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Please find enclosed the final .upu.w i yuancterra knvironmantal
Services for the ground-water samples taken during the
rehabilitation of the U.S. Navy wells located in the Naval
Ammunition Support Department (NASD), Vieques, Puerte Rice. Alse
encloged, I have included tables and figures which summarize the
findings from the initial survey conducted by the U.S5. Gaological
Survey (USGS) in October and the subseguent sampling in November,
1956. The purpose of the October visit was to rehabilitate the
existing wells using comprassed ailr and chemical treatment to
~_  enhance ground-water flow into the casing.

A total of fourteen wells were inventoried in the NASD area by USGS
personnel. The depth and depth to water were measured and the
coordinates obtained through use of Global Positioning System (GPS)
equipment. The findings were compared to existing data from
previous studies in the USGS Ground-water Site Inventory (GWSI)
database. Eight wells were matched based upon available
information with the remaining wells to be added to the database.
All wells were assigned a number according to the sequence of well
rehabilitation or proximity of nearby wells. Four wells were found
to be plugged with s0il or debris, one destroved, one with a bent
casing, and another was plugged with a2 beechive inside the casing
(see table 1).

A total of six wells were rehabjilitated using compressed air to
remove accumulated sediments and chemically treated (sulfamic
acid) to dissolve mineral buildup in well screens. The treated
wells are identified in table 1 with the USGS well rehab
designation. Sulfamic acid was added to remove any calcium
carbonate encrustation in the well screens at least 12 hours prior
to development with air. The air development was conducted for a
minimum of three hours and generally produced 1 tec 4 gallons per
minute from each well. aAfter the redevelopment was completed,
concentrated chlorine was added as a disinfectant.

04/11/00 TUE 09:21 [TX/RX NO 60881 [do01



Mr. Winston Martinez, Land Use Manager Page 2
Environmental Engineering Division

Ground-water sampling of five wells located within the NASD,
Vieques, Puerto Rico (figure 1) was conducted on November 18 and
20, 1996, with each well pumped for a period of time prior to
sampling to acquire a representative ground water from the agquifer.
Analytical results given in table 2. General sampling protocol
requires extracting a minimum of 3 well volumes from each well to
be sampled. Due to the chlorination process used following well
redevelopment, a minimum of 4.7 (U.S. Navy 11) and maximum of 87
(U.5. Navy 17) well volumes were pumped from the respective wells.
Samples were processed and preserved in the field using standard
USGS water-quality technigues and sent to Quanterra Environmental
Services at Arvada, Colorado, for analyses. The specific
conductance and pH were monitoxed during the pumping of each well.
Dissolved solids and the Scodium Adsorption Ratio (SAR) were
calculated from the laboratory results. The calculated dissolved
solids in the water samples range from about 450 to about 730 mg/
I.. The calculated Sodium Adsorption Ratios (SAR) values were used
to classify the ground water for agricultural use by comparing the
SAR values with the specific conductance of each well. ALl except
the wall U.S. Navy 10 has an SAR considered to have hazard levels
high in salinity and low in sodium (alkali) in use as an irrigation
water source (see diagram). The value for well U.S. Navy 10 fell
into the range for medium sodium hazard.

All the wells sampled showed high concentrations of iron and
manganese which exceeded the secondary drinking water maximum
contaminant level (SMCL) established by the Environmental
Protection Agency (EPA). The concentratioms of iron ranged from
0.8 to 6.1 mg/L, which exceeds the established SMCL for iron of 0.3
mg/L. The concentrations of manganese ranged from 0.18 to 0.54 mg/
L, which exceeds the established SMCL for manganese of 0.05 mg/L.
A detailed description of the geology of Vieques by Meyerhoff in
1927 eludes to the granitoid intrusives exposed over the western
half of the island. Volcanic rocks are a common source for iron
and manganese. A report published in 1996 on the Yabucoa valley
by Troester attributes high dissolved iron and manganese found in
numerocus wells to the volcanic source material within the drainage
basin.

