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CONVERSION FACTORS, ABBREVIATED WATER-QUALITY UNITS, AND ACRONYMS

Multiply

inch (in.)
foot (ft)
mile (mi)

square mile (mi’)

acre-foot (acre-ft)

cubic foot per second (ft*/s)
gallon per minute (gal/min)
million gallons per day (Mgal/d)

gallon per minute per foot
(gal/min)/ft

foot per day (ft/d)

foot squared per day (ft*/d)

By

Length
254

0.3048
1.609

Area
2.590

Volume
1233

Flow
0.02832
0.06308
3.785

Specific capacity
0.2070

Hydraulic conductivity

0.3048

Transmissivity
0.09290

To obtain

millimeter
meter
kilometer

square kilometer

cubic meter

cubic meter per second
liter per second
million liters per day

liter per second per meter

meter per day

meter squared per day

Temperature: Temperature in degrees Celsius (°C) may be converted to

degrees Fahrenheit (°F) as follows:

°F= 1.8 x °C + 32

Abbreviated water-quality units used in report:

colonies per 100 milliliters (col./100 m})

micrograms per liter (ug/L)
milligrams per liter (mg/L)

microsiemens per centimeter at 25°C (uS/cm)

Acronyms used in report:

Puerto Rico Aqueduct and Sewer Authority (PRASA)
Puerto Rico Department of Natural Resources (PRDNR)
U.S. Environmental Protection Agency (EPA)

U.S. Geological Survey (USGS)





























































































248 T T T T T T T T T T T T T T T T T T T T T T T
90 CJ-TW 09
246 - .
244 - T
-
o
o 242 =
-
<
Ll
n 240 + -
<
<
w
=
w 238 |- .
>
@]
m
< I
m 236JFMAMJJASONDJFMAMJJASOND
L
L 195.0 T T T T T T T T 1 T T T =T T T T T T T T T
< .
= 36 Manrique 1
-
‘;‘l 194.5 —
i
-
i
- 1940 |- i
<
%
Q
<
o) 193.5 L _
o
1
0]
193.0 _
192.0 L1 1 1 L1 ] 1 1 1 I 1 bl UG TN TN N | ! 1 1 I
J FM A MJ J A S ONUDJIJFMAMUJI J A S OND
1987 1988

Figure 15.--Water levels in wells 90 CJ-TW 09 and 36 Manrique 1, 1987-1988.
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IN FEET ABOVE MEAN SEA LEVEL

180

175

170

165

I 1 I 1 T I | 1 | 1 T 1 T | [ i I | 1 i i I
Downward Gradient
Well 83
i (Depth=87.5 feet) \ Well 84 4
(Depth=38 feet)
v
/s
~ 7
i ~~." i
Well 86
PR (Depth=144 feet)
’ S
TSN
/ T~ T
i - P ¢ \ ]
e T [ . We” 85
(Depth=34.5 feet)
Upward Gradient
| | 1 ! | 1 | | i | | | I 1 | | | i | | | !
D JFMAMJJASONDUJIJIFMAMIJASON
1 1

Figure 17.-- Water levels in shallow and deep wells along
hydrogeologic section B-B’ near Juncos showing the
direction of vertical movement of water (Refer to
figure 7 for relative location of wells).
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65, and 71.
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Table 6.--Results of the seepage study conducted along the principal streams flowing through the
Caguas-Juncos Valley, March 25, 1988
[ft'/s. cubic feet per second)

Stream Measured Tributary Stream Range of Discance Secticn  Average
cr discharge discharge ret gain (+) percent of petween widtr sectilon
tricutary at stream contribution or loss (=) discharge weasurerent (feet) aeptn
name (ft /s) (ft /s) (£ 7s) gain or loss (x10300 feet) (feet)
Rio Gurabo 4.83 ¢ .51
Ric Gurabo ©.99 + 2.16 31 - 41 7.6% sl 51
Rio Gurabo 6.61 - .28 5 - 6 2.88 .C e
Quebrada ?Placita .22
kic Gurabo 7.15 + .32z 4 - 5 4.0% 8.C 53
Quebrada Ce:ba .33
Ric Gurabo 798 ~ .47 e - 7 4,32 12.5 .69
Rio Valenciaro 13.20
Rio Gurabo 22,606 £.45 PEE 4.80 5€¢.0 .64
Quebrada Las Pifias .1le
Quebrada Cantagallo 12
R1io Gurabo 21.90 +~ .02 - C 142 85.0 .75
Quebrada Gurabc Abajs .08
Rio Gurabko +9.8C - 2.18 6 - 11 35.0 €3
Quebrada Mamey .28
Rio Gurabo 20.30 + L2z -2 4,32 37.¢ .85
Quebrada Jard. Gurabo 0L
Rio Gurako 2z.50C + 2,19 13 - 231 C.8L 46.0 .86
Queprada Jaguar .07
Quebrada Gurabo .15
Quebrada Hato Nuevo 28
Quebrada Celada 26
Waste Warer Treatment
Plant Cutflow 1.0%
Ri0 Gurabo 23.4¢C - .07 3~ 3 TL392 4¢.0 .47
Rio Yalenciano 13.10 20.2 3.52
Waste Water Treatment
Flant Outflow 1.8%
Rio Valenc.ano 14.00 - 0.91 K 3.60 1€.0 7%
Ric Valenciano 13.20 - 80 o - 0 4.68 33.¢ 3
Ric Grande de Loiza 44.90 i34.8 1.02
Quebrada Janer U.20
Rio Grande de Loiza 54.10 + 9.00 7 - ZC 3.4¢C 62.0C 3
Rio Turabko 14.80
Cuebrada Navarro .26
Rio Grande de Loiza 66.80 - 2.56 4 - 4 TLzc 3€.0 1.73
Runoff Outflow e
Rio Grande de Lolza 63.70 ~ 3.10 5- 5 4.8¢ 3.9 1.ls
Rio Turxabo 13.8C 63.C C.e”
Rio Turabo 15.3C + 1.50 18 - 11 21.24 3C.5 .05
Quekrada Las Bambuas Q.28
Rio Turabo 14.8C - 1.18 8§ - 8 6.22 2€.0 88
Rio Caguitas .49 17.C .81
Rio Canaboncito 2.28
Ric Caguitas 14.512 + 5.2395 38 - 32 20.828 22.0 46
R10 Caguitas 19.0C + 4.88 26 - 35 12.42 38.0¢ ]
Ric Baiioa 4.87 2C.5 0.32
Ric Bairoa 5.62 + (.05 i2 - 13 £.28 21.5 .35
Ric Ba:wroa 5.4C - 20 4 - 4 ans 18.0 .41
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Thus, the net change in ground-water storage in
the Caguas-Juncos Valley is given by the following
water balance equations:

