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1.0 INTRODUCTION

Construction of the Interim Corrective Measure (ICM) at the Tow Way Fuel Farm (TWFF) Naval

Station Roosevelt Roads, Puerto Rico (including the commissioning phase) was completed April 30,

1997.  This is the twelfth Quarterly Progress Report which provides a summary of free-product

removal progress during the commissioning stage and first eleven quarters of operation of the program.

This document being Quarterly Summary Progress Report No. 12 covers the period of operation of

the ICM system from November 1999 through January 2000.

Two types of progress reports are being provided for the ICM.  The first type (Type I) is a basic

summary report of ICM activities during the preceding three months.  At a minimum, the basic

summary report contains the following:

! Well Location Map fully annotated with well designations

! Tabulation of water levels at the site

! Tabulation of free-product thickness measured at the site

! Tabulation of free product recovered during the reporting period

! Tabulated cumulative total of free product recovered to report date

! Discussion of the system operation for the reporting period

[Note: The preceding list was developed based on the requirements contained within the Environmental

Protection Agency (EPA) Region II comment letter of March 7, 1997].   The first Type I summary

report (Quarterly Summary Progress Report No. 1) covered the months of January, February, and

March 1997 and was submitted on June 3, 1997.

The second type of report (Type II) is produced semi-annually and contains a more rigorous analysis

of the system=s progress to date and its ability to effectively remediate the free-product plume at the

Tow Way Fuel Farm.  To accomplish this, the semi-annual report contains all the elements included

in the Type I quarterly report as well as the following:
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! More extensive discussion of the systems operation and effectiveness

! Results of groundwater modeling of various scenarios including the present case (i.e.,

continued operation of the existing recovery system) and one or more cases involving

enhancements to the existing system.

! Analyses of possible system enhancements.

The first Type II semi-annual report (Quarterly Summary Progress Report No. 2) covered the months

of April, May, and June, 1997 and was submitted on September 22, 1997.

Quarterly Summary Progress Report No. 3 was a Type I basic summary report and covered four

months instead of three:  July, August, September, and October 1997.  It was submitted on December

10, 1997.  [Note: the data from October 1997 was included in Quarterly Summary Progress Report

No. 3; however, because of the change in reporting schedule, the October Terra Vac Report was not

available for inclusion in the appendix of this document.  The October Terra Vac Report was included

in the Quarterly Summary Progress report No. 4 to provide a complete record.]

Quarterly Progress Report No. 4 was a Type II report and covered the months of November and

December, 1997 and January 1998.  It was submitted on March 6, 1998.

Quarterly Progress Reports No.=s 5, 6,  and 7 were Type I reports and covered the months of February,

March and April, 1998; May, June, and July 1998; and August, September, and October 1998,

respectively.

Quarterly Progress Report No. 8 was the third Type II Report and covered the months of November

and December 1998 and January 1999.  It was submitted on February 26, 1999.

Quarterly Progress Report No. 9, 10, and 11 were Type I Reports covering the months of February,

March, and April 1999; May, June, and July 1999; August, September, and October 1999

respectively.
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This Quarterly Progress Report No. 12 is a Type I Report covering the months of November and

December 1999 and January 2000. 

It should be noted that reports 5, 6, and 7 have been Type I rather than alternating between types

which would apparently be indicated by the schedule.  During an August 4, 1998 conference call

among the Navy, EPA Region II, and Puerto Rico Environmental Quality Board (EQB), it was decided

that if conditions had not changed enough at the site to warrant a modeling effort, the modeling would

be performed for the next quarterly report (5/98 - 7/98), the results of which will be used in the

Corrective Measure Study (CMS) Task I report.

During the next quarter, hurricane Georges hit the island with strong winds and heavy rains.  The

water table was raised as a result of the rains causing anomalous measurements.  During the

November 4, 1998 JIG Conference Call, it was agreed that modeling anomalous conditions would

serve no useful purpose in the August 1998 through October 1998 quarterly report.  Therefore,

modeling was postponed until the previous quarter (November 1998 through January 1999) when it

was assumed that conditions would have returned to Anormal.@

Modeling was performed in Quarterly Summary Progress Report No. 8 using ARMOS.  The results

of the modeling effort will be used to assist in screening corrective measures to be performed as part

of Task 2 of the Operable Unit (OU) 2 CMS process.  Conditions have not significantly changed at

the site since the last modeling effort, therefore, no new modeling has been performed.
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2.0 CONSTRUCTION ACTIVITIES

This section describes the construction activities that took place during the reporting period of this

report.

The recovery system has been in full operation since April 30, 1997.

