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DRAINAGE AND CROUND-WATER RESEARCH
IN LAJAS VALLEY, PUERTO RICO

Roberto Vizquez and |, Ortiz Viles
INTRODUCTION

Following the recommendations of Tsraclsen (3).2 Gardner (2), and
Reeve (5), Willudson condneted researeh tending o solve some of
the dramage problems present in Tajas Valley,

The rescarch on drainage and ground-water in Lajas Valley was
started by My, TS, Willardson back in 1951, Many studies have heen
made sinee then, However, no publications Tovve bheen issued sinee
Willardson's veport (73 in 1938 whercin he published the basie studies
and preliminary resnlts of the investigations underway at that time.

The authors made a comprehensive study and evaluation of the
data so far colleeted sinee 1938, which are included in this Bolletin.
Details of experimental procedure are not inclnded. beeanse these were
rather fullv discussed by My, Willardson in his report (7).

PROCEDURE, MATERIALS, AND METHODS
RAIN CAGES

In cooperation with the Water Resonrees Authority a network of
rain gages was installed in the Lajas Valley (fig, 1), Becanse they were
quite large. certain of the ficures and illustrations had to he placed
in a special Appendix. Attention will he ealled 1o these in text in
parentheses as they appear, These gages were designed (o measire the
daily precipitation thronghont, Wedie-shaped min cames with an onen-
ing of 2.5 X 2.5 inch, and 125 inch Tong were indalled at 3-mile inter-
valsin the castwest divection, T the north-south direction the installa.
tion interval varied from 0.7 to 1.6 mile. depending on the width of the
Valley. Some of them were relocated to nearby positions heeanse of the
inaceessibility of the original placement. or to permit the convenience
of having them close to the observer's home. or hecnse some of the
existing old installations were nsed. Observations were made in a
total of 31 wits. Records are kept of the daily, monthly. and yearly
precipitation at cach rain gage.

YAssociate Trrigation Scientist. and Associate Dirainage Scientist. respectively,
Taias Subdtation. Agricultnral Experiment Station, Mavaciioz Campns. University
of Puerto Rico. Rio Piedras. PR,

The anthors wish to acknowledee the help of individuals and agencies wha
have in any way assisted with the work reported herein, Members of the ©aias
Substation staff inchide Ferdinand Diaz Trizarrv, . Garcia Alhine. M. A. Negrin
Weber, Camen T, Ramirer, Tulio A, Ramirez, and Coillermo Llneh Figneron.
Manv of the Teaders and sobordinates of the Water Resonrces Anthority, especially
Fodison Tloeh Figmeroa, have assisted with time. Toneds and vood cooperation,

“Ualic numbers in parentheses refer to Titeratnre Cited, p. 27,

Hrrom July 1965 to Tnne 1966 work under this project was finaneinllyv sup-
ported by the Water Resonrees Research Institute of the College of Engineering,
Mayvagiez, P.R, .
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PIEZOMETERS

To measme the water pressure at different depths of the soil
profile in Lajas Valley, piczometers were installed on a grid system
a half-mile in cach direction. The area covered by the grid system
was that hetween the irrigation canals in the northern side and the
sonthern fringe for the whole length of the Valley (fig. 2 — sce
Appendix).

The piczometers installed in ajas Vallev were of 3ineh standard
galvanized water pipe. AU each Toeation. unless it was physically im-
possible three piczometers were installed to 7-, -, and 28-Toot depths,
respectively. A 21-foot depth piezometer was installed where it was
impossible to reach 28 feet.

The pipes were placed about 2 feet apart. Thev were flushed twice
yearly to be sure that they were not plugeed and inoperative.

Piczometers are read by measuring the distance from the top of
the pine to the water snrface. and then subtracting the length of the
pive above the soil surface 1o get a reference of the swater Tovel helow
the soil sirface, They were read onee monthly,

Interpretation of piczometer readings can give the location, di-
rection, and maenitude of vertical hvedanlie gradients and depths to
the water 1able in homogenons soils, The aradient was calenlated hv
dividing the difference in water leve! elevation in two adjacent picvzo-
meters by the vertical difference in elevation of the two pipe ends
in the soil,

WATER-TABLE WFEILS

Small-diameter water table wells were pliced by each of the
piczometer hatteries to determine the water- table depth. These wells
were installed by hand with a soil anger. Theyv cach consisted of 1 ineh
salvimized witer pipe. 10 fect Tong, which has heen perforated swith
two holes, Ye-inch in diameter, at 6-inch intervals in the lower 6 feet,

At the sites selected for indallation, a iineh anger hole wag
made in the soil to a depth of 9 feet, The pipe, with the perforations
in the lower partswas placed in the center of the hole and the anmilar
soace ontside the pipe filled with coarse sand to within 6 inches of
the soil strface, The venaining 8 inches of the hole was filled with
soil Helthy Gannee into place to nrevent sinlace water from ronning
into the more porons aned and filling the well, The water Tevel was
referenced to the soil sinface by reading to the water sinface Trom
the ton of the pipe, and then subtracting the length of pipe above
the soil surfaee,
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DRAINACE WILLS

Jarge areas in Lajas Valley are altected by artesian pressare, and
it was thought best to pump 11 wells for drainage to see whether the
artesian pressure could be elimiated. and reverse the gradient to the
downward dircction (fig. 3 - see Appendix). Radial lines of piczo-
meters were installed centering on the welll For a detailed procednre
on the well-drilling and installation of piczometers see Willardson'’s

Bulletin (7).
FREE-IFLOWING (PRESSUREF-RELIEF) WELLS

Because of the limited eflective arca of deep wells inareas where
arlesian aquilers and bigh pressure exist, release of artesian pressure
by the perforation or rehabilitation of free-flowing wells was intended.
Iigure 3 shows the distribution of relief wells in Lajas Valley, Dis-
charge measnrements and wader samples for salt-content determina-
tions were periodieally taken,

McDougal-Diez Area Seepage Problem

Two springs developed on Tand plots Nos. 173 and 174" in August
1961,

This problem area was studied in coordination with the Water
Resonrees Authority, Well logs were made of two abandoned dug
wells found in the area. Dug Well No. 2 was connected o a permeable
waler-hearing «trata. Confined water was observed in some Tavers,

In September 1961, Well No. 2 was connected to Cristales Creek
through a G inch-diameter ivon pipe to work as a relief well, The
inverse of the pipe was set at 8 feet helow gronnd sarface. Radial
lines of observation points were established approximately perpendicu-
lar to cach other, centering at a point 35 feet northnvest or hadf the
distance between the Two dug wells, and extending 1,000 feet north,
1.000 fect soath, 900 fect wost, and 250 [eet east to Crictales Creek,
The observation points were spaced at 100 {eet, except where this was
physically impossible.