A S =BRS + INF - GWQ - NSS, 4)
and INF = RNF - ET - ROF, &)
where
AS is net change in storage,
BRS  is bedrock seepage contribution,
INF is net rainfall infiltration (recharge),
GWQ s total pumpage,
NSS  is net stream seepage loss,
RNF  is total rainfall over the valley,
ET 1s evapotranspiration, and
ROF s overland runoff in the valley.

If a steady-state condition is assumed, the net change
in storage is zero.

A separate water budget analysis was performed
for the Caguas and the Gurabo-Juncos subareas for
steady-state conditions. Total ground-water pumpage
was estimated from field inspection (refer to table 2).
The net steady-state stream seepage was assumed to be
that measured during the seepage study conducted on
March 25, 1988. Bedrock seepage contribution was
estimated as 3 percent of the average precipitation over
the bedrock drainage area that surrounds the alluvial
aquifer (Jordan and Fisher, 1977). Overland runoff
was based on average long-term streamflow at gaging
stations in the valley and on seepage data of March
1988.

In the Caguas subarea, the bedrock seepage
contribution (BRS) was calculated assuming an average
rainfall of 100 in/yr over the surrounding drainage area
of 33.8 mi®, which multiplied by 3 percent gives a
steady-state volume rate of 5,400 acre-ft/yr. Average
rainfall (RNF) over the valley area (16.6 mi®) was
assumed to be about 60 in/yr, which produced a
volume rate of about 53,000 acre-ft/yr. Ground-water
withdrawals (GWQ) amount to 200 acre-ft/yr, and the
net stream seepage (NSS) from the aquifer to the
stream is about 11,300 acre-ft/yr. An overland runoff
(ROF) of about 40,500 acre-ft/yr was calculated as
average stream inflows into the valley, minus outflows
from the valley, minus the net stream seepage. This
high rate of runoff (76 percent of rainfall) would be
expected for the Caguas subarea, which is highly
urbanized. If equations (4) and (5) are combined and
solved for ET, and the values of all other elements of
the water balance equation are substituted, the
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calculated ET rate in the Caguas subarea is about 6,400
acre-ft/yr or 7 in/yr. This value assumes ET only
within the valley area.

In the same manner, ET was calculated for the
Gurabo-Juncos subarea to be about 30,600 acre-ft/yr or
31 in/yr. In the Gurabo-Juncos subarea, ET is higher
than in the Caguas subarea, but runoff is lower (45
percent of rainfall). This was expected because the
Gurabo-Juncos subarea has a 90 percent cover of
vegetation.

Net rainfall infiltration into the aquifer can be
computed by applying equation (5). Rainfall
infiltration calculated by this method is about 6,100
acre-ft/yr, or 12 percent of rainfall, in the Caguas
aquifer, and about 5,600 acre-ft/yr, or 8 percent of
rainfall, in the Gurabo-Juncos aquifer. Evidently, ET
is a more significant mechanism of water loss in the
Gurabo-Juncos subarea, than in the Caguas subarea.
Yet, the amount of net rainfall infiltration in both
subareas is about the same: high runoff and less
rainfall in the Caguas subarea compensates for the
excess of ET in the Gurabo-Juncos subarea. The
estimated steady-state budget for the Caguas, and
Gurabo-Juncos subareas, and for the overall
Caguas-Juncos Valley are summarized in table 7.

The ET values (7 and 31 in/yr in the Caguas and
Gurabo-Juncos subareas, respectively) calculated for
the valley subareas were lower than the ET values (34-
48 in/yr) estimated for the whole basin, including the
area outside the valley, for which the pan evaporation
and the streamflow methods were used (see "Rainfall
and Evapotranspiration" subsection). ET values
presented in this section were based on a steady-state
water balance equation and applied only to the valley
area. The other ET values, based on more indirect
methods, correspond to a more general or macroscopic
analysis of the whole drainage basin area and do not
consider land-use effects.

An independent value of rainfall infiltration into
the aquifer could be obtained as a percent of total
rainfall over the aquifer area, 8 percent for pasture land
and 2 percent for urban area, based on studies at other
aquifers in the Island (Bennett, 1976; Quifiones-
Aponte, 1986). In the Caguas subarea, for an average
rainfall of about 60 in/yr and assuming that 60 percent
of the area is covered by vegetation and that 40
percent is urban area, infiltration into the aquifer is
about 3,000 acre-ft/yr. For the Gurabo-Juncos subarea,
assuming that 90 percent is pasture land and 10 percent
is urban area, infiltration is calculated to be about



Table 7.--Estimated steady-state water budgets for the Caguas and the Gurabo-Juncos subareas
[values are in acre-feet per year]

Caguas Gurabo-Juncos Caguas-Juncos
subarea subarea Valley
INFLOWS :
Bebrock seepage (BRS) + 5,400 + 5,000 + 10,400
Rainfall (RNF) +53,000 +69,000 +122,000
OUTFLOWS:
Pumpage (GWQ) - 200 - 3,100 - 3,300
Stream seepage (NSS) -11, 300 - 7,500 - 18,800
Evapotranspiration (ET) - 6,400 -30,600 - 37,000
Runoff (ROF) -40,500 -32,800 - 73,300
STORAGE CHANGE: 0 0 0
Net infiltration (INF)! + 6,100 + 5,600 + 11,700

! INF = RNF - ET - ROF

5,100 acre-ft/yr.  This infiltration value for the
Gurabo-Juncos subarea compares favorably with the
one calculated previously using equation (5) for ET.
However, in Caguas, infiltration based on this method
is almost 50 percent less than the previous estimate of
6,100 acre-ft/yr.

