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ORIGINAL Site Name; Biosenski Landfill
(Red) TDD No.; F3-85Q6-25

1.0 INTRODUCTION

1.1 Authorization

NUS Corporation performed this work under Environmental Protection Agency
Contract No. 68-01-6699. This specific report was prepared in accordance with
Technical Directive Document No. F3-8506-25 for the Bytffeejiski Landfill located in
West Cain Township, Chester County, Pennsylvania.

1.2 Scope of Work

NUS FIT III was tasked to perform soil testing utilizing theNPhoto-Vac 10A10
portable gas chromatograph. The purpose 01 >me Resting was to attempt to
characterize and evaluate the off-sitexmigranon of volatile organic compounds
using volatile headspace analysis procedureXon thessoil samples collected. The
procedure was developed to try to-deiermine tneŝ resepce, extent, and direction of
a contaminant plume from the tendfill.

\In addition, 3 residential well waNer sa^mpleC were taken and analyzed for fecal
coliforms. The purposexjfthelte analyses vwas to rule out the possibility of sewage
infiltration, and, hencre, taak clepaiog cornĵ ounds, into the residential wells. These
well water samples ŵ re >also analyzed for volatile organics using the same
headspace procedur^and the P/Kot<>Vac 10A10 as in the soil samples.

1.3 Site________________

/ <~Y) ̂The Bx^senski T̂ andfi/1 is/an inactive landfill, approximately 10 acres in size,
located alo>i£ KingVnighway Route 340 in West Cain Township, Chester County,
Pennsylvania, ̂v /

The landfill was owned and operated by Joseph Biosenski during the 1970s.
Operating without a permit, the landfill received industrial waste (including
solvents, paints, and other unknown industrial waste), municipal waste, and
demolition wastes.

1-1 300883



ORIGINAL Site Name; Biosenski Landfill
(Red) TDD No.; F3-8506-25

Past sampling conducted by NUS Corporation and recent sampling conducted by
EPA Region III Central Regional Laboratory have indicated the presence of
benzene and trichloroethene (TCE) in monitoring wells and residential wells near
the site. Based upon this information, it was decided that the presence/absence of
these 2 compounds in the soil gas samples could be used to determine any possible
patterns of migration from the monitoring wells to similarly affected residential
wells.

1.4 Sampling Locations

Based upon the most recent sampling results (s/etesap̂ >endixsSX the Highest levels of
TCE and benzene occurred in monitoring/well jfMW) nos. 2 ah« 3, respectively.
Upon completion of preliminary method development Phase I (see appendix 2,
sampling/work plan letter), a sampling g<id, 600ieet/4ast to west and 90 feet north
to south with 60 feet east to west/30 feerŝ orth tbxsouth sampling intervals, was
established between MW nos. 2 aptf-î nd the residences of interest. A total of 44
soil sampling locations were plafced by the gritHteesrte location map).

The 3 residential wells were chosen by tPA/personnel on site on the day of their
sampling. The Bardsleyweli&nd trve Canull well were chosen because they had
previously shown measurable copeefl.tra±iot̂ s of TCE and benzene. The Hartmetz
well was chosen tfecau<fe Lr is locateo^near the Bardsley residence, yet had not
previously shown any contamination^

1-2 300SS4
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Site Name; Biosenski Landfill
/D -TV TDD No.; F3-85Q6-25—————(Ked) ——————

2.0 FIELD TRIP REPORT

2.1 Summary

On July 12, 1985, FIT III personnel Atwood Davis, David Side, and Thomas Fromm
performed soil gas sampling trials on a hole augered near MW no. 2 using the
Spittler soil gas sampling apparatus, as described in the/tfbS Work Plan WP-SI Rev.
1 prepared for this site (see appendix 2) as stage I/of the sampling plan letter.

* f £

Results for this technique were inconclusive. /The chcomatograph operated
properly, but TCE and benzene did not appear in ̂ ne soiKgas samples; interferences
were present in the chromatograms.

On July 16, 1985, Atwood Davis and D^Vid Sfda^retuhned to the site to conduct
further trials of the soil gas sampler. A^ter trial sampling of soil gases on freshly
augered holes near MW nos. 2 and 4 withN^o posifovce results, a soil sample was
taken from the bottom of the holâ augej-ed at Mw^no. I/ This sample was placed in
a sealed hypo-vial and allowed/to equilibrate~e»-a^headspace sample. The sample
prepared in this manner reveale\ detectable concentrations of benzene and TCE.

\ \/ f̂ f.Basd upon this result and further ̂ consultation with Dr. Thomas Spittler, of EPA
Region I Central RegiorfLabotetoryv and \Mr. Timothy Travers and Mr. Edward
Schoener, of EPA RefgiorvrHL tĥ -NÛ SSWô k Plan was amended to use headspace
sampling as the merhodo^gVin this stucjy (see Work Plan, appendix 2 and telecons,
appendix 5).

On July 17/1985, Atwood Dayis/and David Side returned to the site to set up the
sampling/grid./A 60t\feet\rid, east to west, was set up, but a field revision to 90
feet, rrarth to ssjxth, vvas established because of the proximity of residential yards
and outbuityings. IrTaddmon, MW nos. 2 and 3 were sounded for water levels and
total depths aiufsHNU/feadings were taken at the well heads. These results are
listed in appendix 8.

On July 22, 1985, Atwood Davis and David Side sampled at grid line A, points 1
through 11, AA-11, and B-ll.

2-1 300886



OFJGJNAf Site Name; Biosenski Landfill
(Red) TDD N0" F3-85Q6-25 —————

On July 23, 1985, Atwood Davis, David Side, and Timothy Travers, of EPA Region
III, continued sampling the grid system. Atwood Davis and Timothy Travers
collected the residential well samples for fecal coliforms and volatile headspace
analysis. The fecal coliform samples were shipped that afternoon from the FIT III
office to EPA Region III Central Regional Laboratory for analysis. James Jerpe, of
EPA Region III Central Regional Laboratory, and Steven Way, of EPA
Headquarters, Washington, DC, were also on site as

On July 24, 1985, Atwood Davis and David Side crnpleteoNarnpling of the sample
grid. James Jerpe and Steven Way were again

2-2 300?S7



2.2 PHOTOGRAPH LOG
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Photo 1 -
Power augering hole at AA-4.
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Photo 3 -
Decon procedure at

Photo 4 - —
Photo -VAC 10A10. _ 30035*1
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i "" Photo 5 -
~~ Photo-VAC 10A10 and sample vials.

