

TA8L8.ua : WABI , .... ,a.a 
. PIDf 8-, : LID 1 

DDft (a) 

J Il 

10:_ 1.280 ,.,. 
11: ... 1.8'1 1.140 

10:" 1._ 1.1111 

Ita 1.110 1 .... 

~'- 10:_ 1." 1 ..... 

11:00 1." 1.aM 

10:.' . 1._ 1 .... 

10:" , .• 1." 

l1tao 1." 1." 

( 

as 

1.210 

1.210 

1.2'11 

1.100 

1.310 

-
-
-

1 •• 

\ 
\ '" .. - : 
! 

1 

J 
! 
f 

1 
! j 

, 



..... 

v' .... _ ...... _--___ -..... .. ~ ...... ,... ___ .. 

• 
1a 

.,.... .us : 1'.l'ta T~ PIPa 
PLOI' 11-. : LIn A 

DDft (a) 

PIPa 

· DA..... 'l'ID 

.l20 .&21 

oe/Of/as ,: ... 1.210 1.210 

tYrlen/a 11:. 1.2.e 1.283 

_/en/a 10tM 1.210 1.IM 
'" 

11/Of/a ':011 1.210 1." 

1S/OfID 10: '7" 1._ 1.1Ge 

1a/MI_ tOaM 1.101 1.31. 

tT/fil/a 10107 1.310 1.31. 

1fIIm/_ 10:d 1.311 1.1a 

D1M/a 11:01 1.1M 1.DB 

- ---- - - 1 > -

1.320 

1.308 

1.3"! 

1.SoM 

1.H1 

·1.311 

1.3ft .7 

1.'" 

1." 



( 
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TABLB AS" : WATD TABLa PIPES 

PLOT 8-8 : LIn B 

DBPTR (.) 

PIPES 

DATB TI. 

B20 B21 

06/07/83 9:51 1.229 1.198 

07/07/83 11:34 1.225 1.189 

08/07/83 10:09 1.231 1.193 

11/07/83 9: 14 1.215 1.21'7 

13/01/83 10:22 1.212 1.220 

15/01/83 10: •• 1.271 1.132 

1'7/0'1/83 10:12 1~2IO l'.2d 

'./0'1/83 10:4" 1.211 1.111 

22/07/83 11:0'7 1.301 1." 

B22 

1.257 

1.252 

1.251 

1.282 
, 
1 , 

". Il 
1 

1.H4 

1.300 

1.302 

1.SOI 

1.SOI 

'J : 

1 



( 

. 

T~ AS5: 8ftCIAL tATa TABLI PIpa 

I,'I'IAGB lIOII IDIGATID TO DU.IlIID PLOT 

PID'l' 1.-5 : LIn c 

DBPTB (a) 

PIPIS 

, 

DATB TID 

cu C38 C3C 

13/0'7/83 10:38 1.128 1.01" 0.830 

14/07/83 7:55 1.1. 0.170 0.173 

15/07/83 11:05 1.1'. 0.12'7 0.710 

18/0'7/83 8:55 1.010 0.185 O.MO 

17/0'7/83 10:21 1.010 o ... a 0."1 

18/0'7/83 8:11 1.011 0.118 0.133 

18/0'7/83 11:00 1.010 0.160 O ..... 

20/07/13 10:01 1.0'7. O.IOT O.'" 

22/0'7/13 11:21 1.110 0.173 0.113 
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TABLI A38: SPlCIAL WATD TABLE PIPES 

J •• AJAB PIla. IDIGATSD TO DlA.IRBD PLOI' 

PlD1' A-8 : LIn c 

DDTII (.) 

PIPIS 

DAD TIIII 

C19A CllB 

13/0'7/83 10:45 0.918 1.101 

14/07/83 8:02 0.921 1.094 

15/07/83 11: 12 0.878 1.010 

18/0'7/83 10:02 0.134 1.030 

17/0'7/83 10:33 0.130 1.015 

18/07/88 10:02 0.111 1.01. 

