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'1936 Camden Ave., Suite 1
San Jose, CA 95124

Contractor's tic. rtl5869

Tel. (408) 559'1220 . Fax {408) 55+1226 . 14Oo{99-1?2O

DeoEmber 15, 19s4

Alameda County Department of Environmental Health
80 Swan Way, Room 200
Oakland, CA 94621

Attn: Mr. Scott Seery

Subject: Fagqrt en fioiland" rsundunftar'ectsdr* AF{oh Nt
2898 Castru Velley'Efvd;, gastro Vslley' CA

Dear Mr. Seery,

This document reports on the excavation of soil, soil sampling, groundwater treatment &
sampling, and backfilling at the subject site performed in accordance with; GTE',s
September 29, 1gg3 Work Ptan for tnitial Soil and Groundwater Remediation, GTE's May
23, 1gg4 Reguesf for Modification to Remediation Workplan, and the Repod on
Preliminary Sampting and Request for Modification to Remediation Workplan dated Juiy
5,  1994.

All work reported herein was performed in accordance with the soil and groundwater
sampling protocols presented in GTE's September 29, 1993 Work Plan for Initial Soil and
Groundwater Remediation - which is now being eonsidered as the site "Corrective Action
Plan".

Scope ol Work Pertormed

Soil Excavation:

Between October 23rd and 25th 1993, GTE excavated soil at the subject site in the
approximate area shown on Figure 9375-A attached hereto. The area covered by the
excavation was estimated based on soii and groundwater sampling that had previously
been performed by Aqua Science and Sampling Specialists Company. The excavation
was extended from the building towards Castro Valley Blvd. approximately 50 ft. to the
southeast, about 20 ft. to 25 ft. in width, and to a depth of approximately 13.5 ft. below
grade surface. ,GTE Fieid Test Kjts for Volatile Organic Compounds (a colormetnc-sfi|
inAtivircr-t6d€quivalent to the Nu-Hanby Test Kits) were used to test soil during the
excavation in order to assist in determining the extent and direction of the excavation, and
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to separate the overburden clean soil from the affected soil. The depth ofthe excavation
was extended to approximately 2-3 ft. below the current static level of groundwater. Total
depth of the excavation was approximately 13.5 ft. below grade suface (BGS).
Groundwater occured at approximately 12 ft. BGS.

During the excavation, the clean soil was separated from the contaminated soil and each
stock;iled on site. Soil from the area of ihe previous waste oil tank area which appeared
to contain contamination was also separated from the gasoline/diesel contaminated soil'

The excavation was surrounded with temporary security fencing.

Init ial Extremity Soil SamPling:

Note: All soil and groundwater sampting was pertormed in accordance with GTE's
Sampting Protocols which are attached as Appendix 2.

On October 25 1993, six soil sampies were collected from the extremities of the
excavation in locations depicted on Figure 9375.A attached hereto. Each of the samples
was taken at the depth of the soil/groundwater interface zone (about 12 ft. BGS). These
samples were labeled S/V\61, SA f#2, S/VV#3, S/VV#4, SA^/#5, and 5AA/#6' proPerly
logged on a legal chain of custody, and transported to Geochem Environmental
Laboratories - a state certified lab. - for analytical testing. Each of the six samples were
tested for TPHg and BTEX by EPA Methods 8015 & 8020. SAAi#S and SiVV#6 were also
tested for Total Oil and Grease under EPA Method 5520. Samples #5, and #6 had been
taken from the immediate areas in the vicinity of the previous waste oil storage tank. The
laboratory analytical test results ancl legal Chain of Custody can be found in Appendix
1.

Secondary Extremity Soil SamPling:

ln his response to GTE s September 29, 1993 WorR Plan for lnitial Soil and Groundwater
Remediation, Mr. Scott Seery of the Alameda County Department of Environmental
Health (ACDEH) had required that additional laboratory testing be performed to further
identify the presence of previously discovered chemical constituents in the soil and
grounawater on site. GTE had not perform laboratory testing for these additional
constituents during the first sampling event. GTE submitted a Reguesf for Modification
to Remediation Workplan on May 23, 1994 to include the additional requirements - with
some modifications approved in a phone conversation with Mr. Seery. The added testing
required that; 1) GTE obtain additional extremity soil samples; 2) sample the waste oil soil
stock pile, and; 3) tare a grab sample of the groundwater within the existing pit. Each
of the extremity samples was to be tested under EPA Method 8100 for SVOC's, and for
six metals - in addition to TOG, and TPHd. The Groundwater Grab sample and Waste
Oil Soil Stockpile were to be tested under EPA Method 8100 for SVOC'S, six metals,
TOG, TPHd, TPHg, and BTEX. In part, the additional sampling was conducted as a

December 15. 1994 Technical Rep. - 2896 Castro Valley Blvd. Page 2 of 13
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preliminary step in establishing the sampling and laboratory testing requirements that
would be necessary for the remainder of the project.

1l The extremity sidewalls of the excavation were re-samPled at the depth of the soil
water interface, at 20 ft. intervals. These samples are labeled on the chain of
Custody as EXT-SM#1 (A), EXT-SM#2(A), EXT-S/V\H3(A), and EXT-SM#4(A)'
Each of these samples was analytically tested at AMER labs, a state certified
laboratory for the additional constituents requested including TPHd, SVOC's (EPA
8100), TOG, and the metals; Cr, Ni, Pb, Cd, Zn, and Se. The constituents which
had already been run in the previous side wall sampling event (ie; gasoline and
BTEX) were not analyzed in this batch of soil samples. The laboratory analytical
test results and legal Chain of Custody can be found in Appendix 1'

2l A groundwater grab sample was collected from the existing pool of water within' 
the excavation. This sample is labeled as EXC-GWS#1 on the attached Chain of
custody. The sample was analyzed at AMER labs - a state certified lab for
TPHg,TPHd,BTEX,TOG,andSVOC's(EPAMethod8100) 'Add i t iona l tes t ing
was performed for the metals; Cr, Ni, Pb, Cd' Zn, and Se. The laboratory
analytical test results and legal chain of custody can be found in Appendix l.

3) One soil sample was collected from the waste oil contaminated sorl stockpile, and
test at AMER labs - a State Certified lab for TPHg, TPHd, BTEX, TOG, and
svoc's (EPA Method 8100). Additional testing was performed for the me_tals; cr,
Ni, Pb, Cd, Zn, and Se. The laboratory analytical test results and iegal Chain of
Custody can be found in APPendix 1.

Analytical Resurfs labres

The following tables display the samples, and related chemical test results for both
sampling events.

October 25, 1993 Sampling Event

64.11 PPM 29.49 PPM 1.28 PPM 1.35 PPM 1,25 PPM 5.N PPM

1.103 PPN .0d'6,FPH ND ND ND s'/,lFPt&

1.135 PPM .5/t80 PPM .0716 PPM .1889 PPM .2073 PPM 1,009 PPM

4.866 PPM 1.187 PPM .0124 PPM .0133 PPM .0274 PPM .0150 PPM

25.05 PPM 6.636 PP'tt ,1213 PPM .1018 PPM ,1653 PPM ,6112 PPM

,VR llR A'R A'R 3980 PPM 955 PPM

December 15, 1994 Technical Rep. - 2896 Castro Valley Blvd. Page 3 of 13
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May 26, 1994 SamplingEvent

Discussion of Analytical Resuns

TPHg/BTEX:

TPHd:

TPH9 in the six sidewall samples originally obtained in the Ociober
1993 sampling event all contained less than 100 PPM of TPHg - the
highest being SAAriHl @64.11 PPM. The highest benzene content
for these samples was 1.28 PPM (also SA i#1). The soil sample
taken from the waste oil stock pile during the May 26, 1994 sampling
event (WO-S/P#1) was non-detect for TPHg, and non-detect for
BTEX constituents. The groundwater grab sample taken in May,
1994 contained no detectable TPHg, and was non-detect for all
BTEX constituents.

TPHd was detected in each of the sidewall samples during the May
1994 sampling event ranging from a high of 93 PPM in EXT-SA l#1
to 12 PPM in EXT-SAAI#2.

A'R wR ,VR TVR ND ND

ivR ,VR ,VR AtR ND ND

93 PPM 12 PPM 16 PPM 55 PPM 24 PPM 92 PPE

TVR lrR wR wR 21 PPM ND

lAl
ND ND ND ND ND ND

7.0 PPM 3.9 PPM 1.7 PPM 7.6 PPM 9.7 PPM O.O5 PPM

19 PPM 19 PPM 21 PPM 23 PPM 24 PPM ND

2.6 PPM 2.0 PPM 2.6 PPM 6.6 PPM 7.3 PPM ND

,i,,r,r,,ibaii .ii;.i,i
-:ii!:rai??i-

,i :',,:.:,:.t,2ni,i, :.i..,
-::i:i:'::
r r '  : : S ; , l  l j :

0.24 PPM 0.13 PPM 0.17 PPM 0.24 PPllt 0,38 PPM O.O1 PPM

32 PPM 32 PPM 3S PPM 40 PPM 38 PPM 46 PPM

ND ND ND ND ND ND

December 15, 1994 Technical Rep. - 2896 Castro Valley Blvd' Page 4 ot 13
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Total Oii and Grease was detected at fairly high concentrations
(39S0 PPM in SMI#5 and 955 PPM in SA ,#6) in the soil samples
taken near the previous waste oil tank. GTE lield personnel noted
that this area still afiected by waste oil was easily identif,ed by
observing discoloration of the soil.

Six metals were analyzed in each of the samples obtained during the
May 26, 1994 sampling event (Cr,Ni,Pb,Cd,Zn,& Se)' Analytical
results indicated that each was below the Title 22 TTLC regulatory
limits.

None of the SVOC constituents were found in any of the soil
samples. These constituents were also non-detect in the
groundwater grab sample.
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Metals:

EPA 610/8100:
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Soil Treatment:

The €xcalgbd 6(ril hgd bee|s 8eFtretsd into nine sto€kpil86 duftrlg ihe eJsEa'ddiarrpo,#ri
of ffte project. This separation was based on results of field testing;{using Hanby
Colormetrit Test Kits) which had been perfomed on the soil in various areas throughout
the excavation process. The location and sizes of these stockpiles are depicted on
Figure 9375-8 attached hereto.

All of the soil containing petroleum contamination was inoculated with Solmar@ L-104
hydrocarbon degrading microbes. The application of the microbes was performed in
accordance with GTEs work plan. The soil was turned, dampened, and aeraied on
several occasions, and the soil reinocuiated two additional times after the initial
application. Permits were secured through the AQMD for the treatment (attached in
Appendix 3). Details on soil treatment methodology and practices can be found in
Appendix 3 atiached hereto.

Based on the results of the soil and groundwater sampling that had been performed to
date at the subjeci site, the following conditions were noted:

1. lt appeared that the excavation had efiectively removed soil containing greater
than ''|00 PPM of gasoline and diesel constituents.

2. There appearect to be an area on the extremity of the excavation - near the
previous waste oil tank - in which some waste oil contaminated soil still remained,
and needed to be further excavated. The remaining contaminated soil in this area

December '15. 1994 Technical Rep. - 2896 Gastro Valley Blvd' Page 5 ot 13
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(byvisuaIobservation)appearedtoextendbeneaththeexistingbui|ding-requiring
inat tne building eithei be removed or its foundation undermined in order to access

this affected remaining soil.

3. The groundwater within the excavation pit proved to be free of gasoline and oil

andGreaseconst i tuents ,however ,d iese| remained in thewatera t92PPB.
whichwass| ight |ygreater thantheSoPPBdr ink ingwaters tandardwhich is
necessary to achieve for non-restrictive discharge'

4. All soil and groundwater tested proved to be free of EPA 8100 svoc constituents'

and the six metals were all well within permissible limits'

Modifications to lnitial Work Plan

Based on the preliminary data gathered to date, GTE requested in their.July.5, 1994

A"po,t on preiiminary Simpling-and Request for Modification to Remediation Workplan

to continue tne projett tottowing the original work plan on file, with some modmcations

to the soil sampting, groundwatJr treatment, and backfilling requirements. Basically, GTE

proposed to supplerient the previous work with additional sampling that would provide

ihe'basis for deGrmining the disposition of the excavated soil and treated groundwater'

Using the sampling data, GTE would; a) separate the soil that was candidate for

Oactdtting from soil that was not b) backfill the excavalion w1h acceptable soil; c) dig out

the remai-ning area of soil contamination near the previous waste oil tank, and; d) off-haul

ind propert/ dispose of the soil that could not be used on site for backfilling. The

grounowatei remaining in the pit would be pumped into a tank on site and "polished" to

icceptable standards. The plan wa$ cliscus8ed with $€o$-Si9ry rytBJFry-TAugust 1
16, i994, ancl a tetter date'd August 16, 1994 sent to GTE by Mr. Seery on that date i

Jitf,rrfnb the conversation. ThJ following work was performed in accordance with the

modified plan.

Stock Pile Soil SamPling:

onlffiojlsamPles were collected from the seParatedll€rbutdT Yl ql1
ffinonediscrete3amp|eper2ocu.yds'{8samp|estota|).,P|ease
Efer to Figure 9325-i3 for the location of these samples. The samples are labeled O/B
S/P #1 (A,B,C, & D) and O/B S/P #2 (A,B,C, & D) on the drawing' Each of these

samples'wai composited into one sampie unit, and the single sample cofiposites O/B

S/p #1 and O/B S/p #2 anatyzed at a siate certmed 1"b for TPHg, TPHd, BTtr, and 01

&
On soil sampleslrerq Slsg

@one discrete samPle Per
2O cu.yds. Please refer to Figure9375-B location of these samPles. The

December 15, 1994 Technical Rep. . 2896 Castro Valley Blvd. Page 6 ol 13



I
I
I
I
t
I
t
T

:pf
l4'?
| ̂ #5
I
a#"7
14.
r,#z
I
I
I
I
I

samples are labeled Exc-S/P 1 through 10 on the drawing. Each of these 10 samples
was analyzed at a state certified lab for TPHg, TPHd, BTEX, and Oil & Grease.

Thftste oil contaminated soi
Eeen previ6uely tested in May, 1994 Fnd found to contain;":
' N.D. for BTffi, andN.D. fofffOe's. This soil had been

iioffii&i-witn microOes ai tne time of excavation, and had been degrading for about 3
months.

The following table shows the results of the Etockpile soil samples obtained during these
sampling events. The Chains of Custody and analytical laboratory test results can be
found in Appendix 'l attached hereto

Final Groundwater Treatment and Verification:

(please refer to Appendix 1 for the Chains of Custody and Analytical Lab test results for
the following groundwater samples)

August 17, 1994 tlampling Event

'--urn;,U

SAMPLE
t.D.

Gasotit e Diesel Benzene Toluene Etlryr-
Benzene

Total
Xylenes

o i l&
Grease

EXC-9/P #l ND ND ND ND ND ND ND

EXC-s/P lil ND NO ND ND ND ND ND

EXCS/P #3 ND ND ND ND NO ND N O

EXC-SiP *4 ND ND ND ND ND ND {&,

EXC.s/P #5 ND N O ND NO N O ND *.

EXCS/P #6 ND ND ND ND ND ND ln*,

x*&b ND ND ND NO ND ND rn

frtm# ND ND ND ND ND N O rt
-**.i:rq,t ND ND NO ND ND ND TO

EXC-
s/P#i0

ND ND NO N O ND ND *

o/B€rFf1-
ABCD

NO ND NO ND ND ND 5

o/B's/P#!
ABCD

NO ND ND ND ND ND :.

December 15, 1994 Technical Rep. . 2896 Castro Valley Blvd. Page 7 ot 13
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On he existing groundwater remaining in thq excavation pit was.',
rn treatnenuholding tank whiclr had been imported to the sitepump-riti-ihffi,O0dlElion treatnenUholding tank whiclr had been

The water within the tank (totaling approximately U,500 gallons) {gas inoculated with'
Solmar@ L-104 hydrocarbon degrading microbes. The application of the microbes was
perfOrmed in accordance with the manufacturers recommendations. An aeraiion pump
was installed in the tank to circulate and aerate the water for a period of flve days.

stl!1-H#;r.Hf f i"H'tTlfilffif !JlT""ii,#,i:$il"H:,ffi ,$:
was test€d only for TPH Diesel because previous sempling of tfre pond weter had
detcrmined that ns TPHg, BTEX, or Oil and Grease constiluents lwere present. The ''

resu'ltE sf the tcefing'revealcd N.D. at laboratory test limits.

Discussior of Sampling Results and Site Disposition:

At this point of the project, adequate laboratory testing had been performed to assert the
following:

1. The initial excavation efforts had effectively removed soil containing greater than
1OO PPM of gasoline and diesel constituents. Extremity soil sampling had
identifled one remaining area on the extremity of the excavation - near the
previous waste oil tank - where waste oil contaminated soil still remained, and
needed to be further excavated. The remaining contaminated soil in this area
appeared to extend beneath the existing building.

2. The groundwater within the excavation pit which had been shown to be free of
gasoline and oil and grease constituents had been pumped into the holding tank
on site, "polished", retested for diesel, and found to contain less than 50 PPB of
Diesel constituents. This water was, at this point - by drinking water standards -

safe for discharge. A €ignificant amount of water would be nepded to moisten thc
backfitl soils fcrlptmurn enrpadiqn. F the {[€H coufid hs u#{* for Sepurpose, '

i tulouldlglrbenecEssarytuobtainaRWQCBDlscfiarge\tl/aiverorHPDES
permit.