Photo 6 - _
Samples equilibrating in drying oven. _
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Photo 7 -
Sampling equilibrated headspace.
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Photo 8 -
Sample injection into chromatograph.
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Site Name: Biosenski LandfillI __
TDD No.: F3-8506-25

P
3.0 OBSERVATIONS OR/Q//VA/

3.1 Sampling Methodology

Grid sampling points were placed at 60-foot intervals, east to west, and 30-foot
intervals, north to south. Sampling holes were augered with a 2-man power auger
using a 2.5-inch diameter auger bit to a depth of 2.5 fear/̂ Soil samples were taken
from the bottom of the auger hole using a 3-foot se/ition j6i plastic pipe with the

*,/ v̂sampling end cut at a 45° angle. The sampling pipe was driven into the bottom of
th auger hole with a wooden mallet. The resulting soil/€b̂  was men removed from
the pipe with a stainless steel scoop and pl̂ fce&To'irectlyn̂ tp a>standard 40 ml
volatile organic analysis (VOA) vial. The>VOAyml^was filledapproximately 2/3
full and sealed. On return to the FIT vaH, 10/nLof organic grade blank water was
placed in each vial and immediately r̂ sealed, leaving approximately 90 ml of
headspace in each vial. Two field blanks (3cNnl of organic grade blank water) were
poured at this time for each sampTtn̂ 4ay. FieW^dupHeates were taken each day
using the sample procedure ouflined for 10 peTceot of the samples collected. The
samples were placed in plastic bacs an^sTpred,wrm the vials inverted on ice, until
analysis in the FIT III officê  Thes\samples/̂ vere kept on ice until the completion
of data evaluation.

3.2 Analysis Me

The Photo-Vâ dlJTtl̂ vD̂ table gas chromatograph was used for the headspace gas
analysis, yuie instrument was^et up and maintained per the operator manual
instructions. Tne instrument operational conditions were as follows:

InstrumentNphoto-Vac M/del 10A10 SN A 468
Column: 5 perbssnt SX-30 on 60 to 80 mesh Chromosorb G, 4 feet by 1/8 inch

packed Tfe column in column 2 position
Instrument Attenuation: 1 X 10
Gas flow: 10 ml/min. Zero grade air
Recorder: Linear Instruments Corporation Model 142 SN CO3974
Setting: 10 mV full scale, 115 VAC
Chart Speed: 0.5 cm/min.

300894
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ORIG W,,." " Site Name; Biosenski Landfill
' TDD No.; F3-8506-25

I
P

All samples/standards/blanks were run at the above settings unless otherwise noted
on the run chronicles and chromatograms (see appendices 6 and 7).

The instrument was calibrated daily using freshly made standards. A standard was
run a minimum of once every 10 samples. Field duplicate and duplicate injections
were also run at a minimum of 10 percent of the sample injections. Sample, blank,
and standard chromatograms were labeled on the chronnatqgrann and numbered in
the order in which they were run. These samples yere jKen registered in a run
chronicle (included as appendix 6).

All samples were stored, inverted, on ice upf?iHahalysis.N>isAll samples were run
within contract laboratory program specified holjnn̂  times of 7>rfays (see appendix
6).

The samples were removed from storâ s. priorNto analysis and allowed to
equilibrate in a laboratory oven >«?tt-̂ t 55°C fb*. a minimum of 1/2 hour before
injection into the chromatogra^n. The sam~pI!TTg~5Xnnge was flushed with clean air
and heated in the laboratory ove\betŵ 5rs.injectio/{s to prevent sample carry-over.

f
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JKloINAL Site Name; Biosenski Landfill
TDD No.: F3-8506-25

to

I'f

4.0 SUMMARY AND CONCLUSIONS

Results for soil sample volatile organics analyses revealed the presence of TCE and
benzene in the headspace trial sample taken on July 16 near MW no. 2. Benzene
was identified in samples All and Bll. No TCE results could be positively

identified.

Volatile organics analysis for the home wells showed no identifiable peaks in the
7 \Hartmetz well sample. TCE was identified in thar Canull well sample. TCE and

trace-level benzene were identified in the Bardsl̂ y wefî sample.

Actual concentrations of these compounds/in tĥ f samples couldriot be calculated
because the soil samples could not be v/eighffa sf\. the time of sample collection.
However, since all samples were collected and treated in the same manner, it is
possible to estimate relative concentrations in ms. samples to the standards
prepared in gas phase. These relX?lve><GoncentraTions are reported in the following
table:

Sample / /-*. l̂ &̂je/friR/L* TCE mg/L*

All ^K / <^y Not found
All Reinjectippf—-x̂ v %£.07 Not found
All Field Qfuplicate N/S\>/4.89 Not found
Bll / / ^N \ 0.57 Not found
Headsp^e Tria>Ŝ 16y I 0.06 0.39
Canull Welhv / Not found 0.27
Bardsley Well \v / 0.07 30.50
Hartmetz Well Not found Not found

*mg/l in 500 ui equilibrated headspace

300887
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(Red} Site Name; Biosenski Landfill
TDD No.; F3-85Q6-25

In addition, 5 unknown compound peaks were present in most of the sample
chromatograms. These peaks were labeled I, II, III, IV, and V on the
chromatograms. Based on relative retention times, these peaks may be identified
as methanol, methylene chloride, unknown, trans-l,2-dichloroethene, and 1,2-
dichloroethane, respectively. However, without actual standards run on the
analysis column, these peaks cannot be positively identified. These results are
presented graphically and the highest levels (relative leyeTŝ since no concentration
estimated can be assigned) are noted on the enclose/a mags. In particular, trans-
1,2-dichloroethene may be identified as a breakdown productyOf TCE.

Results for the fecal analyses have not been*N̂ feeived.\̂ erbancomrnunication
between Mr. Timothy Travers and EPA Region lU/Central Regictoel Laboratory has
indicated that no significant results for/iecal/coiiforjris were noted. This would
appear to indicate that sewage tankxcleanihg compounds and fecal coliform
bacteria have not infiltrated the residentiaNwells tested. When the final report of
these results is received, they wiU"be4ncluded inNtie final field trip report.

300893



r j
§ ___ CORPORATION UM' Jen-ti'tV̂  Peo.ks

ri IPMT ________ FILE
i RIIRIFPT BloSgioyki LRV\d^\'l\ ftttM LtfJg A

—— —— —— — —— —— —— —— —— ————— —— ————— ' ——



f
J

___ CORPORATION UniJervti'titj PinxUs (Red)

n IFNT £Pft _________ FILE MR F3-8506.-25-
I RiiR.iFr.T 6losgK>ylo LRv\d£i'U fcat<A LJN£ AA

I
i r->

j
r. i
———— 2

j
i•

i

._ ._...._.