There are currently pumps in wells PW-6, RW-1, and RW-4. However, the system was shut down last

quarter on October 31, 1999 to let the site conditions stabilize for the upcoming pneumatic fracturing

pilot study.  The recovery system has been off-line since, due to the current pneumatic fracturing pilot

study.  This pilot study will be used to evaluate the enhancement of product recovery using pneumatic

fracturing methods as well as different pumping methods.  The pilot studies will be completed around

June 2000  Future construction activities will be documented in subsequent Quarterly Progress Reports

as appropriate.
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3.0 SITE CONDITIONS

This section describes the existing site conditions including groundwater flow, current estimated

product thickness, and the extent of product contamination in the soil and groundwater.

3.1 Product Release History

Seven underground fuel storage tanks (USTs) are located north of Forrestal Drive on a hill overlooking

Ensenada Honda.  These tanks constitute the upper Tow Way Fuel Farm.  As referenced in the

NEESA report 12-051 (September, 1984), spills, leaks, and sludge disposal have occurred here since

1957.

In 1957 or 1958, a fuel line to Tank 82 leaked, resulting in a spill of Bunker C fuel.  It is estimated

that approximately 420,000 gallons of Bunker C fuel leaked from the storage tank.  The oil spill

followed a path downhill toward the harbor in a southwesterly direction towards Ensenada Honda,

extending to the shoreline and the Ensenada Honda mangrove swamp across the harbor.

It is also estimated that approximately 420,000 gallons of fuel spilled from Tanks 56A and 56B, onto

the surrounding soil over a 15 to 20-year period.  Tanks 56A and 56B were removed in February

1984.  A dark fuel-stained soil was present around the old tanks.  Isolated pools of oil from the spills

and leaks were evident on the groundwater that seeped into the holes where the tanks had been

removed.

Between 1971 and 1972, Tanks 83 and 1080 were cleaned and the Bunker C fuel sludge was emptied

into two pits dug within a 100-foot radius of the tanks.  One pit was dug approximately 100 feet in

circumference and 10 to 20 feet deep near Tank 83; the second pit was 50 feet in circumference and

10 to 20 feet deep near Tank 1080.  It is estimated that 3,900 to 7,500 cubic yards of Bunker C fuel

sludge were cleaned from the tanks and disposed of at the site in these pits.
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In 1978 a leak occurred at Tank 1080, resulting in the release of approximately 65,000 gallons of

diesel fuel from the tank.  It is estimated that about 10,000 gallons were recovered during cleanup

operations.

In November 1986, Tank 85 leaked approximately 91,000 gallons of JP-5 fuel.  Approximately

12,000 gallons were recovered on land and 10,000 gallons were recovered from water.  Another

10,000 gallons were trapped in sand under the tank.  As a result, approximately 59,000 gallons were

unaccounted for during the spill (NAVSTA, Roosevelt Roads, 1992).

3.2 Monitoring Wells, Product Recovery Wells, and Soil Borings

Investigations have been conducted at the Tow Way Fuel Farm by various consultants under various

programs since 1982.  One result of these studies has been the installation of 60 monitoring/recovery

wells and 28 additional soil borings. The wells and soil borings are summarized on Table 3-1.

Figure 3-1, the site map, shows the location of the monitoring wells, product recovery wells.  The

newest well , UGW-20R, must be added to the monitoring program.  The resulting data will be added

to the database and the figures once the well has been surveyed for location and elevation.

In past months it has been noted that the field crew responsible for taking measurements has not made

measurements consistently in every well.  Improvements have been made in the last quarter, however,

several wells were not measured consistently during the site-wide event this quarter (see Table 3-2).

For the sake of accuracy and completeness, the field crew should make every effort to take

measurements in every well as located on the current map.

3.3 Groundwater and Product Information

Groundwater monitoring activities have occurred during the various studies and have most recently

been conducted by McLaren/Hart as part of their Interim Corrective Measure.  Water levels and

product thicknesses are normally measured monthly.  The monthly groundwater and product level

measurements from the Operation and Maintenance (O&M) Reports are presented on Table 3-2.
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Table 3-3 summarizes the historical product thickness measurements in all site monitoring and

recovery wells.  A complete round of water level and product thickness measurements were made

during November and December 1999 and January 2000.

Groundwater flow directions remain generally southwestward toward Ensenada Honda.  There still

appears to be a component of flow toward the southeast along Forrestal Drive.  This is important to

note because the roadway shoulder (and most likely the underlying utility fill) appears to be a possible

conduit for groundwater and floating product.

Figures 3-2, 3-3, and 3-4 reflect groundwater measurements taken in November and December 1999

and January 2000, respectively.  They show that the general groundwater flow direction is still toward

Ensenada Honda.  Local deflections of the contours indicate a preferential flow direction along

Forrestal Drive toward the southeast. 

Figure 3-2 shows that there was a large groundwater mound during November to the north of Forrestal

Drive within well 7MW02A.  There is also mounding in well 470-MW1 to the north west of Forrestal

Drive and in UGW-20 near the bay.

