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Introduction

Petrolewmn Enviconmental Techrwlogies, LLC., aTioridian Corpomation relocding o Casper,
Wyoming, contracted with the Bocky Mountain Qilfield Testing Center [RMOTC) of
Casper, Wyoming to conduct 3 leachate recovery hench test. The test was infended w
dlustrate the decreazed movement of crude oil o souls on whicl BECOSAFE™ wis upplied w
athanee the degradation of heedrocarbans in contarimated soil and water,

The data presented i this reporl was collecled Gom Febroary 26, 2002 w March 1, 2002,
This report will detail the matcnials snd methods wsed o conduct the test, test procedures,
luboralury resulls, and conclusiens.

Materials and Methods Experimental Design

The procedures derailed in this report were based on carlicr bench westing condueted by
EMOTC at Nuval Petroleum Besorve N, 5 (NFR-30.

To simulate the Qow of Dund through the soil, columns were used W bold soil and lgud,
Each cohnnn was assembled from a 36-inch length of 4-inch diameter clear Scheduole 40
'Y pipe. One-half inch holes were drilled at six-inch intervals along each length of pipa;
one-hatfinch pipe plugs were instalied in the holes, A one-halfineh cutlet vaive was ingerted
at the hottom af each column. A PYC cap perfarated by two ane-half inch holes was placed
atop each column,

The columns were set into specially constructed stands and loaded with elght inches of
medium grain clean sand covered with twenty-tfour inches of clean clav-loam dirt. Tour
inches of headspace was left at the top of each column to allow addition of water and
FCOSATT™ sohation. A 1,000-milliliker glass jar was placed below the outhet valve of cach
wolummn,

Unrelined sweatl erude oil (36° AP was collected from an onsite battery at KPR-3.

Experimental Procedure

February 26, 2002

First, a tolk density test was cxecuted on the opseil 1o determine ils porosity.  Bulk
densily 1s expressed i grams of soil mnass per cuble cenlimeder ol soil volume. This value
is used in the equation to calculate the volume of oil to soil ratio to achieve a particular
hwdrocarbon loading rate.

For each column a 20% total petroleum hydrocarbon loading rate was desired. Therefore,
301 .4 in’ of clay-loam soil, with a bulk density of 1.3%¢/em?, the volume of oil neoded to
achieve this loading rate was 1,562 milliliters. The oil and soil mixture was homopenized
theroughly., The equation vsed 1w achigve (his lowding rate is shown below.




20mpikp = ximd (volume of il x 315 lbsibb
301 4ir'x 1.39 glent (bulk density)

Next, two columns were set side by side. Each column was loaded with 8-inches of fine
to medium grain, clean sand followed by 24-inches of the crude oil and clay-loam sl
mixtures.

Finally, it was determined that each colunm would receive a liquid addition to the soil
matex in 1 000-milliliter increments. The Control Column would receive additions of de-
wonized water only. The Test Column would receive a sohution of TCOSATT™ mixed at a
ratio of 1 part product to 100 parts de-ionized water.

The output fluid would be collected o 1,0 -mitliliter glass jare.  The first 2004
milliliters colleeted from cach colunn would be analyzed for Total Petroleum
Hydrocarbon content using EPA Meothod 1664 and Thescl Range Organics wsing FPA
Method 8015 Modified.

Finatly, the air injection procedure would begin, A one-quarter inch seainlezs-steel pips
perforated at four-inch spacing was Inserted into the conter of each column (o a depth of
approximately 35-Toches. Alr would e imjecied mlo each column at an average mte ol'2 3
cfin at 10 psi.  Liguid additions would be made 1o cach column [ollowing the sams
procedure and leachate collection would continue.

At the conclusion of the wsl, three seil samples would be colleeled [tom cach soil column
and analvzed tor Towl Petroleum Hydrocarbon conlent using EPA Method 1664 and
Diesel Range Organics using EPA Method 80135 Modified.