Delfin Rodrigues, Reliel Wells

The Delfin Bodriguez relich wells exist in an arvea ol high artesian
pressure on fand plot Noo 1930 In generall the piczometrie surface at
the 28-foot piczometers in 1938 was abont 2 inches above gronnd
surface. A total of L veliel wells, identificd as RO-RW. 1,23, 1.5, G,
T.8 9, 10001, 12 13, T were eslablished in 1959 on this area (lig. 3).
Most of them were abandoned deep wells that probably were nsed

11 of Tand plots dwchnded in Pajos Valley Tivieations Distiict. Water Re-
sonrces Anthority, Trrigation Division, Fxhibit Noo 707, San Juan, PR 196
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for inigadion some time ago. These wells were cul from 0 to 4.5 et
below groumd surface, depending on the depth of the available drain-
age canals. The casing depth ranges from 50.6 to 98.0 feet.

Busigo Reliel Wells

The Busigo Relief Wells are a series of seven ina high artesian-
pressure area identified as BU-RW-1, 23,14, 5.6, 7 in figire 3. They
were aseries of abandoned deep wells i L plot No. 248, owned
by Escolistica Alvarez, that were cleaned and developed to drain
spontancously from 1.2 to 3.92 fect below gronnd surface in June 1960,
These wells penetrate to depths of 32,7 to 42.5 feet below ground sur-
face, with a 2.5-inch-diameter pipe.

Encarnacion Relief Wells

The Encarnacion Relief Wells constitnte a series of seven plus an
intereepted spring, established in Land plot No. 221 oxvned by Aurora
Elisa Tis. These are presented in figure 3 as Ene. R\W-1, 2,3,4,5, 6,7,

Most of them were abandoned deep wells that were cleaned,
developed, and eat helow groumd surface at depths ranging from 2.2
to 2.7 feet. The original wells penctiated from 21- (o 125-foot depths,
the diameter of the casing ranging from 1.5 to 6.0 inches, They were
put in operation as pressure-relief wells in July and August, 1960).

Tea Relief Wells

These Tea Relief Wells consist of three abandoned deep wells
known as Tea-RW-1. 2. 3. and eut abont t feet from the ground
surface to operate as free-flowing wells on land plot No. 396 owned
by Sucesion Félix A Tio (fie. 3). Two of them had a 3.5-inch-diameter
casing and the other one had-an S-inch casing. They penctrated to
depths ranging from 21 to 30 feet. Operation as relief wells started in
January 1960,

Mercedes del Toro Relief Wells

The Mercedes del Toro Relief Wells consist of fonr abandoned
deep wells on Tand plot No. 191, whieh arce identified as Car, RW-1,
2.3, Hin fignre 30 They were cleaned. developed. and nsed to operate
as relief wells in March 1961, They had a 4.0-inch diwmeter casing,
19.0-feet long,

Other Relief Wells
There are some other reliof wells like Cass RWol and e RWL T

of minor importmee for which there is not mirch information. They

are installed in land plot No. 196 (tig. 3).
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WINDMILLS

There are 38 windmill installations well distributed north of the
main drainage canal in Lajas Valley (fig. 4 — sce Appendix). In
general, they are shallow wells with a discharge of around 1 or 2
gpam. Abont 9 of them work rather continnonsly, most of them being
used around 6 hours daily for watering livestock.

INTERCEPTOR DRAINS

Based on ground-water and drainage investigations heing con-
ducted the Water Resources” Authority, in cooperation with the Agri-
cultural  Experiment Station, established  interceptor. drains in the
Lajas Valley to intercept gronnd-water flow, and to provide drain-
age in waterlogged arcas. Six tile drain Tines and some open ditches
were made for that purpose (fig. 3).

Brain Tile No. 1

Drain Tile No. 1 was located in Tand plot No. 173 owned by Ramon
Diéz (tig 3). The area was severely waterlogeed and had become
swampy and useless as result of drrigation of higher lands, A G-inch-
diamcter, 83-foot-long tile drain line, at an S foot depth, with a gravel
envelope, was established September 2, 1961 o provide drainage to
this area. Water-discharge measurements were taken periodically, the
effluent being sampled for salt determinations.

Drain Tile No. 2

Drain Tile No. 2 was constrmeted November 7, 1961, on Tand plot
No. 103, leased to David Antongiorgi (fig. 3). This Tine was estab-
lished to intercept ground-water flow coming from higher lands. The
tiles were S inches in disameter, installed in a 3-ineh gravel envelope
at a 5-foot depth and 750 feet long.

Drain Tile No. 3

Drain Tile No. 3 was a concrete bell and spigot 6-inch-diameter
drain-tile line instalied in Tand plots Nos. 103 and 193-1, leased to
David Antongiorgi and Sadi Antongiorgi, respectively (fig. 3). This
1,315-foot length tile Tine, 5 feet in depth. intercepted gronnd-water
entering a waterlogged arca. IC was installed in o gravel envelope
24 inches wide and 18 inches deep. Tt was constructed in December

1963.
Drain Tile No. 4

A concrete hell and spigot drain ine, 6 inches in dimeter, known
as Drain Tile No. 4, was installed in a north-south dircction on land
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plot No. 198 owned by Dicz and NeDongall {1z 3. This line, 650
{cet long, was constructed in March 1963 to intereept ground-water
entering a waterlogged arca.

Drain Tile No. 5

Drain Tile No. 5 was similar to Line No. -, established in the same
area, but inan cast-west direetion (fig. 3). Tt was also constineted in

March 1963.
Drain Tile No. 6

A G-inch-diameter drain tile line 1,630 feet Tong was established
on Tand plot No. 703 owned by Frank Philippi. 1t is identified as
Drain Tile No. 6 in fignee 30 Ts depth varies from 4 1o 12 fect, Tt
construction was finished in Angost 1961, This deain was constrocted
to intercept ground-water entering a high water table-area.