18/07/83 11:01 O •• JI 1.010 

20/07/83 '10: 12 0.144 1.014 

22/0'7/83 11 :32 1.<M8 1.140 

.~ 

Cl9C 

1.202 

1.198 

1.180 

1.181 

1.149 
-.,., 

1.150 ", 

\.1. 

1.183 

1.218 
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TABLE A37 : SPECIAL WATER TABLE PIPES 

LEAICAGE FROM IRRIGATED TO DRAINED PLOT 

PLOT A-7 : LINE B 
/ 

/ 

DEPTH (m) 

PIPES 

DATE TIllE 

B3A B3B B3C 

13/07/83 10:28 1.105 0.992 0.847 

14/07/83 7:45 1.098 0.981 0.775 

15/07/83 10:55 1.071 0.931 0.704 

16/07/83 9:45 1.048 0.892 0.664 

17/07/83 10: 16 1.028 0.870 0.675 

18/07/83 9:45 1.024 
(, 

0.862 0.636 

19/07/83 10:50 1.017 0.860 0.663 

20/07/83 9:55 1.040 0.931 0.848 

21/07/83 15:20 1.080 0.997 0.945 

22/07/83 11: 15 1.098 1.020 0.969 

.. 

1 

l 
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TABLJ: A38 : SPECIAL 1fATEI TABLB PIPIS 

I.IAI'AGE PROII IUIGAHD 1'0 DIlA.IJmD PLOT 

PLOT A-7 : LI" A 

DBPTII (a) 

PIPES 

DATE TI'" 

us A3C 

13/07/83 10:08 1.114 1.080 0.922 

1./07/83 7:25 1.08& 1.02fS 0.863 

15/07/83 10:36 1.058 0.974 0.778 

16/07/83 9:25 1.040 0.938 O • .,34 

17/07/83 9:58 1.028 0.925 O • .,ao 
18/07/83 9:25 1.030 0.930 0.728 

19/07/83 10:30 1.024 0 •• 13 0.738 

20/07/83 9:35 1.021 0.M7 0.8" 

21/07/83 15:00 1.072 1.031 0.995 

22/07/83 10:55 1.085 '. 
1.082 1.035 
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TABLB A39: SPECIAL WATD TJ.8LE PI~ 

LBAUGB ROll IUIGATBD TO DRAIlRD PLOT 

PLOT A-8 : LIKB B 

DEPTH (a) 

PIPES 

DATE TIllE 

B19A B19B 

13/07/83 10:27 0.939 1.030 

14/07/83 7:"4 0.910 1.020 

15/07/83 10:54 0.85-4 0.993 

16/07/83 9:29 0.807 0.980 

17/07/83 10: 17 0.81!:; 0.948 

18/07/83 9:"4 0.798 0.948 

19/07/83 10:52 0.808 0.947 

20/07/83 9:54 0.960 1.008 

21/07/83 15:22 1.042 1.087 

22/07/83 11:12 1.051 1.08S 

Bl9C 

1.310 

1.2S4 

1.194 

1.13& 

1.103 

1.102 

1.102 

1.114 

1.134 

1.143 
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TABLI: A40: SPSCIAL WATD TAIlLa PIpa 

, ... r.s ne. IUlGATSD TO DaAIJID PIDr 

... 

PLDT.&-8 : LIn A 

DUTII (a) 

PIpa 

DATE TI. 

A19A A1H 

13/07/83 10: 12 1.058 1.138 

14/07/83 1:29 1.050 1.1.7 

15/07/83 10:39 1.004 1.128 

18/07/83 9:29 0:948 , '.10.& 
1 
1 

17/07/83 10:02 0.910 1.088 

18/07/83 9:29 0.8. 1.088 

19/07/,\ 10:37 0.887 1.081 

20/07/83 9:39 0._ 1.105 

21/07/83 15:07 1.081 1.138 

22/07/83 10:57 1.073 1.142 

Alle 

1.318 

1.322 ' 

1.319 

1.307 

1.300 

1.2" 

1.300 ~ 
1.301 

1.322 

1.324 
/ 
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T.&aLa .41: SPEIAL •• 'lD TA8I& PIPa 

• .l'rD TABI& DIaftIBVrIœ A.JIC)R DbI. 