Discussion

Feliruary 24, 2(H2, Control Column #1
The wmperamiee of the soil and oil micctore was 12°C. Temperanire of the worefined crude
oil ranged bhetween 129-17°C. 1,562 milliliters of unrefined sweet crude oil {36 APT)

was homogenized with 3014 in’ of clay-loam soil. This mixture was added o the column,
followed by 1,000 milliliters of de-ionized water at 9.0°C.

The waler was absorbed and approximately 7 minates later, 1cachats began draining from
the valve at the base of the colomn. Six hundred milliliters of de-ionized waier was added
o the eolumn.  This liquid was ahsorbed. Eighteen miouies later, 400 more millilivers of
waler wus iolreduced to lhe coluem.  The colutmo conbnued w leach during this
procedure,

Forty minates passed as most of this liquid was taken up in the soil macrix, Six bundred
milliliters of de-ipnized watcr was added. Fificen minures Later most of chis liquid had
been absorbed and an additional 130 mulliliters of de-ionized water was added o the




column. A final supplement of 250 milliliters of de-lonized water was added 25 minules
later. Ower two hovors, a oral of 3,000 milliliters of de-icmized water was added o the
Control Column. The colunn was allowed 1o drain overnight.

February 27, 2002, Contrnl Column #1
The tollowiny morning approximately 2,200 milliliters of output fluid was recovered over
18 hours. The cutput was a mixture of de-ionized water and free oil product. This Pud
was taken to the laboratory for analyses.

Continuing the lest, an additiomal 1,000 millilitcrs of de-ionized warer at 10.8°0 was
adged to the Control Colunm.  This water wis absorbed in (wo and one-half boars. An
additional 2350 milliliters of de-ionized water was added and air injection commenced.
Two and onc-half hours latcr, 230 milliliers of water was added to the column.  Adr
injection conlinued for the next 16 haurs.

Fehruary 28, 2002, Control Colunm #1

From 1600 the previous day, to 0700 Thursday, approximately 200 milliliters of a mixture
of dedonized water and ernde oil had coilected in the leachate jur. The procedure
contimeed wilb additions of 230 milliliters of warer at one-hour intervals for the next three
hours. The air imjection continued as well,

A change ol procedure wag made at the next scheduled fluid addition. Due Lo the small
volume of laachale recovery, the air injection wonld he umed ottto prevent overspray and
§LO00 milliliters of de-lonized water would be introduced to the soil column.

The calumn could only hald 900 milliliters of water. Within twve and one-half hours, rost
of the liquid had been absorbed and air injection could continue. Over the next tive howrs,
only 200 additional millilitera of leachate was collected.

Febrnary 26, 2002, Test Column #2

The temperatire of the soil and oil mixture was 12°C. Temperatre of the unrefined ctude
ail ranged between 12°-17%C. 1,562 milliliters of vnrefined sweet crude ol was
homogenized with 301 .4 in’ of clay-loam soil. This mixture was added o the column,
followed by 1,000 mulliliters of BECOSAFE™ solullon at 9.0°C, The solulion was
ahsorbed.

Approximatcly 31 minmtes later leachate hepan draiming trom the valve at the base of the
codunm. Soowltaneousty, an addition of 1,060 milliliters of ECOSAFE™ solution was
introduced to the Test Column.  Most of Lhis solulion was absorbed into the soil matrix.

Forty-two minutes later, 350 milliliters of ECOSAFE™ zolution was added 2 the column.
This liquid was absorbed and a finul addition of 150 millititers of ECOSAFE™ solution
was added. The column continued to leach during this procedure, A wial ol 3,000




milliliters of CCOSAFE™ solution was introduced o the soil cohnnn over two hours. The
colunm was allowed to drain overnight.

Fehroary 27, 2002, Test Column #2

The following morning approximately 1,850 milliliters of oueput floid was recovered over
an 15-bour period. A slight skim of crode oil was visible on top of the l=achate. This
sample was taken to the laboratory for analyses.