Figure 3-3 shows that the mounding is occurring in well UGW-2 to the north side of the site and in

RW-1 to the north west of Forrestal Drive in December.  Well 7MW02A was not measured this month

to determine if the large groundwater mound is still present.

Figure 3-4 shows that the mounding is still present in UGW-2 to the north of the site, but is not as

significant in RW-1 in January.  There is also a small groundwater mound in UGW-20 near the bay.

Figure 3-5 shows that the thickest measured product in November (up to 10.95 feet thick) is floating

atop the water table between wells UGW-12 and RW-4 along Forrestal Drive.  Also, floating product

(up to 9.00 feet thick) lies along Forrestal Drive between wells UGW-17 and RW-6.  Smaller amounts

of product are present near UGW-19 and UGW-21 along Forrestal Drive. Also present is a relatively
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smaller amount of product (1.6 feet) in well UGW-25 to the west side of the site.  There is still a small

amount of product in the cluster of wells that include PW-5 and MW-1. 

Figure 3-6 shows that the thickness of the floating product has decreased  in the wells along Forrestal

Drive in December.  The thickest measured product exists near wells UGW-12 and UGW-13 where

the floating product is as much as 8.70 feet thick.  There is also a significant amount of product near

wells UGW-17 and UGW-21.  The second area of floating product (1.1 feet thick) lies to the northwest

of Forrestal Drive in well UGW-25.   There were only very small changes in product in the cluster of

wells that include PW-5 and MW-1.

Figure 3-7 shows that the floating product between wells UGW-12 and UGW-13 is nearly the same

in January as in December.  This narrow band of product appears to be migrating to the southeast

along Forrestal Drive.  This is indicated by the consistent product thickness in UGW-21.  Product

thicknesses in UGW-21 and UGW-17 also remain high this month.  The product level in well UGW-25

has remained the same as in December (1.1 feet thick).  The amount of floating product in the cluster

of wells that include PW-6 and MW-1 has remained nearly the same as in December. 
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4.0 FREE PRODUCT RECOVERY PROGRESS

Two product recovery systems have been installed at the Tow Way Fuel Farm.  The first system,

installed as an emergency measure by Terra Vac, consisted of free product skimming.  This system

was also used for the testing of single, dual, and triple-phase free-product recovery.  The second

system, installed by McLaren/Hart (formerly ICHOR, under contract to J.A. Jones)  was installed as

an ICM under Resource Conservation and Recovery Act (RCRA) corrective action for free product

recovery at the TWFF.  The varying success of each of these recovery systems is discussed in the

following paragraphs.

4.1 Terra Vac Product Recovery Testing

Terra Vac=s product recovery testing started with product-only skimming pumps in several of the

existing wells at the TWFF (including UGW-1, UGW-3, UGW-5, UGW-12, UGW-13, and UGW-17).

In 1994 and 1995 Terra Vac performed a small-scale pilot test of recovery systems which included

extraction of single, dual and triple phases (product skimming only, product skimming with

groundwater table depression, and product skimming with groundwater table depression assisted by

vacuum extraction of the vapor phase, respectively).  As a part of the program six recovery wells (PW-

series) and four monitoring wells (MW-series) were installed.  

The conclusions from testing stated that the triple-phase recovery was the most effective means of

removing the product (i.e., it had the highest rate of gallons removed over time).  The total product

volume recovered in 1994 and 1995 by Terra Vac was reported to be 12,630 gallons.

4.2 McLaren/Hart Product Recovery

The McLaren/Hart product recovery system was under construction (which includes the

commissioning phase) until April 30, 1997.  The system originally proposed to have eight oil-

skimming (single-phase) recovery wells in operation  (RW-1, RW-2, RW-3/UGW-22, RW-4, RW-5,
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RW-6, RW-7, RW-8).  Ultimately, the recovery pump was not installed in RW-3/UGW-22 because

there was no significant accumulation of product.

Monthly progress reports of the J.A. Jones/McLaren/Hart recovery system for November and

December 1999 and January 2000 are included in Appendix A.  As of October 1999,  recovery wells

reside in PW-6, RW-1 and RW-4.  However, the system has been shut down since October 31, 1999

to allow the pneumatic fracturing pilot test to be conducted.  The pilot studies will be completed

around June 2000. 

The operation of two new 2-inch recovery wells in PW-4 and PW-6 was initiated on August 7, 1998.

An additional vault was constructed at PW-3 should recovery at this well become necessary.

Resurveying may be necessary if the installation of the well vaults changed the elevation of the

measuring points.

The recovery system is a skimming-only (single-phase) system and has been extracting product and

nuisance water since its start up in December 1996.  Product recovery in individual wells is not

gauged.  Groundwater and product elevations in the recovery wells are monitored at least monthly.