' —

T- r
t J

hi1 5Lc
Lj
)

-)

•— «•

•*" J

^
I -
L

M
t (
r (
* V

——— !•»

-J•• dt— .1 :D — :z
^ ^f
W

)<

M

K—

j -
? d
2
3

htr̂
M
1C
So*-

•" 1.

& : <i----\— ••••• -t— - -- -
2 . . . . : , ,r
5 '>2 —— ; —————— : ——————* > ipr---i -----
3 i :
L ._.-., i
J i i1._.._!_.. . . . . . . .

i :
~~ — — > — — — __

; 1

'

.....1 __ .

.........__,

S3 rrxh-~~̂ «̂

—— ——— —— « _

|_-.-.....

. —— ._. ———— ...

^^ *
^̂ =5

1 ——— - —— ... . ...

L

_._. ————— .__

———————————

L

^
5̂T



IMUS J rj
____ CORPORATION UnicWfct'EiW Pe.o.t<s——————————————

Q PI IPNT ^V0/?___________ FILE MR F3-85̂ 'Z5-

i RIIR.IPHT Stosgtoyk* LftwdCcU ^a\t^ Li»je R

f



i REIMLJS

•

• ___ CORPORATION Uhi Jen^ifit ?«L<xks

FILE Mn

RIIR.IFP.T



:;

I
300903



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY ,
• ... .--;- . Region III - 8th I Walnut St». • '. , .

' .', ,. » , ' .. .~ Philadelphia, Pa. 18106 . , " -.. •;-.".,'',. .. .

SUBJECT: ^quest Assistance from FIT Office ) , ATE

FROM: . 7/A7 /*̂ ~", û y;v̂ c.-c- m̂c*,- THRU. Katin> Hodgkiss, Chief,
' . CERC^lnMrUment Section (3HW12) ' CERCLA Remedial Enforcement

TO: Butch Byer, FIT Regional Project Officer THRO: Edmund Skernolis, Chief
',; v̂-./Site. Investigation and Support Sectlon(3HW23) Site Investigation and ...!•
-.//'"•"'• ./ .;". : ;.; •".,:,••.-::.'-. ' Support Section. (3HW23), ?

I, SITE NAME: _ gl&yevstr LA^Vfrtt ( )

II. LOCATION:

BLe-sexsic-i LAf^DFfC t

UexT CAC*) -n>̂ s*«° . Cdm
( :

v pSN
ê. OW/J/T-/ t PA .'

III. WORK ASSIGNMENT:

•_ Preliminary Assessment ____ Quality Assurance Review of Data
_ Site Inspection ____ Re-Sampling/Full Field Investigatic

Hazard Ranking System ____ Peer Review Corrections
•' Toxicology Assessment . y£ Other (See VI below) .' '' '. r'

IV. PRIORITY; V. Preferred Deadli*lC:

X High(*) ____Medium ____ Low Date:

VI. EXPLANATION OF TASK ( * To include justification for high priority):

77-..̂. oer&c-r OF TV//S T̂ -r̂ e, tott-i, 4e TZ

of

VII. To be completed by FIT RPO only;

|3w Task co-piece date by FIT:

t I s ! [ ', Hours allocated: . ,?.fT?. ........ *t«r»T* { p{0 f* V*t 5Tr ',/>

. .
fri*.
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I ORIGINAL
(Red)

_ Controlled Copy No. _
_ Uncontrolled Copy No. _
Issued to ________

FIT REGION HI
NUS CORPORATION
WORK PLAN FOR

TDD NO. F3-
CHARGE NO. P/)6-3Bf=
EPA SITE NO.

Submitted by: Reviewed and Approved by: Reviewed and Approved by:

FIT NAME, TITLE'
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(Red)
APPLICABILITY

The following portions of the Quality Assurance Manual are applicable to the
performance of the specific elements defined in TDD No. F3

_V___ QAP 2.5 Work Plans
____ 3.1 Control of Design Activities
>/ *.l Field Data Collection
V *.2 Data Reduction, Validation, and Reporting
____ 5.1 Preparation of Procurement Documents
____ 5.2 Subcontractor QA Requirements
\/ 6.1 .Preparation of Instructions and Procedures
v/ 7.1 Controlled Evidentiary Documents
v 7.2 Issuance of Controlled Documents
_____ 7.3 Development and Retention of Software Requirements
\/ 7.4 Technical Reports
____._ 8.1 Control of Procurement Activities
_____ 8.2 Evaluation of Subcontractors
_____ 9.1 Chain of Custody

__ 9.2 Sample Control
__ 10.1 Analysis Techniques
__ 11.1 Off Site Reconnaissance
__ 11.2 On Site Reconnaissance
__ 12.1 Measuring and Test Equipment Controls
__ 13.1 Marking, Labeling, and Shipping of Samples

\/ 14.1 Nonconformance Reporting
\/ 15.1 Implementation and Documentation of Corrective Actions
v/ 16.1 Storage and Retrieval of Quality Assurance Records
_____ 17.* Preparation for Audit
_____ 17.6 Quality Notices
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FIT Project Manager: û)eô  2W//*______

Additional Personnel: Project Assignment:

*4ltf- t 5S0H

Estimated Labor Hours: &O® Priority: rr
Estimated Subcontract Cost: _____ Estimated Date of Completion;

. Assignment Description: d>* 60>q/te <sM> n
qiu.es.

Ta

4*
Report/Final Product:

be.

. 11.

Report/Final Product Review:
£ £&?*>{>

as
- 527
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i

Technical Approach;
t>

• d. Sec. S.Z .

Summary of Background Information (Data Assessment Summary):
p*oce-<*mn̂ , .

. AM I
u;

. TCE

51 * ̂  t*. Homt̂ n.i'i.4 •! t»Te

Background Data Available;
So\\

\0-rV\C>

Required Resources; See attached Equipment List (or indicate if N/A)
' -Sol I

Field Procurement Procedures;

Training Requirements;
/A*

if) uit
//̂ / . Aydi+loAu aAei/oa* L clifai

I6u"t*>t*'̂

Health and Safety Requirements; See attached Health and Safety Plan (or indicate
ifN/A,
Emergency Planning Considerations; See attached Health and Safety Plan (or
indicate if N/A) ____________



I
I

Interface Requirements;
Effl - 5X0 gj

7>»i

A

Reports to Management;

Quality Control Requirements;

Documents to be Generated (list);
? Log &OQ\I^_________________ 77>Z>,f~ ~=*~^—————— "

(Red)

Access Planning and Requirements;
$••{-< Access uu«K-«4nicVtA j ftccfct* <̂s4*bUsU«<l -K**̂  £W Jĉ ggA/c* 5xo-cf>A-