Ancgado West Drain

An open channel, the Ancgado West Drain, was huill to provide
an ontlet to ronoll of different farms in the area and Lo intercept
springs in land Plot No. 123, It was constracted in April 1959,

SUBSURFACE DRAINAGHE

The type of drainage most vital to a permanently inrigated agrienl-
ture is subsurface drainage. Becanse ol the drainage and salinity prob-
lems in Lajas Valley subsurtace dradiage is very important to keep the
wiater-lable Tow and promote a downward water movement to prevent
salinization of the normal soils.

Tile Drains

An experiment was designed to get information on the effective-
ness of tile draing under the inmnsual conditions in Tajas Vallev, Five
tile Tines were installed at 20 foat spacing and 3.5 feet in depth in
the Fradernidad arca, The experimental plot swas Hooded frequently
for short periads of time, alternating with drving periods,

Additional tile lines were established in a nearby soil-reelamation
experiment with organiec matter, Tile Tines were installed at a G-foot
depth with 60-foot spacing. The tile Hnes were 1O feet Tong, The
experimental plots were flooded Trequently, providing an excess of
water application for Teaching of salis.

In the some area tile Hnes were established 1o provide diinage
in a soil reclunation experiment with sugarcane slops. File Tines were
placed at 20-{ool spacing and 3.5-fool depth.

For the indtallation procedure of all these tile lines vefer o
Willardson's Bulletin (7). Auger holes were bored in a regular pattern
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hetween plots and hetween drains, Periodic measnrements were niaede
of the waler levels in these holes betore, during, and alter each flooding
cycle.

SEMISURFACE DRAINAGE METHODS

The soils of Lajas Vallev have a better structural development
in the strface 3 feet than in deeper lavers where drains are normally
installed. Keeping this in mind. two semisurface methods, mole drains
and plastic tubing placed at shallow depths, were tried o investigate
the possibility of nsing other methods of drainage which would be less
expensive than tiles or deep open drains.

Mole-Plastic Tubing Trial

A small-scale trial was made to observe the functionine ¢ e
tubes laid with a cable-layer, and pulled into the soil helind - e
ball, and of mole drains without plastic tubes. The drins sweré 20
feet long and 8 feet apart. There were three drains of cach tvpe.

Because of Timitations of the cquipment used to install the plastic
tubes, they were placed at a shallow depth of § to 10 inches, Vertical
movements of the installing devices during installation left the tubes
indulated. the undulations in some instances being greater than the
diameter of the tnbing.

The day following the drain installation caleium ehloride was
applied to the plot at a rate sufficient to replace all exchangeable
sodium in the soil to a depth of 15 inches. Periodic floodings were
produced throughout the course of the experiment.

EXPERIMENTAI, RESULTS
RAIN GAGES

The 6-vear monthly average rainfall distribution in Tajas Valley
is presented in table 10 A <hown in this table there is a delinite short
rainy season corresponding to the period of Angust to November. and
a long dry season doring the remainder of the vear. with the prohable
exception of April and May with a monthly average above 3 inches.
About 54 pereent of the expected 3424 inches of normal annual pre-
cipitation in Lajas Valley fell in that rainy period, i.e., from August
to November.

Figure 1 shows the averace rainfall pattern in Tajas Vallev during
the 6 vears of record. As can be observed in this figure there is quite
a variation in the amount of precipitation throughout the Vallev, The
highest rainfall was observed in the northern fringe of the Valley,
the Teast amornt at the cast and west sides.
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PIEZOMUTERS

The permanent Vallev-wide net of piczometers have given a
permanent winning of the drainage situation in the Lajas Valley,
especially in the area of upwiard hvdranlic gradients.

A carchnl analvsis wias made of each piczometer hvdrograph of
L6 piczometer hatteries installed thronghout the Vallev, Water-level
fluctuations as presented by each piczometer hvdrograph were oh-
served since they were installed back in 1935, bt spectal emphasis
was given 1o the last 3 vears.

Each In drograph was classified aceording to its water-level varia-
tions, that is, whether the piczometrie surface stood constnt, rose, or
dropped from its original level, These criteria were nsed to indicate
the way the piczometric water swrface has fluctoated since 1935 and
cspecially in the period of 1963 to 1965 in cach picsometer halten of
the Lajas Valley network (fig. 5 — see Appendix). As can he olysers e
in this map. in 60 of the piczometer hatterics the picezomatric waler
surface stood more or less constant, that is, with normal fluctuations
within the smne range, In A6 batteries the piczometric water surlace
steadily rose, in 19 batteries the water surface dropped from its original
levell 9 batteries exhibited arise and then a continuons drop in the
water levelowhile 12 hatteries hehaved in the opposite wav, that is, a
drop in the water Tevel was followed by a continuous rise.

The vertical hvdranlic gadients in Lajas Vallev as determined
from the piczometers data of Mareh 1938 qnd Marceh 19675 are shown
in figure 6 and 7. respectively (see Appendis). A comparison of these
figures shows that the vertical hydautie gradients have been inereas-
ing, both in the upward and downward direction. This is 4 hacd sign,
especially in the upward dircetion, since that means that the forces
pushing the water upward ave increasing with the possibilite of bring-
ing more water to the sorfauce. and breaking throngh weak points that
were not vulnerable to weak forees, The inercase in downward hy-
draulic gradients suggests that the shallow water tables are closer to
the ground surface,

The upward hedrdic aadients in the Tajas Vallev are mostly
cansed by artesian aquifers in the gentle sloping Tand and the low-
fands. The area affected with upward and  downward hvdraulic
gradients in Mareh 1938 and March 1963 are presented in figures S
and 9, respectively (see Appendix). In March 1958 about S.052 acres
were affected with upward gradients, while 3571 acres had downward
gradients. Tn March 1965 the arca with npward hvdianlic gradients
wis TLO6S acres, and 4142 acres had downward gradients. A com-
parison of these figures shows that more or less the original areas re-
main with the same problem, e, in general, the areas that in 1963
had upward hydraulic gradients are the same as in 1938, except for
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some additional small areas. We want to point ont that some areas
included in 1965 were not under study in 1955,

Vicure 10 (see Appendix) shows the wader-level contours as
shown by the deepest piczometers thronghout the whaole Vallev in
November 1965 Tt presents the possible divection ol gronud waler
moverment at the depth of the decpest piczometer, indieating the
patral ontlets and sink in the bottom ol the Valley. As Willardson (7)
sugraested, this is probably caused by the great Toss of energy of
wialer moving townd the Tow spot in the Valley as a0 result of the
low permeability of the soil.