Although estimates of individual water-budget
components differ depending on the method used for
estimation, the order of magnitude of the estimates are
similar. Given the assumptions that must be made for
each method and the lack of long-term data, the
water-budget estimates are the best available at this
time. Nevertheless, in a future investigation, a
numerical ground-water flow model may provide the
necessary feedback to confirm or modify this
ground-water budget.

In summary, water to the aquifer in both subareas
comes from two sources in about the same magnitude,
that is, from bedrock seepage and rainfall infiltration.
However, aquifer outflow as stream seepage is more
significant in Caguas subarea than in Gurabo-Juncos
subarea, because in the latter, much of the stream
seepage is intercepted by pumping wells.

QUALITY OF WATER

One of the objectives of this study was to

40

conduct a general reconnaissance of the quality of the
ground water and to provide insights into possible
water-quality problems in the area. In an alluvial
aquifer, such as the Caguas-Juncos, ground-water
problems could not be completely separated from
surface-water problems, so surface-water quality will
be integrated in the discussion, as necessary.

Water-Quality Analyses

Water-quality samples were collected from
ground and surface waters throughout the study area,
and the results of the analyses of these samples were
compared with previous analytical results reported by
Go6mez-Gémez and Guzman-Rios (1982), Guzman-Rios
and Quifiones-Mdrquez (1984 and 1985), and
Guzman-Rios and others (1986). The location of the
sampled wells and surface-water sites are shown in
figure 7. Results of the water-quality analyses from
sampled wells and streams are summarized in tables 8,
9, and 10 which includes results of analyses performed
during this study and those performed as part of
previous ground-water reconnaissance studies. The
samples were analyzed for physical, chemical, and
biological characteristics, including concentrations of
major ions and nutrients. Samples collected from
public water-supply wells also were analyzed for
organic compounds.



Table 8. --Physical and chemical characteristics of ground water at selected wells within the Caguas-Juncos Valley

[pS/cm, microsiemens per centimeter; °C, degrees Celsius; mg/L, milligrams per liter;
pg/L, micrograms per liter; leaders (--), no data; ND, not detected]

Spe-
cific Magne- Nitro- Carbon,
con- OH Calcium, sium, gen, dis~-
Well duct- {stand- Temper- dis- dis- NH4 as solved
Well number depth ance ard ature solved solved N total organic
and rame Date (feet) (US/cm) units) (°C) (mg/L) (mg/L) (mg/L) (mg/L)
2. Cartagena 2 07-01-87 270 925 6.7 - 78 47 0.08 1.3
6. Las Carolinas AAA 4A 02-21-85 287 436 -- 26.5 -- -- - -=
6. Las Carolinas AAA A 12-06-88 - -- -= - -- —-= -= -=
7. Las Carolinas AAA 3A 02-21-85 350 772 - 25.5 - - - -=
8. Las Carolinas AAA B 06-24~87 - 471 6.6 27.0 -- -- - --
29. Zoilo Méndez 2 06-03-37 250 750 7.5 25.5 52 19 .18 .7
30. Eneido Mendoza 1 07-08-87 110 435 6.8 26.0 28 17 .12 1.4
32. Evaristo Delgado 07-09-87 -- 465 8.2 26.0 40 14 .03 -9
38. Pedro Morales 0€-30-87 40 825 7.0 25.5 50 42 .03 .7
40. Quality Elect. 07-01-87 81 725 7.0 26.0 55 35 .08 1.0
41. Bairoa ARA 9 07-12-82 140 453 6.4 26.0 36 23 -- --
42. Pozo Viejo ARA 03-11-87 116 294 -- 25.5 -- - -- --
42. Pozo Viejo ARA 06-26-87 116 488 7.3 26.5 50 17 .03 .4
42. Pozo Viejo ARA 12-06-88 - -- -- - - -- -- --
43. Bairoa AARA 11 03-11-85 140 423 - 26.5 - - -- --
43. Bairoa AAA 11 12-06-88 -— -= - - - -— -- --
45. Bairoa AAA 10 10-01-81 125 444 6.4 25.5 36 23 -= --
45. Bairoa ARA 10 10-17-83 125 500 6.8 27.5 - -~ - --
45. Bairoa AAA 10 03-11-85 125 768 - 26.5 -- -- -- --
45, Bairoa ARA 10 12-06-88 -= -= - - - - -- --
51. Gurabo AAA 6 07-12-82 123 550 6.8 26.0 39 30 -- --
51. Gurabo AAA 6 02-22-85 123 150 -- 25.0 - - - --
51. Gurabo AAA 6 06-25-87 123 120 7.1 25.5 48 28 .041 1.3
51. Gurabo AAA 6 10-17-83 -- -- -- -- -- -- -- --
51. Gurabo AAR 6 12-06-88 - -- - -- - - -- -
52. Gurabo AAA 7 10-01-87 160 1120 6.6 26.0 82 52 -- --
52. Gurabo AAA 7 07-12-82 160 1100 6.9 25.5 85 55 -- --
52. Gurabo AAA 7 02-22-85 160 510 -- 25.5 -= - -~ -
56. Juncos AAA 1 12-06-88 -- -- -- -- -- -- -- --
61. Juncos AAA 3 10-17-83 90 700 6.5 27.0 -- -- -- --
61. Juncos AAA 3 06-25-87 90 365 7.5 26.0 39 16 .01 .9
65. Eduardo Berrios 2 07-25-87 -= 490 7.1 26.5 35 19 .14 .7
67. Bogquerdn AAA 2 02-22-85 98 570 -- 25.5 -= - -= --
69. Hermosura 2 07-08-87 -- 450 6.8 26.0 22 10 .07 1.0
81, CJ-TwW 1 08-11-87 32 3230 6.6 26.5 380 54 .23 --
84. CJ-TW 3B 10-15-87 38 320 6.3 25.0 17 11 < .01 --
85. CJ-TW 4A 10-16-87 34 305 6.5 25.0 22 11 . 041 -
87. CJ-TW 6 10-15-87 102 849 7.3 26.0 63 31 .021 --
88. CJ-TW 7 08-11-87 76 650 6.7 27.0 82 12 .041 -
89. CJ-TwW 8 08-20-87 24 225 6.5 26.5 20 7.4 .03 --
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Table 8. --Physical and chemical characteristics of ground water at selected wells within the
Caguas-Juncos Valley--Continued