4. The soil and groundwater tested to date was demonstrated to be free of EPA 8100
sVoc constituents. stockpile samples had demonstrated tfat one of the Piles
(ExC-Stockpile #3) con.leined gg#tter than 'tOO PPM of residual Oil and Grease
- but no VOC's. EXC-Stockpile #2rwas iound to @ntain residual oil and grease
which was still above the 10 PPM limit for backfill, however none of the samples
from this stockpile contained greater than 100 PPM of Oil and Grease - and no
VOC's. The average concentration for stockpilf,XC42]as76 PPM TOG' The
O/B Stockpile!;ontained 20 to 32 PPM of T0('-- but no VOC'S. EXC Stockpile

December 15, 1994 Technical Rep. - 2896 Castro Valley Blvd. Page I of 13
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"A' had been demonstrated to contain only 21 PPM of TOG, and 24 PPM ot
Diesel - but no VOC's. The remaining soil on site had demonstrated to be N.D.
for oil and Grease contamination, Voc's. All soil samples tested for the six
metals had been found to contain acceptable levels of each.

suggested tirat the final deiision regarding this sort of variance wouid need to come from
tnJ Regional Water Quality Control Board. On August 9.9, tgq4, qusft 'qslogol (GE

Based on the data at hand, a phone call was made to Mr. Scott Seery to discuss the
possibility of using the soils which contalned small residual amounts (les.s-than 100 PPM)
of Oil ani Grease {EtockpiEeffi,*S*#EXC+z, EXC+4, and EXC'#A)-as part of
the backfi ll for the project. -T@ nncentrations af remaining Oil and Grease for

,,tte8t feGi{r6B ff{€ior?,g rotluE* IoG was 63.5'PPM. Scott did not object' but

PresidJnt), spoke with Mr. Dennis Misheft of ilE BHf Sru€ negfunitl V1aler Quality Control
Board, and relayqd.tha data4rmmnng flre€ib, th6 soil lest results, dc.. Based on the
data presented, un+*ryqner, trao no otlecnon to ucttg tfs 3o'*l provkb{tfis 19.str
;-ft"d; ffi;deii. oennis sugiested that ciE install dea6 imported fill at the
bottom of the excavation - and the affected soil in a lifi near the surface of the excavation

A ramp was built to permit access of the excavator into the partially filled
excavation. The area of remaining oil contaminated soll (as shown on

- separated from the clean soil by a plastic barrier. Based on this conversation' GTE
proceeded with the backfilling project as follows.

Partial Backtilling and Remaining Soil Excavation:

In order to provide room for further excavation and stockpiling of the remaining waste oil
affected soil near the building, GTE chose to partially backfill the clean portion of the
excavation pit.

1. Approximately 10 yards of "de-muck" material (clay mud) from the bottom of the
pit was excavated and stockpiled as EXC-Stockpile # 5.

2. Apprcximately 92 tons of clean 3/4 inch clrainrock was impo+ed €nd ins&alled to
fo-rin a compiction ',bridge,, in the aquifer zone. This rock qas brought up to a',
depth of aPproximately g ft BGS.

3. Excavation of Remaining Affected Soil

Figure 9375-8) wes ffirst$l

The building was undermined by approximately 6
to 7 ft. in tfris L;6a, and all ob€ervable discolored soil +moved. A total of

December 15, 1994 Technical Rep. - 2896 Castro Valley Blvd. Page 9 of 13
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approximately 10 to 15 yards of soil was excavated. This material
stockpiled along with the soil pile of "de-mucked" material

*.tr:

b) On fE soil sample was.coilected.qm the sidewall at lhe

"xtreEiffilFllffiuition 
trorir the depth of theisgilA{e1er iq|erface

(approx. 8.5 ft. below grade). This sample is labeled EXT.-SM/#s-A and is
shown on Figure 9375-8. This sample was tested at a State Certified Lab
for Total Oil and Grease. Additional tests were not run on this sample
because previous testing of soil samples from this area had indicated that
no other TPH or solvent constituents existed in the soil at this location. The
Chain of Custody and analytical laboratory test results can be found in
Appendix l. Results of the testing revealed N.D. at lab limits for Oil and r''
Greaee.

The drain-rock base was then covered with a 10 mill visquine seaubanier to
prevent blending of fill materials and to isolate the groundwdter aquifer from any
native fill materials.

Note: Clean water trom the treatment tank was used to provide the required
moisture for compaction of the backfill material throughout the backftlting
process.

Thec|ean,non4etec*nativemateria|ir{rutrasinsta|tedinone..tJD
foot lifts over the gravel base, and comlacted using a sh{epsfoot compaction
wheel. A total lift of approximately 2 ft. was compacted ovgr the rock using this
material. The clean material filled the pit to approximately 7 ft. from lhe surface-

A second visquine barrier was instatled over the clean +mpacled native fill
material. .

The remaining soil containing less than 100 PPM (as diso.rsspd above) of oil an@
grease was inslalled over lhe second visquine banier, and cdmpacted in one ioot#
lifts to approximately 2 ff. below grade.

A third Visquine banier was installed over the previous fift of maierial, and,i'
approximately 96 tons of class ll skudural base material wad imporied, installe4"
and compacted to grade.

December 15, 199.1 Technical Rep. - 2896 Castro Valley Blvd. Page 10 of t3
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Drsposa, Soil Characterization:

onH3rthepurPosesofdisposalcharacterizatign,4samp|eswere
coililA fro-ladditionally excavated waste oil tank arsa soil and the "de-
mucked', soil) il-dl;;;(soil known to contain greater than 10n PPM oJ_oil and
grease). These safrlles arE shown on Figure 9375-8 and labeled as Exc-S/P # 7A, 8A,
Sn, a i f n. The 4 samples were composited into one sample at the lab and tested for
VOC's (EPA S240), and RCI - in accordance with the characterization lequirements of BFI
Vasco Road t-anciRtt. ln addition, a discrete sample of Stockpile # 5 (de-muck material)
was obtained (sample labeled Exc-S/P # 11). This sample was tested for TPHg, TPHd'
BTEX, TOG, and cam 17 Metals. Results were forwarded to BFI vFsco Road for their
approval. The table of lab results follows. Analytical lab data and the C.O.C. can be
found in Appendix 1.

November I, 1994 Ev€{rt

Sample # TPHg
(PPM)

TPHd
(PPM)

YOC's
(PPB)

TOG
(PPM)

R.c.l.

Exc-S/VV
#5A

NR NR NR ND NR

Exc-S/P
+t4 1

ND ND NR G NR

Exc-S/P #s
7A, 8A, 94,
& 114
Composite

NR NR ND (ALL) I\r{ pH = 7.2

lgn. = NO

Metal
Silver
Barium
Cadmium
Chromium
Mercury
Nickel
Antimony
Thallium
Zinc

December 15, 1994

PPM
8.2

ND
25
12
27
ND
ND
41

PPM
ND
ND
8.0
17
ND
ND
ND
34

Metal
Arsenic
Beryllium
Cobalt
Copper
Molybdenum
Lead
Selenium
Vanadium

Technical Rep. - 2896 Castro Valley Blvd' Page 11 of 13
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Co n c I usio n s an d Recom men dations :

Remedial activities have been demonstrably successful at removing contaminates from
the soil and groundwater at the subject site. Soil containing greater than 100 PPM of
petroleum hydrocarbons was excavated, and the groundwater in the area of the
excavation decontaminated. Backfill material from about 2 ft. BGS to 7 fL BGS contgins'!i
some residusl Oil and Greesd{&bh glt$i*res63.5,FPl,l." hqut+vef, &k melg*illh$'frgl 'r'some residgal pil and Greaset&ipft $rtr€g€s63.5 FPM; fie'ifw€{, U$s rn4lal
€€ntnnbny uciH* wlpror,c& fto Exc@rtiu6 rnet8ilB @tlddfitr#sn4' ad b
non-hazardous by Tlile 22 stendads.

Approximataly so{*y*d6.tr,sEll containing greater than 100 PPM of Oil and Greasr
r*ntutls;ig6*pf,ed"tii tfre site. This soil is currently covered with plastic sheeting.
Laboratory testing has shown that this soil contains no volatile or excessive heavy metal
constituents. A non-hazardous disposal profile has been submitted to BFI Vasco Road
Landfill, and has been approved. This soil will be off-hauled and disflosed of in the near

0
]*/,1
,''/+
?

future.

There are three groundwater monitoring wells located at the property. lt is GTE's opinion
that these wells are properiy posiiioned to provide reliable groundwater sampling data
necessary for ultimate site closure. To GTE s knowledge, these wells have not been
sampled during at least the past four quarters. lt is GTE's recommendation thai the
quarterly sampling program be re-initiated immediately for the three wells. These wells
will need to be monitored for at least four consecutive quarters prior to site Closure.

It is GTE's opinion that contamination that existed as a result of previous operations at
this site no longer poses a significant threat to the environment. Wth the exception of
ongoing groundwater monitoring, no further corective action is recommended.

lf you have any questions concerning this report, please do not hesiiate to call the
undersigned.

Robert CroyleR.P.E.  No.

6 *'q
No. 2O,397rrn
ExP--9&Al

December 15, 1994 Valley Blvd. Page 12 of 13



Attachments:

Figure 9375-A -

Figure 9375-8 -

Appendix 1 -

Appendix 2 -

Appendix 3 -

Initial Excavation Limits and Extremity Sample Map

Secondary Extremity Sampling, Additional
Excavation Limits & Stockpile Sample Map

Chains of Custody and Analytical Lab Test Results

GTE Sampling Protocols

Soil Treatment Methodology and AQMD Permit

December 15, 1994 Technical Rep. - 2896 Castro Valley Blvd. Page 13 of 13
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APPENDIX 1

CHAINS OF CUSTODY AND ANALYTICAL LAB TEST RESULTS
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TK
L*

T^
Mobile & ln-House Laboratories Centified bv State of California

Phone: [4O8] 955-9388 / FAX: [4O8] 955-9538

ANAIYT I CAL REPORT
P a g e :  1  o f  I

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * r k * * * * * * * * * * * * * * * * * ) k * * * * * * * * * * * * * *I
t
I
I
I

Cl ien t :  Gen-Tech  Env i ronmen ta f
1936  Camden  Ave . .  S te .1
San  Jose /  CA

At tn :  Ben  Ha ls ted

SA!,TPLE I .D.
TOG

s520F
8 O I5M,/TPH
caso l i ne  B  /

Da te  Samp led :  l 0  / 25  / 93
Da te  Rece i vedz  I 0  / 29  / 93
Da te  Ana lyzed :  I I  /  02  / . 93
Ba tch :  SD-310  Ma t r i x :  S  o i l
Conc .  Unit  mg,/kg (  ppn )

8020
r /E/

95L24

Pro jec t :  D i ve rs i f i ed  Loans  (P ro j .  #9375 -R)
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * i * * * * * * *

' :ND ' '  neans " not detected ' '  at  indicated detect ion ] imit  .
B :benzene ,  T : t o l uene /  E :  e thy l - benzene  &  X : t o ta I  xy ]enes .
SamDies : 'e.c ie ' reC chi l led rui th a chain of  cus+-oiy resaEd-

G h EITI ENVIRONMENTAL LABoRAToRIES

DETEClION
LIMIT ppn 0.05  ppm 0 .0005  ppmT

L
s/w

s/w

s/w

s,/w

S /'T

s/w

o + . t _ L

29 .49

) .  u v

_ L .  Z O

^  1 q

r . ) . 03 /  4 ,135 /  4

0 .0ss9 /0  . 5480 /  L

ND /o .07 .L6 /0 .

ND /O  .  L889  /0 .

ND /0 .2073 /0 .

0  . 3064  /  1 .009 /0 .

. r87  /  6  .636

072 .4 .10 . , t2 t3

0r .33 l0 .  1018

02 '1  4 /0 .L653

0150 /0 .6172

T
I 3980

955

t
I
I
I
I
tl
I

REC&VED

NOY E Bgs
AI{SWERE

_-

Reviewed and approved by

r- 
78O Montague Expressway, Suire 4O4. San Jose, CA S5131
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AMER
Advanced Materials Engineering Research, Inc.

ANALYSIS REPORT
(ELAP Certificate No. 1909)

EPA METHOD 8015VI

CLIENT:
GEN-TECH ENVIRONMENTAL
193 6 Camden Avenue. #1
San Jose, CA 95124
NIATRIX: WATER
PROJECT MANAGER: Eric Lissol
PROJECT: Castro Valley S.S., # 9375

DATE SAMPLED:
DATE RECEIVED:
DATE REPORTED:
AVIER ID: E234

05-26-94
05-3 l  -94
06-07-94

Client
I .D .

AMER
I ,D.

801 5lvl/
TPH-GASOLINE

DF

EXC.-GWS.#1 E40531 14

ugil

I
t
I
I
I
I
I
t
t
t
I
I
t
I
t
I
T
I
I

Units

Detection Limits (DL) 50ug/l

ND Not Detected. All analytes recorded as ND were found to be under the limit of detection.

Reviewed By

,-t-._' et*
Lei Chen. Laboratory Manager

?83 Easr Evelyn Ave., sunnyvale, cA 94086 Tel. (408) ?38-3033 Fax. (408) 738-3035



AMER
Advanced Materials Engineerin g Research, Inc.

ANT\LYSIS REPORT
(ELAP Cert i f icate No. 1909)

EPA METHOD 8O2O

CLIENT:
GEN-TECH ENV]RONMENTAL
1936 Camden Avenue. #1
San Jose, CA 95 124
Iv{ATRIX; WATER
PROJECT NIANAGER: Eric Lissol
PROJECT: Castro Valley S.S., # 9375

DATE SAMPLED: 05-26-94
DATE RECEIVED: 05-i 1-94
DATE REPORTED: 06-07 -94

AlvlER ID: E234

Client
I.D.

AVIER Benzene
I .D.

Ethyl Total
a ^ - - - ^ -  I l r r l p n e

Toluene DF

EXC.-GWS,#1 E+0531I4 ND ND

I
I
T
I
I
t
I
t
t
I
I
I
I
I
I
I
t
I
I

Units r r o / lug/lug/1uc/l

Detection Limits (DL) 0.5ug/l 0.5ug/l 0.5ug/l 1.0us/l

ND Not Detecred. All analytes recorded as ND were found to be under the iimit of detection.

r \ L  '  r e  
" v g  

u J '

4- 4.L-

Lei Chen, Laborarory lvlanager

?83 East Evelyn Ave., SunnYvale,CA 94086 Tel. (408) ?38-3033 Fax' (408) 738-3035



. AMER
| 

\dvanced Materials Engineering Research, Inc.

I
I
I CLIENT:

ANALYSIS REPORT
(ELAP Ce rtificate No. 1909)

EPA METHOD 8015}I

I
I
t

GEN.TECH ENVIRONMENTAL
1936 Camden Avenue. #1
San Jose, CA 95124
MATRIX: SOIL
PROJECT MANAGER: Eric Lissol
PROJECT: Crstro VelleY S.S., # 9375

DATE SAMPLED:
DATE RECEIVED:
DATE R-EPORTED:
AMER ID: E234

05-26-94
05-3 1-94
06-0i -94

Client
I.D.

Ai\fER
t.D.

801 iNiY
TPH-GASOLN{E

DF

I wo-siP#1 E4053 I 15

Units mg/kgI
I
T
T
T
I
I
t

Detection Limits (DL) l.0mg/kg

ND Not Detected. AII analytes recorded as ND were for.rnd to be under the limit of detection.

Revierved By

,4-- C/,-
Lei Chen, Laboratory Manager

783 East Evelyn Ave., SunnYvale,CA 94086 Tel. (408) 738-3033 Fax' (408) 738-3035

I
t



AMER
Advanced Materials Engineering Research, Inc.

ANALYSIS REPORT
(ELAP Certificate No. 1909)

EPA METHOD 8O2O

CLIENT:
GEN-TECH ENVIRONMENTAL
1936 Camden Avenue, #1
San Jose, CA 95124
MATRIX: SOIL
PROJECT MANAGER: Eric Lissol
PROJECT: Castro Valley S.S.' # 9375

DATE SAMPLED: 05-26-94
DATE RECEIVED: 05-31-94
DATE REPORTED: 06-07-94
AlvlER ID: E234

T
I
I
t
I
I
T
I
I
T
t
I
I
I
I
I
I

Client AVIER Benzene
I .D.  I .D ,

Ethyl Total
a A n ? F h a  Y - 1 . - .

r  r ] |  r v l r e

Toluene DF

wo-s/P#1 E4053115

Units

Derection Limits (DL) 5.0ug/kg 5 0r  ro ,&o 5.Oug/kg 10ug&g

ND Not Detected. All analytes recorded as ND rvere found to be under the limit of detecdon.

Lei Chen. Laboratory Manager

?83 East Evelyn Ave., SunnYvaie,CA 94086 Tel. (408) 738-3033 Fai<. (408) 738-3035I
t



I
AMER
Advanced Materials Engineering Research, Inc.

ANALYSIS REPORT
(ELAP Certificate No. 1909)

BPA METHOD 8015M

CLIENT:
GEN-TECH ENVIRONMENTAL
1936 Camden Avenue, #1
San Jose, CA 95124
MATRIX: SOIL
PROJECT MANAGER: Eric Lissol
PROJECT: Castro Valley S.S. '  # 9375

DATE SAMPLED: 05-26-94
DATE RECEIVED: 05-i l-94
DATE REPORTED: 06-07-94
AMERID: E234

CIient
i .D .

AMER
I .D.

80  i5M/
TPH.DIESEL

DF

I
I
I
I
I
I
I
I
I
I
I
T
I
I
I
I
t

EXT.-S/W#1(A)
EXT.-S/W#2(A)
EXT.-Siw#3(A)
EXT.-S/w#4(A)
wo-s/P#1

E4053 I  l0
E40531 1 1
E4053 1 l2
E4053113
E40531 15

93
T2
t6

^l ,l

I
I
1
1
1

Units mg/kg

Detection Limits (DL) 1.0mg/kg

ND Not Detected. All analytes recorded as ND were found to be under the limit of detection.

Reviewed By

\r-.J c.L.^
Lei Chen, Laboratory Manager

783 East Evelyn Ave.' SunnYvale,CA 94086 Tel. (408) ?38-3033 Fa.:r' (408) 738-3035



AMER
Advanced Materiais Engineering Research, Inc.