The total amount of product removed using the Terra Vac system in 1994 and 1995 was 12,630

gallons.  In 1996, the Terra Vac system recovered 1,143 gallons.  The monthly volume of product

removed using the McLaren/Hart recovery system in December 1996 was 178 gallons (see Table

4-1).  For 1997, the annual volume of product recovered was 974 gallons.  For 1998, the annual

volume of product recovered was 654  gallons.  For 1999, the annual volume of product recovered was

201 gallons.  Currently, there are no product recovery efforts taking place and the total volume

recovered for 2000 is zero gallons.  The system has been off-line since October 1999 and bailing of

product has also been suspended to allow product and groundwater levels to stabilize during the

pneumatic fracturing pilot studies.  The total volume of oil recovered monthly and cumulatively since

start-up is, therefore, 15,780 gallons as indicated in Table 4-1.
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5.0 RECOVERY SYSTEM ANALYSIS

There remains a large discrepancy between the recovery volumes of the Terra Vac multi-phase

recovery system testing (1995) and the newer McLaren/Hart (formerly ICHOR) single-phase system

of product recovery.  Only about 1,800 gallons were recovered in 1996 through July 1999 with the

single-phase system, compared to over 12,000 gallons from the combined single, dual, and triple-phase

systems in 1995.  The most likely explanation for this is that the multi-phase recovery is much more

effective than single phase recovery.  This was the conclusion of the testing completed in 1995 by

Terra Vac.  Another possible explanation is that the volume reported from the multi-phase recovery

system included nuisance water; however, according to Terra Vac personnel (personal communication,

February 1998), only free product actually recovered was reported.

The Terra Vac system used different wells (PW-series) and produced much better recoveries than the

current system.  Local heterogeneities in soils can also cause remarkable differences in product

thicknesses over short distances, suggesting that the locations of the former Terra Vac wells were

better placed than are those in the current system.  It should be noted that two new 2-inch recovery

pumps and well vaults were installed in monitoring wells PW-4 and PW-6.  However, none of the

pumps operated during this quarter.  The system has been shut down since October 31, 1999.

The McLaren/Hart single-phase product recovery system completed its start-up and commissioning

phase on April 30, 1997 and has since been in operation. Due to the continued heavy rains in

November 1998 the water table was unusually high.  As a result, the product thickness in the recovery

wells was limited.  As of December 1998, pumps were operating in  wells RW-1, RW-5, RW-8, and

PW-6.  Then in January 1999, the pump was removed from RW-1 to facilitate the ManTech pilot

study and a  recovery pump was installed in RW-7.  In May 1999 the pump from RW-7 was then

removed and placed in RW-4.  A pump resided temporarily in well RW-8 in August and September

1999.  Wells RW-1, RW-4 and PW-6 contain the only recovery pumps.  However, none of these

pumps were in operation this quarter.
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5.1 Evaluation of Effectiveness to Date

To evaluate the recovery system during this phase, product thickness trends over time in individual

wells were reviewed.  Some monitoring wells that are very near to recovery wells are still registering

large thicknesses of floating product while the recovery wells themselves have comparatively small or

no product thicknesses.  Specific examples of this are shown in Table 5-1.  Figures 5-1 through 5-9

present the graphical analysis of these trends.

These observations may be explained by a relatively low efficiency in the product recovery wells.  That

is, the air-to-product interface would be very steep coming into a particular recovery well and the

product=s Acone of depression@ (depending solely on gravity to move the product) would not extend

laterally very far from the recovery well.  The viscosity of the product and the granularity of the soil

are also major controlling factors in determining how far a Acapture zone@ will extend from each well

and how much product can ultimately be recovered.  Recovery well construction is probably not

responsible for the low volumes because it has little effect on the two aforementioned controlling

factors.  The reported heterogeneity of soil and fill materials would also make conditions right for

highly variable product thicknesses over short distances.

Also, when floating product is removed from a single-phase recovery well and the water table remains

essentially flat (with no pumping of water), there is no increased hydraulic gradient for the product in

the formation to replace the removed product.  Therefore, replacement of the product in the wells is

slow.  If the water were extracted to increase the gradient into the well, the mobile (free) product would

replace the removed product faster; however, the trade-off would be that a zone of smearing would

develop caused by the moving water table and more of the product would become immobilized as

residual which would subsequently be impossible to remove.  However, such residual product would

be subject to natural or enhanced biodegradation.