WATER-TABLE WELLS

Like the piczometers, the water-table hvdrographs sinee 1905
were ety examined. OF LT installations, 28 showed a rise in the
witer-table, 72 showed normal Thretnations, and 29 cxhibited o lower
waler-table, In eight installations a rise in the water fevel followed by
A continnous drop was obeerved. while in 10 instaltations, the reserve
condition was noticed, that is. o drop in water level followed by a
continuous rise (fig. 11 — see Appendix).

Maps were drawn to show the depth of the water-table from
the gromnd surtace in the soil profile thronghont the whole Valley
area. Typical maps are presented in figures 12 and 13 (sce Appendix)
chowing areas of the Valley with water depth from 0 to 6 feet, in 2-foot
increments, during the diy and wet scasons of the year 1965 1espec
tively, In general, during the welt season approximately 3,627, 3,600 and
3.507 acres had the wader-table from 0- to 2-, 210 4o and - to G-foot,
respectively (Hg. 13). During the dry season the number of acres with
a water-table from 0 to @ 2-toot depth dropped to 55 acres; acreage
from 2 to -4 leet dropped to 2706, while the area | to 6 {ect rose fo
5406 actes (e 12). The monthlv fluctiations of the mea with the
water-table depth from 0 to 6 feet in 2-4oot inerements thronghont the
vears 1958 1o 1965, the rainfall distribution, and drrigationawater de
fiveries are presented in figme 11 (see Appendix). This diguie sue
costs that the water table fluctuations are closely related to the vainfall
pattern, No rainfall data were available for the vears 1958 and 1959,

A water-table stage-recorder was installed in Land Plot No. 706
in a high water-table area to ohtain o permanent record of the water's
surface clevation (lic. 33, Some of the data faken are shown in {igare
15 (sce Appendix). showing continnons fluctuations when rain fell, or
irrigation was applicd in the area. The water sirface varied from 2410
18 feet below ground sarface. the highest water level heing observed
from Angust to Decembersand the Towest from January to Julvoielin
the rainy and dry seasons, respectively, During the dry season the water
surface dropped continonsly, except when irrigation was used in the
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areasand e rise in the water level was obwerved, The water table e
cession usually took a long time, 1For example, in Mav 1962 o rainfall
ol 2,75 inches raised the water table from 5.3 to 3.7 fert helow wround
surface and it took 17 davs to reach the original level,

Figure 16 (see Appendix) presents what have been identilicd s
potential danger areas in Lajas Vallev, Tt covers an arca ol ApPpProxi-
mately §.123 acres. Those are the arcas where the piczometric water
surface andyor the water-table have heen going up al a continnons fast
rale, reaching o level cose to the gromnd sin face {within the top 2
feet, or above the mround <urface ) ar where the swatr fahle has alwiys
heen high, or has dropped, hat oGl is hich, There are 60 piczometer
batteries in the dancer areas. OF these hatteries 29 have <hown a fast
rise in the water surface, 27 maintained normal {lnctuations. and 4 ex-
hibited a drop in the water surface.

WELL SURVIEY

A detailed sorvev was made of all wells in Tajas Vallev, Tt is not
reported incthis Bulletin since o similar study was recenths” published
by Ward and Trixes (61, Most of these wells had heen abandoncd or
been used sparvinglv for drrigation under heave drovght conditions
beeanse of high salt content. Some of these wells had been used to
water cattle,

DRAINACE WFEILILS

Some of the swells pumped for drainage stndies were reported upon
by Willardson (7). Other wells were developed for diainage after
Willardson's veport inarcas where the piczometers and water-tahle
wells showed drainage problems, and where more permenble <ub-
strata were observed (fig.3). The results are disenssed for each indi-
vidual well,

Willardson (7) reported the observations made on Wells Nos, 1.
2, 6, and 38, No more pumping trials were made in those wells after
Willardson's veport,

The average vields of WL and W2 were 0072 and 0,50 g.pan. per
foot of draswdoswn, respectively. As shown by Willardeon (7). in both
wells the maximum distinee s here the water pressure sm faee dropped
significantly when pnmped. was avound 150 fect from the well, Onee
prmping was stopped the water level rose above the ground surface
in Well No. 1 and about 2 feet from the ground surface in Well No. 2,

Both wells were Jelt as momndawater obeervation points when
pumping was discontinmned, AWell No. 1 had been overtlowing sinee
that time, while in Well Noo 2 the water surface had Huctnated be-
tween 16 and 33 inches from the ground sorface. As Willardson e
ported, hoth drainage wells fanctioning singly or together did relicve
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artesinn pressire o their immedinte area, but had no measmable
cifect on the arca below them,

Well No. 6 was not punmped fuarther atter Willardson's report (7).
As Willardson enmeluded. pumping of W-6, known as the Antongiorgi
Draimage Well was considered to bhe sunecessfnl, hut not sufllicient to
eliminate all the artesian pressure in the area of influence of the well,

As Willardson (7) also pointed ont, the effect of pumping Well No.
38 was not noticeable to any degree in the observation wells, The dis-
charge was relativels Tow and appaoently insalficient to affect the arca
awayv from the immediate surronndings of the well,

Once pumping was diccontinued, readings were taken of the
water levell The data show that the water level has been rising since
pumping was stopped.

Well No. 21

The site of Well 21 and its ground-water observation points and
piczometer installations in the surrounding area, as well as its eflective
drainage arca are presented in figure 17 (see Appendix). Initial pump-
g trials were reported by Willardson (7). This well yielded an aver-
age of 204 and 3.7 g.p.m. per foot of drawdown at the beginning and
end of the pumping trials, respectively,

The pumping effects of W21 on the ground-water siurface levels
as shown by the gronnd-water observation points and piczometer bat-
teries in the arca, are presented in table 2 and fignre 17, Definitely
pumping W-21 had a marked effect on the ground-water surface level
ol the sirrounding arca. Although pumping of W-26, and the existing
‘drought conditions, may have had some influence, the lowest water-
surface levels were observed when W-21 was operating. Lowering of
the water surface as {ar as 3,000 feet southeast of the well center was
observed (tig. 17). In general we can say that its arca of influence
was around LTIT acres (Fig. 17). In this area the water-table dropped
about | toot awav from the well center, and abont 19 feet elose to the
well, Unfortunately the pannp did not work during the rainy season,
soowe cannol say certainly that lowering the water surfiace wis cavsed
by pumping alone, since pumping was done in a rather long drv
period. However, during the diy period of January to March of 1958,
the water levels continued to rise when pumping was stopped.