ANALYSIS R-EPORT
(ELAP Certificate No. 1909)

EPA METHOD 8015M

CLIENT:
GEN.TECH ENVIRONMENTAL
1936 Camden Avenue, #1
San Jose. CA 95 124
IvIATRIX: WATER
PROJECT NLA.NAGER: Eric Lissol
PROJECT: Casiro Vrl ley S.S. '  # 9375

DATE SAMPLED:
DATE RECEIVED:
DATE REPORTED:
AVIER ID: E234

05-26-94
05-3 r -94
06-07-94

Client
I.D.

AIVIER
I .D.

80 r 5M/
TPH-DIESEL

DF

EXC.-GWS.#l E4053114

I
I
I
I
I
I
I
I
I
I
T
I
I
I
I
t
I
I
I

Units ug/1

Detection Limits (DL) 50ug/l

ND Not Detected. All analytes recorded as ND were found to be under the limit of detection.

Reviewed By

4; CL-
Lei Chen, Lrboratory Manager

?83 East Evelyn Ave., SunnYvale,CA 94080 Tel. (408) 738-3033 Fax. (408) 738-3035



lorr*
lvanced Materials Engineering Research' Inc.

ANALYSIS ITEPOII.T
(ELAP Ccrtificate No' 1909)

EPA METIIODS 5520F (TOG)

GEN.TECH ENVIRONMENTAL
1936 Camden Avenue, #1
San Jose, CA 95124
MATRIX: WATER
PROJECT MANAGER: Eric Lissol
PROJECT: Castro ValleY S.S.' # 9375

DATE SAMPLED: 05'26-94
DATE RECEIVED:  05-3 i -9+
DATE REPORTED: 06-07-94
AMER ID: E234

CIient
I .D .

AMER
I .D,

5520F DF
TOG

ND

I
I
I
I
I
I
t
I
t
I
t
I
I
I
T

EXC.-GWS.#I E4053 l  l4

Units

Detection Limits (DL) 5.0mgi kg

ND Not Detected. All analytes recorded as ND were found to be under the limit of dctection.

Reported by:

4 cr^.
Lei Chen, Laboratory Manager

RECEIVED

JUL 7 1991

ANSWERED-

?83 East Evelyn Ave., SunnYvale'CA 94086 Tel. (408) 738-3033 Fax. (408) 738-3035

I
I
I



AMER
Advanced Materials Engineering Research, Inc.

ANALYSIS REPORT
(ELAP Certificate No. 1909)
EPA METHODS ss20F (TOG)

GEN.TECH ENVIRONMENTAL
1936 Camden Avenue, #l
SanJose, CA95124
MATRIX: SOIL
PROJECT MANAGER: Eric Lissol
PROJECT: Castro VallcY S'S., # 9375

DATE SAMPLED: 05-26-94
DATE RECEIVED: 05-31-94
DATE REPORTED: 06-07-94
AMER ID: E234

Client
I .D ,

ANlER
I.D,

5520F DF
TOG

wo-s/P#1 E40531 l5 2 l

Units mgi kg

I
T
T
I
T
I
I
I
I
I
I
T
T
T
I
I
t^
I
I

Detection Limits (DL) 5.Omg/kg

ND Not Detected. All analytes recorded as ND were found to be under the limit of detection.

Reported by:

u/^' C/4-
Lei Chen, Laboratory Manager

RECEIVED

JUL l I tssl

783 East Evelyn Ave., CA 94086 Tel. (408) ?38-3033 Fax' (408) 7



t
r \MER
r Aduunc"d Materials Engineering Research, Inc'

T
I
I
t
t

EPA METHODS 6 ' I  O/8100 ANALYSIS REPORT

(ELAP CERTIFICATE NO' 1909)

Cl ient :  GEN'TECH ENVTFONMENTAL'  INC'

1 936 Camden Avenue,  #1

S€n JosB,  CA 951 24

Project Manager: Eric Li3sol

Project; Castro Vallsy S.S'. #9375
cnmnla Nrme: EXT.-S,I\iV #1(At (E4O531 10)

Beviewed BY;

.4J a/---
G' Chen, Enn. Laboratory Manager

DEte SamPled:
Oato Received:
D6te Reported:
Sample Matlix;
AMER RBPort r:

05-26-94
05-31 -94

06-08-94
5LJ IL

8234

I
I
t
I
I
I
I
I
I
I

r r - - ^ .  cYT  - cn  /  f

COMPOUND CAS #
coNc.
{ug/ks)

DETECTION LIMIT
{us/kg)

ND 100
100
100

a r j 9 r  r u p r  r L '  ! y r o r  i (

ecenaphtheno * ND
NO

250
250

a l l l r r r r , u E r  r E  _

beneo (al anthrancene
ND

benzo(  a lPYrene -  "  - N D l 5 v

1 4 0
1 0 0
I arar

ognz(, l lJ ,  I  ruur <1r r r l
N O
ND

o E n z o \ a l  l l u v r  o '
ND

|  -cnloronaPl I  l r  r t trsr E
ND 100

2-chlor9naPnln6rene N D 100
chrysens , ND 100

100o l o g n z 9 t € l , l  r r t t r  r u  r  o v s l

dibenzo(E' i )  acr idine
ftuoranth€ne*
f luorene

ND
N D
ND 100
ND 100

i hdeno {  1  ,Z ,U -COi  Py re r  rE

e-rftaihvlcholanthr€ne

naphthalene

ND 100
N O 1 0 0

ND 100
Dh€n6flthrene
pvren€

ND 1 0 0

I
t

?83 Eaet PvelYn Ave., SunnYvale, Tei. (408) ?3&3033 Fax' (408) 738-3035
cA 94086

Page 1

'fNI,rr31-Hrr,lu F6,  E I  Ml f



A'.MER
Advanced Materisls Engineering Reseatch, Inc'

I
T
T
I
I
I
I
I
I
t
T
I
I
I
I
t
t
I
I

EPA METHODS 610/8100 ANALYSIS REPORT

{ELAP CERTIFICATE NO'  1909)

CI i€nt I  G EN.TECH ENVIRONMENTAL'  INC.

1936 Camden Avenue,  #1

S€n Jose,  CA 951 24

Proiect Mansger: Erlc Lissol

Pro.i6ct: Castro ValleY $'S,' #9375

Date SamPIed:
Oate Received:
Date R€ported:
Sample Matrix:
AMER Beport  # :

05-26-94
0 5 - 3 1 - 9 4
o6-08-94

a:n

# E234

Reviewed By:

-4: e-4^
Gl-dnen, Env. LaboratorY Manager

Name: EXT.-SArV #2lAl (E4O531

COMPOU ND CAS #
coNC.
uE/ Kg

DETECTION LIMIT
ugi  kg

NO 100
Ecensphthyl6ne
acen6phthene * ND 100

ND 100
€nthracene
benzo {a) anthrancene N D l ? v

ND tcv

ND 250
l . ' ^ - - ^ r t r \ t l r  r A r a ^ t h o h e

ND 1 0 0
benzo(9,h,  i lPerYlene

b6nzo{k)  f luoranthene N O 100

;  ^ r r a r ^ ^ - ^ h r h  r l a n . t N D 100
ND 100

t  ^ h l ^ 1 6 ^ r 6 h t h a l e h A

N D 100
chrysene

ND 100
, l i a^a '^ /6  h l .n th . ' reanc

ND 100
di6Enzo(a,jlacrictine

N D 250
fluoranthene *

tluorene ND 1 0 0

ND
indeno{  1,2,3-co)PYtene
' r  * - + h w l F h A l 2  n f h r a n e ND 1 0 0

^Anhthelena
ND 100

p he n a nt lllg!q-------.- N D 1 0 0
ND 1 0 Q

pyrene

?83 East Evelyn Ave-, Sunnyvaie, CA 94,086 -Tei' 
(408) ?3S'3033 Far' (408) 738-3085

Page 2

.tNI .l,tfl_-U3l^lu eS 160 t6. €1 Nnf



I AMER
r Advanced Materialg Engineering Research, Inc'

Cl ientr  GEN.TECH ENVIRONMENTAL, INC.
1 936 Camden Avenue, #1

S€n Jose,  CA 951 24
Proiect MEnager: Erlc Llssol
ProJect: Cs3tro Valley S.S., #9375

EPA METHODS 610/81O0 ANALYSIS REPORT
(ELAP CERTIFICATE NO. 1 909}

Date Sampled:
Date R6c6ivad:
D€te Reportedi
Sample M€tr ix :
AMEFI Beport #:

05-26-94
Q 5 - 3 1 - 9 4
o6-08.94

solL
# E234

I
I

Samole Name: EXT.-SM #3(A) (E4053 ?

COMPOUND CAS #
co Nc.
ug/kg

DETECTION LIMIT
ug/kg

acsnaphthylen€ ND 100

6c6naphthene * ND 100

enthr8c6ne N D 100

benzo (a)  anthrancene ND 250

benzo (a)pyrene *  * ND 250

benzo{b) t luora nthene N D t t n

ben?o{g,h,  i )pery lene N O 1 0 0

b€nzo{k)  f luorEnthene ND 1 0 Q

1 -chloronaPhthalene ND 100

2-chlo ron ap hth€ le ne ND

chrysene ND 100

d i t r onTo la  -h )  an th racgne ND 1 Q Q

dib€nro(a,  i )dcr id ine ND 1 0 0

fluoranthene' ND 250

fluorene ND 100

indeno{1,2,3-cd)pyrene ND 100

3-methylcholanthrene ND 100

neohtha lBna ND 1 0 0

phenanthrene ND 100

pvrene ND l U U

Reviewed By:

*2^ 4-C'-

I
T
I
t

94086 Tel. (408) ?3&3033 Fax' (408) ?38-3036
Page 3

?83 East EveiYr Ave', SunnYvale, CA

'3NI ',l,lf1-Ufl^lu ts:58 F6. eI Nnr
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I' AMER

Advanced Material:s Engineering Research, Inc.

I
T
I
t
I
t
I
I
I
I
T
T
I
T

EPA METHODS 61 O/81O0 ANALYSIS REPQBT
(ELAP CERTIFICATE NO. 19O9)

CIJENT: GEN.TFCH ENV]FONMENTAL'  INC'

1 936 C€mden Avenue,  #1

San Jose,  CA 951 24
Projgct Manggor: Eric Lissol

Projact: Castro ValleY S'S.' #9375

Name: EXT.-S/VV #4{A} (E4053113}

Feviewed BY:

4,! 4-^
Lei Chen, Env. Laboratory Mendger

Dats Safipled:
Date Received:
Date Reponed:
Sampl6 Matrix:
AMEF Beport  # :

05-26-94
05-31 .94
06-o8-94

SOIL
# E234

COMPOUNP CAS #
coNc.
ug/k9

DETECTiON LIMIT '
ugixg

acenaphthylene ND 100

acenaphthene * ND r00

anihracens NO 100

bsnzo (a) anthlancene N O 250

benro(aloyrene * * NO

be nro {b)fluo ranth e ne ND 250

benzo{9,  h, i )perYlene N D 100

bsnzo(k)  f luoranth€n€ ND 100

1 -chloron6Phth€lene N D 100

2-chlolonsphthElene ND 100

chrysene ND 100

djbenzo{a,h)anthracene ND 100
. l ihantolE -i l scridine N D too
f luoranthene t ND 250

f luorene N D 100

indeno(  1,2,3-cd)PYrene N D 100

3-methvlcholanthrene ND 1 0 0
N O 100

)henanthrane ND roo
pYr€n€ ND 100

I
I
I

?83 East Evelyn Ave., SunnYvale, CA 94086 Tet. (408) ?38-3033 Fax. (408) 738-3096
Pege 4

'3NI '1,13I-83hU S9:64 F6, Et Nfif
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Ad..r*rr""d Materials Dngineering Research, Inc'

I
t
t
I
I
t
T
t
I
I
I
I
T
I
T
T
T

EPA METHOOS 61 O/B1OO ANALYSIS BEPORT
{ELAP CEBTIFTCATE NO. 1909)

CIient I  GEN-TECH ENVIRONMENTAL. INC'

t  936 Camden Av€nue.  # ' l

San Jose,  CA 95 '1 24

Projoci Manager: Eric Lissol

Prolect: Castro VolleY S.S., #9375

Raviewed 8Y:

\.0j e.L-
LeTZhe'1, Env' LaboratorY M€nager

Date sampledr  05-26-94

DsteReceived:  05-31 '94

DsteRePorted:  06 '08-94

Sampte Matrix: WATER

AMER Report  # :  E234

nrama.  FYC .GWs.#1 {E4053114}

COMPOUND cAs f
coNc.

ug/r
DETECTION LIMI I

ug/ l

0.28
ND
ND

acgnap l l L l r q r r t ,
N D 0 .28

029ND
bgnzo {81  Sn lnrancsM o.17
u E r  r a u l d l | /  y  I  e  r  r e

bcnTotblfluorantnene
N D
NO v . z )

t6nzo(g,h, i )perY!9nB ND o.20
benzo{kl lluorallnBne
1 .^hlA16lrahhlhalene

0 .50
0.30N D

2-chlo lo n aPhtna le n e
ND o.24

chrvsen€ _
dibe!49!a.xleT!I999ne _-

N D U.  ZD

ND
dibenzo (8,l l6crlol!9 ND
tluofdntnenl

3-cd)pyrene

ND o.27
tluorene ND o.23

5=o
o,29

r n d e n o {  ' . 4 ND:  : . :
2-nrerhvl.holanthr€ne

N D
nso hthalens N D
phenanthrene ND
pyrene

?83 East Evelyn Ave', Sut"y"A"' CA 94086 -TeL 
(408) 738-3033 Fax' (408) 738'3035

-  paqe 5

.fNI .t^t3I-U:L.tU g9:6e, F6, €T Nnf
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Advanced Materials Engineering Research, Inc'

I
I
t
I
I
I
I
t
I
I
I
I
t
I
I
I
I

EPA METHODS 61OI81OO ANALYSIS FEPORT
(ELAP CEBT]FICATE NO. 19O9}

CIient :  GEN-TECH ENVIRONMENTAL. INC.

1 930 Camden Avenue,  #1

S a n  J o s 6 ,  C A  9 5 1 2 4
Project Manager: Eric Li8€ol

Projactt Castro ValleY S'S., #9375

Dste Sampl€d:
Date Fieceived:

Date Fleported:
Semple Matr ix :
AMEF Repo' t  # :

o5.26.94
o5-31-94
06-08-94

# E234

Reviewed By:

Namer W/O -  S/P #1 tE405311

COMPOUN O CAS #
coNc.
u9/kg

DETECTION LIMIT
ug/kg

,re ne ND 100
100

r a a n a n h t h c n p  t ND

gnthracene ND 100

! . ^ n ' ^  I ' l ' ^ + l i r r n F P n c ND 250
ND 250

benzo(a)pyrene "  
.

be n zo (bl f luora nt hene ND 250
ND 100I I^ i r^  r ,  i r .6n, lanp

v s | | L Y ! 5 | | | ' 1 ' r . 9 | I ' - ' . - .

honro lk l  t luorEnthene ND 100

i  -. r, tnronao hrhale n e ND 100

2-ehl.rratr lB o hth Ble ne ND 100
ND 100

dibenzo( 8, h) a nthr€ceJre N D 100

dibenzo{a, i lacr id ine ND 100

fluoranthene'
NO
ND 100

f luorene
ND 100

indeno(  1,2,3-cd)pYrBne
ND 100

3-methvlcholanthrene
ND 100

r r u P r t t r r d r E r r e

phenantlllslq ---------....--
ND 100
N D 1 0 0

pyrene

-1,: eL-

CA 94086 Tel. (408) 73&3033
Page B

Fax. (408) 738-3035
?83 East Eveilm Ave., SunnYvale'

' fNI'H31-831^lU 9S:6@ F6. EI l 'nf
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AMER
Advanced Materials Engineering Research, Inc.

ANALYSIS REPORT
(ELr\P Ccrt i l icatc No. 1909)

EPA ]VIETHOD 6000/7000

CLIENT:
GEN.TECH ENVIRONMENTAL
193 6 Camden Avenue, #1
San Jose, CA 95124
MATRIX: SOIL
PROJECT VIANAGER: Eric Lissol
PROJECT: Cestro Valley S.S., # 9375

DATE SAMPLED: Q5-26-94
DATE RECEMD: 05-31-94
DATE REPORTED: 06-01-94
AMER ID: E234

V[etai Analysis: Cadmium (Cd)
( " * -1^  l \ , , f " t . ; - .  qn tT

Dilution Factor: 1

Client
I.D.

AMER
I.D.

Detection
Limit

UnitsMetal
Concentration

I
I
I
I
I
I
I
t
I
I
I
I
I
I
T
I
I

0.24
0.13
0.17
0.24
0.38

0.02
0.01
0.0 i
0.02
0.03

EXT.-S/W#1(A)
EXT.-S/w#2(A)
EXT.-S/w#3(A)
EXT.-S/w#4(A)
wo-stP#1

E4053 I l0
E40531 1 r
E4053 r i2
E4053 1 13
E4053115

mgikg
mg/kg
mg/kg
mg,4(g
mgikg

ND = Not Detected. Analyte reported as ND was not present above the stated limit of detection.

Reponed by:

,L; C-{._
Lei Chen, Laboratory Manager

?83 East Evelyn Ave., SunnYvale,CA 94086 Tel. (408) ?38-3033 Fax. (408) 738-3035



AMER
Advanced Materials.Engineeriag Research, Inc.

ANALYSIS REPORT
(ELAP Certificate No. 1909)

EPA METHOD 6OOI)/7OOO

CLIENT:
GEN.TECH ENVIRONMENTAL
1936 Camden Avenue, #1
San Jose, CA 951,24
V{ATRIX: WATER
PROJECT MANAGER: Eric Lissol
PROJECT: Crstro Vrl ley S.S., # 9375

DATE SAMPLED: 05-26-94
DATE RECEIVED: Oi- i  l -9+
DATE REPORTEDT 06-07-94
AlvlER ID: E234

lvletal Analysis: Cadmium (Cd)
Sample Matrix: WATER
Dilution Factor: I

I
l-
I
t
I
I
I
I
I
t
I
t
I
I
I
I
t
I
I

Client
I.D.