PID.r A-1 : LIB B 

D8PftI Ca) 

PIPa 

DAn TIa 

Be B7 Ba 

08/07/83 12: 10 1.190 1.142 1.147 

07/07/83 13:&0 0.713 0.779 0.822 

08/07/83 12:25 0.738 0.103 0.1&3 

11/07/83 11 :30 0.794 O.T&& 0.790 

12/07/83 12:30 0.838 0.805 0.841 

13/07/83 12:38 0.888 0.838 0.884 

14/07/83 9:&5 0.510 0.580 ,0.800 

15/07/83 13:05 0.M5 0.5aT 0.588 

18/07/83 11:55 0.&24 0.488 ('O:bT) 
17/07/83 13:35 0.8eo 0.818 0.854 

18/07/83 12:05 0.800 0.758 0.792 

19/07/83 13:31 0.880 0.837 0.883 

20/07/83 11 :.5 0.geO 0.9" 0.9T. 

_22107/83 13:25 :t.l01 1.005 1.080 

-r--
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TABLS A42: IPEUL •• .,. TABLI PIPa . 
WA7D TABLII DIIlftIBVrIc:Jf Aa)Q Ia&U 

JI.Dr .l-1 : LlO G 

D..rB (a) 

PIPa 

DAn TI" 

Gl G2 

01/07/83 11 :<60 1.148 1.111 

07/07/83 13:20 0.782 0.710 

08/07/83 11:55 0.737 o .... 
11/07/83 11:00 0.7" O.UT 

12/07/83 12:00 0.101 O.T. 

13/OT/83 12:08 o ... 0.110 

14/07/83 8:25 0 •• 7. 0,.388 

15/07/83 12:35 0.45. O.U' 

16/07/83 11:25 0.3'7 0.3. 

17/OT/83 13:00 0.545 o ...... 
18/OT/83 11:215 0.738 0._ 

19/OT/83 12:55 0.807 o .... ~ , 

20/07/83 11:35 0.'301 o ..... 
22/OT/83 12:55 1.033 O.IN 

il 

(~ 

G3 

1.130 

o ... 
0.880 

o ... 
o ... 
o ••• 

0 •• ' 

O.36t 

O.SM 

0.800 

O.HI 

O.T.' 

0 •• '.' 

1.012 



( 
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TABLI .la : snclAL WAfta TAlLa PInB 

... .,. ... ~ DllftlBVrICII A80Q •• 1. 
/ 

PIDI' .l-2 : LIn B 

DDt. (a) 

PIPSII 

DAU TI" 

.,1 .,8 .,8 

08/0'7/83 11:58 1.181 1.110 1.1. 

OT/0'7/83 13:40 0.814 0.810 0.81'0 

08/0'1/83 12: 18 0.830 0.810 O .... 

11/0'7/83 11 :20 0.8. 0._ O.MO 

12/01/83 12:20 O ..... o ... s 1.010 

13/01/83 12:28 1.01. 1.021 1.018 

14/01/83 8:. 0."1 0._ O.IM 

11/01/83 12:U 0 •• 3 0.814 O.nT 

18/01/83 11:. 0.818 0.8. 0.1M3 

1T/01/83 13:. 0.814 0.110 O.MO 

18/01/83 11:U 0.rr3 0.813 O.IN 

18/01/83 13:27 1.01. 1.011 1.030 

20/01/83 11:_ 1.134 1.1" 1.118 

22/01/83 13:11 1.1. 1.114 1.lH 
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'l'..... ... : ...cUL .&fta 1'-" PIPI8 

.Ba 7B1i1 Dllft181Pl'l0l' A8Ot'I ~ 

JIDr &-2 : LIB G 

DDTII (a) 

