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The Technical Re1riew is five sections titled Introduct.ion, 
Methodology, Gene~al overview, Detailed Technical Evaluation and 
Recommendations. '!1he following responds to each section base:d on 
the available dat~. 

I 
1. Introduction ': 

This section rais~s no .issues or comments i but references to two 
Terra Vac reports lfor dl.fferent dates and the same report number. 
Both the April 17, 1995 ( TVR-3) and the May 25, 1995 ( TVR-4) 
reports are Freel Product Removal Report 95-01; the May report 
should be Report 9p-02. 

i 
2. Methodology l 

I 
EPAs contractor "jrevie'lr.T focused on performance information that 
specifically relafted to product (petroleum fuel) recovery, 
corrective action~ and the site characterization performed 
previously at the 'fow Way Fuel Facility (p. 2). Under Terra Vacs 
contract with the ~avy, the performance of the product recovery 
system was initialtY limited to installation and operation of free 
product recovery systems. The operations where conducted only as 
an interim measur~ on the wells present, in response to the 
Puerto Rico Underground Storage Tank (UST) regulation of the EQB, 
while othe~s indep~ndently performed site characterization. 

Accordingly, whil4 the methodology selected for the revie~~ is 
proper for a comprehensive remediation program, it may create 
overreaching expec~ations with respect to the 4 selected monthly 
reports reviewed i~ this case. However, this is a good opportunity 
to take a look at{ the big picture, especially in light of the 
complex dynamic information gathered to date, in response to EPAs 
review and present~d in the Multi-Phase Report, and enhance product 
recovery operations in a manner that is most cost effective for the 
overall cleanup o£\the site. 

3. General Overvieo/ 

There is a consensilis that the four monthly reports present only a 
fraction of the ~ata needed to evaluate the performance and 
efficiency of the VAR system. However, the basic assumption used 
by the EPAs contra~tor performance evaluation is beyond the scope 
of the contract. ll.'he review ~~assumes the existence of an o & M 
Plan (Operations fnd Maintenance Plan}. The performance of the 
VA:R system is comp,ared in the four monthly reports to the product 
recovery system ini terms of the parameters of concern from the 
contract perspectiye, that is, product removal rates and product 
thickness in opera~ing wells. 

i 
I 

i 
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The overview furt~er considers the nneed to relate the data which 
are collected dufing each reporting period to designed and/or 
predicated performance ranges contained in the 0 & M Plan." Again, 
these conditions iwould be typical for a priori design which is 
"built to specififations." However, such a design did not exist 
during reporting !period due the constraints of the contracting 
mechanisms of prddl ucing "build to specifications." Furthermore, 
the time allowed for installation o£ the recovery system was 
characteristic with an emergency response approach--that is, do the 
best with what we\have at the time. , 

l 
I 

In respect to the: limitations of the contracting mechanism~;; and 
initial objective$ of the product removal system, the VAR system 
is an obvious imftovement over the other four product removal 
systems compared 1n the four reports and the Multi-Phase Recc,very 
Report. The revi~w suggests that data collected should •serve as 
criteria for iden~ifying when the VAR system no longer pro'lrides 
remediation benef~t in excess of unassisted passive skimming :rt is 
obvious from the reports the benefit of the VAR system is more 
beneficial than ~he passive skim:tning system since the pr<)duct 
recovery rate is ~lways greater with the VAR system. Furthermore, 
additional remedi~tion benefits are gained at no extra cost as the 
soils and groundw~ter are remediated simultaneously. 

' The review also ~uggests "time series charts and graphics that 
allow rapid analy~is of performance trends. There are over 50 
such charts and ~raphics presented in the Multi-Phase Report. 
Charts and graphs( not provided in previous reports are not 
within scope of t~e original product recovery contract. 

1 

The review furth~r suggests that data be collected to a.llow 
determination "if ~he system is effectively removing product at a 
rate which jujstifies the expenses and if system 
modification/adjus(tment is necessary.'' Data is presented as a cost 
and benefit analy~is in Terra Vacs reports for January 1995 
showing the VAR ~ystem is 42% more cost effective in recovering 
free product (\$1. 65/gallon) versus the skim:tner pumps 
($2.34/gallon). l 
Shortage of abunda~t monitoring points used to calculate the radius 
of effective infl~ence of the VAR system is a concern in the 
review. This was l again due to the limitations of the cont:r:act 
mechanism availabl~ and the previous well system only has one pair 
of wells close enough to evaluate. This deficiency is overcome 
in the Multi-Phase\report, where more than 50 well combinations 
are evaluated for ~adius of influence. 