[uS/cm, microsiemens per centimeter; °C, degrees Celsius; mg/L, milligrams per liter;
pg/L, micrograms per liter; leaders (--), no data; ND, not detected]

Silica, Hard-

Chlo- Fluo- dis- Total Alka- nes,
Sodium, Sulfate, ride, ride, solved dis- linity total
dis~ dis- dis~ dis- (mg/L solvea (mg/L (mg/L

Well number solved solved solved solved as solids as as
and name Date (mg /L) (mg/L) (mg /L) (mg/L) $102) (mg/L) CaCo3) CaCo03)
2. Cartagena 2 07-01-87 34 87 70 0.2 67 540 261 390
6. Las Carolinas ARA 4A 02-21-85 -- -- - - -= - -- --
6. Las Carolinas AARA A 12-06-88 -- -- -- -- -= - -- --
7. Las Carclinas AAA 3A 02-21-85 - -- - -= - - -= -~
8. Las Carolinas AARA B 06-24-87 -= - -- -= -~ -= -= -
29. Zoilo Méndez 2 06-03-87 74 120 43 2 31 460 203 210
30. Eneido Mendoza 1 07-08-87 33 25 34 .2 51 270 137 140
32. Evaristo Delgado 07-09-87 41 15 13 .2 48 300 214 160
38. Pedro Morales 06-30-87 51 29 65 .3 48 460 299 300
40. Quality Elect. 07-01-87 28 62 41 1 65 430 238 280
41. Bairoa AAA 9 07-12-82 17 28 23 .2 52 308 157 -=
42. Pozo Viejo AAA 03-11-87 -= - - - -= -— - -
42. Pozo Viejo AAA 06~26-87 25 28 26 .3 44 300 186 190
42. Pozo Viejo AAA 12-06-88 -= -- -= -= - -= - --
43. Bairoa AAA 11 03-11-85 -= -= -= -= -= -= -- -
43. Bairoa AAA 11 12-06-88 -= -= - - -- -= -= --
45. Bairoa AAA 10 10-01-87 18 30 27 .2 36 - 159 -=
45. Bairoa AAA 10 10-17-83 -= -- - -- -= -= -= -~
45. Bairca AAA 10 03-11-85 -= -- -= -= -- - -= --
45. Balroca AAA 10 12-06-88 -= - - -= - - - -=
51. Gurabo AAR 6 02-22-85 - -- -- -- -- -- -- --
51. Gurabo AAA 6 07-12-82 35 22 36 .2 58 306 221 -
51. Gurabo AAA 6 06-25-87 46 220 88 .4 48 630 244 240
51. Gurabo ABRA 6 10-17-83 -- -- -- -- -- -- -- --
51. Guraboc ARA 6 12-06-88 - - -- - - - -- --
52. Gurabo AAA 7 10-01-81 87 200 100 .2 54 - 247 -~
52. Gurabo AAA 7 07-12-82 84 190 89 .2 58 806 269 --
52. Gurabc ARA 7 02-22-85 - -- -- -- -- -- -- --
56. Juncos AAA 1 12-06-88 - -- - -- -- - -- -
61. Juncos ARA 3 10-17-83 -- -- -- -- -- - -- --
61. Juncos AAA 3 06-25-87 24 24 20 .2 43 250 141 160
65. Eduardo Berrios 2 07-08-87 34 22 43 .2 49 290 141 170
67. Boguerdn AAA 2 02-22-85 - - -- -= - - - --
69. Hermosura 2 07-08-87 54 18 40 .1 63 290 139 96
81. CJ-TW 1 08-11-87 310 1700 85 .4 56 2700 158 1200
84. CJ-TW 3B 10-15-87 25 16 33 .1 37 176 59 88
85. CJ-TW 4A 10-16-87 22 25 19 .1 48 188 64 100
87. CJ-TW 6 10-15-87 71 35 92 .3 43 500 239 290
88. CJ-TW 7 08-11-87 65 33 -- .3 32 -- 282 250
89. CJ-TW 8 08-20-87 25 8.6 9.5 1 39 150 90 80
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Table 8. --Physical and chemical characteristics of ground water at selected wells within the
Caguas-Juncos Valley--Continued

[uS/cm, microsiemens per centimeter; °C, degrees Celsius; mg/L, milligrams per liter;
pg/L, micrograms per liter; leaders (--), no data; ND, not detected]

Nitro- Phospho-

gen, rous, Man-

NO2+NO3 ortho, ga Tri- Per-

dis- dis- Iron, nese, chloro~ chloro- Methyl-

solved solved dis- dis~ ethyl- ethyl- Chloro- ene Phenol

Well number {(mg/L (mg/L solved solved ene ene form chloride total
and name Date as N} as P) (ug/L) (Lg/L) (ug/L) (ug/L) (ng/L) (Ug/L) (ug/L)