IllD 'l'la 

012 G1S 

08/0'1/88 11:50 1.111 1.123 1.117 

07/0'1/83 13:30 0.552 0.&00 0.411 

08/07/83 12:08 0.808 0.584 0.141 

11/0'1/83 11:10 0.418 0.411 o.su 
12/0'1/83 12:10 0.&45 0.481 0.4&0 

13/07/83 12: 18 0 • .,,4 0.7 •• 0.718 

14/07/83 8:38 0.288 0:230 0.202 

'~07/83 12:48 0.1'74 0.244 0.221 

ls/07/83 11:33 0.311 0.319 0.308 

1'1/07/83 13:10 0.355 0.338 0.315 

18/07/83 11:38 0.397 0.388 0.3'10 

18/07/83 13:08 0.557 0.585 0.588 

20/07/83 11 :45 0.808 0.818 0.814 

22/07/83 13:08 0.154 0.988 0.162 

-
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tr 

( 
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TA8Y A4I : ...cIAL .AftR T.I8Y PI" 

......... 'fA8LW DllftIlIVl'lœ .I8OQ JJU.DI 

JLOI' A-3 : LIn., 

.-.18 Ca) 

PIPa 

DAn TIB 

" 
Ge/OT/83 11:30 1."8 1.170 

07/07/83 13:10 0.837 0.812 

08/OT/83 11:48 0.881 0.80'7 

11/07/83 10:50 0.920 0.138 

12/OT/83 11:10 0.930 0.149 

13/01/83 11:58 1.007 1.014 , 
14/OT/83 9: 18 0.881 0.710 

15/07/83 12:21 0.822 0.880 

18/07/83 11:115 0.411 0.498 

17/07/83 12:80 Ô.591 0.612 

18/07/83 11: 18 0.772 0.786 

19/07/83 12:48 0.842 0.847 

20/01/8~ 11:215 0.975 0.977 

22/07/83 12:415 1.0la 1.080 

ft 

1.1.' 

0.110 

0.803 

0.930 

0.13'1 

0.18& 

0.724 

0.880 

0.487 ~ 

0.80S 

0.783 

0.822 
'" 

0.950 

1.0S4 
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'l' .... AM : 8PlCIAL ..... ,.~ PIns 

.ARa ,...,. DIftaIBUrICIr MOn IJUD 

KDr A1 : LIU 1 

DD'!tI (a) 

PIPa 

DATI: '1'1111 

Il 

.... at/01/83 11:00 1.1'" 1.08e 

07/01/83 12:40 0.903 0.830 

08/01/83 11:15 0.886 0.183 

11/01/83 10:20 0.890 0.'7J8 

12/07/83 11:20 0.898 0.799 

13/01/83 11 :28 0.998' 0.910 

14/07/83 8:45 0.858 0.584 

15/07/83 11:55 0.747 0.8,..9 

16/01/83 10:45 0.500 0.402 

17/07/83 12:20 0.825 0.520 

18/01/83 10:45 0.794 0.898 

19/07/83 12: 16 0.8"5 0.155 

20/91/83 10:55 1.004 0.918 

22/01/83 12: 15 1.0t" 0.988 

,::. ,. 

1.115 

0.811 

'0.843 
J-

0.885 

0.811 

0.980 

0.840 

0.711 

0.478 

0.597 

0.158 

0.810 

0.185 

1.048 

-1-
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( 

laT 

'l'ABU A4T : 8Pa:IAL WAftII 'l'AIlLa PIns 

.na TABLa DIIftIB1rl'Iœ JBOft DU.I. 

PlDr A-4 : LIn , 

DDTII (a) 

PIns 

DA'l'B 'l'ID 

'18 '17 

08/07/83 11 :20 1.017 0.983 

07/07/83' 13:00 0.8GO 0.S73 0.800 

08/07/83 11:38 0.G07 0.-&13 0.438 

11/07/83 10:40 0.808 0.S28 0.G83 

12/07/83 11:40 0.S94 0.489 ,0.498 

13/07/83 11:48 0.842 0.787 0.843 

14/07/83 9:0S 0.298 0.187 0.218 

lG/07/83 12: 15 0.320 0.218 0.237 

18/07/83 11 :08 0.317 0.2S0 0.280 

17/07/83 12:40 0.430 0.327 0.330 

18/07/83 11 :08 0.SG3 0.282 0.278 

19/07/83 12:38 0.G18 0.4G7 0.802 

20/07/83 11:18 0.781 0.708 0.781 

22/07/83 12:30 0.8T? 0.821 0.87& 

.~ 

" 

Il l 
~ 
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TAIII& .48 : 8PEIAL WA'l'a TOU PIPa 

W.A.TD TABLI: DISftIBUTIœ ABOn DU.I. 