The three wells sampled for Velatile Organic Compounds (VOCs)
indicated the presence of chloroform in the range of 0.74 to 6.2
Mg/L. The Maximum Contaminant Level (MCL) set by EFA for the
combination of trihalomethanes (chloroform, bromoform,
bromodichloromethane, dibromochloromethane) is 100 ug/L. The
trihalomethanes are usually present as a byproduct of direct
chlorination or disinfection, thus it cannot be inferred that these
contaminants are present in ground water at the site since chlorine
disinfection was conducted at the well.
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The analyses for organochlorine pesticides and PCBs tentatively
identified heptachlor epoxide (0.38 ug/L) in well U.S. Navy 17.
This compound was not confirmed in the second column analysis
therefora, it was not reported as present. Siloxane was also
detected in the range of 1.1 to 1.9 ug/L in wells U.S., Navy 17 and
Well rehab 2. The laboratory reports that siloxanes are common

laboratory and f£ield artifacts but may also be present in silicone
or lubricating clls with siloxane additives.

A total of 6 wells were surveyed for elevation using the benchmark
on the south side of highway 994, 0.4 mile east of Lagumna Kiani,
as the starting point. A reference maxrk near the entrance road to
the Navy Facility was used to survey the elevation for the well
U.S. Navy 17. The elevations of reference marks (RM's) established
at the surveyed wells within the Resolucidn valley ranged from 26.4
te 48.5 feet above mean sea level and well U.S. Navy 17 near the
Navy Pacility, was surveyed at 57.4 feet above mean sea level. The
water Jlevels taken in the wells located in the Resolucidn valley
indicate the altitude of the water table ranges from 0.57 feet
(U.S. Navy -~ USGS Well Rehab 2), nearest the shoreline to 2.62 feet
above mean sea level (U.$. Navy - USGS 3B) inland-most wells. Two
wells surveved and subseguent water levals indicate the altitide
of the water table is below mean sea level in the area of U.S. Navy
10 and 11 wells.

The preliminary findings of this study indicate that previous
estimates for the aquifer ground-water development potential in the
Resolucién valley could be high. It is highly recommended that
agquifer tegts be conducted to delineate the transmissivity,
specific yield, and the potential for saltwater encroachment inte
the well fields. This work was included in our original proposal
for the second year: We are willing to meet with you at your
convenieance to discuss this possibility. If you have any questions
regarding the results, feel free to call Gregory S. Cherry at (787)
749~-4346. '

Sincerxely,

Refuel ) S —

Rafael W. Rodriguez
District Chief

Enclosures
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Table 1. Degcription of wells located om NASD, Vieques Island, Puerto Nico
[—. indicates data not available; USL, mean sea laval]

Dake

Type of Depth
well Land to water Water waker
Hell UsGE Yaar Measured Casing tinish surface below leval lavel
number Well name Zite ID Lat/Long cans— depth diameter and altitude land altitude, weasvred
on GPE unit tructed of well (inches} €inish of well surface in ft {month~
figure 2 : {faat) interval ({feet) datum above day-~
{feet) {feet) HSL year)
1 0.5, Mavy 180638065315900 180656 655259 — 75.40 10 - 26.31 25.80 0.57 11-21-96
{USGS Well Rehab 1) Surveyesd
72 U.S. Bavy 8 1806590653259300 180658 633253 -—- 46.3 8 - 23 25,00 - 10-30-96
{USGS 23) Topo may)
1 0.8, ¥avy 7 180657065325700 180657 §531259 1941 pestroyed a - -— - —
{usas 28)
4 U.S. Mavy 6 180654065325900 180631 651256 —- 60.0 21 - 36.65 36.10 8.55 11-21-96
{usGs Well Rehab 3) Surveyed
5 .8, ¥avy 5 1808544065375400 180647 5332%4 -~ 16.5 6 - i3 Plugged
{USGS 3A] Topo map
6 U.5. Navy (USGS ¥8) -- 180640 653254 -~- 58.1 6 - 49.53 45.91 1.62 11-21-9¢
Suxveyed
7 U.5. Wawy 10 180637065331000 L8QE39 €32311 -~- 58.¢ § - 33.?7 34.35 -0.383 1i-21-96
{USGS wall Rehab 4} Surveye<d
8 U.S. Navy 9§ 1806400653)0700 1806639 633309 - 35.0 8 - 33 Plugged
{USGS 4B} Topo map
g U.5. Navy 11 180617065330700 180633 651308 1941 48.5 18 a-65 35.714 36.08 -0.34 11-21-96
{USGS Well Rehab 5) Perforated Surveyed
10 U.8, Navy {USGS 5} - 180637 653254 - B0 6 - 419 Plugged
11 VU.S. Ravy 17 1807270635312600 180723 653128 — 63.¢ B - 87.41 53.46 3.95 11-21-96
{USGS Well Rehah 1) Surveyad
12 U.5. Navy [USGS 3C) -- 180647 651254 -~ 45.5 6 ~-— 40.19 38.95 1.24 10-31-96
Surveyed
13 .5, Navy (USGS 3D) -- 180644 653255 -- 42.7 6 - - Plugged
14 U.S5. Wavy (USGS 4C) - 180637 653308 -~ Well rasing plugged with boehive