2. Cartagena 2 07-01-87 8.6 0.03 <3 <1 - - - e .
6. Las Carolinas AAA A 02-21-85 - -= -= -~ ND ND ND ND --
6. Las Carolinas AAA A 12-06-88 -- -- -= -= <1 -= < .3 <1 --
7. Las Carolinas AAA 02-21-85 -- -= -- - ND ND ND ND --
8. Las Carolinas AAA B 06-24-87 - -- - - <3 <3 8.4 <3 -=
29. Zoilo Mendez 2 06-03-87 0.58 .01 29 <1 - - - - -
30. Eneido Mendoza 1 07-08-87 1.3 .021 140 1300 -- - - - --
32. Evaristo Delgado 07-09-87 0.1 .021 15 45 - - -- - -=
38. Pedro Morales 06-30-87 0.54 03 4 <1 - - - - -=
40. Quality Elect. 07-01-87 4.6 03 4 <1 - - - -— 2
41. Bairoa AAA 9 07-12-82 2.8 - 4 <1 -- - - - <1
42. Pozo Viejo AAA 03-11-85 -- - - --~ ND ND 120 .31 --
42. Pozo Viejo AAA 06-26-87 1.5 .021 3 9 <3 <3 <3 <3 2
42. Pozo Viejo ARA 12-06-88 -- - -= -= <1 -- < .3 <1 -
43. Bairoca AAA 11 03-11-85 -= - -= -= ND ND 4.9 ND -~
43. Bairoa AAA 11 12-06-88 -— -- -— - <1 --= 67 <1 --
45. Bairoa AAA 10 10-01-81 2.7 - 5 1 -- - -- - 0
45, Bairoa AAA 10 10-17-83 - -= -= -= <1 -= -= - -
45. Bairoa AAA 10 03~11-85 -= -- -= -= ND ND 440 1.9 -=
45. Bairoa AAA 10 12-06-88 - - - -- <1 -= < .3 <1 -=
51. Gurabo AAA 6 02-22-85 - - - -= ND ND ND ND -
51. Gurabo AAA © 06-25-87 <.100 .021 <3 96 <3 <3 <3 <3 5
51. Gurabo AAA 6 07-12-82 .073 .034 19 65 - -- -= - <1
51. Gurabo AAA 6 10-17-83 -- - -= -= <1 -- -- -— -=
51. Gurabo AARA 6 12-06-88 - -= - - <1 - < .3 <1 -
52. Gurabo AAA 7 10-01-81 .07 -- <10 140 - - - - -
52. Gurabo AAA 7 07-12~-82 .109 . 054 26 130 - - - - <1
52. Gurabo ARA 7 02-22-85 - -- - -= ND ND ND ND -
56. Juncos AAA 1 12-06-88 - -- -- -- <1 - < .3 <1 -
61. Juncos AARA 3 10-17-83 - -= -- -= <1 <1 - - -=
61. Juncos AAA 3 06-25-87 .610 .021 4 50 <3 <3 <3 <3 3
65. Eduardo Berrios 2 07-08-87 3.90 .07 <3 2 -— - - - -
67. Boquerdn AAA 2 02-22-85 -= -= -- - ND ND ND ND -
69. Hermosura 2 07-08-87 2.3 .16 <3 2 -- -- - -- -
81. CJ-TwW 1 08-11-87 <.1 <.01 820 4600 - -= -= -= -=
84. CJ-TW 3B 10-15-88 5.0 - 7 14 - - -= - -
85. CJ-TW 4A 10-16-87 2.60 - 15 800 -= -= - -= -=
87. CJ-TW 6 10-15-87 0.34 .06 88 1100 -~ -= - -~ --
88. CJ-TW 7 08-11-87 <.1 <.01 500 1300 - - -- -= -
89. CJ-TwW 8 08-20-87 0.1 .021 230 760 - - -- - -

Sampling from 06-03-87 through 10-16-87 correspond to this study

Sampling from 02-21-85 through 03-11-85 by Guzmdn-Rios, René Garcia, and Ada Aviles (1986)

Sampling on 07-12-82 by Guzmén-Rios and Quifiones-Marquez (1984)

Sampling on 10-01-81 by Gémez-Gémez and Guzman-Rios (1982)

Sampling on 10-17-83 by Guzmén-Rios and Quinones-Marquez (1985)

Sampling on 12-06-88 by U.S. Geological Survey as part of the islandwide well monitoring
program, written communication, Guzman-Rios (1989)
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Table 9.-- Biological characteristics of ground water at selected wells within the Caguas-Juncos Valley
[ug/L, micrograms per liter; leaders (--), no data

Bacterial counts
(Colonies per 100 ML of sample)

Fecal
Well number Fecal strepto- Total
and name Date coliform cocci coliform
41. Bairoa AAA 9 07-12-82 0 6 --
45. Bairoa AAA 10 10-01-81 0 0 0
51. Gurabo AAA 6 07-12-82 0 5 --
52. Gurabo AAA 7 10-01-81 0 0 0
52. Gurabo AAA 7 07-12-82 -- 67 --

Sampling on 07-12-82 by Guzman-Rios and Quifiones-Marquez

(1984)

Sampling on 10-01-81 by Gbémez-Gémez and Guzman-Rios (1982)

The data in table 8 indicate that water from several
wells had high concentrations of dissolved iron and
manganese. High concentrations of iron and
manganese in ground water may be due to localized
laterite deposits of volcanic and metamorphic origin.
Water from some wells had iron or manganese
concentrations that exceeded the EPA (1973) criteria of
0.3 mg/LL and 0.05 mg/L, respectively. These were
wells 31, 51, 52, 61, 81, 85, 87, 88, and 89 (refer to
fig. 7 for location of wells).

Specific-conductance values greater than 1,000
uS/ecm were detected at wells 51, 52, and 81. No
ammonia (NH,) concentrations greater than the 0.5
mg/L limit recommended by EPA were detected. The
maximum concentration of NH, (0.23 mg/L) was
observed in well 81 (table 8). Dissolved organic
carbon concentrations ranged from 0.4 to 1.4 mg/L.

Concentrations of sulfate in water from wells 29,
51, and 52, were 120, 220, and 200 mg/L, respectively,
and the sulfate concentration in well 81 greatly
exceeded the EPA criteria of 250 mg/L with a
concentration of 1,700 mg/L. The phosphorous
concentration exceeded the EPA criteria of 0.10 mg/L
only at well 69 (0.16 mg/L). Values for temperature,
pH, magnesium, sodium, chloride, silica, alkalinity, and
nitrate+nitrite were within normal ranges in all wells
monitored; none exceeded any established EPA criteria.