77V*
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1

I Community Relations Assistance Requirements;

! /

The following items

A/A
(/

A//A
A/A

û

4

are attached to this plan (indicate if appropriate):

TDD
Equipment List
Health and Safety Plans
Task Sampling Plans
Lab Analysis Costs
Operating Guidelines
Other (specify): £3»t.#esjj**de*ji<.-<. T̂-S7y"-<£-5*-<

fae*. - Z>*- 7&0*ry» f/Wei~]
ft***- - 7k. <&fA>*> 7t,*Lfsae3 j
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f

Purpose of Site Visit: ___ PA ___ SI Other (Specify)

Proposed Date of Work; 7//a/S.<-

Proposed Site Investigation Team:

NUS Personnel; Responsibilities;

5/721.
__
~7~~.Fyt.PHm___________ 4̂. off*.-;

Other; Purpose;

Site Name:_

• SAFETY PLAN (h,ft(

Site Name: CJ0 $£**/<-' bf^JfcJt____ Contact: /-T̂ /f-i/e/CS' y

Address: /"#//* Xg ~3*/&_________ Phone Number:

&9//J TdsMAJjh i/O______ Other Contacts:

f/T Aca/ut>e/>

Plan Preparation;

Prepared by: /4dva<̂  ̂ Û /V_____'.(2J2J&J

Reviewed by: IKa-rg-AgviAfiA.>vJ'
Regional Health Safety Coorxrfjnator

Approval s;

Regional Manager; ̂/T̂ lMÂ ~̂ //\___ ___ 300915



I

No.:_
i Site Name:

1 Emergency Information; /r/ •

P̂ Local Resources:

I Ambulance (Name); }̂3/&7Z/><a TfaA*. /£*<. Ĵ jT" Phone_
Hospital (Name); y*?yẑ awQ<̂  f*f r*̂  faLgsf +*r( Phone_
Police (Local or State); ôô T ' ' Phonê ?/f-<Ry 7-,
Fire Department (Name & Volunteer?); Phonê g/jT-
Radio Channel_______________________________________
Nearest Phone:

Office Resources:

Region III FIT Office.............................................................. (215) 687-9510
EPA DPO Harold Byer...........«............................................... (215) 597-3437
Office Manger - Garth Glenn (home)...................................... (215) 947-5806
Asst. Office Manager - Rich Cromer (home)............................. (215) 436-9135
Safety - Marcia Irwin (home)................................................... (215) 692-8299
Zone, Torn Centi (office)........................................................ (703) 522-8802

Emergency Contacts: (Medical and Health)

o Dr. David K. Parkinson (NUS Consulting Physician - University of Pittsburgh)

Office......................................................................... (412)624-0127

Please follow procedures as outlined on the following page.

1 o Gary Smith (NUS Zone Health and Safety Manager)

| Office......................................................................... (412) 788-1080
j Home.......................................................................... (412)695-3667

o Regional Health Maintenance Program
(Thomas Jefferson Hospital)

i Cassie............................................................................. (215)928-6918
! .. (215)928-6914

! o Poison Information Center................................................. (215) 922-5523

o National Response Center.................................................. (800) 424-8802
I (FOR ENVIRONMENTAL EMERGENCY ONLY)

Directions to Hospital (Attach Map):

/O VJ
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University of Pittsburgh
SCHOOL Of MEDICINE
Otovtffwnt o* Medicine
Program in Occupational Medicine

Emergency Physician Access Plan

NUS Corporation, Superfund Division
*

December, 1983

A. MONDAY THROUGH FRIDAY. 9:00 A.M. - 5:00 P.M.
Dial the (412) 624-0127 number. When answered scace chat:

(1) you are calling from NUS Corporation;
(2) chis is an emergency call.

Program staff will be alerced how to contact the physician
designated to provide emergency coverage on chat day. Collect
calls will be accepted.

B. EVENINGS. WEEK-ENDS & HOLIDAYS;
Dial che (412) 624-0127 number. An operator from the

answering service will answer the telephone. Do the following:

(1) tell the operator that you are calling from NUS
Corporation

(2) tell the operator that this is an emergency call
(3) give her your name
(4) give her the telephone number where the physician

is to call. Be certain that she has written the
correct number (area code and seven digits)

(5) if you do not receive a call back within 15 minutes
place a second call to (412) 624-0127

Collect calls will be accepted.

C. SITUATIONS WHERE EMPLOYEE REQUIRES IMMEDIATE TRANSPORT TO A HOSPITAL:

If the situation is life-threatening, ie., cardiac arrest or person
not breathing call the emergency medical services system ar.d trans-
port the person to me nearer hospital with advanced l;'fe support
capabilities.

After obtaining assistance? as stated above, call che (412) 624-0127
number and follow che ;m>ceilure3 La A or B as appropriate.

3009J.7
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TDD No.; . g5c?6 -^ f
|

II

Site Name: £5/S}££jyjfe.i /-̂ ~
Background Information: OPj^iMf, ;

Site Status:

Site Description (be

v (Pcd]___ Active A Inactive ___ Unknown

specific): -̂ -Â 1̂ //*'"̂  //7>**»r7// &4ppf*°Xjrtj/tTZjvi /D &c,l(-££ //O
/

Site History: flflflLld
•jrt L "*TUmM>* A. flfiMnit. j I

<a Du viodDl6Stu<l(L'» -ftiu $AteLlA u««(t5 dl<(Ul-'X *fi*- l̂ 7d'̂  . (7/>aô ^

ĉ.ei.L.tl '/̂ oluWnî  uiK&i- iô Jf̂  ôlVê  ,DA-?/u-k afLuc
M»Jb">wJ lUcUW wfrik /ŵ or̂ ptf /̂ Â  «u<i Je*M>teo u>«w '.*

Waste Types:
Characteristics:

Hazard Evaluation:

V Liquid _ Solid __ Sludge _ Gas
__ Corrosive __ Igni table __ Radioactive
V Volatile __ Toxic __ Reactive
__ Unknown

Other:

Known or Suspected Hazardous/ Toxic Materials: T/Kl

(W*t<.K*. A3 k\aLQ.< Sttobr*-' gx»<^ TOg 01* Ŵ

(Vc<sr
Toxic and Pharmacologic Effects;TC£- fusftcr CA*c'iM>aetJ , iAî î /nh"t>̂  of-h^

X I . . - / . '

e/XfKuu RAIMA iVfi'at*/ ,

Reactivity, Stability, Fiammability^CC8 gaatcfs a>o>gA>4k w>^i fl4,'EUt N/Ẑ H )̂ -'
.T'i .