AMER
I .D.

Detection
Limit

UnitsMetai
Concentration

EXC.-GWS.#l E4053114 0.01

ND = Not Detected. Analyte reported as ND was not present above the stated limit of detection.

D . ^ n - r a r l  h r r 'r \ ! y v r  r ! s  v J  .

r t  I  l ) ,
{. - (]t'-{

Lei Chen, Laboratory Manager

0 .01

783 East Evelyn Ave., Sunnyvale, CA 94086 Tel. (408) ?38-3033 Fax. (408) 738-3035



AMER
Advanced Materials Engineerin g Research, Inc.

ANALYSIS REPORT
(ELAP Certificrtc No. 1909)

EPA METI{OD 6()OO/7O()O

CLIENT:
GEN.TECH ENVIRONMENTAL
1936 Camden Avenue, #l
San Jose, CA 95124
MATRIX: SOIL
PROJECT MANAGERT Eric Lissol
PROJECT: Castro Valley S.S.' # 9375

DATE SAMPLED: 05-26-94
DATE RECEIVED: 05-31-94
DATE REPORTED: 06-07-94
AIIER lD: E234

lletai Anaiysis: Chromium (Cr)
e rnn le  n ,4q t r iw  SOTI

Dilution Factor: 1

I
I
I
I
I
I
T
I
I
t
I
I
I
I
I
t
I
I
I

Client
I,D.

AMER
I,D.

Metai
Concentration

Detection
Limit

Units

EXT.-S/W#1(A)
EXT.-S/W#2(A)
EXT.-S/w#3(A)
EXT.-S/W#4(A)
wo-s/P#1

E4053 1 10
E4053 r l l
E4053112
E40s3113
E4053 1 15

1.0
3.9
4.',l
/ . o

9.7

0.06
0.03
0.03
0.06
0.08

mg/kg
m orko

mg/kg
mg&g
m,eikg

nt above the stated Iimit of detection.

Lei Chen, Laboratory Manager

?83 East Evelyn Ave., SunnYvale,CA 94086 Tel. (408) 738-3033 Fax. (408) 738-3035



AMER
Advanced Materials Engineerin g Research, Inc.

ANALYSIS REPORT
(ELAP Certificate No. 1909)

EPA METHOD 600()/7OO()

CLIENT:
GEN-TECH ENVIRONMENTAL
1936 Camden Avenue, #1
San Jose, CA 95 124
MATRIX: WATER
PROJECT MANAGER: Eric Lissol
PROJECT: Castro ValleY S.S., # 9375

DATE SAIvIPLED: 05-26-94
DATE RECEIVED: 05-i I-94
DATE REPORTED: 06-07 -94

AMER ID: E234

lvletai Anal-vsis: Chromium (Cr)
Sarnple Matrix: WATER
Dilution Factor: 1

t
I
I
I
t
I
I
I
t
I
t
t
I
I
I
t
l-
I
I

Client
I.D.

AMER
I.D.

Metal Detection
Concentration Limit

Units

EXC.-GWS.#I E4053 1 14 0.05 0.03 mo/ l

nt above the stated limit ofdetection.

Reported by:

-L: C/.^
Lei Chen, Laboratory Manager

?83 East Evelyn Ave., SunnYvale,CA 94086 Tel. (408) ?38-3033 Fax. (408) 738-3035



AMER
Advanced Materials Engineering Research, Inc.

ANALYSIS REPORT
(ELAP Certificate No. 1909)

EPA METHOD 6000/7000

CLIENT:
GEN-TECH ENVIRONMENTAL
1936 Camden Avenue, #l
San Jose, CA 95124
Ii,{ATRIX: SOIL
PROJECT MANAGER: Eric Lissol
PROJECT: Castro ValleY S.S.. # 9375

DATE ST\MPLED:
DATE RECEIVED:
DATE REPORTED:
AMER ID: E234

05-26-94
05-3 1-94
06-0'7-94

N,letal Analysis: Lead (?b)
Sample Matrix: SOIL
Dilution Factor: I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Client
i .D.

AMER
I.D.

Detection
Limit

UnitsMetal
Concentration

EXT.-S/W#1(A)
EXT.-S/W#2(A)
EXr.-S/w#3(A)
EXT.-S/w#4(A)
wo-s/P#1

E4053 1 10
E40531 I 1
E4053 I 12
E4053 1 13
E40s3 l  l5

2.6
2.0
2.6
6.6

0.2
0.1
0.1
0.2
0,3

mg,&g
mg/kg
mg.&g
mg,&c
mdkg

ot.a ii*it of detection.

Reported by:

,t-" C.L.-
Lei Chen, Laboratory Manager

I
I
I

783 East Evelyn Ave., Sunnyvale, CA 94086 Tel' (408) ?38-3033 Fa:r' (408) 738-3035



AMER
Advanced Materials Engineering Research, Inc.

I
I
I
I
I
I
t
I
I
I

ANALYSIS REPORT
(ELAP Certificate No. 1909)

EPA NIETHOD 600O/7OO(]

CLIENT:
GEN-TECH ENVIRONMENTAL
1936 Camden Avenue. #l
San Jose, CA 95 124
MATRIX: WATER
PROJECT MANAGER: Eric Lissol
PROJECT: Castro Valley S.S., # 9375

DATE SAMPLED:
DATE RECEIVED:
DATE REPORTED:
ANIER ID: E234

05-26-94
05-3 1-94
06-0'7-94

Metal Analysis: Lead (Pb)
Sample Matrix: WATER
Dilution Factor: I

Client
I .D .

AMER
I.D.

Detection
Limit

UnitsMetai
Concentration

EXC.-GWS.#1 840531 14 rr, o /1

ND = Not Detected. Anallte reported as ND was not present above the stated limit of detection.

Lei Chen, Laboratory Manager

0.4

t
t
I
I
I
I
I
I
I

783 Easr Evelyn Ave., sunnyvale, cA 94086 Tel. (408) 738-3033 Fax. (408) 738-3035



I AMER
Advanced Materials Engineering Research, Inc.

I
I
I
I
I
I
I
I

ANALYSIS REPORT
(ELAP Certificatc No. 1909)

EPA METHOD 6000/7000

CLIENT:
GEN-TECH E].TVIRONMEN'| AI
1936 Camden Avenue. #1
Son Jose, CA 95 124
MATRIX: SOIL
PROJECT MANAGERT Eric Lissol
PRO.IECT: Castro Valley S,S,, # 9375

DATE SAMPLED:
DATE RECEIVED:
DATE REPORTED:
AMERID: E234

05-26-94
0s-31-94
06-07-94

Metal AnaLysis: Zinc (Zn)
Sarnple MaEix: SOIL
Diiution Factor: 1

Client
. I .D .

AMER
i,D.

Metai.
Concentration

Detection
Litrit

ljnits

T
I
I
I
t
I
t

EXr.-SAV#i(A)
EXT.-S/w#2(A)
EXT.-S/W#3(A)
EXT.-s/w#4(A)
wo-s/P#l

E4053 I l0
84053111
F,40531t2
E4053 l 13
840531 l5

J'

J,L

39
40
38

i .0
1 ,0
1.0
1.0
1,0

mlkg
mS/kC
n,elks
mg/kg
mg/kg

ND = Not Dctected. Ana.llte reported as ND was not present at:ove the stated limit of detection.

Reported by:
- lq-^ eL^

Lei Chcn, Laboratory Manager

I
t

?83 Eaet Evetyn Ave., sunnyvale, cA 94086 Tel. (408) 738-3033 Fax. (408) 738-3035

'-rNI .l,t3t-U=lnH lg16A t6. eI Nnf



Advanied Materlals Engineering Reeearch, Inc.

I
I
I
I
I
I
I

ANALYSIS RDPORT
(ELAf Certificete No. 1909)

EPA METHOD 6000/7000

CLIENT:
GbN.TECH ENVIRONMENI]A L
1936 Camdcn avcnue, #1
San Jose. CA951.24
Matzux: wATER
rho.rscr IvIANAGDR: Eric Lissol
PRO,IECT: Cestro Vrlley S.S.' # 9375

DATE SAMPLED:
p41B glief,lvED:
DATE REPORTED:
AMERID: 8234

05^26-94
05-31-94
06-0'7-94

I
l_
t
I

Metal A-ualYsis: Zinc (Ltt)
Sample Matrix: WATER
Dilution Factor: 1

Ctl="l.-- AMER Metal Detection ljnits
. I .D . I.D. Concenffation Limit

Exc.-cws.#1 84053114 rndl

I
I
I

Nil-5"t D"t""t.d, Ailtyt. rcported as ND was not present above the stated limit of detection,

by:

--1; elj-
Chen, Laboratory Manager

I
I
I
t
t

783 East EvelYn Ave-, SunnYvale'

? r /E 'd

CA 94086 Tel. (408) 738-3033 Fsx' (408) 738-3035

'3NI '.l^lf1-N3l,lu 6F t 6A ffi. E'[ Nnf



I
I A.MER

Advanced Materials Engineerin g Researcir, Inc'

ANALYSb REPORT
(ELAP Certificate No' 1909)

EPA METHOD 6000/7000

CLIEN'I:
GEN.TECH ENVIRONMENTAL
1936 Camden Avenue, #l
San Jose, CA 95124
MATRIX: SOIL
PROJECT MANAGER: Eric Lissol
PROJECTT Cestro Valley S.S.' # 9375

DATE SA}VIPLED:
DATE RECEIVED:
DATE REPORTED:
AMERID: 8234

05-26-94
05-31-94
06^07-94

Metal A'nalysis: Nickel [Ni)
Sarnple Matrix: SOIL
Dilution Factor: I

Client
LD.

AMER
I.D.

Detection
Limit

UnitsMetal
Concen.tration

t
I
I
I
I
I
I
t
I
I
T
T
I
I
I
I
I

2.0
)o
2.0
2.Q
,/--u

EXr.-S/W#i(A)
EXT.-S/W#Z(A)
EXT.-s/w#3(A)
EXT.-S/w#4(n)
wo-s/P#1

E4053110
840531r  I
840531't2
E40531 r 3
E40531 15

mg/'kg
mgkg
mgikg
mg.Acg
mg/kC

19
l9
2 l
) 1

24

ed limit of dit"ction'

Repoded by:

-  
'  

t t t'L^ UU
Lei Chen. I-aboratory Marager

CA 94086 Tel. (408) ?38'30:lll Fax. (408) ?38-3035
?83 East EvelYn Ave., SunnY'r'ale,

'3t.ll ,l.,t3I-N:l,B ZS:60 t6, ET Nnf



Ieunn
J4dvanced Materials Engineering Research, Inc.

ANALYSIS RXPORT
(ELAP Ccrtificatc No. 1909)

EPA METHOD 60OO/7()OO

CLIENT:
GEN.TECH ENVIRONMENTAL
1936 Camden Avenue. #1
San Jose, CA95124
MATRIX: WATER
PROJECT MANAGER: Eric Lissol
PROJECT: Castro Vallcy S'S.' # 9375

DATE SAMPLED:
DATE RECEIVED:
DATE REPORTED:
AMER ID: E234

05-26-94
05-31-94
06-07-94

Metal Analysis: Nickel (lii)
Sample Matrix: WATER
Dilution Factor: I

Client
I.D.

AMER
I.D.

Detection
Limit

UnitsMetal
Concentration

I
I
T
T
I
t
I
T
I
t
I
I
I
I
t-
t
I

EXC.-GWS.#1 E40531,14 0.04

ND = Not Detected. Analyte reported as ND was not present above the stated limit of detection.

Reported by:

-0... eZ-_._-
Lei Chen, Laboratory Manager

mg/l

783 East Evelyn Ave., Sunnyvale, CA 94086 Tel. (408) 738-3093 F'ax. (408) 738-3035



I
I AnfER
- 

Advaneed Material.e Engineering Eesearch, Inc.

I
I

ANALYSIS REPORT
(ELAP Certifrcate No. 1909)

EPA METIIOD 6()OOiT()OO

CLIENTI
GEN.TECH ENV]RONMENTAL
1936 Camden Avenuc. #l
San Jose, CA 951.24
MATRIX: SOI1,
PROJECT MANAGER: Eric Lissol
PROJECT: Ca.stro VaIleY S.S., # 9375

DATE SAMPLED:
DATE RECE]VED:
DATE REPORTED:
AMERID:8234

05-26-94
05-3t-94
06-07-94

Metat Analysis: Selenirrm (Sc)
Sample Mahix: SOIL
Dilution Factor: 5

Client
I,D.

AMER
i.D.

Detcction
Lirnit

LInitsMetal
Concentration

I
I
I
I
I
I
I
I
I
I
I
I

t , J

t . )

I - t

EXT.-S/W#1(A)
EXr.-S/W#2(A)
EXr..S/w#3(A)
Exr.-sAv#4(A)
wo-s/?#l

E4053 I l0
840531 1 I
E4053112
E4053113
E40s3l l5

mdke
m{ke
mdkg
rng/kg
mg/kg

ND
ND
ND
ND
ND

was not present abovc the stated limit of detection'

Rcported by:

4: u.,^
Lei Chen. Laboratory Managcr

t
I 783 East Eveiyn Ave., SunnYvale'

'3t lI 't l3l-8ll^tu ZS :60 FE , ET llnfI
CA 94086 Tel. (408) ?38-3088 Fax' (408) 738'3036



laupn
Advanced Materials Engineering Research, Inc.

ANALYSIS REPORT
(ELAP Ccrtificate No. 1909)

EPA METHOD 6OO(]/7(}OO

CLIENT:
GEN.TECH. ENVIRONMENTAL
1936 Camden Avenue
SAN JOSE, C495124
MATRIX: WATER
PROJECT MANAGER: Eric Lissol
PROJECT: Castro ValleY S.S.' # 9375

DATE SAMPLED:
DATE RECEIVED:
DATE REPORTED:
AMER ID: E234

05-26-94
05-3 I -94
06-0'7-94

Metal Analysis: Selenium {Se)
Sample Matrix: WATER
Dilution Factor: I

Client
I .D.

AMER
I,D.

Detection
Limit

UnitsMetal
Concentration

EXC.-CWS.#l E40531 14 0.005 mgil

ND - Not Detected. Anallte reported as ND was not present above the stated limit of detection.

Reported by:
n '

\t.^

Lci Chcn, l-aboratory Managcr

t
T
t
I
I
I
I
I
I
T
I
I
I
T
T-
t
I

783 East Evelyn Ave., SunnYvale,CA 94086 Tel. (408) ?38-3033 Fax. (408) 738-3035
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: ,.nX, PRtoHtrY ENVTRoNMENTAL LABS
I YLY p'". r,o- invi.c".nenrot Anolyicot Loboro,ory

Augus t  19 ,  1994

GEN-TECH ENVIRONMENTAL

At tn :  S tua r t  so lomon
Re:  Th re l ve  so i l  sanp le  fo r  Gaso l i ne /BaEX,  D iese I

ana lyses .

P ro jec t  name:  Cas t ro  Va1 ley  S .S .
D r a i  a n f  n r t h l - r 6 r  .  o ' l  ?  q

Date sanpled:  Aug l7  |  L994
D a t e  e x t r a c t e d :  A u g  1 8 - 1 9 ,  1 9 9 4

RESJ.IITS:

SAMPLE
T N

Gaso l i ne  D iese l  Benzene

(ms/KS) (ms/Ks)  (us/KS)

PEIJ # 940807 4

t
I
I
t
I
T

and Oi1 & Grease

Date submit ted: Augr
Date analyzed: Aug

1 8 ,  1 9 9 4
! 8 - 7 9 , 1 9 9 4

f o luene  E thy l  To ta l  O i l  &
Benzene Xylenes Gfease

(uS /Kg)  (us /KS)  (u9 /Kg)  (mS/KS)

t
t
I
I
t
I
I
t
I

EXC-S/P #  1
Exc-s lP # 2
EXc-s /P  #  3
EXC-S/P #  4
Exc-s /P  #  5
EXc-s /P  #  6
Exc-s /P # 7
EXc-s /P  #  I
EXc-s /P  #  e
EXc-s /P  #  r .0
o/B-s/P#1,-ABCD
o/B-s /P#2 -ABCD

B 1a nk-
Spiked

Detection
l in i t

Method of
Ana lys is

N.D .
N .D .

N .D .

N .D .
N .D .
N .D .
N .  D .
N .D .
N .  D .
N .D .

N .D .

85 -3 t

1 n

5030  /
U U I f ,

N.D .
N .D .
N .D .
N .D .
N .D .
N .D .

N .D .
N .D .
N ,D .
N .D .
N .D .

N .D .

t  t . 6 4

1 n

3550  /
8015

N.D .
N .D .
N .D .
N .D .
N .  D .
N .  D .
N .D .
N .D .
N .D .
N .D .
N .D .
N .D .

N .D .

97  . 82

5 .0

8020

N.D .
N .D .
N .  D .
N .D .
N .D .
N .  D .
N .  D .
N .  D .

N .  D .
N .D .

N .D .

92 .62

5 .0

8020

N.D .
N .D .
N .  D .

N .D .
N .D .
N .D .
N .D .
N .  D .
N .D .
N .  D .
N .D .

N .D .

89 .4 *

8020

N.  D .
N .D .
N .  D .
N .  D .
N .D .
N .  D .
N .  D .
N .D .
N .  D .
N .D .
N .  D .
N .  D .

N .  D .

103  .  ??

8020

N.  D .

N .  D .

97
88

280
270
220

7L
20
32

N.  D .

10
5520
I J & I

*Conpos i ted  so i l  samp les .

I
,n  t !