PLOT .-4 : LIn • 

DDTB (a) 

PIPU 

DATE TIO 

ao al 

06/07/83 11:10 1.078 1.068 

07/07/83 12:80 0.651 0.826 

a2 

1.108 

0.902 

08/07/83 11:25 0.517 0.741 0.843 

11/07/83 10:30 0.880 0.819 0.881 

12/07/83 11:33 0.498 0.781 0.883 

13/07/83 11 :38 0.954 0.980 1.00a 

14/07/83 8:82 0.260 0.601 0.710 

18/07/83 12:05 0.289 0.823 0.721 

16/07/83 10:55 0.288 0.824 0.718 

17/07/83 12:30 0.S82 0.73'1 0.81a 

18/07/83 10:85 0.378 0.888 0.7H 

ttL.a7(83 12:25 0.872 0.1107 O.MO 

20/07/83 11:06 0.113 0.142 O.~. 

22/07/83 12:26 1.030 1.028 1.070 
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TAIILI .48: SPaCIAL W.Da TABLa PIns 
4-

W.'lD '1'..... DISftIB1JTlœ A80B œAI. 

PlD1' A-5 : LlO D 

DDf'II (a) 

PIPa 

DAft TI" 

08/0'7/83 10: 3'7 1.1'71 1 • 1'7'7 1.110 

07/01/83 12: 1'7 0.808 0.8H 0.812 

08/07/83 10:&2 0.184 0.144 0.141 

11/07/83 9:&1 0.80'7 0.818 0.M1 

12/0'7/83 10:&1 0.808 0.1&' O." 

13/07/83 11:08 O .... 0.111 O.UT 

14/01/83 8:22 0.810 0.411 0.4306 

1&/07/83 11:32 O.Mo 0 •• '2 0.410 

18/0'7/83 10:22 0 • .&10 0.312 0.348 

1'7/01/83 10:&3 0.810 0.522 0.518 

18/0'7/83 10:22 0 •• 1& 0.314 0.372 . 
18/07/83 11:27 0.418 ," " o.aT 0.412 

20/07/13 10:32 0._ O.IIT 0 •• ' 

22/07/83 11:&2 1.01. 1.002 1.018 



160 

TABLE .150 : SPECIAL WA'l'D TABLB PIPES 

WA1'8 TABLI DISTBIBtJTIOR ABOn DBA.IJf 

~ A-S : LI" C 

DKPTR (a) 

PIPJœ 

DATB TU" 

cg Cl0 

08/07/83 10: 10 1.137 1.136 

07/07/83 11:50 0.820 0.840 

08/07/83 10:25 0.828 0.828 

11/07/83 9:30 0.584 0.800 

12/01/83 10:30 0.728 0.732 

13/07/83 10:38 0.720 0.71. 

14/07/83 7:58 0.348 0.384 
n- . 

15/07/83 11:08 0.2e7 0.310 

18/07/83 9:55 0.288 0.281 

17/07/83 10:28 0.349 0.*5 
~ 

18/07/83 9:55 O.Ul 0.300 

19/07/83 11 :00 0.311 0.330 

20/07/83 10:08 0.74" 0.743 

22/07/83 11:2& 0."2 0.812 

Cll 

1.110 

0.840 

0.810 

0.590 

0.717 

0.886 

0.384 

0.306 

0.27& 

0.342 

0.292 

0.327 

0.719 

0.se7 
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TABLE A51 : SPECIAL WATER TABLE PIPES 

WATER TABLE DISTRIBUTION ABOVE DRAIN 

PLOT A-6 : LINE D 

DEPTH (m) 