Overall Hazard: __ Serious __ Moderate
Low _ Unknown 300918

d
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ORiGfNA! Site Name; ̂ /fr̂ /£/' LF

Proposed On-site Activities; JQ>' 4M iwwbAiw^ Z fô if/a ttjiV«> P/io"h>"l//K.

,g

Perimeter Establishment;

I Map/Sketch attached?

Perimeter identified? v/

1 Zone(s) of contamination identified? 73 ̂ effoUidU -6** 9*0/1
I Recommended Level (s) of Protection;

o Respiratory: JL£U€>| ̂ T)
Modifications if cLyrJU-><.-Jr- \\ ̂

——^5" ->P.-r~. v̂ ar-4-s
j

o Field Dress: CoVf(Lft\\5

I —————————
Modifications:

Monitoring Procedures;
Site Monitoring Equipment:

HNU >/ TLD
OVA Radiation mini-alert

•J Photo vac __ Explosimeter
__ Drager T[ube & Pump __ O2 meter

Victoreen Radiation Detector
Other: *

Methods for Surveillance: G,-tJi~.>\ •<* oc -b (Ih •
-.H Ŵ  ,̂ U ,£ cVHvL^J- -,.- '

Special Procedures; Â kt. CAo)i>*4 ftUCig^ V>oi^ u^iri Sg>'/q>f5

300S.1J



Site Name;

Decontamination and Disposal; IT û î̂ Â t- acaxjoî * -ju ph&U-v/ju: Ko^l/Hp,

I Decontamination Procedure: (X) level to be utilized ft? e <-•"••

P
Level A - Segregated equipment drop, boot cover and glove wash, boot

cover and glove rinse, tape removal, boot cover removal, outer
glove removal, suit and hard hat removal, SCBA backpack
removal, inner glove wash, inner glove removal, inner dothing
removal, field wash, redress.

Level B - Segregated equipment drop, boot cover and glove wash, boot
cover and glove rinse, tape removal, boot cover removal, outer
glove removal, suit/safety removal) SCBA backpack removal,
inner glove wash, inner glove, rinse, facepiece removal, inner
glove removal, inner clothing removal, field wash, redress.

Level C - Segregated equipment drop, boot cover and glove wash, boot
cover and glove rinse, tape removal, boot cover removal, outer
glove removal, suit/safety boot wash, suit/safety boot rinse
(Canister or Mask Change), safety boot removal, splash suit
removal, inner glove wash, inner glove rinse, facepiece removal,
inner glove removal, inner dothing removal, field wash, redress. *

Level D - Segregated equipment drop, boot and glove wash, boot and glove
rinse.

Modifications (specify);

Disposal Procedure for Investigation Derived Materials: DrVfl i

Emergency Procedures for Overt Personnel Exposure;

o Skin Contact: Wash immediately

o Inhalation: Fresh air, artificial respiration if necessary, transport to hospital.

Ionizing Radiation; Normal background 0.01 to 0.02 mR/hr
If less than 2 mR/hr, continue investigation with caution.
If greater than 2 mR/hr, evacuate site.
* Note: Background 10-20 CPM on mini-alert

300320
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J-HIVII IK

CORPORATION
992 OLD EAGLE SCHOOL ROAD
SUITE 31 B
WAYNE, PENNSYLVANIA 1 9OB7
IS 15)637-95 1O

June 28, 1985
C-585-6-5-ftft
6S-01-6699

i

Mr. Harold Byer
U.S. Environmental Protection Agency
8*1 Chestnut Building
Ninth and Chestnut Streets
Philadelphia, PA 19107

Subject: Sampling/Work Plan
Biosenski Landfill
F3-3506-25

Dear Mr. Byer:

NUS FIT III has been tasked to perform soil gas testing at the Biosenski Landfill in
West Cain Township, Pennsylvania, utilizing the portable photovac gas
chromatograph. As stated in the request for assistance, the objective of this
testing will be to characterize and evaluate the off-site migration of volatile
organic compounds and to determine the extent and direction of movement of any
plume of contamination from the landfill. As part of this task, ft home well
samples, the location of which will be determined by EPA, will be collected and
analyzed for fecal coliform content.

Soil gas testing techniques and equipment needs have been discussed with experts
from NUS Region II, EPA Region I, and EPA's Central Regional Lab. In addition,
Kurt Sichelstiel of the NUS Remedial Investigation Team was contacted in order to
obtain some specific information on the construction of recently installed
monitoring well nos. 2 and 3. Based on these discussions as well as a meeting held
at EPA Region III between NUS FIT III and Tim Travers and Ed Shoener of EPA, the
following 3-stage course of action is proposed.

Stage 1: Before expending the time and effort needed to complete a grid and the
resulting augering and sampling, it is suggested that several exploratory
holes be augered in an area of known high concentration (near well nos.
2 and 3) in order that it may be determined that the method and
apparatus to be used will in fact produce results which will meet EPA's
needs. It is estimated that this stage will take less than 1 day to
complete.

300922
A Halliburton Company



\\r. Harold Byer
I U.S. Environmental Protection Agency
J June 2S, 1985 - Page 2
^^ Biosenski Landfill Letter

r
Stage 2: A 600 by 2ftO foot grid will be laid out in the area of concern. Samples

will be collected at 60-foot intervals. The result will be a total of ftO
sample locations. Kurt Sichelstiel stated that well logs for well no.s 2
and 3 indicate that material was "slightly moist" at 12 to 15.5 feet in
well no. 2 and "moist" at 3.5 to ft feet in well no. 3 and that elevated
OVA readings (up to 150 ppm during the reopening of well no. 2) were
recorded in both wells. Based on this conversation, it is suggested that
auger holes to a depth of 3.5 to ft feet will be adequate to obtain the
desired results. Sampling apparatus will consist of a replica of the
device designed by Dr. Spittler of EPA Region I. A 1 to 1-1/2 inch
borehole will be constructed at each grid interval (Dr. Spittler suggests
approximately 1/10 the distance to the water level in the well, which is 3
to ft feet in this case); the sampling device will be inserted and
connected, as recommended by Dr. Spittler, to a constant flow air pump
calibrated to pull approximately 150 milliliters per minute. After the
pu.np operates for 5 minutes, the time needed to evacuate the probe, a
sample will be collected using a pressure lock syringe through an in-line
septum. As this is the only sample required for this task, the sampling
apparatus will then be removed, the disposable plastic tubing disposed of,
and the hole backfilled. The sampling apparatus will then be
decontaminated in such a way as to ensure that all parts are free of
organic vapors. The sample will then be injected into the photovac and
run through the 1-foot GC column in order to obtain the desired
identification of volatile organic compounds benzene and trichloroethene
(TCE). No attempt will be made to generate a second column
contamination nor will a longer column be used to achieve better elution.
No samples will be sent to a lab for confirmation of possible results.
Upon completion of the photovac analysis, the syringe will be
decontaminated by applying heat from a portable electric hair dryer.