Figure 5-1 shows the product thicknesses in monitoring wells UGW-3 and UGW-25 and in recovery

well RW-1.  These monitoring wells are 35 and 142 feet from RW-1, respectively.  UGW-3 is almost

directly upgradient of RW-1 and had, until April 1998, shown a somewhat inverse correlation to the
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thicknesses trends  in RW-1.  Since April 1998, however, the product thickness in UGW-3 has steadily

decreased, perhaps in response to active recovery in RW-1.  It should be noted that nearly three feet

of product was removed from UGW-3 on April 20, 1998 during the groundwater sampling event

conducted for the Corrective Measures Study Investigation (Baker, 1998).  It is difficult to tell whether

the hurricane also contributed to the decrease in product thickness in UGW-3 after September, but it

is possible.  The lack of sympathetic responses in UGW-25 prior to September 1998 indicates that the

width of the capture zone for RW-1 does not extend 142 feet to the west.  It also indicates that the

decrease noted after September 1998 was in response to flooding by the hurricane.  Starting in January

1999 no product was detected in any of the three wells.  In January 1999, the CleanOx Pilot Test was

conducted and therefore, no readings were taken from RW-1 until the test was completed.   During a

previous quarter there was a significant increase in free product thickness in all of the wells.  This

increase is attributed to recharge that occurred after the CleanOx Pilot Test terminated.  During last

quarter there was a significant decrease in measured product in UGW-3 and RW-1.  UGW-25 had

returned to historic product levels.  The decrease in product thickness could be attributed to the

increased rainfall that had occurred during last quarter.  This quarter, UGW-25 increased slightly in

November 1999 and then decreased slightly in December 1999 and January 2000.  RW-1 remained

nearly the same this quarter, only increasing slightly.

Figure 5-2 shows that RW-2 has very little measurable product while the nearest monitoring well

(UGW-4) at a distance of 26 feet of RW-2 has had about 10 feet of product thickness until April 1998.

On April 20, 1998 approximately eight feet of product was removed from UGW-4 during the

groundwater sampling event conducted as part of the Corrective Measure Study Investigation (Baker,

1998).  RW-2 has been off-line for several months due to lack of product. No product was measured

in these wells for several quarters, including this quarter.

Figure 5-3 indicates that, until July 1998, product thicknesses had been increasing in five of the seven

wells downgradient of RW-2 (wells UGW-1, PW-5, PW-4, PW-3, & MW-3).  With the exceptions

of PW-6 and MW-4, these wells had increasing trends in product thickness over time.  It should be

noted that approximately 1.6 feet of product was removed from MW-4 on April 19, 1998 during the

Corrective Measure Study Investigation (Baker, 1998).   After July 1998, with the addition of product
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recovery in wells PW-4 and PW-6, the product thicknesses in four of the seven wells (PW-4, PW-6,

MW-3, and UGW-1) have decreased substantially.   After the hurricane in September, PW-4 and PW-

6 went off-line due to flooding.   In November, PW-6 was brought back on-line.  Product thicknesses

in wells PW-3 and PW-5 continued to increase after the hurricane until December; in January the

product thicknesses in these two wells decreased dramatically.  This decrease may be in belated

response to recovery in PW-6.  PW-4 remains off-line due to clogging.  There has not been much

change in product thickness after January.  This observation, along with continued monitoring  will

help to confirm the hypothesis that PW-6 caused the decrease in PW-3 and PW-5.  During May, PW-6

was not gauged due to well clogging from adjacent construction activities.  This clogging caused an

increase in measured product  in PW-3.  Then PW-6 resumed pumping in June and a skimmer pump

was temporarily installed in PW-3.  As a result, the product level in PW-3 decreased.  PW-6 continued

to pump last quarter and product levels remained low, although increasing slightly.  UGW-1 had

decreased from about two feet  to around one half of a foot of product.  The reason for this cannot yet

be determined.  Further observation will allow a reasonable conclusion to be made.  This quarter,

product levels remained very low or did not exist.  There was a decrease in product in PW-4 in

November due to the system being shut off in October.

Figure 5-4 shows that the cluster of wells along the eastern side of the access road near RW-3/UGW-

22 typically contains less than 2 feet of product.  However, during March 1999, wells PW-2 and MW-

1 recovered over 2 feet of product.  Last quarter, wells PW-2 and MW-1 returned to product levels

below 2 feet. The increase in product in the last two quarters, as compared to previous quarters,

indicates that the bulk of the product is likely moving toward Forrestal Drive through another pathway,

probably west of the access road.  It is not very likely that the floating product is moving farther east

beneath the hillside; it=s more likely to be moving southwest directly toward Forrestal Drive before it

turns southeastward.  RW-3 has never been used to recover floating product due to lack of product.

  Last quarter there was a decrease to no recovered product in August.  This was probably due to

increased rainfall at the site.  A gradual increase, although still less than one foot of product, was then

seen in September and October as the product recovered to its normal level.  This quarter, most wells

remained at normal levels.  Most of the wells showed a slight overall increase in product levels.
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Figure 5-5 shows no direct relationship between recovery operations in RW-4 and product thicknesses

in UGW-12 (27 feet away).  RW-4 was off-line until this quarter because little or no product was

found.  UGW-12 continues to have a very thick layer of floating product despite the lack of product

in RW-4.  During previous quarters starting in December 1998, a significant drop in product thickness

was seen in UGW-12. Last quarter well UGW-12 continued to decrease dramatically in product

thickness until August.  Then in September and October, a dramatic increase was seen and product

levels resumed to near 10 feet.  This quarter, levels increased to around 11 feet  in UGW-12 and then

decreased to above 8 feet in December and January.  RW-4 remained at zero feet of product for the

entire quarter.   