PIPES 

DATE TIllE 

D12 D13 D14 

06/07/83 10:32 1.146 1.116 1.147 

07/07/83 12: 12 0.822 0.695 0.768 

08/07/83 10:47 0.788 0.697 0.747 

11/07/83 9:52 0.788 '0.483 0.73.5 

12/07/83 10:52 0.860 0.782 0.839 

1,3/07/83 11 :00 0.804 0.746 0.787 

14/07/83 8: 17 

'" 
0.640 0.322 0.~79 

15/07/83 11:27 0.625 0.462 0.~87 

16107/83 10: 17 0.548 0.238 0.481 

17/07/83 10:48 0.589 0.392 0.536 

18/07/83 10: 17 0.496 0.263 0.391 

19/07/83 11: 22 0.~1~ 0.287 0.410 .. 
20/07/83 10:27 0.833 0.784 0.914 

22/07/83 11:47 0.951 0.911 'O. 9~7 
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TABLE A52 SPICIAL .ATB TABLB PIPa 

WATIJl TABLI DISTIlIBUTlœ ABOTB DUI. 

PLOT A-8 : LIn c 

DEPTH (a) 

~ 
PIPES 

DATE TIIŒ 

C17 C18 C1Q. 

06/07/83 10: 17 1. 187 1.190 1.097 

07/07/83 11:57 0.802 0.922 0.853 

08/07/83 10:32 0.820 0.898 0.823 

11/07/83 9:37 0.768 0.885 0.814 

12/07/83 10: 37 0.8<68 0.927 0.848 

• 13/07/83 10:45 0.808 0.878 O.7ge 

14/07/83 8:02 0.599 0.838 0.647 

15/07/83 11:12 0.531 0.518 0.~72 

16/07/83 10:02 0.496 0.464 0.~39 

17/07/83 10:33 0.544 0.806 0.~75 

18/07/83 10:02 0.464 0.518 O.~16 

19/07/83 11 :07 0.499 0.527 0.~36 

20/07/83 10: 12 0.839 0.890 0.808 

22/07/83 11:32 0.949 1.012 0.929 

( 
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TABLK 153 : SPSCIAL WATD TABLI: PIPIS 

IATD TABLE DISTRIBUTIOJ ABOT! DIlAII 

PLOT A-7 : LIn B 

DBPTH (a) 

PIPai 

DATI TIO: 

06/07/83 10:00 1.2C).t 1. 146 

07/07/83 11:40 0.792 0.687 

08/07/83 10: 15 0.780 0.702 

11/07/83 9:20 0.815 0.710 

12/07/83 10:20 0.882 0.806 

13/07/83 10:28 0.826 0.756 

14/07/83 7:45 0.890 0.487 

15/07/83 10:55 0.835 0.428 

16/07/83 9:45 0.802 0.399 
,"; 

17/07/83 10: le 0.529 0.431 

18/07/83 9:45 0.500 0.420 

19/07/83 10:50 0.415 0.413 

20/07/83 9:55 '\ 0.869 0.80"' .. 
21/07/83 15:20 0.976 0.90d 

22/07/83 11: 15 1.005 0.940 
... 

1. 187 

0.&40 \.1 

0.698 

0.609 

0.733 

0.769 

0.380 

0.288 

0.247 

0.356 

0.411 

• 0.295 

0.S18 

0.927 

0.963 
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T~ 1&4 : SPSCIAL .ATII TABLI PIPIS 

'ATa TAIILI DISftIBU"rIOI J.BOYI OUI. 

PLO'l' 1&-7 : LIn A. 