It is estimated that stage 2 will require between 3.5 and ft days to complete.

Stage 3: Based on the results of stage 2, additional samples may be collected
around the points, which revealed positive results. A tight grid, laid out
around these points with 5- to 10-foot intervals, is suggested. This task
would be contingent on the results of stage 2 and an estimation of the
time required to complete it can not be made.

A possible fourth stage could be the preparation of a contamination isoplath if the
results generated by stages 2 and 3 warranted such a task. A draft field trip
report, including photos and photovac strip results, will be submitted as tasked.

If you have any further questions, please contact me.

Approved by, /"I

Thomas Fromnpr
Assistant Manager / Manager, FIT in Q f) P. Q

TF/rmk

NUS CORPORA-



A New Approach to Detecting Leaking Underground Storage Tanks

Dr. Spittler hat been working on a field nethod for assessing leakaga
fron buried solvent storage tanks, especially gasollna tanks. Tha
techniqua involves use of a sansitiva portable gas chromatograph to
aeasure aolvant vapors in the aoil abova such leaks. This Method of
detecting organic cpotaadnstion Jxas already baan in usa by tha Regional
Lab and tha FIT ta'aa for sevaral^yaars to datact spilled and buriad
organic solvent wastes around Hazardous Vasta Sites.

During June and July, three fiald studies ara plannad to avaluata
this approach to finding leaking tanks at sarvica stations. Tha first
such axarcisa will ba on Juna 29 or July 2 at a gasolina leak presently
under investigation by tha Regional Response Taaa* Health officara fro»
tha towns of Sudbury and Acton hava requested similar work in their towns
and will ba working with Dr. Spittlar and othar lab personnel to conduct
tha atudiaa.

Information gatharad in these fiald axarcises will ba shared with othar
Stata and local government officials, as wall aa othar EPA labs who hava
already axprassad an interest in thia problaa.

Tha principal banafit of this tachniqua will ba to determine gas
.tank leakage before contamination of an aquifar laads to loss of watar
supplies. Where leaks ara detected, acre careful follow-up investigations
can ba pursued to determine appropriate actions which nay ba taken to pro_
tect existing supplies froa the threat of future shutdown as contamination"
plumes advance toward the wells.

I1M8M700

0'. Thomas M. f pitter
OiTKHf

U.S. Environmental Protection Agency
Environmental Services Division - Region I
60 Westview St. Ltxington, MA 02173
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Tht study at B-R Products provided an opportunity to utili;
tht laboratory's capability to tffect significant time and cost
savings for the District. Tht basic question was raised whether
there was any groundwater contamination at the R-R property and
if so where was it located and what was (were) the probable • • • .
source (i). The traditional approach to this type of problem it tc
drill a number of wells scattered across the property. Analytic
Of water'samples from these wells would provide data for estab-- •
lishing concentration gradients. Because the Photovac is capable
of extreme sensitivity and because of favorable hydrogeology of'*"
the site it was possible to eliminate the need for initial multi-
ple well installations. When volatile' organic chemicals art
dissolved in groundwater which is at or near the top of tht satu-
rated zone, somt volatilization of these compounds occurs into
the air filling tht port volume of tht soil in tht unsaturattd
sent above tht groundwattr. Sampling and analysis of this soil
atmosphere is then a measure of the composition of the underlying
groundwater*

At the E-R site fifteen locations were sampled and analysed
in tht following manner. A one-inch diameter hole was hand
augered to a depth of 2.S feet. One end of a quarter inch Z.D.
teflon tubing was placed to the bottom of the hole. Zt exited
tht holt through a tapered maple plug which, was. forced into the
top of tht augered hole, hence sealing the hole from the atmos-
phere above ground Surface. The above-ground portion of the tubin
was fixed with a septum adaptor and it terminated at a battery
powered vacuum pump.

I .

Sampling involved pumping the tubing for 30 seconds and then
withdrawing a 250 microliter air sample through the septum. Analyf
by GC and comparison with reference standards revealed the composi-
tion of tht soil atmosphere and relative concentration of tht com-
ponents. . .

' "."•'."• • • - . 300925
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The following figure indicates the locations of the fifteen
sampling holes. Additionally the headspace in the cesspool was
analyzed. 1,1,1 Trichloroe thane (TCEA) and trichloroethylene (TCE)
were found at all sixteen sampling points. Toluene (TOL) was
found at three points. Relative concentrations are presented ia
the figure for each site as per the legend designation. Detector
sensitivity difference between compounds has not been normalized!
however- comparison between sampling points for the same compound
is meaningful. Locations 13, 14 and IS indicated the highest
concentrations of all three compounds. Znspection of the ground
surface in the immediate vicinity of these holes revealed
rusted containers (pint-size through gallon plus) and solidified
resinous materials. Sampling location 112 appeared to be directly
down gradient of this probable source and was chosen as the loca-
tion for installation of observation well J-l.

Soil samples from J-l were collected by split spoon sampling
to a depth of 16 feet. Thereafter sampling was not possible.
Analyses of these soil samples were conducted during drilling and
indicated the presence of the same three compounds. The test
results are as follows s

Depth Relative Concentration
(feet from aurfaee) "" "~

TCEA TCE • TOL

5-7 106 66 21,100

10-12 , 66 101 66

14.5-IS 12 14 66
15-16 16 SO 251

! The raw data for these analyses were reduced in the same manner
as earlier and similar conditions apply. Due to drilling compli-
cations only one sampling point (1.5 inch PVC screen) was in-

! ' ' stalled at S' to 10*.
|
'-' . • - Analysis of soil air and soil samples from drilling as

described herein and undertaken in these studies is a powerful
i . 'investigative tool in hydrologic studies. These techniques can

enable the optimal siting of observation wells and they provide :

i" .. '
. \ 300926
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DELINEATION O* UNDEKUKOUINU HYDROCARBON JLEA
• BY ORGANIC VAPOR DETECTION ,,,„