Figure 5-6 shows that until July 1998, product thicknesses had been increasing in RW-5, but a

dramatic decrease occurred during September 1998, perhaps due to the hurricane.  It should be noted

that approximately six feet of product was removed from UGW-13 on April 21, 1998 as part of the

groundwater sampling event conducted during the Corrective Measures Study Investigation (Baker,

1998). During the previous two quarters, product thickness increased slightly in RW-5.  Product

thicknesses decreased dramatically from December 1998 to April 1999 from approximately 12.5 feet

to approximately seven feet in UGW-13 (25 feet away) due to the reactivation of RW-5.  During May,

product thickness in UGW-13 increased to 10.27.  This may have occurred because the pump in RW-4

was removed early in May allowing product to migrate into UGW-13.  Well RW-4 was put back on-

line in late May.  This combined with the installation of a skimmer pump in UGW-13 caused a

decrease in product for June.   Last quarter, no product was recovered from UGW-13 in August.  A

skimmer pump was installed in well UGW-13 in August and a dramatic increase, to above 11 feet,

occurred in September.  A decrease of nearly the same proportion occurred in October.  This quarter,

a huge increase was seen between October and November when the system shut off and the levels

remained around 9 feet thick.  Thickness in RW-5 has decreased to zero.

Figure 5-7 shows that UGW-17 (16 feet away from RW-6) had been showing a marked decrease in

product thickness from January until July 1998.  On April 21, 1998 approximately six feet of product

was removed from UGW-17 as part of the Corrective Measures Study Investigation.  There has been

a dramatic increase since then in UGW-17; almost 10 feet of product has been measured.  This may
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be an indication that the product in this area is moving en masse in response to the flooding and

increased rainfall over the past months.  However, such a theory does not account for the absence of

product in RW-6.  RW-6 has been off-line for the past several months due to lack of product.  Product

thicknesses had begun to decrease significantly in UGW-17.  Previously the product thickness had

increased greatly in May and June, and then began a decrease in July.  Last quarter  product

thicknesses continued to decrease until there was no product measured in August.  An increase then

occurred in September and October.  This quarter, a  large increase to around 9 feet was seen in

UGW-17 after the system was shut off in October.  Then a decrease to below 4 feet occurred in

December and remained the same in January.  Product levels remained at zero in RW-6 for the entire

quarter.

Figure 5-8 shows that some relationship had existed between recovery operations in RW-7 and product

thicknesses in UGW-19 (10 feet away), especially from August to October 1997.  This does not

appear to have been a long-term relationship, however, since RW-7 had been off-line from October

1997 until January 1999 due to lack of product.  A pump remained in RW-7 until May 1999, when

the pump was moved to RW-4.  Last quarter less than 1 foot of product was found in RW-7 while

product thickness in UGW-19 was near 1.5 feet.  However, a pump did reside briefly in RW-7 during

May, but no effect was seen on measured product.  RW-7 has since been off-line.  Last quarter no

product was measured in August, but there was a slight increase in product that occurred in September

and October.  This quarter, product levels remained the same (less than 1 foot) since the shut off of

the pumps in October.

Figure 5-9 shows no relationship between recovery operations in RW-8 and product thicknesses in

UGW-21 (12 feet away).  Generally, the product thickness in UGW-21 appears to be consistently

greater than two feet while the thickness in RW-8 fluctuates between 0 and 4 feet (depending upon the

status of the recovery operation).  However, during last quarter the product thickness in UGW-21

increased to almost 8 feet.  Because the pump in RW-8 was not operating in May, product was

allowed to migrate into UGW-21 in June.  Then when the RW-8 resumed pumping in June, the product

level in UGW-21 decreased to just above 2 feet.  A pump resided in RW-8 until September, and the

product thickness in UGW-21 decreased in August and then increased in September and October.  This
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quarter, product increased in UGW-21 to above 4 feet.  This is due to the shut off of the system in

October.  Product levels remained above 4 feet in January.  Levels in RW-8 remained just above zero

feet.

There are a number of  reasons which could account for the apparent anomalies and lack of responses

to recovery efforts, some of which include:

! Product Viscosity and Soil Granularity:  The most influential factors in determining

how viscous oil flows through the overburden are the grain size of the porous medium

and the viscosity of the non-aqueous phase fluid.  Severe heterogeneities in the soil

and fill materials would most likely produce highly variable product thicknesses over

short distances.