Delfin Rodrivuez Carlo’s Wells
Dellin Rodvignes Carlo’s wells have been designated in the Tajas
Well Survey® as W-10, W3 W-LEL WH5, and W-16 (fig. 3). They are

SUnpublished well survey prepared by Lajas Substation
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close togcther in land plat No, 2700 ovwned by Delfin Rodvigne s Carlo.
Most of them penetrated to depth of SO to 90 feet, their casing diwmeter
being around 12 inches, with a disehiarge pipe 4 to 6 inches in diameter.
They are cquipped with Pomona turbine pump driven by eleetric
motors, They were used mostly for pumping irrigation waters to irri-
gate sugareance ficlds. -

Permission was kindly aranted by Mro Dellin Rodrignes Carlo
for pumping these wells, Minor repairs onlv were vequired to et
the pimps to working conditions. The prmped water was disposed ol
in the main drainage canal. Observation wells (fig. 18 - see Appen-
dix) were selected at varions distances from the wells.

Pumping hegan in Mayv 1957, Mechanical difticolties with the
purmp and problems with carth disposal ditches made it impossible
o start all pumps simultanconsty,

Results of the simultancons pumping of these wells are reported
in tables 3 and £ Figure 19 (see Appendin) . as well as table 30 shows
the discharge and drawdown of these battery of wellss As can be ob-.
served, these wells had a high discharge rate, with the exception of
WoI5. The average water vields for W10, W LW TS and W-16 were
5.2 331, 1.5, and 2.7 epan. per Toot of drawdown, respectivelv. Tt
was not possible to measore the water level in W13

The total combined diseharee doring pumping was 529.6 acre-
feet. Henee a considerable amonnt of water was being pumped ont,its
elfects heing noticed inan areiac ol about 716 acres where a deerease
of abont 12 inchies or more in the water surface elevation was observed
(table 1 and fig 18). The water surlace dropped as much as 46 fect
close to the drainage wells,

Table 1 presents the water-level fluctuations at 23 observation
points distributed in the aea close to the battery of wells A
shown in this table the Towering of the water Tevel in the sorronmding
arca of the welle during proomping was ol considerable maenitude.
Once the pomping of these wells was stopped the water Tevel rose
rapidly, veaching its preprmping levels,

The averave clectrieal condnetivity of the pimped water was 179
millimmho e, Althongh this is o high-salinity water, its sodinm content
is rather Tow, Approximatels 692.7 tons of salt were pumped out during
the pumping period.

Well No. 50

Mr. Carmclo Mendoza's deep well at Thacienda Firmeza, Land Plot
No. 689 was desianated in the well sorvey as W50 (g, 3).

Longg time piczometer and shallow wate table pipe weeords e
vealed a persistent condition of upward hydraalic gradients at that
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Table 3.~Divcharge, Drawdoswn, and Chemical Analvsis of Water Duriug Pumping Test for
Drainage of Delfin Rodrigues Carlo’s Wells, May to September, 1938

Averygre
Average | Average Total clee- Total
Well it dis- Time i trical Ca walt
No. down charge charge | condue- My, Na confent
tivity

It [SWTRIIN Howrs Arre Mmho /| Meqg/ Meg / Tons

feet o liter fiter
wW-10 4.1 286.0 2 386 125.6 1.84 1.3 72 2009
W-13 1 4589 1.621 1371 1.258 88 40 1527
W-id 222 735.9 1.616 218.8 125 3.7 38 237.9
W-15 427 G1.2 2,570 304 279 16.6 1.2 738
W-16 50.6 135.6 708 17.7 1.78 7.5 274

INot possible to measure the water level.

particular avea. Salt-affected soils also exist in the area according to the
salinily survey made by Bonnet and Brenes (1)

Decision was made to pump this well to test its offectiveness in
Jowering the high water-table and creating a downward gradient of
gronnd-water necessary to reclaim the salt-alfected <oils.

Permission was granted by Mro Mendoza ta pump this well and
to perform minor repaits necessary to operate the unit. An ecarth diteh
was dug along a sate conrse to divert all pumped water to Cartagena
I.agoon,

Better to delineate the area of infllnence of the well, wadial Yines of
shallow water-table pipes 9 feet deep were installed at distances of 10,
30,70, 150, 310, 630, and 1,270 feet from the well center in northwoest,
northeast, southwest, and sontheast direetions,

Well Noo 50 consisted of o well about 230 feet deep. with an 8-
inch diuncter casing, and anindtallation of o Pomona turhine prmp
driven by a 50 hp. eleetrie motor. 't has been used Tately for providing
water to farm animals,

This well was pumped for drainage purposes from Octoher 20,
TO5S to January 16, 1959, Somes of the results are presented in table 5.
The pump worked continuousiv, with minor stoppages. for 2.010 hours.
During this period 382 acre-leet were pumped out. This water was
high in total soluble salts and <odinm. Tts average electricity condne-
tvity was 5.69 millimho/cm., with an average sodium content of 31,1
meeq. per liter, (derived from table 5). Approximately 1566 tons of
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soluble salts, of which 328 1ons were soditmy, were removed with the
pumped volume of water,

The average pump discharge was 1.015 gpm. with an average
drawdown of 11.9 feet (lig. 20 — see Appendix, and table 5. This
evidently shows that it was a high-viclding pump with an average
discharge of 90, . pan. per ool of drivwdown, However, as shown in
fignre 21 (sce Appendix), the water-table flnctuations in the imme-
diate vicinity of the well dnring pumping were insignificant; thus a
high water-table was alwavs maintained.