Continuing the test, an additional 1,000 milliliters of BECOSAEE™ solution at 11.37C wras
added to the Test Column. This solution was absorbed in two and one-half hours, An
additional 230 milliliters of ECOSAFE™ solution was udded and air imjection commenced.
Two and onc-half hours latee, 250 milliliters of water wag sdded to the column.  Ajr
imjesiion vonlinued for the uexl 16 hours,

February 28, 2062, Test Column #2

From 1600 the previous day, Lo 0700 Thursday, only 100 milliliters of ougput fluid had
collected 1 the leachate jar. Mo oil was visible oo top of the fcachare. The proccdure
continued wiih addilions of 250 millililers o waler ai one-hour inlervals for G nexd (hree
hours. The air injection continued as well.

A change of procedure was made at the next geheduled flwid addition. Due to the small
volume of leachate recovery, the air imection would be turmed efland LOOO nullilitens of de-
innized water would be introduced to the soil column.

The column could vnly tuke 600 oullibiters ol waler, Within bwo and ane-halt hours, 1l
appeared mast of the liquid had been absorbed and air mjecton could continue. Cver the
next five hours, only 125 sdditional milliliters of water aned odl was collected.

March 1, 2002, Soil Samples

Two and one-half days after the test hegan, the plugs were removed trom buih columnns
abtaih soil samples. Samples were taken from the top laver, 18™ into each soil column and
the bottom (36" depih) of each column., The 18-inch and bottom gtab samples were
extracted by removing the phug and retrieving the soil using a | gram soil scoop, The grab
sample colleted from top of the column was taken by removing (he cap and inscrting a 3
gram sl scoup int the wp of the column (o rernove e soil. The sumples were analyeed
for Total Petroleum Ilydrocarbon content using EPA Method 1664 and Dicse] Range
Craanics using EPA Method 8015 Modified.

‘I'hies Tesulls of laboratory analyses are sununarized in Table 2 contaed at the end of this
report. Full lsborakory reports are contained in Appendix A.




Summary

An ECOSAFE.™ solution was tested at 1 part to 100 milliliters of de-ionizaed water against
a control set using de-ionized water only. Tach soil column received five and one-quarter
treatments of either FCOSAFE.™ solution or de-ionized water aver two and ope-hall days.

Adr was ingecred following saturalion of the columns amd leachale tecovery . Spil sumples
were collecied from each colutnn on the final day.

The wstal volume of waler added W the Contral Column was 6,130 milliliters.  The
laboratory homogenized 2500 ml of water and removed 75 ml of free crude oi! product
belore analysis, OF tut, 1,000 milliliters wuas anslyzed for TPH content and 1,000
mlliliters was analyzed for Diesel Range Organics using EPA Method 1664 and 8015
Menditied, respectively. The sumple contained 17 mg/L of TPII and 33 mg/L of Diesel
Range Oreanics.

The total volume of water added to the Test Column was 5,230 milliliters. The samples
were analyzed for TPH content and Digsel Range Organics using EPA Method 1664 and
8015 Modified, respectively. The sample contained 15 mg/L of TPH and 500 mg/L of
Digzel Range Organics.

Time lines are sammarized in Tablc 1 at the end of this repart. The results of laboratory
amalyses are summmarized m Tuble 2 contained at the exd ol ths report. Full laboratory
reports are contained in Appendix A,

Conclusions
Tests demansteated thar the presence of ECOSAFE™ appearcd W retand (e cale of

saturation and fluid movement thiough the siil columns as compared oo fluid flow rates in
the untreated columns.