Public-water supply from wells were also
monitored for volatile organics, including the
following: trichloroethylene, perchloroethylene,
chloroform, methylene chloride, and phenol.
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Chloroform was present (8.4 pg/L) in well 7 (Las
Carolinas AAA) in the June 1987 sampling, but was
not present in samples collected between November
1984 and May 1985. Water from well 42 (Pozo Viejo
AAA) contained chloroform and methylene chloride
concentrations in the November 1984 to May 1985
samples, as high as 120 and 0.31 pg/L, but the June
1987 samples contained no trace of these constituents.
However, water from well 43, had a lower
concentration of chloroform (4.9 pg/L) when sampled
during the 1983 to 1984 than when sampled during
1988 (67 pg/ll). The exact source of these organic
compounds is unknown.

Water samples were also collected from the
principal streams of the Caguas-Juncos Valley, (fig. 7
and table 10), and analyzed for physical properties, and
concentrations of major ions and nutrients. The
analyses indicated that four of the sampled streams
(sites 2,4, 5, and 6) had manganese concentrations
ranging from 120 to 580 pg/L (table 10). Fecal
coliform bacteria concentrations at all sites ranged
from 2,200 to 520,000 col./100 ml (table 10), which
exceeds the EPA limit of 2,000 col./100 ml for raw
surface-water sources. Water samples collected during
the study along the major streams of the area generally
had specific-conductance values of less than 540
pS/em.

Water type is commonly categorized on the basis
of the composition of the principal cations and anions
in the water (Piper, 1953). All but one of the
ground-water samples from wells completed in the
alluvium in the Caguas subarea were of the calcium



Table 10.--Physical, chemical, and biological characteristics of water at selected streams within the Caguas-Juncos Valley
[pS/cm, microsiemens per centimeter; °C, degrees Celsius;
mg/L, milligrams per liter; pg/L, micrograms per liter]

Spe-—
cific Magne- Nitro-
con- pH Calcium, sium, gen,
duct - (stand- Temper- dis- dis- NH4 as
Site number Station ance ard ature solved solved N total
and name identification Date (uS/cm)  units) (C) (mg/L) (mg/L) (mg/L)
1. Rio Turabo at Caguas 50054500 07-23-87 508 7.4 6.5 50 17 0.03
2. Rio Valenciano at mouth 1814110655512 7-23-87 291 7.7 28.5 19 7.1 1.8
3. Rio Grande de Loiza at Caguas 50055000 07-22-87 378 7.4 26.0 9.6 3.7 .15
4. Rio Caguitas at Highway 30 50055250 07-24-87 540 7.4 30.0 38 13 6.70
5. Rio Bairoa at mouth 50055410 07-24-87 451 7.7 27.0 40 17 1.40
6. Rio Gurabo at Gurabo 50057000 07-22-87 302 7.5 28.5 20 8.9 .85
Silica, Hard-
Chlo- Fluo- dis- Total Alka- ness,
Sodium, Sulfate, ride, ride, solved dis- linity total
dis- dis-— dis- dis- (mg/L solved (mg/L (mg/L
Site number solved solved solved solved as solids as as
and name Cate (mg /L) (mg/L) (mg/L) (mg/L) Si02) (mg/L) CaC03) CaC03)
1. Rio Turabo at Caguas 07-23-87 25 28 26 0.3 44 300 186 190
2. Rio Valenciano at mouth 07-23-87 25 14 21 .2 34 180 64 77
3. Rio Grande de Loiza at Caguas 07-22-87 11 13 11 1.3 1 98 42 39
4. Rio Caguitas at Highway 30 07-24-87 40 48 34 .4 33 320 143 150
5. Rio Bairoca at mouth 07-24-87 27 15 26 .2 32 270 170 170
6. Rio Gurabo at Gurabo 07-22-87 22 12 12 .2 26 160 95 87
Nitro- Phos-
gen, phorous, Man-
NO2+NO3 ortho gane- Fecal
dis~ dis- Iron, se, coliform
solved solved dis- dis- (colonies
Site number (mg/L (mg/L solved solved per 100 ML
and name Date as N) as P) (ug/L) (ug/L) of sample)
1. Rio Turabo at Caguas 07-23-87 1.5 0.02 3 9 2200
2. Rio Valenciano at mouth 07-23-87 .7 .41 140 120 200000
3. Rio Grande de Loiza at Caguas 07-22-87 .39 .07 220 33 36000
4. Rio Caguitas at Highway 30 07-24-87 .9 2.30 110 300 520000
5. Rio Bairoa at mouth 07-24-87 .1 .59 26 580 74000
6. Rio Gurabo at Gurabo 07-22-87 85 .21 170 180 8000

bicarbonate type (fig. 22). The sample from well 81
was a calcium sulfate type water.  The high
concentrations of calcium (380 mg/L), sulfate (1,700
mg/L), nitrogen (0.23 mg/L), and total dissolved solids
(2,700 mg/L), in this sample (well 81) indicate an
abnormal condition in the area near the well.

Water from most wells in the Gurabo-Juncos
subarea is a calcium bicarbonate type, although some
wells contained water in which no single cation-anion
pair dominated the chemical composition of the water.
The samples from wells 84, 69, and 29 fall into this
last category (fig. 22).

Samples from streams in the area were classified
as calcium bicarbonate type water. There was no
notable difference between the surface water of the
Caguas and Gurabo-Juncos subareas.
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Environmental Considerations

Local contamination of ground and surface water
of the Caguas-Juncos Valley has been reported, but
little is known about the nature and extent of
water-quality problems in the aquifer. There are,
however, several potential sources of contamination
that could affect the quality of ground water in the
alluvial aquifer.

One potential threat to ground-water quality and
utility is the use of underground tanks to store fuels or
other substances.  Given the proximity of the
water-table surface to the land surface (ranging from 8
to 30 ft in the Caguas urban area) and the design of
underground storage facilities, the risk of ground-water
contamination exists if the storage tanks leak. If the
pressure inside the tank is higher than the pressure in
the aquifer, the pressure in the tank will force the



EXPLANATION
325 CAGUAS SUBAREA WELL AND NUMBER
89 ¢ GURABO-JUNCOS SUBAREA WELL AND NUMBER

6 V' SURFACE-WATER SITE AND NUMBER

PERCENT OF TOTAL
MILLIEQUIVALENTS PER LITER

Figure 22.--Major ion composition of ground water and surface water in
the study area (Refer to figure 7 for location of sample sites).