Table 2.--Summary of Physical and chemical charactezistics of ground water at selectad wells within
the Resolucién alluvial aguifsr, Isla de Viegques, Puerto Ric-o.

[-~~, indicatas data not available; pS/cm, wicrosiemens per centimeter at 'S degrees Celsius;
mg/L, willigrams per liter; SAR, sodium adsorption ratio; ND, not adetected]

12:60 HOL 00/TT/7V0

Spe- Nitxate
citie ag
Time Pump Total com- pH ]
well of rate draw- duct- {stand- dis-
mumber pump- {gal down ance ard solved  Calcdum, Magnesium, Sodium,

$ell mmber on Date of age ver in {§S/cm}  units) {mg/1, disseolved dissolved dissolved

and name figure Sample (min.) min) feet (Field) {Pleld} as N) {m3 /L) {rg/L) {mg/L)
1 U.S. Navy 17 11 11-19-96 175 i) .66 1,215 - 1.1 54 45 188
1 Well Rehadb 2 1 11-19-86 122 22 15.16 250 - 1.4 [y} 30 147
3 U,5. Navy 11 3 11-19-9%6 40 18-22 4.31 1,300 - 1.4 23 13 119
4 U.S. Havy & 4 11-20-%6¢ 134 21 12.5% 506 6.6 1.6 46 23 133
5 U.S. ¥avy 10 7 11-20-96 60 22 3.34 750 6.6 1.7 14 12 156

Han~ Alkalinity Sodium
SulEate, Chloxride, Fluorids, Zine . Iron ganese {smg/L as Adsorption

Well number dissolved dissolved dissolved dissclved dissolved dissolwed (aco3} Ratio

and name {mg/L) img/L) (mg/L} {mg/L) {ng/L] {mg/L) {Lab) {SAR)
t U.S. Wavy 17 33 1178 < 1.9 < 0.01 0.8 0.21 168 3.9
2 vwell Rehab 2 26 104 < 1.0 0.02 1.9 ¢.18 348 4.1
3 U.S. Navy 11 17 79 < 1.0 < 0.01 §.1 0.139 254 5.3
¢ U.S. Navy 6 19 30 < 1.0 2.01 5.0 0.54 309 1.0
5 @.S. Navy 10 15 16 < 1.6 0.03 2.0 9.13 61 7.4

Summary of detected Volatlle Organic Compounds {VOCs) and Organochlorine Presticides
Heptachlor

Well number Chloroform Siloxane epoxide

and name thg/L) {prg/t} (pg/L}
1 U.§, Ravy 17 ¢.74 1.1 WD
2 Wall Rshab 2 1.1 1.% ®D
3 U.S. Ravy 11 6.2 -ND ND
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Figure 1. Location of lsla de Vieques, Puerto Rico, an@ Nava) Atmunition Support Department (NASD).
.
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