I 

The review express$d concern for operating conditions which would 
limit the smearin~ of product upward with vacuum effects or 
downward with lowe:q.ing of the water table. The Multi ... Phase report 
confronts these op~rating conditions in detail. Furthermore, the 
Multi-Phase reportl shows the VAR system does not smear the 
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product further ihan already exists due to natural conditions. 
The Multi-Phase r~ports confirms the VAR system to clean up the 
previously smeared\product by 1) removing product above the mobile 
free product ~ayer through vaporization and enhanced 
biodegradation, 2)j faster, more efficient product recovery over a 
larger radius of influence than skimmer pumps and 3) cleanup of the 
contaminated groundwater which has been previously exposed to 
residual saturatioh of hydrocarbons. 

I 
I 

4.0 Detailed Techn~cal Evaluation 

1. TVR-1, Page 3,1Phase One Operations: Steady State 
I 
I 

According to the I review, product recovery will eventually 
coincide with a recluction in product level, however, in reports 
(TVR-2, -3, -4) 1 t~e reductions in product levels have not shown 
a steady decrease. ' The VAR system operated from January 4 through 
February 6, 1995, : when the skinuning pump system returned to 
service for a day ·i The system was shut down on February 7 ,. as 
instructed by tne Navy Contracting Officer. CompaJcing 
approximately one! month productivity of the VAR system at 345 
gallons per day (gpd) with restarting of the skimmer pump at 33 
gpd before shut down, further proves the performance of the VAR 
system. 1 

I 

We agree that mont~ly reports need to present additional dat«:t to 
prove the general ~ffectiveness of the VAR system. Much of the 
data requested, su¢h as recovery rates, air and groundwater flow 
rates, vacuums radii, and treatment zone radii are presented in the 
Multi-Phase Report\ in graphical format as requested. However, 
design criteria anq specifications are not available to compare, 
as the data was geherated to test an alternative to the skit~er 
system rather than \because of a separate design objective. During 
the co?t7act perio9 in question, the only objective availab~e was 
to max~m~ze productj recovery for the lowest cost. As noted·~n the 
report TVR-1, a 42%1reduction in costs per gallon removed with the 
VAR system in its ~nitial testing with similar results reproduced 
in the Multi-Phase ~est. 

I 
i 

2. TVR-1, Page 4, Gteady State 
f 
I 

We agree that VARjsystem should run a longer time to judge its 
long term effectiveness. However, the effectiveness of the VAR 
system over the sk.ilmmer system was demonstrated twice. The first 
time is January 1~95 where product recovery increased over 600% 
{from 33 gpd to zas gpd) and more recently in october 1.995 
increasing 800% (fr~m 15 gpd to 135 gpd). 

I 

To further address:the concern for reduced product recovery and 
recharge to the we:+ls there are comparisons made in the Multi
Phase report. Due\ to limited time and budget, comparisons of 
essentially four di1fferent systems were made in short duration. 
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i 
However, operations were conducted on a basis to yield data that 
is as comparative! as possible. The present system and monitoring 
well network at the site, make it possible to address long term 
product recharge ~ates as it relates to VAR system performance. 

' 
i 

The performance of the skimming system can be further reviewed with 
the January, Fe~ruary, and March 1996 monthly report data, 
included as refer~nce in Appendix C. Long term production rates 
is very closely tied to product recharge in a well with a properly 
situated pump. T~e current skimmer system has been reduced to a 
product recovery rate of 5.10 gpd. The effectiveness of skimmer 
system has been s~own to be quite limited when compared to the VAR 
system in terms o:i; recovery rates and radius of influence as :shown 
in the. Multi-Phas~ report. 

l . 
3. TVR-1, page 4,lRad1Us of Influence 

l d . . Several concerns ~xpressed are a dressed ~n the Mult~-Phase R~~port 
with the radius qf influence testing reported for six dif£13rent 
wells and more t~an 30 measurements. The time constraint.s to 
complete the other comparative objectives restricted the 
development time ¢>£ the radius of influence. Radius of influence 
observed in the: Multi-Phase testing is consistent with our 
previously reporte\d radius of influence of approximately 15 jEeet. 

I 
I 

The pneumatic radius {pressure function) compared to the zone of 
treatment (flow b~sed) is closely related at the low vacuums used 
in the Multi-Phase test. In a long term operation a higher vacuum 
would further ~evelop the vapor flow zone in these low 
permeability soil~ and overcome some of the effects of extreme 
heterogeneity's ai the site. 