-ttLa4a+'--'-'
' -  

n : i  r r  i  / l  n , r ^ h d

Laboratory Director

1764 Houfe t  Cour t  M i lo i tas . cA.  95035 Tel: 408-946-9635 Fax: 408-946.9663
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PRIORITY EhIVIHONMENTAI- I.ABS
Precision Environmenlol Anolyicol [oborolory

November IO, J-994 PEL # 94L7026

GEN - TECH ENVIRONUENTAL

At tn i  E r i c  L i sso r
Re :  one  RUSH so i l  sanp le  fo r  Gaso l i ne /BTEXT D iese l ,  and  o i l  &

Grease  ana lyses .

Project name: Diversi f j -e ld
Pro jec t  number :  9375

Da te  sanp led :  Nov  08 ,  1994
Da te  ex t rac ted :  Nov  09 -10  |

R,ESULTS:

Loans /  castro valLey

SA-I'{PLE
I . D .

Gaso l i ne  D iese l

(ns/KS) (ms/Ks)

199 4

Benzene Toluene

(uslKs) (us/Ks)

Date submit ted: Nov 09 |  !994
Da te  ana lyzed :  Nov  09 -10 '  1994

Ethyl  Total  Oi l -  &
Benzene  Xy lenes  Grease
(uq /Kg)  (uq /Ks )  (ms /Ks )

I
I
I
I
I
I
I
I
I
I
t
I
t
I
I
T
I
I
I

F v . ' -  q  / D 4  1 1

B lank

D6/ - . r1 r6} .v

Detecti.on
l init

Method of
Analys i  s

N .D .

N .  D .

99 .72

1 n

5 O 3 O  /
I  015

N ,D .

N .  D .

101 .2&

1 n

3550  /
8  015

N . D .  N . D . N.D .

N .  D .

89 .1 *

l . u

8020

N.  D .  N .  D .

89 .3 *  94 .4 *

< a l q n

8020  8020

N.  D .  N .  D .

98 .6?

5 .0  1 .0

5520
8020  D  e  F

LaboratorY
Duong
D i.rector

CT<;,U

1754 Houret Court Milpitas, c A . 9 5 0 3 5 Tel: 408-946-9636 F a x : 4 0 & 9 4 6 - 9 6 6 3



PRIORITY ENVIRONMENTITL LABS
Environmenlol Anolyicol [oborctory

PEL #  94LTO26

I 
cEN - rEcH ENvTRoNMENTAL

Attn:  Er ic I , issor

I  P ro jec t  na rne :  D ive rs i f i e l d  Loans  /  cas t ro  va l l ey
Pro iec t  nunber :  9375

t 
an"fy. i= :  TTLC cAM 17 netals

Sanp le  I .D . :  EX0-S  /P  #  17

I  Da te  samp led :  Nov  08 ,  1994  Da te  subn i t t ed :  Nov  09 '  ! 994
Da te  Ana l yzed :  Nov  09 -10 ,  1994

I Method of Analysis:  EPA Golo

I coDE CONCENTRATION

(ns /Ks )

DETECTION
LIMIT

t
I
I
I
I
I
I
I

Ag
As
Ba
Be
cd
Co
Cr

Hq
I'1o
Ni-
Pb
sb
Se
T1
\ t

Zn

Si l ve r
Arsenic
Bariurn
Berryl l ium
cadni-un
Coba l t
chromiurr

Mercury
Molybdenun
N icke l
Lead
Antinony
SeLeniurn
ThaIl iurn
Vanadium
Zinc

N .D .

N .D .
N .D .
8 .0

25
T7
I2

N .D .

N .D .
N .D .
N .D .
N .D .

34
4 l

0 .05
0 .01
o .  05
0 .  01
0 .  01
0 .05
u .  u f ,

U .  U f ,

0 .002
0 .05

o .10
0 .01

0 .  05
n  n E

(-oi"ia Duong
Laboratory DirectorI

I
1764 Houret  Cour l  Mi lp i tas,  C4.95035 Tel: 408-946-9636 Far: 40&946-9663



PHIORITY ENVIHONMEhIT/\L LABS
Precision Environmenlol Anolyicol lobororory pEL # g 4LIOZ6

l -  cEN - TEcH ENVTRoNMENTAL Attn:  Er ic Lissor
Pro jec t  name :  D i ve rs  i f  i e l d  Loans /cas t ro  Va l l ey  P ro jec t  number :  9375

I  Sanp le  I .D . :  Exc -s  /P  #  7 .8 ,9 r11 -A
I

D a t e  S a n p l e d :  N o v  O g t  ] . 9 9 4

I  D a t e  A n a l y z e d :  N o v  0 9 ,  L 9 9 4

t  M e t h o d  o f  A n a l y s i s :  E P A  8 2 4 0

r COMPOUND NA-I{E CONCENTRATION

I  
(  us/Kg )

1 0 ,  1 9 9 4

Date Submit tedi  Nov 09. 1994

Detect ion l i rn i t :  5.  0 ug/Kg

SPTKE RECOVERY
( t )

I
I
t
I
t
I
I
I
I

Acetone
chloromethane
Vinyl  Chlor ide
Brononethane
chloroethane
Tr ich lorof  luoromethane
1 ,  1 -D ich lo roe thene
Methylene chlor ide
Trans- l- ,  2 -D i  chloroethene
1, 1-D ichl  oroethane
chloroform
1 ,  1 ,  1 -T r  i  ch  Io roe thane
carbon Tetrachlor ide
1, 2 -D ichloroethane
Tr ichl0roethene
1 ,  2 -Dichloropropane
Bromod ich loromethane
2 -Chloroethylv inylether
Trans-1, 3 -D ich l -oropropene
cis-1,  3 -D ichloropropene
1, 1,  2 -Tr ichloroethane
Tetra ch 1or o eth e ne
Benz ene
D ibromochL oromethane
To luene
chloroben z ene
Ethylbenz ene
Brornoform
I , I  ,2 ,  2-TeErachloroethane
oi chlorodi  f  luoromethane
Freon 1l-3
M & P-Xylenes
O-Xylene
1 ,  3  -D  i ch lo robenzene
1 ,  4 -D ichlorobenzene
1 ,  2  -D  i  ch  l  o roben  z  ene

N .  D .
N .  D .
N .D .

N .D .
N .D .
N .D .
N .D .

N .D .
N .  D .
N .D .
N .D .

N .D .

N .D .

N .D .
N .D .
N .  D .
N .  D .
N .  D .
N .D .
N .D .
N .D .
N .D .
N .D .
N .D .

N .  D .
N .  D .
N .D .
N .D .

I
T
t- /f\ .rl ^ _.-------

:tfuYLY?:-=-/--'
7-"Tadia ouong
!trf,Fbratory DirectorI

T
1754 Houret  Cour t  Mi lp i tas,  CA.95035 Tel: 408-946-9636 Fax: 408-946-9663



ffio R ff1..5hl"Yng^lly TlI,*' r LA BS
]-

I  

November  10 ,  1994

GEN-TECH ENVTRONMENTAL

t
I
I Bl:: :iHl:l;uT"il"g';,ii3i. Date subrai t ted: Nov 09, 1994

Da te  ana lyzed :  Nov  09 ,  1994

Attn:  Er ic L, issor
Re :  one  compos i ted  so i l  samp le  fo r  Rc I  ana lys i s .

P ro jec t  name:  D ive rs i f i e l d  Loans  /  cas t ro  va l l ey
o r n i a r #  n r r m F r a r . 4 1 7 6
r  !  v J  e v  e

RESULTS :

SAMPLE
I . D .

REACTIVITY CORROS IVI TY

P E L  #  9 4 ] . L 0 2 6

I  GNITABI LITY

I
I
I
I
I Method or

Ana lys i s

t
T
I
I
I
I

t

F r x c - s  / P # 7  . 8  .  g  .  1  1 - A  N O

Blank No

pH 7 .2

pH  7 .0

NO

NO

Ti t l -e  22 ,  ccR
o o  z o  L .  z J

T i t le  22 ,  ccR
o o z o ! , z z

T i t le  22 ,  ccR
o o z o _ L . z _ L

1764 Houret  Cour t  Mi lp i tas,  CA.95035 Tel :  408-945-9636 Fax: 408-946-9663
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rl

T
I
I
T
I
T
I
I
t
I
I
t
I
I
I
t_
I
I

Soil Semole Anslvsis:

ND: Nouc detected at spccified de{cction lirnit
fuialysis pcrformed by Hull Developrnent Labs, Inc. (CAELA ;, #1359)

l .
2 .

Hull Developntrrt Labc, fnc.

Gen-Tech Eovironmentd
19f,6 Crmden Avc., Suite I
Campbcll, CA 95124
Attn: Stuart Solomon

Certified Analyticsl RepoL

Date: |/15t94
Dgte Rec€ived: t U9/94
Date All6.lvzed': I t1U94
Iab #: See Table
Proiect #: 9375
Sampled Bv: Client

Totd Oil & Grerse

I N. Golden. Lab Dircctor

11. t9  MINNESOTA AVENUE'SAN JOSE,  CALIFOBNTA 0St25  .  (Ag ] l  267 .1277



APPENDIX 2

GTE SAMPLING PROTOCOLS



./ #r
/2en'/f]cfi re36 c,rmden Ave., suire r

7 fr} Twironmenral ."",,"'::,1:',?:i.?;;:;
/-2

GEN TECH gNur*orano"xtA/ri 
i-rlrj) ;-r'122t) ' lj'l\ {108) s5ejl?28 ' 1'800-4<)(}-1220

DRILLII{G,SEAIINGWEI'T.CONSTRUCTIOHANDSAUPLI}TGPROTOCOL

Las t  Rer / .  4  / 5  /93
Exploratory Boring Drlllinq and Sealingt

Exploratory bor ing and r^re11 construct ion, and borehole seal- ing
pr-ocedures- fol- low 

-guidel ines 
recomrnended by the. usEPA, cal i fornia

i tegionaL Water euai i ty Control  Board, and modif ied as r .  egu j -red by
Ci iy,  1ocal  or water distr lct  agencies. Dr i l l ing is perforrned only
und6r approved perrni ts and boreholes are sealed upon cornplet ion.

Soil Sanpling Procedrrres

] . .D r i ve (o rhyd rau l i ca } t ypush )so i l sanpJ . l ng td i l f . commencea t
a depth of  5 feel  below surface grade. The samples wi l l  be taken

at s foot increnents and at intervaLs of geologic interest or
obvious contarninat. ion. Addit ionaf sanpJ"ing and/or cont j -nuous
coring may be done at the discret ion of  the supervis inq qeologist '
a l l  t -ogqinq wi lL be done using the uni f ied soi f  c lassi f icat ion
systenf together with pert inent geoJ-ogic observat ions '

2 -  So i l  samp l inq  too l s  ( sp1 i t  spoons ,  co res .  e t c ' )  w i l l  be
disassembled, stea; l -c l -eaned oi  c leaned in soapy (TSP) water,  r insed
eri th c lean tap r , rater and f  inal ly r insed vr i th or dj-st i l led r , tater,
and air-dr ied pr ior to taking ea-h sanpJ-e. The cleaned tools wi l I

then be reassembled with s ini lar ly c leaned, dry brass sanple l iners
and carefully lowered into the hollo!!' stern augers for the

col tect ion o? the next sanple.  The dr i l l  r ig wi l l  be

decontaminated as needed and it the discretion of the logqj-ng
geo log i s t .

3.  When sarnpl ing stockpi le soi ] .s or dur ing excavat ions, the soi l

sanple wi l l  b i  coi lected by the fol lowing procedur.e;  a c lean brass

l iner wiLl  be pushed into the stockpi le or soi l  in the excavator

bucket. About two inches of soil will be brushed ar,tay and the

Liner pushed into the soj . l .  The l iner is then removed, sealed,

labeled and logged onto chain-of -custody forms and packed in a

chi l led ice chest.

4. The soil- samples in the lowermost of brass liners in the

sarnpl ing tool  ( i . f  in good condit ion) wj-1l  be retained for chemical

tesl ingl  rhe sarnplei  wi l l  be labeled and seafed in the f  j -e1d in

tneir  
-or ig inal  

1l^ners.  sample l iners ends wi l l  be sealed with

alurninum f toi l ,  capped with c lean cap p1ugs, and taped'

Serv i r  e :  i r r r , r  ( l l . . , r r t , ' .  I t t v t r r r t t n t t ' n t
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GTE Protocof

5. The rernaining soil sanple r,'ril-1 be extruded f rom the other
r inqs in the f ie ld and l i thological ly logged. SampLer- shoe

cut i ingis,  dr i l I  r ig response and bi t  penetrat ion rate wi l l  a lso be

loggedi The cut i ings and the soi ls sarnples not -retained for
cn6i icat analysis t i f f  be placed in 55-qaf lon drums pending

chern i ca l  ana lys i s  and  o f f - s i t e  d i sposa .L .

6.  A11 sarnples retained for chernical  analysis wi l l  be stored on

ice in a cLean, covered cool-er ' -box for t ransport  to the Laboratory '

Reconnaissance Groundwater Sampling Procedures

1- Reconnaissance groundr ' tater sanpLe, handl ing, and storage wi l l -

follow guidance docu-rnents of the Environmental Protection Agency
and Re{ional  water Qual- i ty control  Board and locaL agency
gu ide l i nes  fo r  t he  i nves t - i ga t i on .

2.  Reconnaissance groundwater samples i^-r i f  l -  be col f  ected in the

f ie ld in temporar i ly -ased expJ-oratory boreholes usinq clean Tef lon

or disposal-  bai lers.  The sanples wi l l -  be col lected from

ternporar i ly cased expl-oratory bor iholes'  ALr sarnple containers
wit i  ue pr6perl-y prep-ared, sei led, labeled, and ident i f ied'  Label

inforrnat ion wi l i  lnclude the date, sampler name, sarnpl ing t ime, and

identification nurnlrer, and the project name and nurnber '

3.  The sanple wi l l -  be del ivered to a state cert i f ied Laboratory
within two diys of  col l -ect ion. samples iv i l - t  be kept on i -ce and/or
refrigerated continuously for shipnent to the Laboratory '

4. The sealed sample will only be opened by Laboratory personnel

who wi l l  perfonn the chernical  analysis.

5. The samples wiLl be anal-yzed according to the approved EPA

Method and storage for the requested analysis '

6. Ground,water samplinq will begin 24 hours following well

a"""f"po,uni, followin| th6 procedurei detailed belos, for rnonitoring

well sinpling. Depth to rrTater neasurements are made to the nearest

0. 01 f oot a s-urvefea daturn (pro ject or kno\''n ) and wel1s are checked

for separate phaJe product--  BorehoLes are sealed foLlowing water

sanpl ing.
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lrtonitorinq wel-t construction

1 rFh 6 r\r'.1r.\or Y\prl--- . ,n i ts " i i t  
o.  obtained from the appropr iate

agency or 
-Water 

oistr ict ,  using a Wel- l  Inspector as required to be

oi. ." i t  to witness the instal lat ion of  the annuLar seal  .  The soi ls
Lor ings t . r i l l  be dr i l led vr i th a cont inuous- f  l  ight hol lon-sten auger
of at ieast 3 inches Inside Diameter ( ID) and 6 to 8 inches Outside
Dianeter (oD).  A1l-  auqers wi l -L be thoroughly steam-cleaned pr ior

to v is i t ing the si te.  The augers wi l - l  be steamed cl"eaned between
borings at- a location well away frorn the propos-ed borings or

adequite cLean auqer wi l - l  be avai lable to comp]ete al l  of  the wel ls

vr i thout reusinq auger sect j -ons.

2.  A geoLogic dr iJ. I ing log wi l l  be nade of the mater ials
encounteied and sarnple aeptn for each bor ing. The soi ls/sedinent
l i thology wi.11 be loggeO using the uni f ied Soi l -  Classi f icat ion
Systen. The fog wi l l  incl-ude f  j -e ld descr ipt ions of  the soi l

t i tnologic ,zar iat lons, moisture cond. i t ions, geol-ogic data,  and any

unusuaL character ist ics r , . rbich may indicate the presence of chenicaf
contarninat ion.

3- The bor ings wi l l  be advanced to a depth of  45 feet i f  a

saturated zone- is not encountered ( in absence of other dePth

speci f icat ions).  I f  a saturated zone is encountered, tbe bor inqf

" i f f  
advance no further than 15 feet below f i rst  encountered

groundwater or 5 feet into the underlyj-ng cl-ay aguitard' A seal

" i f  
: -  l "  p laced in the overdr i l led port ion of  the aquitard'

4- During the dr i l l ing operat ions, 55-ga11on drurns wif l  .be on

si te to coi tain potent iaf ly contaninated soi ls and r inse ldater '

5.  lghere bor ings are conpleted as groundwater rnoni tor inq we11s,

2- inch ID schedule 40 Pvc blank pipe wiLl-  be used'  Usual wef l

""i""" 
selecti-on etill be 2 inch ID Schedule 40 PVc pipe e'ith 0 ' 020

inch machine sl ,ot .  sect ions wi l l  be threaded and screwed together;
giu;s wif f  not be used. Screens &/ i l - l  extend 3-5 feet above f i rst

6ncountered groundltater. The annulus of the perforated , section

" i f f  
f .  packe-d with c lean #3 or #4 l ,Jtonf-erey Sand, or equivalent.  to

a toint  ibout 2_feet above the screen intervaL. Final_ wel l  design

, i i f -  l "  adjusted in the f ie ld to s i te speci f ic subsurface

.otraitio.tt, and wilL be placed so as not to interconnect t$'o

possible aquifers.  Screens; i I1 extend a nominal  length above f i rst

lncountered groundhtater for f l-oating product detection' A I-2 fooE

itricf Uentonite seal wi-ll be placed on top of the sandpar-k ' A

cenent annular seal which exteids to the surface will be placed by

trernie line frorn the bottorn to top of the remaining annular space

above the bentoni te.