Tahle 1

. De-lIonized !
Control | Water
Column : Day Time ;| Concentrations ; Yolume (ml) | Comments
' Culumn hegan
1 2126/02 ° 13:15 | NA 1,000 leachingr at 13:22
2 1322 | NA (N
3 13:40 | NA 400
4 1420 | NA Bl
5 14:34 | NA 50 _
5] 1500 | NA o _?5{]
Total Volnme for 2/26/02  300{
Ol has begun leaching
7 2230 | 5 | NA 1,000 from colummn
Turned on zir
8 220102 11:30 | NA 250 COMPrEssor
9 /23102 | 16:00 | NA 250 » Dan Kelly added
" More than 2,000 ml of
. 0il and water (3 jars)
was delivered to the
f : laboratory for
. Total Volume for 2/27412 | 1,500 analyses.
Free product on top of
water Jayver, 200 ml
total volume collecied
overnight, air
COMPressar fan
LI . /28/02 | 0720 NA 2503 overnight
: Mo additions] leachate
11 F28/02 | 0820 [ NA 230 collected o
No additional leachare
12 22802 |9 [NA 250 corHeled
| Turned air connpiressor
*off, column full, will
NCH ACCERT any Mo
13 2IZRIOL 10000 [ NA UH) water,
375 md ol leachale
. recovered, 150 ml of
Total Yolome for 2/28/02 | 1,630 oil
T'olal Volume for Test | 6,150




B Table 1
ECOSAFE ™
Test Solution
Column | Duy Time | Concentrations | Volume {ml) Comments
Cirlumn began
1 2026/02 | 13112 | NA L leaching at 13:43
2 2/26/02 1 13:43 | NA - 1,000
3 2/26/02 | 13:25 | NA 30
4 2/26/02 1500 | NA 150
i _Total Yolume for 2/26/4)2 3000
5 22742 0758 | NA - 1,000 o
: ' Turned on aic
& 202702 11:30 | NA 250 - CONIPIESSnr
7 2027002 16:00 | NA 250 : Dran Kelly added
; | More than 2,000 ml ;
i of fluid was i
. delivered (o the '
. laborawry for
i Tatal Volume for 2/27/02 | 1,500 analyses.
Free product on top
of water laver, 100
ml total valume
collected overmiphl,
ir COMPressor rn
3 TR | 020 | NA 250 uveriirhl
No additional
i O 22800 | 08:20 | NA 250 Icacharc collected
No additional
10 | H2E02 | 920 | NA 250 leachate colleted
Turned air
compressor off,
codumn full, will not .
acrept any mors
11 272802 | 1k15 | NA | B0 waler,
200 ml of leachate
recoverad, 25 ml of
Total Yolume for 2/28/02 | 1.650 il

Total ¥Yolume For Test

5,850




Tahle 2

Lab Analyses Results for Leachate Recovery Test

=oil
TPH Method 1664 TFH, D}iesel Hange
Baseline Sample , mg'hg o Organics mgikg
Control Column -4 5000 ) 1 100080
Test Colunn AT000 o | lll}l'IJf;I'_[]I .
Leachate
TPH, Dhiesel Range
TPH Method 1664 me/L. | Organics my/L
Control Column #1 17 34
Test Column #2 15 500
Soil

| TPH, Dicsel Range

Contrgl Column #1 TPH Mcithod 1664 me/kg | Drganies mg/kg

Top 10001 TR0

18" 1400 | 40000 -
Battom 3800 BO)

Sail

Test Coluwmm #2

FI'H Nethod 1064 me/ke

TPH, Dicscl Range
Orzanics mgflke

Top _ 13000 33000
15" 130080 1000
" Bottom i 6000 - 7A00
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Mdarch 2, 2002
Customer; LS, Dep, OF Energy TML
ETL LLC Job Nember: L4701

The tollowing information is pertinent to the interpretation of the gaomma spectroscapy
data.

Due o high Jevels of TPHDRO in these samples there was significant interference with
the surrogates for DRO and the matrix spikes tor both DRO and TPH.