D&P'tB (a) 

v- I PIPaI 

UT! TIa 

&10 A 11 
,~ 

t> 

01/07/83 9:40 1.032 1.16~ 1. 148 

07/07/83 11:20 0.8&0 0.784 0.802 

08/07/83 9:5& 0.883 0.720 0.731 

11/07/83 9:00 0.8&5 0.765 0.778 

12/07/83 10:00 0.7" 0.81;t. 0.821 

13/07/83 10:08 0.781 0.787 0.772 

14/07/'3 7: 2t5 0.4~ O. "80 0.~7 

15/07/83 10:35 0.359 0.387 O. "d" 
16/07/83 9:25 0.326 0.3-'3 0.366 " 

17/07/83 9:56 0.386 0.405 0.416 
~ 

ài.3~8 18/07/83 9:25 0.369 0.371 
" 1 

19/07/83 . 10:30 .... - 6.429 0.439 ~\ 0.4!52 

20/07/83 9:35 0.836 0.830 0.811 

21/07/83 15:00 0.927 0.924 0.903 

22/07/83 '0:55 0.951 0.943 

( "'-J 

\ 

~ 
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TABLI ü8 : SPlCIAL IATa TABU PIPa 

WA'1'IIl 'rAILS DIftRXIJU'l'Iœ' A80YB DlAI. 

PLOT A-8 : LlO 8 

~&P11I (a) 

PIPU 

DATB TID 

.12 813 814 

06/01/83 9:S5 1.088 1.ON 1.075 , 
, J 

l ~/07/83 11 :39 0.748 0.720 0.855 

08/07/83 10: 14 0.8t2 0.M2 0.8rT 

11/07/83 9: 19 0.702 0.888 0.838 

12/07/83 10:21 0.736 0.729 0.88S 

13/07/83 10:27 0.888 0.888 0.878 

1 14/07/83 7:44 0.497 0.480 0.432 

15/07/83 10:84 0.419 0.404 0.362 

16/07/83 9:29 0.374 0.380 0.320 

17/07/83 10: 17 0.406 0.392 0.350 

18/07/83 9:44 0.3S0 0.337 0.310 

19/07/83 10:82 0.413 0.405 0.366 

20/07/83 9:S4 0.744 0.737 0.728 

21/07/83 15:22 0.848 0.846 0.83. 

22/07/83 11: 12 0.881 0.853 0.8"8 
l 

( 1 

l ,,' 
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TABLa .AM : SPlCIAL IATa 1'A..11L'8 PIPa 

WAftI ".A8~ DISftI81J'I'Iœ A80R DUO 

PLOl' A-a : LIn A 

DIPTB (a) 

PIPa 

DA,.. TIIII 

l 
A1'7 A18 Al. 

'\ ( 

08/01/83 9:41 1.018 1.101 1.040 
\ "-

0'7/07/83 11 :24 0.384 0.789 0.728 

08/07/83 9:59 0.382 0.7H 0.880 

11/07/83 9:04 0.412 0.793 "" 0.731 

12/07/83 10:08 0.588 0.834 0.~e8 

13/07/83 10: 12 0.897 0.807 0.742 i • 

, 1 14/07/83 7:29 0.248 0.581 0.510 

15/07/83 10:39 0.128 0.472 0.431 - J 

, 
18/07/83 9:29 0.081 0.436 0.398 

17/07/83 10:02 0.082 0.470 0.428 

18/07/83' 9:29 0.080 0.403 0.386 

19/07/83 10:3j 0.082 0.475 0.430 , 

20/07/83 9:39 O. '778 0.888 0.783 
j 

~ 
21/07/83 18:07 0.869 0.940 0.888 1 

22/07/83 10:57 0.888 0.981 0.888 

( : '~~ 
, 

:If ""' 
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&-1 

8-1 

A-2 

8-2 

A-3 

8----8 

A-4 

8-4 

A-S 

8-15 

A-6 

8-6 

A-7 

8-7 

A-8 

8-8 

( 

LDO'IB 

<a) 

100 

100 

100 

100 

80 

80 

80 

80 

80 

80 

80 

80 

70 

70 

70 

70 

le7 

WIDTB 

(a) 

59 

5? 

,58 
58 

59 

57 

58 

58 

60 

se 
58 

158 

60 

59 

58 

58 

1100 

5700 

5800 

&800 

4720 

4560 

4MO 

4MO 

4800 

4720 
: 

4640 t 
4640 1 

4200 

4130 

4060 

4080 
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