I
I
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6. The top of  the wel l  casing vr i f  l -  be locked to prevent

contaminat ioh and tarnpering '  Above-grade or at-grade weII
cornpl-et j .on wi l l  depend upon the f inal  wel l  Locat ion. Above-glrade

"o*i1"tLo.t  
wj-11 require J 6 inch diameter tocking, steel  protect ive

.ut i . tg and a chr is iy,  or equivarent,  t - raf  f  ic box and concrete pad'

Monitoring wel"L Development

1. wel- Is wi l l -  be developed unt i l  the ! ' rater is f  ree of

f ine-grained sediments and/or unt i l  f ie ld neasurements of  pH' and
el-ect i ical  conduct iv i ty have stabi l ized- ApproxirnateLy 4 to 10

well volurnes of water witL be removed during developrnent of the
wel l  .  Durat ion of  development wi l l  be speci f ic for each. wel l  and
continue until the \"rater clears and sand content is ninirnaf or

ceases .

2- Eguiprnent inserted into the wel l  dur ing developme-nt ^wi11 be

decontirni-nated by washing or Steam cleanj-nq prior to and after its

use. DeveLopnent water wi.Ll  be col lected in drums '

uonitoring WeIl SanPli-ngt

l - .  Depth to giroundwater $r i1 l  be neasured to the nearest 0 'o1

foot,  a id tne vrel t  checked for presence of separate Phase product '

I f  present,  the apparent thickness of  the product i^ ' r11 be measured'

rhe wel l  wi l l  not 
-be 

sarnpled i f  separate phase product is present '

2- The standinq wel l  voLume calculated, and 4 to 10 wel l  volumes

rif f U. purged f-ron the well prior to sanpling ' Meas-u-rements of

conductiriitf, tenperature and the pH of the water r'ril1 be taken

until pararniters liave stabil-ized to indicate that aquifer water is

enter ing the we11.

3- The groundvJater samples wiLl  be col lected using a Tef lon

Bai ler,  A f ie ld log r ' r i f f  record sanpl- inq measurements and

observat ions. Aquifer parameters which wi l l  be neasured arei  pH,

ienperature and i lectr ical  conduct iv i ty.  Aquifer water is-assurned

io Le ent"ring the weII when these parameters are neasured within

a 104 range. The sarnple wi l t  be col f  ected r ' rhen the wel- l  recovers

to within 8ot of  the or iqinal  depth to water measuremenE'

4- The bai ler wi l l  be thoroughly steam-cleaned or c leaned with

r"upv- i rspt water,  r insed with €ap-water,  and f inal ly r insed with

a " i i i t i ) . J ' o r  d i s t i t r ed  wa te r  p i i o r  t o  t he  co r rec t i on  o f  each

sampLe. A separate clean bai ler r^r i l l  be used to sample each

individual  wel l .

I
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GTE Protocol Page 5

5. Al- I  vrater retained for cheroical  analysis wi l l  be placed in
c1ean ,  bo ros i l i ca te .  4on t  voA  v ia l  w i th  a  te fLon  cap ,  o r  c lean
anber gr lass one-l i ter  bottLes and other sarnple containers as
appropriate for traler sarnpling purpose and test paraneters ' Each
slnrple vial  or bott le is topped-off  to avoid air  space, and wi l - I  be
invErted to check for air  bubbles, and f i11ed to minimurn headspace-
Samp les  w i l l  be  pLaced  on  i ce .  b lue  i ce ,  o r  re f r i ge ra ted  a t  4
degrees Cent igrade at al l  t i rnes,

6.  Water sampl-es blanks of  dis! i l - l -ed water wi l l  be poured through
the sarnpl ing bai ler and p. laced in c lean sample co] lect ion bott les
or v ials.  One water sample bl-ank 1"7i11 be taken for each set of
water sarnples col .Lected from each bor ing or t reLl- ,

7.  A11 sanpl ing equipment wi l l  be decontaminated f  o l lo l , t ing each
sampl ing event,  pr ior to use the next monitor ing we11.

SaupLe Records and chain of custody

1. Sanple records for each sarnple will- contain inforl0ation on
sample type and sourcei  Gen-Tech Environmental  project number,
sampler nime, sarnpl i -ng date. locat ion, Laboratory name, sampl ing
rnethod, and any signi . f icant condit ions that may affect  the
sanpl ing.

2.  A signature chain-of-custody and transference docunentat ion
r, ' r i11 be str ictLy maintained at al l  t i rnes.

3.  A copy of the Laboratory sanple resufts and the conpleted
chain of  custody wiLL be provided vi i th the technicaf report .

Quality Control and Quality Assurance objectives

The sanpl ing and analysis procedures enPLoyed by GTE for
groundwaler iarnpling and moni.toring folIow quality assurance and

{ual i ty control-  (OAlQc) guidel ines set out in Federal  ,  State and
focal- 

-agencies 
guidance. Qual-j-ty assurance objectives have been

establilhed to develop and implernent procedures for obtaining and
evaluat ing water qual i ty and f ie ld data in an accurate,  precLse and
complete 

-tutttt... 
In this way, sanpling procedures and field

rneaiurernents provide i-nfonnation that is conparable and
representat ive of  actual  f ie ld condit ions. Qual i ty control  is
rnaintained by si te speci f ic f ie ld protocol-s and requir ing the
analytical liboratory to preform internal- and external Qc checks'
tne ioat is to provide data that are accurate,  precise, complete
conparable and representat ive.
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The def j .n i t ions as developed by overseeing federal ,  state,  and
locaf agency guidance docurnents for accuracy, precis ion,
compl.eteness, comparabi l i ty and representat iveness are:

o Accuracy - the degree of agreenent of a neasurement with
an accepted reference or true value.

o Precision - a measure of agreement anong individual
rneasurernents under s irni lar  condi. t ions. Usual ly expressed in
terms of standard deviat ion.

o completeness -  the anount of  vaLid data obtained fron a
rneasurernent system compared to the arnount l--hat was expected to
mee t  t he  p ro jec t  da ta  goa l - s .

o comparability - express the confidence uith which one
data set can be conpared to another.

o Representativeness - a sample or group of sanples that
ref lect  the character ist ics of  the rnedia at  the sanpl ing
point .  I t  a lso includes how wel l  the sanpl inq point
iepresents the actual paramet€r varlations r,'7hich are under
studv.
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BIOREMEDIATION OF PETROLEUM CONTAMINATED SOILS
USlNG A MICROBIAL CONSORTIA AS INOCULUI4

8.A.  I4OLNAA and R.8 '  GRUBBS'  SOLMAR CORP.

ABSTRACT

Bio remed ia t ion  i s  becoming  an  a t t rac t i ve  a l te rna t i ve  fo r
c lean in -o  up  so i l  sys tems con tamina ted  w i th  pe t ro leun  and  o ther
hydroca ibons .  Oue to  t ime  cons t ra in ts  and  unknown qua l i t y  o f
resu l t s ,  ce r ta in  p ro jec t . s  have  no t  had  b io remed ia t ion  as  an
op t ion .  A  p rocess  has  been  deve loped  ' j n  wh ich  a  consor t ia  o f
m i  c roorgan  i  sms i s  in t roduced  j  n to  the  so i  l  sys tem to  fac i  I  i  t a te
the  b io iemed ia t ion  p rocess  and  ensure  cons is tency  o f  resu l t s '

Techn iques  to  enhance  the  ac t i v i t y  o f  the  o rgan isms and  thus
ensure  the  success  o f  such programs are  descr ibed.

Severa l  success fu l  p ro jec is  a re  descr ibed a long w i th ,
oo ten t ia i  roadb locks  to  b io remedia t ion  and how one can work
arounc i  such roadb locks .  Degradat ion  parameters  fo r  these
pro jec ts  a re  d ' i  scussed.

I NTRODUCT ION

In  the  pas t  few years ,  as  land f i l l s  have  become more  and
more  scarce  ind  concomi lan t ly  more  and more  cos t  p roh ib i t i ve '
' i  n te res t  in  b io log ica ' l  methods  to  t rea t  o rgan ic  wastes  has
inc reased .  0ne  a iea ,  in  par t i cu la r ,  tha t  has  rece ived  inc reased
at ten t ion  is  the  b io iog ica l  t rea tment  o f  pe t ro ieum contaminated
so i l s .

The te rm b io rerned ia t jon  has  been g jven to  descr ibe  the
orocess  by  wh ich  the  use  o f  l i v ing  o rgan isms ( jn  con junc t jon  w i th
or  independent  f rom o ther  techno log ies)  i s  employed to
e f fec t i ve ly  decontam' ina te  a  po l lu ted  sys ten-  in  most  cases  the
organ isms employed are  bac ter ia ,  however ,  work .  i s  be ing  conducted
us ing  fung i  ind-  p i  an ts .  l la te r  hyac i  n ths  have been u t i  I  j zed  i  n
wate i  sys iems to  e f fec t i ve ly  remove t race  organ ics  and t race
meta  l s .

There  are  two techn jques  fo r  u t i l i z ing  bac ter ia  to  degrade
pe t ro leum in  the  so i l .  One  method  uses  the  bac te r ia  tha t  can'a i ieaav  

be  found in  the  so i l .  These bac ter ia  a re  s t imu la ted  to
grow by  in t roduc ing  nu t r ien ts  jn to  the  so i l  and thereby  enhanc ing
i t re  b iodecradat ion  process .  Th is  p rocess  is  known as
b i  os t  imu i i t i  on .  The o ther  method i  nvo l  ves  cu l  tu r i  ng  the  bac ter i  a
independent ly  and add ing  them to  the  s j te .  Th is  p rocess  js  known
as  b ioaugmenta t ion (8 ) '

One-advantage 'o i  b io rerned ia t ion  is  tha t  the  process .  can-be
done on  s i te  w i t [  a  min imum amount  o f  space and-equ ipment '  By
t rea t ing  on  s i te ,  cos ts  and  l i ab i l i t y  1 r9 -s rea t l y  reduced .  wh i le
ex tend ing  the  l i f e  o f  ou r  cu r ren t  land f i l l s  by  reduc ing  the
amount  o i  was te  they  wou ld  normal ly  rece ive '

0n  s  i  te  t rea tment  may i  nvo  lve  excavat i  on-  o f  the  contami  na ted

so i  l  i nd -cons t ruc t ion  o f  i  I i ned  t rea tment  ce l  I  '  I f  excava l ion
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i s  imprac t i ca )  the  t rea tment  may  be  conduc ted  w i thou t  d is tu rb ing
the  con tamina ted  s i te  by  us ing  a  nec i rcu la t ing  in jec t ion  we1 1
sys tem.  Th is  p rocess  i s  cons jdered  in  s ' i  t u  t rea tment (5 ,8 ) .

Bo th  on  s i te  and  in  s i tu  t rea tment  have  the i r  advan tages  and
d i  sadvan tages  and  the  dec is jon  to  use  one  method  o f  t rea tment  o r
the  o then  i s  o f ten  d ic ta ted  by  va r ious  fac to rs  a t  the  s i te .

ON SITE VERSUS IN SITU TREATMENT

0n s i te  t rea tment ,  whereby  the  con tamina ted  so i l  j s
excava ted  and  p laced  in to  a  l i ned  t rea tment  ce l j ,  has  some
d is t inc t  advan tages .  I t  a l l ows  fo r  be t te r  con t ro l  o f  the  sys tem
by  enab i ing  the  eng ineer ing  f i rm to  d ic ta te  the  dep th  o f  so i l  as
we l l  as  the  exposed  sur face  a rea .  By  con t ro l I i ng  the  dep th  and
exposed  sur face  a rea  o f  the  so i l  one  i s  ab le  to  be t te r  con t ro l
the  tempera tu re ,  nu t r jen t  concen t ra t ion ,  mo is tu re  con ten t  and
oxygen  ava i lab j l i t y (8 ) .  The  p resence  o f  the  l ' i ne r  j s  an  added
benef j t ,  s ince  the  l i ne r  p reven ts  the  m ig ra t ion  o f  the
con tamjnan ts  the re  j s  no  poss ib i l  i t y  o f  con tamina t ing  the
groundwater .  A f te r  t rea tment  the  l iner  i s  p icked up  and proper ly
d isposed  o f  genera l1y  by  inc inera t ion .

0n  s i te  t rea tment  has  an  added benef i t  in  tha t  i t  i s  much
eas ie r  to  demons t ra te  the  s i te  i s  c lean  than  in  an  in  s i tu  c ' l  ean
up .  By  i so ia t ing  the  con tamina ted  so i l  i n  the  t rea tment  ce l l  i t
i s  poss ib le  to  samp le  the  s i te  in  a  more  thorough  and  there fo re
represen ta t j ve  manner .  Th is  may  p rove  a  necess i t y  i f  the
regu la t ing  agency  o r  the  cus toner  des i re  to  op t im ize  the
re l jab i l i t y  o f  sanp l  i  ng  and  ana lys is .

The excavat ion  o f  the  contaminated  so i l  adds  to  the  cos t  o f
a  b ionemedia t ion  pro jec t  as  does  the  l jner  and the  landfarming
equ ipment .  In  add i t i on  to  these  cos ts  i t  i s  necessary  to  f i nd
enough  space  to  t rea t  the  excava ted  so j l  on  s i te .  1n  some s ta tes
areas  a re  now be ing  se t  as ide  to  p rov ide  the  needed  space  to
t rea t  these  so  i l  s .

In  s i tu  t rea tment  i s  advantageous in  jns tances  where  the
excava t ion  o f  the  con tamina ted  so . j l  i  s  cos t  p roh ib i t i ve  o r
imposs ib le .  The method o f  in  s i tu  t rea tment  genera l l y  invo lves
es tab l i sh ing  a  hydros ta t i c  g rad ien t  th rough  the  a rea  o f
contaminat ion .  l , la te r  i s  p1  aced on  the  s i te  so  tha t  i t  w i l i  f low
through the  area  o f  con tarn ina t ion ,  camying  nu t r ien ts  and
poss ib ly  o rgan isms to  the  contaminants .  0nce the  water  has
passed  ih rough  the  s i te ,  i t  i s  pumped up  th rough  we l l s  and
re lu rned to  the  beg inn ing  o f  the  sys tem.  Th is  cont inuous
rec i rcu la t ion  i s  ca r r ied  on  un t i l  t he  s i te  has  been  de te rmined  to
be  c l  ean  (F igure  1 )  .

Recovery  o f  the  perco la t jng  water  i s  the  most  d j f f j cu l t
aspec t  o f  th is  t rea tment  method.  S i tes  may conta in  a  na tura l
c lay  o r  rock  bar r ie r  wh ich  co l lec ts  the  perco la t ing  wa te r ,  i n
wh ich  case  ex t rac t ion  we l l s  can  be  p laced  in  th i s  co l iec t ion
zone.  Other  s i tes  may requ i re  the  cons t ruc t ion  o f  co l lec t ion
t renches  or  numerous  recovery  we l ls  a t  the  bo t tom o f  the
contamjnated  so i l  hor izon .  G iven the  var ious  geo I  og  i  c /hydrau 1  i  ct
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i s  imprac t i ca l  the  t rea tment  may  be  conduc ted  w i thou t  d is tu rb ing
the  con tan ina ted  s j te  by  us ing  a  rec i rcu la t ing  in jec t ion  we i l
sys tem.  Th is  p rocess  j s  cons idered  in  s i tu  t rea tment (5 ,8 ) .

Bo th  on  s i te  and  in  s ' i t u  t rea tment  have  the i r  advan tages  and
d isadvan tages  and  the  dec is ion  to  use  one  method  o f  t rea tment  o r
the  o ther  j s  o f ten  d ic ta ted  by  va r ious  fac to rs  a t  the  s i te .

ON SITE VERSUS IN SITU TREATMENT

0n s i te  t rea tment ,  whereby  the  con lamina ted  so i l  j s
excava ted  and  p laced  in to  a  l i ned  t rea t rnen t  ce l l ,  has  some
d is t inc t  advan tages .  I t  a l l ows  fo r  be t te r  con t ro i  o f  the  sys tem
by  enab l ing  the  eng ineer ing  f i rm to  d ic ta te  the  dep th  o f  so i l  as
we l I  as  the  exposed  sur face  a rea .  8y  con t ro l l i ng  the  dep th  and
exposed  sur face  anea  o f  the  so j l  one  i s  ab le  to  be t te r  con t ro l
the  tempera ture ,  nu t r ien t  concent ra t ion ,  mo is tu re  conten t  and
oxygen  ava i lab i l  j t y (8 ) .  The  p resence  o f  the  I  i ne r  i s  an  added
benef i t ,  s ince  the  l i ne r  p reven ts  the  m ig ra t ion  o f  the
con taminan ts  the re  j s  no  poss ib i l  i t y  o f  con tamina t ing  the
groundwater .  A f te r  t rea tment  the  I  jne l i s  p icked up  and proper ly
d isposed  o f  genera l l y  by  inc inera t ion .

0n  s i te  t rea tment  has  an  added  bene f i t  i n  tha t  i t  i s  much
eas ie r  to  demons t ra te  the  s i te  i s  c lean  than  in  an  in  s i tu  c lean
up .  8y  i so la t ing  the  con tam' i  na ted  so i I  i n  the  t rea tment  ce l I  i t
i s  poss ib ie  to  samp le  the  s i te  in  a  mone thorough  and  there fo re
representa t ' i ve  manner .  Th is  may prove a  necess i ty  i f  the
regu la t ing  agency  o r  the  cus tomer  des i re  to  op t im ize  the
re l iab i l i t y  o f  samp i  ing  and  ana lys is .

The excavat ion  o f  the  contaminated  so i l  adds  to  the  cos t  o f
a  b io remedia t ion  pro jec t  as  does  the  l iner  and the  landfarming
equ ipment .  In  add j t i on  to  these  cos ts  i t  i s  necessary  to  f i nd
enough  space  to  t rea t  the  excava ted  so i l  on  s i te .  In  some s ta tes
areas  a re  now be ing  se t  as ide  to  p rov ide  the  needed  space  to
t rea t  these  so i l  s .