MOHSEN MEHRAN, Ph.D. (Red)
MICHAEL J. NIMMONS
EDWARD B. S1ROTA

D'Appolonia Consulting Engineers, Inc.
Irvine, California

INTRODUCTION Ubtc is encountered. In this east. free material will migrate late
The concern over leaka(e of petroleum product! from en«»P of the water uble and in the fener»I direction of the |roi

underground tanks and pipes, stem, from both economic and en- w>ter I"?1'"1- OunB« lh>* ?'««» • ponioa af free produc
XonmentaJ consideratiow-Matis and Osgood' have reponed «onta« *,th the water table w,ll d,»soNe in the water and s«
iuoline leaks from lest than 10 to more thin 1000 gallons." la J«?«J fbe frwuponed downstream. The dissolved I phase wil
l"4. the cost* of cleanup operations have b«n reponed to be in «**•« «• m*»» fle* ef Vttr- *i£L"0fl "? Phy«»eochen
therange of SI to SlOO/gal of product spilled.' RecTnt experience P»«»*»«w »»"» .«* •«»oipiion and b.odegradatioa. -
S ihTLthors indicates**, fan ran,, to more than $1000/1*1 V̂Sn. ̂ff!Kit!i&jr±f ffJ±J
leaked with no recovery of any free product. A larte percent,,, of ElSSir rtfS* mLlum̂ A LniS rf £ ĵ iffithis cost is incurred during the investigation phase in order to - »°trppy of the medium. A pomon of the free product

, SSnelt, ,h, extent of product migration' For ei'ample. the cost of 7̂!̂  S d±»f wC Se? B±c\ c
• drilling and abatement program for the product gasoline pipeline «*' {| J.to * °?"n»t *hen *?J!?£2™£
"leak in Clendale. CaJjfomia. assumed by Western Oil and Oat ***' geologic Darner suen as cuy layers. Tne
£soc?ation w« ipproSmatelv 1?Ĉ  This U onirpan of U« *ueline mj«rlt« lhrou*h tt« P°r« »P»««i1 rSTio ySŜ iSŜ Ĵ Ĵ iii e/nv<cdtion proee"- MifvKtiOBJf '"̂  to ?• y* p:ties involved • depends on properties of the medium and thermal gradients,
In addition to high costs for product recovery, the environmental FRODUCT MIGRATION IN THE VAPOR PHASE«• *•

periods of time. Removal of the contaminated soil is perhaps tht ,most environmentafly acceptable but most costly method of mitiga- l
tion. Hydrocarbon vtpor can migrate through the soil pore spact f ow ». «he gaseous phase. Although trawpon of the
into underground structures and cause undesirable odott and «• J »* tt a threê .mens.onal phenomena, foe iOustrative purp.
plosions. The hydrocarbons dissolved in groundwater can migrate. OB̂ r̂ fS «U«JM Ŝ Sf ih. «;.«!!«. «f fh. «
toteraJly and v«nicaUy. to targe distances away from the source *jj f {J fc" "!"**< ""If1 <*««neinl th« migration of the vt
causing contamination of dcwngradient water supplies. p "* e*° ** wn"en •»•

Efficient investigation of leaks is a key to eost̂ ffective product »e |*c fte
recovery and the prevention of extensive area! contamination and 1? * *• T"I " % ty
associated economic consequences. The authors' purpose is to prt- .__ "̂
sent a method by which the probably extent of a free product plume wnere
from underground hydrocarbon spills can be delineated by measur- C • concentration of gas
ing the organic vapor concentration in the soil pore space. Toil t m $„#
method of delineation can reduce the extent and, thus, the cost of n Mn ....
drilling programs that arc required to map underground hydroear. D» " J!"UIJOB
ton contaminatioa. * " ow*8**
rETROLEL-M PRODUCT MIGRATION »• • *«««««I I"
LN SOU.>WATEJt SYSTEMS Neglecting the mass flow and assuming isothermal conditi
A, guolin, leaks from underground facilities into the tad. a ctr. * Klultioa (1) wi" b< r(due<d W!

tain amount adsorbs on the soil panicles while the excess migrates ; »e jte
under the influence of gravity and capillary forces. A continuous Tf " *» TT
supply of tasolinc for an extended period of time win result in the **
flow of liquid \u\t distances away from the source. The vertical
migration of free product, however, will be prevented if the water which includes the effects of diffusion only.

SAMPLING a MONITORING 300928



- Considering a two-dimensional contaminated space as shown to
Figure I. in which case the • dimension is infinitely long, the
assumption of one-dimensional vertical migration can be valid.*
For the conditions shown in Figure 1. the initiiJ and boundary coo-
ditions are given as:

? • » • » •

initial concentration of gas in the pore space
eoneentration of gas at the soil-air interface
depth to the bottom of the contaminated tone

live. A conventional method of measuring hydrocarbon gas urn a
• | soil-gas sampler which extracts the sample to be used for subsc-

e.e.fe.e>.£ T <•"* ... f . V _ \1 i °-uent ««alysii. This has the disadvantage of not taking into ac-t *4 wt B4i -̂  ̂  fĵ -r) ••» i j-j— i ^ i eoun| |he ftpid enan|e| 4,,, lo meteorological factors. Also, a
CM <*>*'*-*» limited depth is attainable in this method. Another method is col*

** fecting the soil sample and scaling the sample into a fas-tight COB-
i taincr for later analysis.

The eoneentration profiles for various values of D.t/h» are given However, a new method has recently been developed at the Col-
in Figure 2 to illustrate the decrease in concentration as the distance orado *ho** of Mines' using an integrative device equipped with
from the source increase*. •etlvtttd f *fben: A »h*>le,w ,holt ef « » »« to- «» flri»«<*. •"« the ia-
Without describing the mathematical details of two-dimensional *»«««ent is kept in the hole for one week or two weeks prior to ex-

transport of vapor, from the above discussion it should be clear tt»«'on »nd »«biequent laboratory analym.
that concentration of vapor is expected to decrease both vertically T*' mMh,od °f organic vapor detection presented uses tht sane
and horizontally as a function of distance fronvthe contaminated. »n«pts of gas geochemistry with one exception. Measurements
lone. This, of course, is based on the assumption that the medium •« m«dr of the instantaneous concentratwn of gas released.troai
Is homogeneous and isotropic. Vapor detection methodology and *** P°rt *?•**•
interpretation presented herein are based on the above assumptions lutnineiutsoa
and mathematical description, of gas flow.