The data in the ~ulti-Phase Report is both graphical and tabular 
and is provided fojr further evaluation. However, the referenc:e to 
predicted design ~arameters is beyond the scope of the appx:·oach 
taken here. I 

4. TVR-1, p4. Ra~ius of Influence. 

A concern was rais~d regarding the vacuum effect causing product 
levels to rise a~td smearing product onto the soils. Special 
considerations in l the Multi-Phase Test "'ere made to carefully 
monitor the level~ of product and water in the monitoring wells 
while under vacuu~. The impact is assessed in the changes to the 
piezometric surfa~. The vacuum applied in the Multi-Phase test 
was low, so not to create a large rise in the product levels. 
Concerns of raising or lowering of residual product from the vacuum 
influence or drawd?wns created by the VAR system is small compared 
to the previously! existing smear zone. The existence of this 
previous smear zon¢, which is more than eight feet, is shown by 
the TPH analysis lreport results from soil sampling undert,aken 
before the Multi-Phase Test. The natural water table fluctuation 

) 
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is three to fiv~ feet at the site, and the vacuwn measu:t:·ed at 
monitoring pointS! several feet from the extraction ~ells have a 
limited effect o\f raising product levels of only a few inches. 
Furthermore, any ;.esidual hydrocarbons exposed to the vacuum s;ystem 
in the vadose zohe (above the product and water saturated zone) 
will be subject ! to further remediation by the VAR system by 
volatilization a~d bioremediation, thus, eliminating any conce1:n 
for residual oil\ saturation due to vacuum induced upswelling. 
Similarly drawdoyns are controlled by the VAR system so that 
maximum product r~covery is achieved with minimal drawdown. 

The estimated vol~rne of product rendered immobile from the causes 
of vacuum lift aP.d hydraulic drawdown is zero, since inunobile 
resiciual product lis present at levels below the maximum drawdown 
and above the levels of the maximum uplift observed at the site. 

l 

5. TVR-1, Page 6,\Evaluation 
• • • j h A quest~on ~s ra~sed over w ether the cost effectiveness reported 

for the VAR syste:d! at 42% greater than the skimmer pumps included 
maintenance cost~. There is a presumption that appreciable 
maintenance was r~quired after the pilot test. In fact, the next 
report states that the VAR system was replaced with the original 
skimmer system ajt the request of the Contracting officer on 
February 6 after ~he one month pilot test. The reinstallati()n of 
the original ski~er system is the origin of the appreciable 
maintenance, not the VAR system. The next day the operation was 
shut down due to contract requirements. 

I 

Cost effectivenet
1 

is determined by an all inclusive cost per 
gallon of recover d product since optimizing the product recovery 
rate was the pr· ary objective at the time. Costs for water 
treatment are con$idered nil since the marginal cost of treating 
these small volu,es in the waste water treatment system are 
insignificant. \ 

I 

The question of an operations and maintenance plan is raised 
numerous times, ~owever, in context of the pilot testing mode in 
which the VAR system was operated, an 0 & M plan was beyond the 
scope of the proj~t objectives. The operation of the VAR system 
was originally co~sidered as enhancement to the skimmer pumps and 
tested for a one JflOnth pilot test from January 4 to February 6 1 

1995. The VAR sys~em was installed again as a comparative test 
as reported in th~ Multi-Phase report. Currently, the original 
skimmer system is operating according to the contract and 
direction provide~ by the Navy representatives. 

6. TVR-1, Page 6,\ Sec. 3, Evaluation 
l 

To estimate the re~ative removal area for the VAR system compared 
to the skimmer sy~tem, the estimated radius of influence of the 
skimmer pump is tvro fee, since there is essentially no hydrauli.c 
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gradient induced ~y the pump. The two-foot radius of influence is 
substantiated by ~he limited product removal before startup of the 
VAR system and tije substantial reduction . and continued small or 
nonexistent produbt thickness in well UGW-5. Comparatively the 
area of a 15-ft radius of influence is more than 50 times the area 
effected by a 2-f~ot radius. 

I 
As a general state!ment, it has been documented at hundreds of :sites 
and well know that VAR is effective to remove contaminants from 
above the water \ table via volatilization and biodegradai:ion. 
Specific data t9 support this effect at this site seemed 
unwarranted and beyond the scope of the pilot test and the Multi-

1 
Phase test. i 

- • I 
7. TVR-1, Summar~ of Conclusions 

The review conteJts that "the effectiveness and efficiency oj: the 
VAR system seemed t.o drop substantially (TVR-3, p.3). While lt is 
true that the recorery rates did drop substantially in the periods 
after the test, ±t was because the skimming system, as requested 
by the Navy repres~ntatives, was reinstalled after the VAR pilot 
test was complete~ on February 6, 1995. Thus, the ·subsequent 
reports are about\product recovery using only the skimmer system 
rather than the v~ system. Please refer back to TVR-2, page 2, 
lines l-3 which no~e that the recovery system was changed from the 
VAR system to the r' kimmer pumps. The observation in the reviE!W is 
accurate in noting the skimmer pumps were even less effective a.fter 
the one month VARl system pilot test since productivity drc,pped 
1200% as compared to the VAR system. However, the assumption the 
VAR system is sti~l operating throughout the four-month period, 
which it was not, ileads the reviewer to some erroneous conclusions 
regarding the longi term effectiveness of the VAR system. 