In  s i tu  t rea tment  i s  advantageous in  ins tances  where  the
excava t ion  o f  the  con tamina ted  so j l  i s  cos t  p roh ib i t i ve  o r
imposs ib le .  The  method  o f  i n  s i tu  t rea tment  genera l l y  invo lves
es tab l i sh ing  a  hydros ta t i c  a rad ien t  th rough the  area  o f
con tamina t ion .  Wate r  i s  p laced  on  the  s i te  so  tha t  i t  w i l  l  f l ow
through the  area  o f  con taminat ion ,  car ry ing  nu t r ien ts  and
poss ib ly  o rgan isms to  the  contaminants .  0nce the  water  has
passed  ih rough  the  s i te ,  i t  i s  pumped up  th rough  we l l s  and
re tu rned  to  the  beg inn ing  o f  the  sys tem.  Th is  con t inuous
rec i rcu la t ion  i s  canr ied  on  un t i l  t he  s i te  has  been  de te rmined  to
h o  n l o r n  / F i n r r r o  1 \

Recovery  o f  the  perco la t ing  water  j s  the  most  d i f f i cu l t
aspec t  o f  th is  t rea tment  method.  S i tes  may conta in  a  na tura l
c l  ay  o r  rock  bar r i  e r  wh ich  co l  l  ec ts  the  perco  la t i  ng  water ,  i  n
wh ich  case  ex t rac t jon  we l l s  can  be  p ' laced  in  th i s  co l lec t ion
zone .  0 ther  s i tes  may  requ i re  the  cons t ruc t ion  o f  co l lec t jon
t renches  or  numerous  recovery  we l ls  a t  the  bo t tom o f  the
contaminated  so i  l  hor izon .  G iven the  var ious  geo log ic , /hydrau)  i c
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the  nu t r ien ts  a re  added to  the  water  ups t ream in  the  hydros ta t l c
qrad i  ent .'  - -  

a ios t imu la t ion  assumes tha t  every  o rgan ism needed  to
accompl  i sh  the  des ' i red  t rea tment  resu l t s  a re ,  i n  fac t '  p resen t '
There io re ,  a l l  tha t  i s  requ i red  to  ach ieve  e f fec t i ve
b iodegrad i t i on  j s  to  p rov ide  (o r  enhance)  an  idea l  env i ronment
io i  t i . t .  ub i  qu i  tous  mi  c roorgan i  s rns  to  I  i  ve  and-  work(8)  '  -

There  are  numerous  shor icomi  ngs  w i  th  th  i  s  hypothes  i  s  '  For
examole ,  hon  c .n  we  be  cer ta in  tha i  those  o rgan isms p resen t -a re
i i i .  i l t i  i r i t . l t .  t o  degrade  a l l  mate r ia l s  p resen t?  5econd ly '
* f , i t  i i  t f ' t .  on ly  o rgan i ims s t jmu l  a ted  are  those tha t  e l im ina te
i t re  p . lma iy  subs t ra ie ,  bu t  do  no t  cometabo l j ze  the  spec i f i ca l  l y
i r .qL t .d  subs t ra tes?  A t  any  g iven  s i te '  many .o f  the  p rob lem
i ro i i r i i . i  may  no t  be  ab le  lo -be  b iodegraded  d i rec t l v '  I f  thev
i r . - i f ' r .  on ty  iood  source  ava i Iab le ,  the  m ic robes  may  no t  be  ab le
to  degrade  these  ta rge ted  o rgan ics ,  s ince  they ,do  no t  se rve  as
pr imary  food  sources  0n  wh ich  the  m ic r0bes  lee0 ''  

T ;  ensure  tha t  the  necessary  o rqan isms a re  p resen t  i t  j s -

oenera l l v  necessary  to  conduc t  a ' feas ib i l  i t y  s tudy  on  the  so i l
i i o r  i n . ' s ' i t e  be fo ie  any  b ios t i rnu la t ion  p ro jec t  i s  under taken '
The cos t  o f  such a  s tudy  can range f rom 55000 to  $40000 depend ing
on  the  ex ten t  o f  con tamina t ion  and  the  charac te r i s t i cs  o f  the
con taminan ts .- -  -a io iug t "n ta t ion  

j s  the  con t ro l led  add i t i on  o f  spec ia l l y
fo rmu ia ted 'b jocu l tu res  to  ass is t  those  found  na tu ra l l y  in  the
so i l .  I t  j s  done  in  con junc t ion  w i th  the  deve lopment  and
ron i to . ing  o f  an  jdea l  g iowth  env i ronment  in  wh ich  these  se lec ted
bacter ia  can I  i ve  and work .

in  mos t  cases ,  the  ta rge ted  o rgan ic  con tan inan ts  e i the r
serve  as  the  food source  or  a re  cometabo l  i zed .  Essent ia l
e iements  a re  added to  the  " food source ' '  to  p rov ide  the  requ i red
nu t r ien t  l eve ls ,  and  wate r  p rov ides  the  rned ia  jn  wh ich  the
bac ter i  a  func t ion .- - -  -The  

mere  add i t j on  o f  bac te r ia  w i l l  no t ,  i n  i t se l f ,  so l  ve - the
orob lem.  i tud i . t  conduc ted  in  1979  by  0 ibb le  and  Bar tha  c lear l y
lemonst ra ted  tha t  sewage s ludge ac tua l l y  inh ib i ted  hydrocarbon
b iodeqradat ion  in  so i l ,  and  the  use  o f  yeas t  ex t rac t  had no
. f f . . i s  whatsoever (2) .  The se lec ted  mic roorgan isms must  be
. i r . i r i f y  matched  to ' the  was te  con tamina t jon  p resen t  in  the  so i l ,
i i  vrel 1 as the metaboli tes forrned- They must favorably compete -
n i t f . r - t t  .  ub iqu i tous  organ isms found in  the  expec ted  env i ronmenta l
co  nd  i t  i  ons .

B ioaugmenta t ion  a l lows one to  cont ro l  the  na ture  o f  the
b loma is .  i t  p rov ides  an  e iement ,  he re to fo re  no t  ava i lab le '  tha t
o f  p red ic tab ' i i  i t y .  B ioaugmenta t ion  ensures  tha t  the  pr0per  team
of  m ic roorqan ' i smi  i s  p res in t  i n  the  so i l  i n  su f f i c ien t  t ype '
nuro . i , ' i n i  compatab i  i  i t y  to  e f fec t i ve iy  and e f f i c ien t ly  a t tack
ih .  wa i t .  cons t i tuents  and break  them down in to  the i r  most  bas ic
comoounds.

0ne ob jec t ion  to  b io rerned i  a t ion  has  been tha t  j t  takes  an
inord ina te  i rnount  o f  t ime fo r  the  process  to  work '  in  the  case
o i  b ios t imu la t ion  th i s  i s  t rue .  However ,  the  add i t i on  o f
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spec ia i l y  se lec ted  mic rob ia l  consor t ia  a l  lows one to  cont ro l  lhe
b iomass ; f  the  con tamina ted  s i te .  The  add i t i ona l  con t ro l  o f  the
b iomass  enab les  one  to  inc rease  the  k ine t i c  ra tes  o f  remova l  f rom
the  con tamina ted  s i te  by  se lec t ing  a  more  e f f i c ien t  consor t ia  o f
m ic roorgan i  sms than  migh t  be  p resen t  a t  the  s i te

8y ' inc reas ing  the  k ine t i c  ra tes  i t  has  been  poss jb le  to -
remed j i te  s i tes  in  s i x ty  to  n ine ty  days  us ing  the  add i t i on  o f  a
s  e l  ec ted  consor t ia  o f  m ic roorgan isms.

8y  se lec* " ing  the  m ic rob ia l  consor t ia  be fo rehand  i t  i s
poss ib ie  to  se le i t  fo r  o rgan i  sns  tha t  w i l l  no t  p roduce  nu ' i  sance
odors  such as  hydrogen su l f ide .  Pet ro leum degradat ion  can c rea te
anaerob ' i  c  cond i i i on i  w i th in  the  so i  l  .  0nce  anaerob ic  cond i t i ons
are  p resen l  j t  becomes poss ib le  to  genera te  phy to tox jc  compounds
such  as  hydrogen  su l f l de (1 ) .  I f  one  augments  the  so j l  w j th
o rgan isms tha i  do  no t  possess  the  ab i l i t y  to  genera te  these
ph ! to tox ic  compounds  a  po ten t ia l  hazard  to  on  s i te  pe t ro leum
deqradat i  on  can be  aver ted .

The  cos t  o f  the  se lec ted  mic roorgan isns  has  been  ment ioned
as  a  d isadvan tage  in  t rea t ing  con tamina ted  so i l s .  However ,  i f
one  cons iders  the  cos t  o f  a  feas ib i l ' i t y  s tudy  to  ensure  tha t  a
b ios t imu la t ion  p ro jec t  w i l I  work ,  the  c0s t  i s  cons iderab ly  less
For  the  b i  oaugnenta t  i  on  produc ts  .

THE PROCESS

There  i s  fa r  more  invo lved  w i th  b io remed ia t ion  p ro iec ts  than
s imply  add ing  mic roorgan isms.  Var ious  fac to rs  need t0  be
con i j ie red  to  ensure  ihe  success  o f  these prograns .  The proper
eng ineer ing  to  fac i l i t a te  b io log ica l  g rowth  j s  a  c ruc ia l  s tep  in
the  p rocess  o f  b io remed ia t ing  a  s i te '

An e lec t ron  acceptor  i s  requ i red  fo r  b reakdown o f
hydrocarbons .  oxygen,  n i t ra te  and su l fa te  a re  the  most  common.
In  a  b jo remedia t ibn  pro jec t  the  presence o f  oxygen is  one o f  the
mos ' "  c ruc ia l  fac to rs  to  the  ra te  o f  reac t ion .  Th is  i s  espec ia l l y
t rue  ear iy  on  jn  a  p ro jec t  be fore  any  oxygenated  in te rmed ja tes
are  fo rmei .  Sporad ic  repor ts  o f  anaerob ic  de-gradat ion  in  v i t ro
rema in  con t rovers ia i ,  and  conv inc ing  p roo f  o f  s ign i f i can t
anaer0b ' i c  hydrocarbon  b iodegrada t ion  i s  s t i l l  ou ts tand ing{ l ) '
Su l fa tes  ar i  a  po ten t ia i  e lec t ron  acceptor ,  bu t -a re  no t  abundant
in  so i l s .  N i t ra te  i s  no t  energe t i ca l l y  favorab le  fo r  th i s
purpose  in  so i  1s  (5 ) .

In  so j l s  ae ia i ion  depends  on  the  to ta l  amount  0 i  a i r  f i l l ed
oore  soace .  E l im ina t ion  o f  a i r  f j l l ed  pore  space  by  wa te r logg ing
or compaction reduces oxygen transfer. Large anounts 0f
b iodegradab ie  o rgan ics  jn  the  top  l  ayers  w i l l  -dep le te  oxygen
reser ies  jn  the  io i l  and  s low down o iygen d j f fus ion  ra tes  t0  the
deeper l  ayers .

0xygen can become a
pet ro l  eun degradat i  on ,  so
app l  i ca t ions .  In  aqueous
prov i  de  more  sur face  area' I  

i ve  on ly  in  the  aqueous

I  im i t jnq  fac to r  jn  a l  I  t yPes  o f
aera t  i  6n  is  requ i red  ' in  most
sys tems aera t jon  and  ag i ta t ion  a l  so
o f  hydrocarbons  to  the  bac te r ia  wh ich

phase  o f  the  sys ten  and  work  a t  the  o i l
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to  wa te r  in te r face .
Ano ther  essen t id l  pa ramete r j  n  a  b io remed ia t ion  p rocess  i s .

mo is tu re .  Bac ter i  a  re ly  on  water  to  exchange every th ing  th rough-
fhe  ce l l .  A l  100% sa tu ia t ion  o f  mo is tu re  in  so i1s ,  however ,  a l l
po re  spaces  a re  f i l l ed  w j th  wa te r '  A t  on ly  10% sa tu ra t ion  o f
mo is tu ie  leve l  osmot i c  and  mat r i x  fo rces  reduce  metabo l  i c
ac t i v i t y  to  marg ina l  l eve ls .  Mo is tu re  leve ls  in  the  range  0 f .20%
to  80%; f  sa tu r ; t i on  genera l l y  a l low su i tab le  b iodegrada t ion  in
so i l s (1 ) .

ih i :  add i t i on  o f  l a rqe  quan t i t i es  o f  hydrocarbons  jn  a  sys tem
usua l l y  c rea tes  a  nu t r i t l ona l  imba lance  wh ich  needs  to  be
cor rec ied  by  the  app l i ca t ion  o f  i no rgan ic  fe r t i l  i ze rs  con ta in ing
n i t rogen  and  phosphbrous .  B ios l  udges  f rom re f ine ry  and
pet ro ihemi  ca1 

'  
t re i tment  fac i  I  i  t i  es  normal  i  y  con ta  in  enough

n  i  t rogen  and  phosphorous  .
For  I  and ia rming  opera t ions  the  Amer ican  Pe t ro leum Ins t i tu te

recommends  a  C :N ra i io  o f  160 : i .  Labora to ry  exper iments  by
D ibb le  and  Bar tha  showed a  C :N ra t io  60 : i  and  a  C :P  ra t io  o f
800 : l  to  be  op t imum( t ) .  The  expense  o f  fe r t i l i ze r  and  the
poten t i  a l  fo r  g roundwater  contaminat ion  encourage m0re
lonserva t i ve  a Ip l  i ca t ion  ra tes .  Mos t  agr i cu l tu ra l  fe r t i l  i ze rs
con ta in  excess ive  P  and  K  fo r  m ic rob ia l  use .  Urea  and  ammon ium
compounds  can  be  added  to  such  fe r t j l i ze r  to  b r ing  uo  the
n i t i ogen  leve ls .  N i t ra tes  can  pose  leach ing  p rob l  ems and
encou iage  den i t r i f i ca t ion  under  anaerob ic  cond i t i ons '  The
ammon iu i l  i on  be ing  pos i t i ve ly  charged  b inds . to  the  nega t i ve ly  .
i ha rged  so i l  pa r t i c les .  8u t -  i n  we i l  ae ra ted  s0 i l s  w i th  neu t ra l
oH v i lues ,  abbve  50"  F  the  a rnmon ium ion  i s  n i t r i f i ed  to  n i t ra tes
in  one  to  two  weeks  a f te r  app l  i ca t ion (12) .

in  c lean  up  s i tua t ions  one  f requen t l y  canno t  do  a  mass
ba lance  o f  po l lL tan ts .  Su f f i c ien t  n i t rogen  and  phosphorous  mus t
be  present  io  s ta r t  o f f  m jc rob ia l  ac t i v i t y  and must  be  mon ' i to red
con i inua l l y  to  assure  tha t  they  don ' t  become - too  low due  to
ass jm i la t ion  jn to  ce l l  mass ,  leach in9 ,  n i t r i f i ca t ion '  o r
vo l  a t i  I  i  za t i  on .  We recommend mai  n ta i  n i  ng  n  i  t rogen Ieve l  s  i  n
excess  o f  5  ppm a t  a l l  t ' imes  and phosphorous  leve ls  o f  i  ppm or
more .  These ' ieve ls  w i I I  ensure  tha t  m ic rob ia l  ac t i v i t y  i s  no t
I  os t .

Tempera ture  a f fec ts  the  ra tes  o f  mic rob ia l  metabo l  i sm as
we l l  as  the  phys ica l  s ta te  o f  hydrocarbons . - . l t  a l so  a f fec ts  the
so lub i l i t y  o f  the  subs t ra tes .  Some sma l l  a lKanes  a re  more
so lub le  a t  0 'C  than  a t  25 'C(10) .  E leva ted  tempera tu res  can
in f luence  nonb io log ica ' l  l osses ,  ma in ly  evapora t ion .  In  some
cases  the  decreased evapora t ion  o f  tox ic  components  a t  lower
tempera tures  has  been rbpor ted  to  have inh ib i ted  degradat ion(3) '
In  genera l  most  mesoph i l i c  bac ter i  a  per fo rn  bes t  a t  about  35"  C,
bu t  the i r  per fo rmance can be  a f fec ted  by  these o ther  fac to rs '
Consequent iy  researchers  have repor ted  d i f fe ren t  op t imums and
cons iderab l i  va r iance  in  ac t i v i t y  a t  d i f fe ren t  tempera tu res '
l  i t t le  change in  ac t iv i t y  over  g iven  tempera ture  ranges  and
other  super i i  c i  a l  con t rad i  c t i  on i  .  Hudd l  es ton  and Cresswel  l

i t s lO ;  r ipo . ted  pe t ro leum degrada t ion  jn  so i l s  as  low as  - I ' I  "  C
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as  long  as  the  so i l  so lu t ion  rema ined  I  i qu id {7 ) .  Degrada t ion
ra tes  were  qu i te  s low.  In  na tu ra l  hab i ta ts  sh j f t s  in  m ic rob ja l
popu la t ions  due  t0  tempera tu re  changes  have  been  repor ted(14) .
As  one  migh t  suspec t  f rom such  sh j f t s ,  as  we l l  as  changes  in
so lub i  l i t i es ,  the re  a re  repor ts  showing  the  types  o f
hydrocarbons  be ing  degraded may vary  w i th  tempera ture .

l l l h i l e  the  pH o f  the  mar ine  env i ronment  i s  un i fo r :n ,  s teady ,
and  a ' l  ka l ine ,  the  pH o f  va r ious  so i l s  covers  a  w ide  range .  The
mar jne  env i ronment  i s  we l l  bu f fe red .  in  so j l s  and  poor l y
bu f fe red  t rea tment  s i tua t jons ,  o rgan ic  ac jds  and  minera l  ac ids
f rom the  var ious  metabo l  i c  p rocesses  can  s ign i f i can t l y  lower  the
pH.  The overa l l  b iodegradat ion  ra te  o f  hydrocarbons  genera l l y  i s
h igher  under  s l i gh t l y  a lka l ine  cond i t i ons .  So  appropr ia te
moni to r ing  and ad ius tments  shou ld  be  made to  keep such sys tems jn
the  7 .0  to  7 .5  pH range .  Van ia t ions  o r  sw ings  in  pH in  t rea tment
sys tems can havb a  very  de le te r ious  e f fec t  on  the  per fo rmance o f
the  b i  omass .