I you have any questions regarding the analysis of these samples, pleasc call us at (307)
235-3741 or {800) 666-0306,

Faui Reeks
Orgamics Supervisor
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Chemical Analysis Beport
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Chemical Analysis Report
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INVIRO-TEST EPORT

Client: US DEPT. OF ENERGY EML Page 1 of 2
907 NORTH POPLAR Report Detea: Mar. 02, 2002
CASFER WY 82601 Workarder: L4585
Contact: U5, CEPT. OF EMERGY
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Tolal Ext-aclabhe Hydrocarkon: 110 T L) TO-130 o8 FEB-Q2
WE12725-2 B0 WiE12725.7 RAD
Tolal Exfractaple Hydrocarbon: 117 *® B2 20 28.FEB-02
W1 25204 WS Lage1 Amount
ToHal Extractable Hydrocarbom 1820 %a ] 70130 28-FEB-12
WG58 MED WE12725-4 RPD
Taotal Exrecteale Hycrocaibon. -1 K0 % 957 20 2B8-FEB.02
(PH-C# Soil
Batch Bi6351
Wi13732-1, BLANK
SGT-HEM TPH) =200 Mgy 28-FER-02
W1 37325 BLANE
SGT-HEM {TPH) <CH} my'kg 01-MAaR-2
Walgrdd koS Amount
SGT-HEM TPH) 108 Fa I a3 228-FEB-Q2
Amount
SGT-HEM (TPH) B3 T M 2.2 01-MAR-Z
- WS Armount
SET-HEM [(TPH) 142 Sk MiA a2 o1-aaaR-0F
W24 i f1n) WG12T3k-h RPD
SGET-HEM {TPH) 170 e 20 a2 01-MAR-QZ
Troduot -EBakh and Sample Mampe+ Halabone:
TEFHDR-CA 2
ATEHE 1 46551 L4R35-7
TRH-LA 2
n1e381 L1 LdBas.g
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T Reference Information

Fage 2 of 2
Paport Data: Mar. 02, 2002
Work Crer L4625

The foAlawing |3 & descr|pHon ol Sample typay thal where opplicet le!

BLANK Lahoratory Elank

BS Blank Spika

EED Blank Spika Dupticate
LGS Labaratory Control Snike
MS Matrix Spike

M5S0 Matrix Spike Duplicate

The followlng is 2 descrlption al sampks Gualifiars that where applicaki:
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EglL.

Muarch 2, 2002
Customer: U5, Depl. Of Encrgy EML
ETL LLC Job Number: LAE90

The following information s pertinent to the interpretation of the gamma spectroscopy
data.

Sample L4690-1 (Control) was received in 3 glass jars and was composited inta 1 glass
jar. There was a sigmificant amount of free product {75 mL) floating on the top of the
water. The sample was shaken and sonicated then separated from the free product for
analysis,

If you have any guestions regarding Lhe unalysis ol these samples, please call us at (307
235-3741 or (300) 666-0306.

Puul Beeks
Organies Supervizor

EHV 11.0 . Te S t Riztiaks anz auly sipprinania o s=maias sakmriped 17 grelysa,
L __’_',L [3( }R \. I ': } R ]' F S I '[ ‘:‘ Lt al uﬂh\iihf:.l"hhl:‘.ﬂ'l 23 Ard AnF ArlJagax v zhe i g petane

onze of our aovicns., ggr labilky T oal caess e o eewrelyy s 3: owr
Mperei ar reunsing tha ara yllsa: sos: d@ped lor the work cersrued.




2 of 4

Surroge e FTarphenyl

Dilliad aut of Ranpge

Fage.
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Chemical Analysls Report

L& DEPT, OF EMERGY EkL Data: 02 MAR 2002
Attn: U8, DEPT. OF EMERGY

Y7 NORTH POPLAR

CASPER Wy S2607

Lab Work Order #: L46RS Date Aeceived: 26 FEO 2002
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March 2. 2002
Customer: U5 Dept OF Bnergy EML
ETL LLC Job Namber: [A685

The lollowing informalivn is perlirent to the inderpretition of the gummu spectoscopy
data.

Due to high levels of TPH/DRO in these samples there was sigrificant interference with
the suirogates for DRC and the matnx spikes for both DRO and TPH.

If vou have any guestions revarding the anadysis of these samples, please call us o {307)
233-57471 on (BOKT} GaO-0306,

Paul Reeks
Orgames Suapervisor
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Chemical Analysis Report
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