Figure 22 (see Appendix) shows the piczomatric waterdevel flhie-
tuations in a nearby picsometer installation during the pumping
period, which, as in the case of the water-table, were insignificant.
Nearly all the piczometer batteries of the area hehaved in a similar
way. Thus this condition cmphasized that prmping of this well was not
effective enongh to relieve the high water-table conditions and e
arfesian pressure in the area, Apparently the high water-table codi.
tions are caused by a perched waler-table probably resulting from soil
stratification. Tt is also possible that an artesian acguifer of lTowe capacity
exists at somne depth above A5 feet, its pressure being revealed by
the deeper piczometers, and which i hydranlically independent from
the aguifer where the well draws.

FREE-I'LOWING (PRESSURE-RULIEF) WELLS

Some of the data taken in different pressurc-reliel wells are pre-
sented in table 6. Dvidently these relief wells provide a cheap wav to
release some of the confined water present under the impermeable
layers of the bottom of the Vadley, Although the pressure release s
not noticed in most of the nearby piczometers, it at least has pre-
vented inercase of the water pressire with additional wrigation water
coming into the Valley, part of which is contributing the ground-
water and confined water in the hottom lands.

Tu the MeDougald-Dics scepage area (fi. 3) the pressureareliof
wells established helped 1o drain the problem area fast, However,
the contitmonus drasedown of the waler level at the observation points,
where the water surface dropped even helow the well outlets, suggests
that there might be other drainagewavs in the area, or that the water
source creating the problem was stopped. Apparently the problem
was created by oadditional irigation waler served by the Water Re-
sonrees Authorite Trrrgation District to higher Tands, or by an unlined
irrigation pond built above the problem area.

Table 6 presents the water-discharge measurements of Delfin
Rodvigies veliel wells, As derived from tible 6.0 tota) vearlv avernge
discharge of 939 g.pam, or 1515 acre leol per vear, was observed in
1960, I 1961 the discharge dropped to an average of 71,7 gpm. In
general this is achigh-saltwater, in some cases heing high in sodimn too.
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Table 6.—Free-Flowing (Pressure-Relicf) Wells Data in Lajas Valley, P.R.
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Althongh their elfectiveness in Iowering the water surface was
not shown in the nearby piczometer installations, the high volume of
saline-water discharge spontancoushy shows that it is an officient
method to get rid of come of The conlined water in the Jowlind of the
Vallev where aquiters of Tow hydiandic conductivity exicl, and where
pumping of drainage wells s inel{ective Probably the spontancons
discharge of these wells diverted  some spring such as occasionally
develop in the area.

Rather low discharmes were observed in thrce yelicl wells in
operation in the Tea Avea w here hich artesian pressires exisl (fig. 3).
Acombined average disclharee of 271 acre-fect per vear of high waline-
waler was obtained from these wells in 1961 (derived from table 6),

The effects of the release of this volume of water were not ne ']
in the nearby piczometers, The piczometric water surface in some of
the piczomelers was coing down hefore the reliel wells were pritin
operation. Probably this was caused by the constrnction of several
drainage canals in the area which intercepted some springs that swere
connected to the artesian aquifer,

A gronp of seven relicl wells were operating in Bnsigo area (fig.
3). Towever, those were low-vielding wells, as shown in table 8. The
total average vield was 7.9 acre-fect in the vear 1961 This water was
high in soluble salts, especially sodinm, Nearby piczometers showed
no change in water pressine,

In the Encarnacion area seven reliof wolls and an intercepted
spring were discharging in Barbara “drain (Hie 30 These are high-
vielding wells (table 6). The combined average discharge was 1307
Lpameor 210.8 acre-feet per vear in 1960, Tn 1961 the waler dis.
charged increased o 226.6 acte-leet. This water was high in both
total =alt and sodium,.

As in the other reliel-well installations, their effect on the release
of water pressure is not cleanly shown in the e by picsometers,

Low discharges swere observed in Mercedes del Toro Trizarrys
relicfawvells (fig, 3). This group includes four wells with a total dis-
charge of 6.0 g.pam. or 103 acre feet per vear in 19610 decreasing o
37 gpmoin 1961 The water had a high <t content, cspecially
sodium. No effeets were observed on the piczometric water-surface
level.

Some of the data colleeted from the interceptor drains installed in
Lajas Valley are presented in table 7. As shown, the water discharge
was maintained fairlv high for cach one from its hecinning to the vear
TG L with the exception of tile lines 1 and 2 which dropped to 10.0
and L8 gpme respectively. The combined tolal discharee for the
tile Tines and the Anegado west dain in 196§ was 8.2 acre fect, The
salt content was high with an average conductivity of 1.31 millimho/
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e however it wae low in Nocwith 1S meq/diter, The estimated
total st disposed with these waters in 1961 was D225 tons.

Although their influence on the water-table and piczometric water
surlace was not shown in the piczometers of the arca (actial network
of piczometers) it was shown in the immediate vicinity of the drain
where springs and waterlogged arens were drained. Visnal obscrva-
tions were made mainly in those arcas.

The magnitude of the water disposed by the intereeptor drains
and their immediate diainage eHeet on the sarrounding areas proverl
to he an efficient means of intereepting gronnd waters in the more
permeable substrata that ocenr mostly at higher elevations in the

Valley.
SUBSURIFACE DRAINAGE

Results deris ed from five tile Tines 60 feet Tone af 20 -fool spacing,
and installed at 3.5 foot depth in a sodie <oil i Frateridad aea of
the Lajas Valley are presented in Ligures 23 through 23 (sce Appendix)
and tables S and 9.

Figure 23 shows the water discharge of two of the five tile lines
at different flooding: perviods when the plot was maintained ponded
with a newrly constant water Tevel, Table S shows the average dis-
charge of the five tile lines at two ditferent stages, that is, at a nearly
constant water level when flooded, and at a decreasing water level
alter the water entrance to the plot was stopped in order to be dricd.
Figure 23 as well as table 8 shows that the discharge was high
initinlly and saddenly dropped to a more or less constant low rate,

The wader-pressure distribition, as shown by piczometers  in-
stalled at dilterent depths throughout the soil profile in the 3.5-tile
drains experiment, when flooded, is shown in figure 214 As <hown, a
great loss in eneray was abserved in e water movine from the soil
surface down to the drains. A head Joss of approximately 227 feet
occeurred in the water movement from the soil surface to a depth of
35 teet. The waler-pressire distribution after a ooding period when
no waler was ponded in the soil surface is presented in figure 23, No
water pressire was exhibited by the piczometers installed above the
tile drains, The piczometric water surface stood 048 feet helow the
tile drains,