S jnce  o i l s  and  mos t  pe t ro l  eum hydrocarbons  a re  on ly
spar ing ly  so lub le  in  wa te r ,  the  re la t j ve ly  sma l l  i n le r fac ia l  a rea
o f  o i l  

-  
i n  ccn tac t  w i th  wa te r  can  l  im i t  the  m ic rob ia l  degrada t ion

o f  o i l .  M ic robes  co lon ize  the  su r faces  o f  o i l  d rop le ts  and  the
unders  ides  o f ' s l i cks .  Many  hydrocarbon  us ing  mic roorgan isms
produce emul  s i fy ing  agents  wh ich  grea t ly  enhances  the j r
b f fec t ' i veness  in  h ind l  i ng  the  o i l  .  I t  1s  w ide ly  he ld  tha t
emu ' l  s i f ie rs  can be  invo lved ' in  the  en t ry  o f  hydrocarbons  in to  the
ce l ' l  s ,  bu t  degrada t ion  can  occur  w i thou t  e rnu ls i f j ca t ion .
Emul  s  i f j  e rs  have proven usefu l  i  n  some c l  ean up  opera t  ions  '  bu t
va r ious  sources  jnd ica te  tha t  no t  a l l  d i spersan ts  enhance
b i  odegrada t ion  (9 ,  12 )  .

Most  o f  the  parameters  tha t  need to  be  mon i to red  in  a
b io remedia t ion  pro jec t  a re  a  func t ion  o f  good env i ronmenta l
aoo l  i  ca t  ion .  0nce the  env  i r0nment  has  been tnade c0nduc i  ve  to
bac ter i  a1  growth ,  and a  sa t is fac to ry  mon i to r ing  sys tem has  been
estab l i shed,  the  programs are  no t  very  iabor  o r  cap j ta l
' i n tens ive .

SUCCESSFUL EIOREMEDIAT]ON PROGRAMS

Severa l  innovat ive  and success fu l  b io remedia t ion  programs
have been conducted  by  So lmar  Corp .  in  con junc t ion  w i th  var ious
env i ronmenta l  eng ineer ing  f i rms  and  remed ia t ion .  con t rac to rs .

CASE #1:  B io remedi i t ion  was se lec ted  as  the  method o f
cho ice  to  c lean  up  an  aband0ned re f ine ry  s i te  jn  sou thern
Cal  i  fo rn i  a .  The th i  r t y - two acre  s  i  te  was l  oca ted  in  a  p r ime
indus t r ia l  a rea  and  the  ooa l  was  to  c lean  the  s i te  to  a  low
enough leve i  tha t  commer i ia i  bu i ld ings  cou ld  be  bu j l t .

The  in i t i a l  con tamina t ion  leve ls  fo r  the  s i te  ranged  f rom a
low o f  1500 pprn  to  a  h igh  o f  30 ,000 ppm.  The s i te  was sec t ioned
of f  in to  severa l  t rea tment  zones ,  and a  b io remedja t jon  program
was begun  us ing  a  consor t ia  o f  m ic roorgan isns  supp l ied  by  So lmar
Corp .  6 f  0 rang i ,  Cn.  S ince  the  s i te  had been contaminated  on  and
o f f ' f o r  a  oer ioc  o f  fo r t y  years  w i th  l  i t t l e  o r  no  s ign  o f
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decontaminat ion  by  ind jgenous organ isms ' i t  was  conc luded tha t  a
b ioaugmenta t ion  p iogram cou ld  acce le ra te  the  remedia t ion  process '

The t rea tment  was conducted  over  a  per iod  o f  s ix  months '
r r /h i ' l  e  a reas  were  be ing  t rea ted  o ther  a reas  were  be ing  taken ou t
o f  se rv ice  un t i l  t he  6n t i re  tank  fa rm was  d i  s inan t led '  As  a reas
were  taken ou t  o f  serv ice  t rea tment  was begun to  remed ia te  those
sec t i  ons  o f  the  proPer tY .

The twenty  i r inb  ac ies  o f  the  area  was cer t i f ied  as  c . l  ean
wi th in  a  per io i  o f  one  year .  The  ba lance ,  r ' / h i ch  has  been  used  as
the  dumping  a rea ,  i s  s t i l 1  be ing  remed ia ted '

Ca ie  Ie :  The  c i t y  o f  Carson ,  Ca l  i f o rn ia  dec ided  to
.x . t . i se  i t s  redeve lopment  powers  and condemned a  s i te  tha t  had
been used as  a  pe t rochemica i  tank  s to rage s i te ,  and sa lvage-
; ; ; ; . i i ; ; .  The  s i te  had  been  an  evesor i .  Ra ther  than  sea l  the
i in t im inan ts  a t  the  s i te  under  bu i ld ings  and  park ing  io t '  t he
i i i y  Je l iaea to  ge t  n id  o f  the  contaminants '  The s i te  had been
ear ia rked as  a  p ; rk ,  and the  c i ty  o f f i c ia ls  were  concerned tha t
i f  the  contaminants  were  le f t  jn  p lace  they  may endanger  the
hea l th  o f  the  ch i ld ren  us ing  the  park (13) .

The  o r i ce  fo r  hau l ing  iway  the  con tamina ted  so i l  fon  p roper  -
d ispos i l  i as  es t imated  to -be  52  mi l l i on .  The  es r imated  amount  o f
con tamina ted  so i l  was  approx ima ie ly  10 ,000  cub ic  ya rds '  A
b ioauqmenta t jon  Droqram was  p roposed  and  adop ted  a t  the  s i te '

i he  cos t  o f  th6  c lean  up  was  less  than  S l32 '000 '  and  the
c i ty  began seek ing  b ids  fo l i t s  most  e labora te  recrea l ion
fac i l  i  t y .

CRIE ; : :  l Jhen the  Sacramento  Ut i l  i t i es  D is t r i c t  purchased a
sma l l  pa rce l  o f  l and  to  expand  the i r  ex is t ing  park ing  1o t ,  they
* . re  unan. te  tha t  the  land had been prev ious ly  contaminated  w i th
d iese l  fue i .  0nce the  contamina l ion  had been de tec ted  the
Ut i l i t i es  D is t r i c t  dec ided  to  take  i t  upon  thense lves  to  c1  ean  up
the  s i te .

The 0 is t r i c t  rea . l  j zed  tha t  mere iy  excavat ing  and hau l ing  the
con tamina ted  so i l  to  a  dump s i te  was  jus t  t rans fe r r ing  the -
p ioOf . t  io  another  s i  te .  in  keep i  ng  w i  th  the  D i  s t r i  c ts  po1 i  cy  o f
toncern  w i th  the  env i ronment ,  o ther -a l te rna t i ves  to  land  d isposa l
were  souqht .

Upo i  examinat ion  o f  t rea tment  op t jons  the  D is t r i c t  dec ided
to  imp iement  a  b io remed ia t ion  p rogram.us ing  b ioaugmenta t jon .as
the  sburce  o f  o rgan isms '  The  b io remed ja t ion  o f  the  2000  cub ic
vards  o f  con tami ia ted  so i l  reduced the  Tota i  Pet ro leum
i lvOio .arOon leve ls  f rom 2800 ppm to  less  than 38  pp !  (F iSure  2)
in  approx imate ly  74  t rea tment  days(11) '  -The cos t  o f  t rea tment
was  b3so ,ooo  less  than  the  to ta l  p r i ce  o f  d i sposa l  w i thou t  the
inheren t  l i ab i l i t y .

CASE #4:  B io remedia t ion  was the  method o f  t rea tment  op ted
for  to  t rea t  1500 cub ic  yards  o f  d iese l  con taminated  so j l  a t  the
former  K ings  Truck  Stop  ln  Sacramento ,  CA.  The-pro jec t  reduced
t t re  d ie ie l  con tamjnant  leve ls  f rom 3000 ppm to  less  than 30  ppm
in  approx imate ly  62  t rea t rnen t  days .- - in i i ;S ,  

i n  s i tu  b io remed ja t ion  was  necessary  to  c lean  up
contaminat ion  f rom a  rup tured  t rans fer  

' l  
i ne  tha t  passed under  a
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ra i l road t rack .  A  jumbo tank  car  had been mov ing  on  the . t rack  as
so lvents  were  be ing  pumped th rough the  I ine '  -The resu l t ing
r ro tu i .  r . J  to  a  l6s i  o i  300  to  coo  ga l lons -o f  so lven t  a t  a  dep th
o i "sa  in . i ' . t  beneath  the  sur face  a1ong 120 fee t  o f  the  t rack '

A  con t jnuous ly  rec i rcu la t ing  g round  in jec t ion  sys tem was
des lqneJ- ina  ins ta i led  to  t rea t  ihe  con tamina ted  so i l  ( see  F igure
i i .  

' r . i r . - i . q  
a  c lean  up  p rogram o f  n tne  months  w i th  the

b ioaugmented  i ys tem,  a  99  '5% degrada t ion  o f  the  con taminan ts  was
ach i  eved (Tab l  e  1 )  .

CASE'#6 :  A  b io renred ia t ion  p ro jec t  i nvo lv ing  32 '000-cub ic . -
va rds  o f  so i l  con tamina ted  w i th  va r ious  Iub r i ca t ion  and  fo rm o i . l  s
i  i  .u t i .n i i v  ongo ing .  Pre l  im i  nary  resu l  ts  i  nd i  ca te  tha t  the
cont im ina t i ln  t6ve l i  have been reduced f rom a  h igh  o f  4800 ppm

down to  125  ppm in  ihe  mos t  con tamina ted  ce11  (F igure  3 ) '  I l  a

i . r i . i - .on t .h lna ted  ce l l  the  leve ls  have  been  taken  f rom 1400
oom down to  be low the  ac t jon  leve l  o f  100  ppm (F igure  4 ) '

COST OF TREATMENT

Cost  e f fec t i veness ,  i t  seems,  p lays  on ly  a  sma l l  ro le  jn  the
uq .n . ies  pursu i t  o f  the  e lus jve  Bes t  Demons t ra ted  A l te rna t i ve
i i . i i . . i .g ! - tBDnt l  .  The fac ts  a re  tha t  economics  do  govern '  -and,
i f  cos t  i f f r i c t i v i :  ways  o f  dea l ing  w i th  the  p rob lems can  be  found '
then more  s i tes  w i l l  be  c leaned up ,  and fewer  genera tors  w i l l

resor t  to  lega l  de l  ays  in  e f fec t ing  c lean  ups ' .
Feas ib i i j t y  s tu i ies  conduc ted  on  the  p rev ious  p ro jec ts

d iscussed  above  found  tha t  b io remed ia t ion  i s  a  m0s t  c0s t
. r i . i i i r .  *eans  o f  dea l ing  w . i th  con tamina ted  so i l s .  As  w i th  mos t
iechno . log ies  cos t  i s  d i re i t l y  re la ted  to  the  s i ze  o f  the  s i te  and
ex ten t  o i  con taminat ion .  However ,  b io remedja l  approaches tend to

have lower  f i xed  cos ts  and there fore  are  ab le  to  compete
i i voraUly  w i th  o ther  techno ' l  og ies  f ro rn  a  cos t .  s tandpo in t '-  -  

wn. i '  i ook ing  a t  a  b ioaugmenta t ion  pro jec t ,  one must  cons ider
the  cos t  o f  the  iu l tu res .  66nera l l y ,  the  cos t  o f  the  cu l tu res  i s

i . i r - i f . t in  2% o f  the  to ta l  cos t  o f  the  pro jec t '  l l hen  one we ighs

the  cos t  o f  the  organ isms versus  the  assurance o f  mind  in
knowing the  cor rec i  o rgan isms have been prov ided,  th is  i s  a  smal l
p r i  ce  to  pay .'  

Tab l i  2  o ives  a  b reakdown o f  var ious  techno log ies  and the i r

cos ts  per  ton  i

FUTURE TRENOS

At  the  t ime o f  th i s  wr i  t j ng  Ca l i fo rn ia  seems to  be  push ing
for  b  io remedi  a t ion  o f  pe l ro l  eum contami  na ted  so i  l s  more  than any
oif ' r . i  i t i l . .  Thi s j  s 

'due 
i  n part to the str i  ngent regu' l  at i  ons

w i th in  the  s ta te .  S ince  Ca l  i i o rn ia  c lass i f i es  a l l -pe t ro leum
.on i . t i n i t .a  so j l  con ta jn ing  i ,000  ppm t0 ta l  pe t ro leum

hvdrocarbons  or  more  as  haz i rdous ,  and requ i res  i t  to  be

r i ^ i i . i t . a  i td  d isposed  o f  i n  a  c lass  one  land f i l j ,  t he re  a re

cer ta in  economic  incen t i ves  ' i n  Ca l  i f o rn ia  tha t  do  no t  a t  th i s

t ime ex is t  i n  o ther  s ta tes .
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ra j l road  t rack .  A  jumbo tank  car  had  been  mov ing  on  the . t rack  as
so ivents  were  be ing  pumped th rough the  I  ine .  -The resu l t ing
iuo tu i .  l ed  to  a  loss  o f  300  to  ioo  ga l lons  o f  so lven t  a t  a  dep th
o i ' je  in .h . t  beneath  the  sur face  a l  ong 120 fee t  o f  the  t rack '

A  con t inuous ly  rec incu la t ing  g round  jn iec t ion  sys tem was
aes ioneJ-ana  ins ta i  I  ed  to  t rea t  ih6  con tamina ted  so i l  ( see  F igure
i f .  

' i . i t ow inq  
a  c lean  up  p rogram o f  n ine  months  w i th  the

b ioaugmented  i ys tem,  a  99 .52  degrada t ion  o f  the  con taminan ts  was
ach  j  eved  (Tab1e  l . ) .

CASE'#6 :  A  6 io remed ia t ion  p ro jec t  i nvo lv ing  32 ,000-cub ic . .
va rds  o f  so i l  con tamina ted  w i th  va r ious  Iub r i ca t ion  and  t0 rm o l  l s

1  i  .u . i .n i i y  ongo i  ng .  Pre l  im i  nary  resu l  ts  i  nd i  ca te  tha t  the
ion i i r l r . i i ' on  l i ve l i  have been reduced f rom a  h igh  o f  4800 ppm

c iown to  i25  ppm in  the  mos t  con tami  na ted  ce l l  (F igure  3 ) ' . .1 !  u

i . i i . .  . on t . i l na ted  ce l I  the  leve ls  have  been  taken  f rom i400
oom down to  be low the  ac t ion  leve l  o f  i 00  ppm (F igure  4 ) '

COST OF TREATMENT

Cost  e f fec t i veness ,  i t  seems. ,  p lays  on ly  a  sma l i  ro le  in  the

uq .n . ' i . i  pu rsu i t  o f  the  e lus ive  Bes t  Demons t ra ted  A l te rna t i ve
i i i r ' ' r r i . - . ! - (BDni l .  The fac ts  a re  tha t  economics  do  govern ,  -and ,
l i  i os t  e i fec t i v i r  ways  o f  dea l ing  w i th  the  p rob l  ems can  be  found '

t f , .n - t0 . .  s i i es  w i t l  be  c leanec i  up ,  and  fewer  genera to rs  w i l l
resor t  to  1ega1  de l  ays  in  e f fec t ing  c lean  ups ' .

Feas ib i i i t y  s tud ies  conduc ted  on  the  p rev ious  p r0Jec ts

d iscussed  above  found  tha t  b io remed ia t ion  i s  a  mos t  c0s t
. f i . i i i t J  means  o f  dea l ing  w i th  con tamina ted  so i l s '  As  w i th  mos t
i . . i rno jog l ; i  l os t  i s  d i re i t l y  re la ted  to  the  s i ze  o f  the  s i te  and

ex ten t  o i  con tamjnat ion .  However ,  b io remedia l  approaches tend to

have lower  f i xed  cos ts  and there fore  are  ab le  to  compete
iavorab ly  w i th  o ther  techno iog ies  f rom a  cos t .  s tandpo in t '-  

l l f ' , . "n  look ing  a t  a  b ioaug ien ta t ion  pro iec t ,  one must  cons ider
t t re  co i i  o f  i he  iu l tu res .  Genera l l y ,  the  cos t  o f  the  cu l  tu res  i s

less  than 2% o f  the  to ta l  cos t  o f  the  pro jec t '  t /hen  one we ighs
the  cos t  o f  the  o rgan isms versus  the  assurance  o f  m ind  in
[no* ing  the  cor rec i  o tg .n isms have been prov ided,  th js  i s  a  sma] l
p r i  ce  to  pay .
" '  

- - r r i r ! - i  
q j ves  a  b reakdown o f  va r ious  techno log ies  and  the i r

c0s ts  per  lon .

FUTURE TRENOS

At  the  t ime o f  th i s  wr i t i ng  Ca l i fo rn ia  seems to  be  push ing

for  b io rened ia t ion  o f  pe t ro ' l  eum contaminated  so i l s  more  than any

o in " i  t t . i . .  Th is  i s  due  in  par t  to  the  s t r ingen t  regu la t ions
w i th in  the  s ta te .  S ince  Ca l  i i o rn ia  c lass i f i es  a l  i -pe t ro leum
iont . t ln t t .a  so i l  con ta  jn ' ing  1 '000 ppm to ta i  pe t ro leum
hydrocarbons  or  more  as  haz i rdous ,  and requ i res . j t  to  be

r l . i i * i t . a  and  d isposed  o f  i n  a  c lass  one  land f i l 1 ,  the re  a re

. . i t . i n  economic  incen t i ves  in  Ca l i fo rn ia  tha t  do  no t  a t  th i s

t ime ex is t  i n  o ther  s ta tes .
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