I 
8. TVR-3, Summary! of Conclusions 

Again, this commeni is misdirected at the VAR system effectiveness 
since during the period of this report, the VAR system was no·t in 
operation, instea~ only the skimmer pump system was operating. 
The statement about "the well recharge rate is now only h:dng 
affected by the fo~ce of gravity, with no additional forces ac·ting 
on the free produc~ mass is accurate with respect to the ski1mner 
pumps. 

1 

9. TVR-4, page 1~ Field Activities 

RCRA samples are ~equired by the contract every 1000 gallons of 
extracted product.! 

. I 
5.0 Recommendat~on~ 

l 
Five major points 4re raised in this section: 
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The request !for time series charts with accompanying graphs 
for all dataicollected is met by more than 50 tables a.nd 50 
graphs repr~lsenting the data collection of the Multi-Phase 
report in r sponse to the EPA review. The Multi-Phase Test 
was conducte specifically to address performance of the VAR 
system and others so that the most effective system c.an be 
operated at ~he site to achieve cleanup objectives. 

I 
\ 
I 

The system cq>uld be expanded on a modular basis or modified as 
needed fol~owing the observational approach so to 
efficiently treat the contaminated area of the site. Based on 
the data col~ected to date, the optimal vacuum is in the range 
of B-10 in. pg . 

. 'computer mod*ls are often quite helpful in making predic·tions 
of performan~e and changes in efficiency and other decisions 
regarding mf>difications. However, due to the e:>t·treme 

·variability q.nd limitations of existing site characterization 
data and oth~r complex interactions at the site, the value of 
sound judge~ent based on experience in monitoring and 
adjusting pefformance according to an observational approach 
is expected to be more cost effective at this site than 
modeling. 1 

i 
Very close (attention has been paid to the concern of 
upswelling qausing additional residual saturation in the 
Multi-Phase *eport. Excessive smearing already exists at the 
site below fhe water table and in the weathered bedrock to 
depths of 21.feet and about 10 feet above the water table in 
the vadose Zfme. Therefore 1 it is difficult to envisio11 how 
the VAR system can cause any more smearing of residual prc:>duct 
or reductio~ in the volume of product removed when it 
consistently! produces 600% to 1200% more product than the 
existing ski~er pumps. Accordingly 1 based on presented 
operational ~ata and regardless of any specific cl~~anup 
objectives, 1it is clear that the VAR system will move f.:lster 
and more cosf effectively toward achieving the remediation 
goals at the1site. 

I 

Numerous tes{:s made in the Multi-Phase Test address the 
radii of in luence from a multiple well, mul tidire.ctional 
approach. 

1 

Criteria can\be made to determine when the VAR system is no 
lo~ger pro~iqi?g any additio~al remediation benefit. Three 
pr.1.mary cr.1.tejr1a should be mon1tored, product recovery rates, 
water produc4ion, and hydrocarbon mass removal (Vapor phase 
and biodegra~ation to C02). Secondary criteria to measure to 
optimize pr~mary parameters include; Vacuum, depth of water 
and product ,j extractor depths, air flow rates, product 
quality, wa~er/ hydrocarbon concentrations, and soil 
concentratio~s when the cleanup objectives are met. 'J~hese 
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criteria wou~d be measured once the VAR system is reinstalled 
and operatin~ at each well regularly. 

We will contact y~u shortly to discuss any questions you may have. 
1 

Very truly yours,] 

·~J- ~~~~~~ hJA 
Paul Armstrong I 
Project Manager I 

b~M~£1;, 
Princ~pal ! . .. I 
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SUBJ: TOW WAY FUEL FA~ (SWMU # 7) 
l 

FROM: 
AGENCY: 
NAME/CODE: 
TELEPHONE: 

' 

PedroJ.R~ 
USNS ROqs RDSIPWDIEED 
N02C-B14 ; 

I 

(787) 865-4129 

l 

TO: 
AGENCY: 
NAME/CODE: 
FAX#: 

DATE: 09 Apr 96 

MESSAGE: Tom, enclosed are copies of the last monthly reports, Jan, Feb, and Mar 96 fo1ryour 

reference. Also, I'm including the final version of Terra Vac's response to the EPA letter we discussed 

last week. You can throw awaY, the draft copy l ga-ve you. If you have any questions, please let me 
! 
i know. 
i 
I 

C i r opy to: V 
Art Wells (LANTDIV) /} t f J /V7 

'1 8. "'- -4 tl·'- -tk,__ 1-:p pJ 