The clectrical conduetivity variations with time of the water
coming of ([ the tile Tines are presented in table SO Tt can he obsersed
that the clectrieal conductivity and sodimm content was maintained
most of the time very hich with an average ol 3.9 millimho/Zcm. and
2800 mieq - liter, respectively,

The reclamation progress of the soil in the experimental plot s
presented in table 9. As shown, the top 18 inches of the soil profile had
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Table 9.—Snil Rechmation Progress in 3.5-Foot Tile Drainage Lxperiment at Fraternidad,
Lajas Valley, 1956-65t

lectical : Fove b ] Sonl
Depth Satration condie- Ca Mg N bl Class?
{inches) tivity sodium \
Pereend AMmho/om, | Meg /lder Mg fliter I'ereent |
1
July 8§, 19568 '
0-6 718 10.66 5.6 91.0 32.3 SA
G-12 s2.1 21.68 310 1829 3001 SA
12-18 K1.1 3200 518 2652 42.3 nA
18-24 85.5 33.33 RN 2799 412 \
24-306 96,9 2706 360 23490 161 ERY
36-48 115.4 19.80 17.2 1S0.S 475 SA
48-60 125.7 15.51 11.3 113.8 474 SA
July 26, 1957F
0-6 73 1.57 5.3 1014 8.1 N
G-12 83.9 3.56 13.2 2504 143 N
12-18 92.9 542 16G.9 373 17.0 SA
18-21 505 10,13 299 715 216 SA
24 36 1340 1163 232 93.2 30.8 SA
3618 1 10X) 1-4.06 140 1266 113 SA
48-60 128.9 16.97 15.7 15:4.0 15.5 SA
Novenmber 20, 1958
0-6 701 096 REN 6.1 55 N
G612 S6.0 1.29 2.0 10.8 114 N
12-18 a3 9 2006 7.5 153 15.1 NSA
1821 1038 201 27 2T M8 NSA
2:1-36 1451 5.58 7.0 48T 30.8 S\
36 18 1684 815 5.9 5.6 39 SA
48-60 1148 11.08 8.4 102.3 112 SA
Notemher 30, 1959
0-6 82.0 0.52 3.9 4.4 39 N
6-12 87.0 103 23 74 75 N
12-18 00.0 251 a6 155 1.1 N
1821 94.0 3.81 108 27 16.7 NSA
24-36 116.0 648 7.6 57.3 29.6 SA
3619 121.0 972 85 888 356 SA
48-60 121.0 .75 9.2 1083 12,1 SA
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Table O.—(Continued) Soil Reclumation Provress in 4.5 Foot Tile Drainage  Faperiment al
Fraternidad, Lajas Valley, 1956-65!

Folectrical Fovehee- Sail
Depth Saluration condie- G | Ny N able el
(inches) tivity sodin
Pereent AMmho/em, Meg /liter Meq./liter Pereent !
\ |
October 16, 1961
0-6 5 0.9 1.2 1.8 3.3 N
6-12 1.1 05 8.5 82 N
12-18 1.1 1.9 121 12.3 N
18-21 2.0 A 1S.0 19.7 NSA
2.1-36 5.3 10,9 421 25.6 SA
36-18 6.6 9.0 57.0 33.0 SA
o 3 B i l\itll‘c‘llll)f‘}‘ 5, 1965 o
0-6 720 1.6} 82 8.0 4.7 N
6-12 730 1.25 3.8 87 7.8 N
12-18 S6.0 172 3.3 140 131 N
18214 1000 226 2.3 203 204 NSA
2.14-306 1:20.0 505 a0 16.5 292 SA
30G-48 135.0 6.96 5.2 G1.5 39.1 SA

tAverage olectrienl conduetivity, caleinm plus magnesinme sodinm, and exchangeable
sodium percentage of 8 sl cmples taken midway helween drains.

2G0il chssification according to Handbook Noo 600 USD AL 1951

aSoil <omples taken before drain-tile insGdbation and fooding at experimental plot.

SAfter tile instaltations and experimental plot was tlooded.

sData lost.

After the experiment awvas diccontined the diains were unceovered
lo check their condition. The plastic drains were Laidd inan nodualating
form. Although they were in good physical condition, the tube was
mostly Tull of soil and roots. The mole draing were closed, that s, only
a small crack was observed where they were made.

Gince those drains were placed at shaltow depths it is obvious
that the shallow placement ol drains has Jimitations in providing
drainage for soil reclamation.

DISCUSSION

A careful analysis of the piczometer data from Lajas Valley since
1955 to 1963 shows that the piezometric water surface has been rising
in 58 batterics. In other waords, the area with npward pressures has
increased, as well as the magnitnde of the gradients. This is a bad sign
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since it means hat the Torees pashing the water upward are increasing,
with the possibility: of bringing more ol this saline gound water to
the surface and breaking through weak points that were not vulnerable
to weak forees,

Similar conelnsions were reached by Quiniones ef al. () in then
analvsis and interpretation of these data which were submitted as a
report to the Water Besonvees Authority.

Although the water table observation well data show that only
A5 of the wolls have exhibited a continnons rise, we swind to point ont
that manv of the remaining wells Tave imintained a high water table
throughout those vears. As can he observed in fHoare 14 there s
a delinite relation hetween the vartations in monthly rainfall and an
arca with a high water-table; however, the water deliveries for irri-
gation purposes have been ow,

As Ouinones of al. (1) pointed out, problems will hecome worse
when the farmers use the full allotment of 3.0 acre-feet per aere
per year,

Pomping of wells Tor drainage proved 1o he elfective in the more
permeable sabstrata of the northern Valles fringe, bt not in the
hottom-lands, The possibility of pumpiog those wells on a permament
Dasis mnst be studicd, The possibilitey must also he stadied ol mining
these waters with the irrigation-svstem water in order to be used for
irrigation prposes,

In the Valley bottom-Eands where upward hvdraotic gradients of
areat magnitude exist, spontancous discharge of pressure relief wells
wis of considerable magnitiude, This method should be studied further
to determine whether it is possible o relieve the present artesian
pressure in the hottom-lTands.