! Well Diameter: The monitoring wells are either 2 or 4 inches in diameter.  The

recovery wells are 6 inches in diameter.  There may be some capillary influences  to

account for the differential product thickness readings.

! Measurement Methods: Field personnel may not allow adequate time between system

shut-down and product measurements.  Inadequate recharge time for the recovery

wells may account for the differential product readings.

! Screened Intervals: Logs from the recovery wells and the nearby monitoring wells

should be compared to evaluate if differences in screened intervals could be causing

the apparent discrepancies.

5.2 Hydraulic Characteristics Evaluation

McLaren/Hart, Inc. (the operator of the TWFF ICM) recently performed some limited pump testing

in certain wells at the TWFF.  The efforts were undertaken in response to a request for such testing

made by the EPA.  Appendix B of Report No. 10 contains the McLaren/Hart report of this testing.
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Pumping/drawdown tests were done in RW-4 and PW-3.  The pumping rates for both wells were set

at the approximate capacity of each well which was found to be 0.13 gpm for RW-4 and 0.009 gpm

for PW-03.  Effect of the pumping at wells PW-3 and RW-4 failed to develop an appreciable hydraulic

gradient in the subsurface, especially in the wells located near the utility corridor along Forestal Drive

(Wells UGW-12 and UGW-13).  The calculated radius of influence for well PW-3 is approximately

25 feet defined by a drawdown of 0.02 feet.  

In addition, the results of the pumping tests confirm that the subsurface conditions in the area north

of the equipment compound are different from the area along Forestal Drive and the third plume area

near RW-1.  The pumping test results also indicate that the subsurface conditions change dramatically

moving laterally from Forestal Drive due to the steeply sloping and undulating rock surface.

5.3  Summary and Conclusions

The single-phase recovery system completed its commissioning and start-up period on April 30, 1997

and has been in full operation for 27 months.  A  review of the operation of the recovery system to date

and its impact on the free product plume indicates that product thicknesses as measured in the

monitoring wells are not being consistently affected by the system operation, with the exception of the

newly included recovery in wells PW-4 and PW-6.  Individual single-phase recovery wells may have

sporadic periods or localized areas in which floating product can be captured; however, the single-

phase system as a whole is not capable of containing the bulk of the floating product.  The system has

been shut off since October 31, 1999 due to the operation of the pneumatic fracturing pilot test.

Product levels and groundwater are still in the process of returning to normal.  Due to lack of pumping

in recovery wells, some increases in product in monitoring wells were seen.  However, some decreases

were seen in measured product.  Since this is a transition period for both the groundwater and the

floating product as they return to normal conditions, future quarters will allow further determination

of the site’s response to the lack of activity.   The system will not be in operation until June 2000 at

the completion of the pilot study. 
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5.4 Recommendations

No recommendations with respect to the ICM are applicable this quarter due to the system being

shut off for the entire quarter.  Recommendations will be added when pumping resumes for the

ICM.  It is recommended that the future Quarterly Reports for the TWFF only consist of reporting

of the groundwater and free product levels without the detailed analysis.  Once the recovery

operations resume at the TWFF the Quarterly Reporting will then resume with the detailed

analysis.
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TABLE 3-1

SUMMARY OF MONITORING WELLS
TOW WAY FUEL FARM

NAVAL STATION ROOSEVELT ROADS
CEIBA, PUERTO RICO

Well
Identification

Number
Date

Installed
Installation
Company

Diameter
(inches)

General
Information

7MW01A 2 May 1996 Baker Environmental 2 Remedial Field Investigation
7MW02A 21 April 1996 Baker Environmental 2 Remedial Field Investigation
7MW03 8 April 1996 (1) Baker Environmental 2 Remedial Field Investigation
7MW04 16 April 1996 Baker Environmental 2 Remedial Field Investigation
7MW05 22 October 1997 Baker Environmental 2 Interim Corrective Measure
7MW06 23 October 1997 Baker Environmental 2 Interim Corrective Measure
7MW07 22 October 1997 Baker Environmental 6 Interim Corrective Measure
7MW08 28 October 1997 Baker Environmental 6 Interim Corrective Measure
7MW09 24 October 1997 Baker Environmental 6 Interim Corrective Measure

470-MW1 (2) unknown unknown unknown UST Removal
470-MW3 (2) unknown unknown unknown UST Removal

GW-02 (2) unknown unknown unknown Confirmation Study - requires verification
GW-03 (2) unknown unknown unknown Confirmation Study - requires verification
GW-04 (2) unknown unknown unknown Confirmation Study - requires verification
GW-06 (2) unknown unknown unknown Confirmation Study - requires verification

UGW-1/B-1 26 February 1991 O'Brien and Gere 2 Underground Fuel Investigation
UGW-2/B-10 5 March 1991 O'Brien and Gere 2 Underground Fuel Investigation