46



liquids out of the tank and into the aquifer. Leaky
underground storage tanks may be a worse problem in
the Caguas subarea than in the less urbanized Gurabo-
Juncos subarea.

The Caguas-Juncos Valley is a region of high
agricultural activity, particularly dairy farming.
Livestock wastes, which commonly are disposed of on
the land surface or in ponds excavated in the
unsaturated zone directly above the water-table aquifer,
may leach into the aquifer. Contamination of ground
water from livestock waste is more likely to be a
problem in the Gurabo-Juncos subarea, where dairy
farms are more numerous and are located on the
alluvial flood plain, than in the Caguas subarea, where
most of the dairy farms are not located in the valley.

Other agricultural activities that could result in
contamination of ground water are the use of fertilizers
and pesticides. The effects of this type of
contamination have not been documented in this area,
but the use of agricultural chemicals in the area

remains a potential source of ground-water
contamination.
Municipal landfills constitute an additional

potential source of ground-water contamination in the
Caguas-Juncos Valley, particularly those located near
or within the valley boundary. In the study area, there
are five landfills of which three have been closed. One
of these landfills is the old Juncos landfill, which has
been classified as one of the national priority cleanup
sites (EPA, 1984). Although the old Juncos landfill
has been closed since 1977, it continues to be a
potential source of contamination. The landfill is
located outside the boundaries of the alluvial aquifer,
and subsurface movement of leachate into the alluvial
aquifer is not expected. Overland runoff from this
landfill, however, could introduce contaminants into the
aquifer down valley.

Of the five landfills in the study area, two are
located almost directly above the alluvial aquifer: the
Gurabo landfill (closed) near the Agricultural
Experimental Station of the University of Puerto Rico
and the Las Piedras landfill (active) near the
Hermosura wells (fig. 7) at the eastern end of the
Gurabo-Juncos subarea. Because of their location,
these landfills may pose the most immediate threat to
ground-water quality in the alluvial aquifer.

The effects of municipal landfills on water quality
can be minimized if they are properly designed,
constructed, and located. Landfills are less likely to
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affect the ground-water systems if they are located
away from the aquifer boundaries and in relatively
impermeable material, such as clay and some types of
bedrock.

The type of contaminants indicative of leachates
that emanate from a landfill are highly variable and
include inorganic and organic compounds. The
installation of a network of piezometers near and down
gradient of the landfills would be necessary to quantify
the effect of leachate on the quality of the ground
water in the Caguas-Juncos Valley.

The waste water disposal and treatment system
might also be a source of contamination. For example,
in the Caguas urban area, sewer pipes lie, for the most
part, directly above the principal aquifer and pipe
leakage could introduce wastewater into the aquifer.

Once the wastewater is secondarily treated and
discharged to a nearby stream, the wastewater again
becomes a potential source of contamination. As
previously stated, streams in the Caguas-Juncos Valley
are hydraulically connected with the alluvial aquifer.
If a river reach contains poor-quality water and that
reach is losing water to the aquifer, the water quality
of the surrounding aquifer can be adversely affected.
This is more likely to be a problem if the most
productive aquifer zones are near the streams, as they
are in the Caguas-Juncos Valley.

Many communities that are not connected to the
public sewer system dispose of their wastewater by
means of septic tanks or sewer trenches, which
discharge untreated wastewater directly into nearby
creeks or streams. Septic tanks or sewer trenches
constructed within the aquifer, constitute a substantial
source of potential contamination to the aquifer.

Another potential source of ground-water
contamination in the study area, which has not been
quantitatively documented, is that related to industrial
wastes. Industrial wastes have contaminated shallow
aquifers in other areas of the island and may pose an
increasing threat to ground-water quality as urban and
industrial sites in the area expand.

GROUND-WATER DEVELOPMENT AND
MANAGEMENT CONSIDERATIONS

The development and management of the
ground-water resources are being considered because
much of the available surface-water inflow to the Lago
Loiza is exported to San Juan (80 Mgal/d). The



alluvial aquifer could provide an alternative source of
water to supplement the available surface water, but
the development of the aquifer requires a thorough
understanding of the occurrence, availability, and
quality of ground water in the area.

Ground-water development near streams, where
the aquifer is hydraulically connected with the
surface-water bodies, will increase the hydraulic
gradient from the river into the aquifer and induce
seepage from the river, which will improve well yield,
but will decrease streamflow. A minimum river flow
is necessary to sustain the required inflow into the
Lago Loiza reservoir. 1If the amount of induced
seepage from the river to the aquifer is large,
maintaining this required inflow may be difficult
during droughts.

An additional factor constraining the development
of ground water in the area is the suitability of the
water for human consumption. Production wells
located near areas of contaminated or poor-quality
water may not produce water suitable for public
supply, unless the water undergoes extensive treatment.

The alluvial aquifer has a relatively small surface
area, about 35 mi’, and pumping wells may be located
sufficiently close to an aquifer boundary to be affected
by boundary conditions. For example, if a well is
pumping near a bedrock wall, drawdowns will be
greater and pumping costs higher than if the well were
located near a stream.
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The selection of a ground-water withdrawal
strategy in the study area is also subject to additional
limiting factors:

1) If ground-water supply wells are located in
high transmissive zones, away from contaminated
areas, any adverse effects on the aquifer due to
migration of contaminated water to pumping centers
will be minimized.

2) Withdrawals may have to be restricted to
ensure that seepage from the rivers induced by
pumping does not reduce the minimum baseflow of the
stream below the baseflow required to sustain the Lago
Loiza reservoir.

3) Seasonal hydrologic variations may affect the
ground-water withdrawal schedule. During most of the
year, rivers have enough flow to supply the Lago
Loiza, as well as production wells, but withdrawals
may have to be restricted during low-flow periods and
droughts.

4) Development of the ground-water resources
needs to be monitored to prevent exploitation of the
aquifer. Withdrawal from the aquifer in excess of the
long-term, average natural recharge will result in
depletion of the resource.