Apparently interceptor drains are effective in indercepting cround.
water at higher clevations, This practice should be continued com-
bined with rescarch studies to get more information that could be
used in similar areas,

As Willardson 7)) pointed out, the amount of water passing
through the sail of the 335000t tile-drain experiment was very smadl)
considering the narrow dmin spacing and the length ol time the
water was ponded there, The soil rechimation was Timited to 18
inches, This probably can he attribnted to the limited depth of the
drains, or to the high solubility of the caleivm ehloride that probably
wis washed ont dmmedintely after it was applied.

Apparently 3.5 Toot tile drains at 20 tool spacing andor G-foot
tile dvains at GO-foot spacing are good enongh to provide drainage in
soil-reclamation experiments, The water table was mostly maintained
at tile-depth.
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Further researeh is needed with this tvpe of drain in drainage-
problem meas where the topaoil is imdertined by a dow v permcable
subsoil, and where the subsurface drainage must he provided on a
farm hasis, The elfectiveness ol shallow tile and/or plastic drains, and
open drains at different depths and spacings must be stadied,

Research stadies must be continned in Lajas Vallev in order ta
find ancawers to actual and frtare drainage problems that will develop,
A soilstratification study of the Valley must be made in order to
delineate shallow and deep aguilers, so that appropriate measnres
can he taken to intercept these waters, The physical characteristios
and the soil profiles of the nijor soil monps of the Valley mind he
determined to help the drinage research and practice. The arcas
delineated as potential danger arcas must e studied eavelnlly, The
salinity status of the soil, especially in the areas with upward hydraunlie
gradients and hich water tables, must he deternmined.

Management practices for irrigation and drainage will have to be
developed, sehich will provide for uniform application and efficient,
use of drrication water, and protect the soils from salinization and
walerlogging,

SUMMARY

A report s made in this Balletin on drainage and groundwater
research in Lajas Vidley, Poerto Rico, It includes a comprehensive
study and evaluation of the results obtained from previons work
started by Willardson, as well as new investigations made after his
report (7) in 1938,

Results of drainage investications with piczometers. water-table
observation wells, drainage wells interceptor drains (tiles) . pressie.
relicfacells, mole drains, and plastic tihe drains are given. Rewotlis
of drainage and soil 1eclhimation with shallow. closely spaced  tile
drains are also included.

In general the data show the following:

Lo In 58 of o total of 116 piczometer hatteries under stndyv, the

piczomelric water sinface showed a continuous rise,

2. The arcas with upward pressures have increased as well o5 the
magnitude of the gradients.

3. Althouah only 28 of HT water-table observation wells show a
continnous rise, many of the remaining wells have exhibited a high
water-table thronghout the vears nnder study,

1 There is adelinite relation hetween the variations in monthly
rainfall and the arcas with high swater-tables; however, the waler
deliveries for irrigation have been low,
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S Pumpine of wells for dhainaee. ag well ascinterceptor drains,
proved to e clfective i the more permeable subatraty ot the
northern Vallev fringe.,

6. In the Vallev bottom lands, where upward hydvanlic aadients
of wreat magmnitade CXISEthe spontaneon discliarge of pressure-
relicl wells was of considerible magnitnde

oApparently 3.5 fool tile-drains at 20-foo spacing and ‘ar 6-foot
tile-driing at 60-foor spacing are goo enough to provide drainage
in soil veclamation experinienls,

S. Shallow placoment of moles and plastic talhe drains failed (o
provide drainaee i o soif-rechinmation experiment.,

9 Management practices for irvigation and drainawe will have 1o
he developed which il provide for uniform application aned ¢f.
Hoient use of frrigation water, and protect the sojl from <linization
and waterlogeing,

RESUMEN

Enooste estadio se presentic uninforme sobre Jog provectos de
investicacion el desagie volas agnag suldervineas en ol Valle de
Lajas, Puerto Rico. 1] informe incluve ung cuidadosa evaluacion de
los resultados previos obtenidos poy Wilkudson, asi comao tambicn
los estudios hechos despuds de rendido informe (7) ¢n 1954,

Sepresentan los resnltados obltenidos con PicZometros. posos e
observacion del nivel fredtico. pozos (e desaaiie, desagiinderas nter-
ceptores de tejas, pozos de Jihy e descarga, desagivaderos e el sin
revestiv (mole-dvaing) v desagitaderos de tuho plistico perforado,

En téminos venerales Tos datog demnestran 1o Stguicnte:

Lo nivel del agua subio continuamente en 58 instalaciones e
piczometros, de un otal de 116 que estaban bajo estudio,

2oVaen aumento o WD que presenta presiones hacin arriba
(artesinnas ), ol inal e Iy maenibind de daw gradion s hidrinlicas,

3 Aunquessolimente 98 de los 117 tubos de observacion revelan
Haseenso continue del nivel lredtico, s ha observado que en un
huen nimero de Jog restantes el nivel freiticeo SICMpPre se mantiene
allo,

A4 Bxiste una relaeion definida entre Tas Muctnaciones en I arcas
conam - alto nivel reitico en o Valle de Lajas v g Mhictuaciones
de Ta llnvia, Sin embargo, hasta 1y feeha Tos despachos de agua de
ricgro han sida hajos.

50 E hombeo e posos de desagiio; asi como los desagiiaderos
terceptores, prometen proveer i buen desagiie de Tae ZONS M
permeables que ahory o cnenentran en Lo vertionte norte (e Valle,
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ta

6. Se observavon descargas de gran magnitud en los pozos de
libre descarga hincados en L parte baja de! Valle, donde también
existen presiones artesianas de gran magnitud,

7. Apawventemente, los desagiies de tejas instalados a 3.5 pies de
profimdidad v a 20 pies de distancia, v/o a 6.0 pies de profundidad
v 60 pics de distancia, son lo sulicientemente adecuados como para
proveer ¢l necesario desagiic en los proyectos de reelamacion de
los suelos salinos.

8. Tos desagiiaderos de timel sin revestie v los desagiiaderos de
tubo plistico perforado, instalados a poca profundidad. no proveye-
ron ¢l necesario desagiie en los proyectos de reclamacion de los
suclos salino-sadicos.

9. Serd necesario desarrollar ¢ implantar agquellas pricticas de
ricgo v desagiic que mcjoren T eliciencia del riego, para asi evitar
los problemas de desagiie y, por consiguiente, los de la salinizacion y
ancgado dc los suclos,
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