UGW-3 6 March 1991 O'Brien and Gere 2 Underground Fuel Investigation
UGW-4 7 March 1991 O'Brien and Gere 2 Underground Fuel Investigation
UGW-5 7 March 1991 O'Brien and Gere 2 Underground Fuel Investigation
UGW-6 20 March 1991 O'Brien and Gere 2 Underground Fuel Investigation
UGW-7 20 March 1991 O'Brien and Gere 2 Underground Fuel Investigation
UGW-8 21 March 1991 O'Brien and Gere 2 Underground Fuel Investigation
UGW-9 22 March 1991 O'Brien and Gere 2 Underground Fuel Investigation



TABLE 3-1 (Continued)

SUMMARY OF MONITORING WELLS
TOW WAY FUEL FARM

NAVAL STATION ROOSEVELT ROADS
CEIBA, PUERTO RICO

Well
Identification

Number
Date

Installed
Installation
Company

Diameter
(inches)

General
Information
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UGW-10 25 March 1991 O'Brien and Gere 2 Underground Fuel Investigation
UGW-11 25 March 1991 O'Brien and Gere 2 Underground Fuel Investigation
UGW-12 26 March 1991 O'Brien and Gere 2 Underground Fuel Investigation
UGW-13 26 March 1991 O'Brien and Gere 2 Underground Fuel Investigation
UGW-14 27 March 1991 O'Brien and Gere 2 Underground Fuel Investigation
UGW-15 28 March 1991 O'Brien and Gere 2 Underground Fuel Investigation
UGW-16 2 April 1991 O'Brien and Gere 2 Underground Fuel Investigation
UGW-17 2 April 1991 O'Brien and Gere 2 Underground Fuel Investigation
UGW-18 3 April 1991 O'Brien and Gere 2 Underground Fuel Investigation
UGW-19 15 November 1993 BB&L 2 Site Characterization Study
UGW-20 17 November 1993 BB&L 2 Site Characterization Study

UGW-20R unknown Baker unknown Replacement Well for GW-05 and UGW-20
UGW-21 18 November 1993 BB&L 2 Site Characterization Study

UGW-22 (3) /RW-3 18 November 1993 BB&L 6 Site Characterization Study
UGW-23 11 December 1993 BB&L 4 Site Characterization Study
UGW-24 16 December 1993 BB&L 4 Site Characterization Study
UGW-25 17 December 1993 BB&L 4 Site Characterization Study
UGW-26 16 December 1993 BB&L 4 Site Characterization Study

PW-1 26 September 1995 Terra Vac 4 Product recovery wells
PW-2 20 September 1995 Terra Vac 4 Product recovery wells
PW-3 22 September 1995 Terra Vac 4 Product recovery wells
PW-4 25 September 1995 Terra Vac 4 Product recovery wells
PW-5 23 September 1995 Terra Vac 4 Product recovery wells
PW-6 26 September 1995 Terra Vac 4 Product recovery wells
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SUMMARY OF MONITORING WELLS
TOW WAY FUEL FARM

NAVAL STATION ROOSEVELT ROADS
CEIBA, PUERTO RICO

Well
Identification

Number
Date

Installed
Installation
Company

Diameter
(inches)

General
Information
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MW-1 19 September 1995 Terra Vac 2 Wells to monitor effects of recovery system
MW-2 12 September 1995 Terra Vac 2 Wells to monitor effects of recovery system
MW-3 25 September 1995 Terra Vac 2 Wells to monitor effects of recovery system
MW-4 22 September 1995 Terra Vac 2 Wells to monitor effects of recovery system

RW-1 17 October 1996 ICHOR 6 (4)
Installed for Interim Corrective Measure Product Recovery

System

RW-2 16 October 1996 ICHOR 6 (4)
Installed for Interim Corrective Measure Product Recovery

System

RW-3/UGW-22 (3) 1996 (3) ICHOR 6 (4)
Installed for Interim Corrective Measure Product Recovery

System

RW-4 23 October 1996 ICHOR 6 (4)
Installed for Interim Corrective Measure Product Recovery

System

RW-5 25 October 1996 ICHOR 6 (4)
Installed for Interim Corrective Measure Product Recovery

System

RW-6 28 October 1996 ICHOR 6 (4)
Installed for Interim Corrective Measure Product Recovery

System

RW-7 18 October 1996 ICHOR 6 (4)
Installed for Interim Corrective Measure Product Recovery

System

RW-8 21 October 1996 ICHOR 6 (4)
Installed for Interim Corrective Measure Product Recovery

System

Notes:

(1) Finish date not given on log, begin date shown.
(2) No log available.
(3) Monitoring well UGW-22 converted into Product Recovery Well RW-3.  No record of retrofit was available, date uncertain.
(4) Well diameter not on log, but value shown was field-verified.
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