The factors presented are generalized, and other
local factors may also be important to the development
of a specific water supply. Quantitative analyses best
performed with numerical flow models are beyond the
scope of this study. However, this study provides
much of the data required to construct and calibrate
such models.



SUMMARY AND CONCLUSIONS

The Caguas-Juncos Valley is the largest interior
valley in Puerto Rico, and covers about 35 mi*. The
municipalities of Caguas, Gurabo, and Juncos are
located within the valley and had a combined
population of about 167,000 in 1980.  Urban
population in the valley is expected to be 192,000 by
1990. The Caguas subarea is semi-urban (40 percent)
and the Gurabo-Juncos subarea is mostly pasture land
(90 percent).

All of the streams in the valley drain to the Lago
Loiza and much of the inflow to the Lago Loiza is
exported to San Juan for public-water supply. Unless
an alternative water source is developed fur the San
Juan area, increased water demand in the
Caguas-Juncos area may have to be satisfied by
developing the ground-water resources within the
valley.

Precipitation in the upper Rio Grande de Loiza
basin is sufficient to support perennial streams.
Rainfall ranges from more than 100 in/yr in the
mountains, to about 70 in/yr in the Caguas-Juncos
Valley. The estimated potential evapotranspiration in
the drainage basin ranges from 34 to 48 in/yr. Within
the valley itself, however, the evapotranspiration rate
using the steady-state water balance equations was
estimated to be about 7 in/yr in the Caguas subarea
and about 31 in/yr in the Gurabo-Juncos subarea.

The average discharges for the period 1985 to
1988 at the long-term gaging stations in the Rio
Grande de Loiza, the Rio Gurabo, the Rio Valenciano
were 268 ft'fs, 178 ft'/s, and 69 ft’/s, respectively. The
highest measured flood in the valley occurred on
September 6, 1960; peak discharges were about 71,500
ft*/s at the Rio Grande de Loiza station and 60,000 ft*/s
at the Rio Gurabo station. The 7-day, 10-year low
flow was 14 ft*/s at the surface-water stations on the
Rio Grande de Loiza, 6.8 ft'/s at the station on the Rio
Gurabo, and 3.3 ft¥/s at the Rio Valenciano station.

The main use of ground water in the Caguas-
Juncos Valley is for public supply, but pumpage is
relatively small, about 3.0 Mgal/d, which represents
about 10 percent of the total water use in the area.
Other users of ground water include dairy farms,
industry, and households.

Well yields in the Caguas-Juncos Valley range
from 10 to 310 gal/min. Most of the high-yield wells
are public-supply wells operated by the PRASA. Wells
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used for dairy farm operations generally have low
yields (about 30 gal/min).

The potential for ground-water development in
the Caguas-Juncos Valley is higher within the alluvial
deposits. The thickness of the alluvial deposits is
variable, but averages about 45 ft. In general, the
alluvial deposits tend to be thicker and more permeable
in the Gurabo-Juncos subarea. In the Caguas subarea,
the alluvial deposits are thinner and have a higher clay
content.

Estimates of transmissivity in the area range
between 66 and 4,770 ft*/d, and average 1,350 ft/d.
Transmissivity values generally are lower in the
Caguas area than in the Gurabo-Juncos area.
Transmissivity values of 2,000-3,000 ft?/d are common
in the Gurabo-Juncos subarea, but are less than 1,000
ft’/s in the Caguas subarea. Specific-yield values are
estimated to be between 10 and 15 percent.

Ground water in the alluvial aquifer generally is
unconfined.  The aquifer is in good hydraulic
connection with the streams traversing the valley.
Additional aquifer recharge might be induced from the
streams if wells nearby are pumped.

The direction of regional ground-water flow in
the Caguas subarea is from southwest to northeast. In
the Gurabo-Juncos subarea, regional ground-water flow
is toward the Rio Gurabo and from east to west. The
Caguas and the Gurabo-Juncos subareas merge just
upstream of the Lago Loiza. The net ground-water
seepage to streams in the Caguas-Juncos Valley in
March 1988 was about 23 ft¥/s. In the Caguas subarea,
the average hydraulic gradient in the alluvial aquifer
was 49 ft/mi, while in the Gurabo-Juncos subarea it
was about 28 ft/mi.

Continuous and periodic ground-water level
records at selected wells indicate that seasonal
ground-water level fluctuations generally are between
1.5 and 11.0 ft, and average about 4 ft. Ground-water
levels generally are low in April and September and
high in December.

The amount of water in storage in the alluvial
aquifer was estimated to be about 46,700 acre-ft in the
Caguas subarea and about 75,200 acre-ft in the
Gurabo-Juncos subarea. The steady-state ground-water
budget analysis for the Caguas and the Gurabo-Juncos
subareas revealed that the main sources of water to the
aquifer are rainfall infiltration (6,100 acre-ft/yr in
Caguas and 5,600 acre-ft/yr in Gurabo-Juncos) and



bedrock seepage (5,400 acre-ft/yr in Caguas and 5,000
acre-ft/yr in Gurabo-Juncos). Most of the net outflow
from the aquifer occurs as stream seepage, 11,300

acre-ft in Caguas and 7,500 acre-ft/yr in
Gurabo-Juncos.
Ground water and surface water in the

Caguas-Juncos Valley is a calcium-bicarbonate type.
Locally, ground-water in the valley has high
concentrations of iron and manganese. Concentrations
of iron and manganese greater than 0.3 mg/L and 0.05
mg/L were observed at nine of the 18 wells sampled in
1987.

50

The values for other physical and chemical
characteristics were elevated in samples from some
wells.  For example, specific-conductance values
greater than 1,000 pS/cm were detected at three wells
and the sulfate concentration in one well was 1,700
mg/L.. Some PRASA wells were monitored for the
presence of volatile organics. The water-quality
samples collected in December 1988, indicated that
only one well (well 43) had detectable concentrations
of chloroform (67 pg/L). All surface-water samples
collected at six selected streams sites contained fecal
coliform bacteria and had concentrations as high as
520,000 col./100 ml.
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