Analytical Instruments Development Corporation (AID) Portable
Organic Vapor Meter. Model 510. The AID 510 is a battery-
powered, portable gas sampler with a photo-ionuation detector.
The instrument uses a small air pump to sample as much as 0.3
1/min. The gaseous sample is subjected to high intensity ultra-violet
light from a krypton lamp with an ionizing energy of 10.0 eV.
Water and low molecular weight hydrocarbons such as methane.
ethane, propane, methyl alcohol and some freons will not ionize
and, thus, will not be detected by the instrument. The ionized sam-
ple produces an ion current which is proportional to concentration
and is measured by the instrument's picounmeter. The photo-
Joniiation detector has a linear range from 0 to 2,000 ppm with a
minimum resolution of 0.1 ppm.
The AID 510 is not species specific and win detect a variety of the

hydrocarbons present in gasoline vapor. Instrument accuracy ii
dependent upon calibration with known concentrations of a known
organic vapor. As employed in the surveys presented in this paper,
each set of concentration measurements at a given location and e*
a given day is relative to a butadiene calibration standard and a

| constant instrument sensitivity setting.
A two4imens!onal representation of soil contaminated ZOM Procedure(After Thibodeau*') rn*c.«w

Each hydrocarbon vapor detection survey consists of drilling s
nor Avir V**A* nc-rv/~n/Mj predetermined, uniform pattern of 1 in. diameter. 15 to II in. deepORGANIC VAPOR DETECTION hoJe$ ̂  M e,eeuic rolo.hunmef . ̂ mediately upon the row

Detection of petroleum vapor from seeps and leaks dates back to * hammer bit removal, a 4 in. long casing is temporarily inserted inte
nineteenth century oil explorations. Geophysical methods are the borehole in. -order to minimize asphalt dust and surface 4-
among the most accepted methods used for exploratory purposes. mosphcric hydrocarbon sampling interference. A small diametei
Thcit methods arc generally costly, and other methods, such as gas (less than 0.2 in. diameter) polyethylene tube is inserted through tnt
geochemistry, are consequently becoming increasingly more atirac- temporary casing top to conduct the sampling.

SAMPLING a MONITORING f!
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As the umple is withdrawn, mere is generally an increasing series TtMt I
af readtngt until a maximum reading is obtained, after which taw Site CtancicfMei
readings decline. The peak instrument reading is the record of ._ ________________
observation. . . . . , . • .Following the reading, the casing and sampling tube are
withdrawn, cleaned and purged before the next measurement.
Depending on the site, 20 to 30 vapor detection holes are usually
drilled. Before, during and following vapor hole measurement,
background ambient hydrocarbon vapor concentrations arc noted.
The background concentrations are subtracted from the borehole
readings to obtain net vapor concentration. •"••' » a» si
The vapor detection holes are placed in a predetermined pattens • I4jtl ** ••< s»r §•* aft" cie") a

and sampled in a cartesian or radial grid system. Additional holes e 1MB *?! £"*'..* •"" • °
arc drilted and sampled when gradients are measured. Holes ire ---..-
backfilled after the survey is completed.
Data Analysis
The relative concentration values obtained from the instrument " ** •»-l**o» •* I*""**-' *» •*•• *< i. *• z.w »r n* «•« «-• i»

are used as input to a computer code called "SURFACE II". This — —— ————————————— - ———————————— — .
code is capable of interpolating and extrapolating the input data to
arrive at isoconcentration lines. The plotting technique used la Case B ,
SURFACE II requires a minimum number of 10 data points. As TK» ...AK.. ....t.. 1. 1 _ .-» n • . . , _» ̂
the number of data points increase,, the accuracy of data present* . . .Tl J!!±f, ;"", l°v V̂ Zf™ •" i?uv"J pl?,n' wmPriltdJ
tson by isoeoneemration lines also increases. S2Hh 13 ! £ ?? 5 » B*tn,nf1l«>"» M! l«ie$ ef «rtvel* Mno sflt and clay. A surface layer of silt and sand lie, on a deept
Factors Affectleg Measurement RellabOHy layer of silty clay encountered at depths varying from 10 to 20 ft
Farameters affecting evaporation of gasoline through the sofl û'̂ î V̂ n̂,*.1?̂"*'̂  S?»fllV?,mi'p2c5?

pore space can be categorized into two groups, the environmental ™.J5 ̂Jl̂ Sjf £fĵ t JL* *htU°̂  ,*
Actors and the properties of the medium. The environmental fac- 2 A?JL S SfJ?S r P^f ? ** PUmptd
tors include temperVture. barometrk pressure, relative humidity i
and wind velocity at the soil surface. The properties of the medium
affecting gasoline ev aporation consist of soil moisture, soil struc-

.
«' MBericnee in ar*xnie vattar survtv thaw* that eaal ^ M lht b«*lBninI °f the investigation.

for high re«.b,yLow moisture content and high porosity «. d n g o eamong the. most .mportant media propert.es producing reliable wtl deleeted „ the wbfr be«.n|| ̂t̂ rSf the iinTediaS
measurements. . underground tank area. The organic vapor survey in this case pro-

vided initial evidence of a localized plume and guidance te
CASE STUDIES ..
The organic vapor detection method discussed has been used at •

siumber of gasoline leaks to delineate the areal extent of free pro-
duct contamination. The method has been successful in some cases
and not so successful in others. The three cases presented here will
provide a better understanding of the capability (Cases A and I)
and limitation (Case O of the method.
The characteristics of the sites, pertinent to the subject, are sum-

marized in Table i. It should be pointed out that most of the infor-
mation given in Table 1 is obtained after performing the vapor
probe survey.
CateA
This case involved a gasoline station underlain by a mixture ef

wnd. silt and clay to a depth of 11 ft and decomposed granite
below that. The decomposed granite is a confined aquifer under
artesian head which raises the piezomctric level to a depth of t ft.

As shown in Figure 3, the vapor survey indicated high concentra-
tions coinciding with a borehole into the gasoline storage tank
backfill where free gasoline was observed. Three other boreholes
revealed no gasoline on the ground* ater. No gasoline was detected
In soil samples from the three boreholes. The relatively tow organic
vapor readings outside the immediate vicinity of the tank area cor* •
roborate the absence of gasoline in the surrounding soil.
The artesian head of the groundwater could contain the free

gasoline plume in the relatively porous sand backfill of the tank pit.
The low organic vapor measurements at the site periphery is consis- Figure >
lent with the fact that no gasoline plume was detected off-site. IsocMicentntiea line* obtain̂  {torn orftnic vapor survey to Cate A

M SAMPLING A MONITORING
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essential criteria for positioning sampling points within the
aquifer. Absolute concentration of contaminants i§ properly
determined uaing water samples withdrawn from the sampling po
after equilibrium occurs, usually in 2-4 weeks.

Very truly yours,
s

John C. Swallow
JCS/esm
ces Mr. John MacLeod

Mr. Joe Lauzon
Mr. Ron Parent!
Mr. Basil Bonk
Mr. Paul Bartlett
Ms. Dorothy Xarwin
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ABSTRACT
•

A study was undertaken to demonstrate the value of soil-gas measureme
as an aid to determining the overall distribution of volatile contaminants
in the subsurface. The study entailed three soil borings from the land
surface down to a depth of a few feet below the water table and one
transect of shallow (3.5 ft deep) soil-gas samples collected across a know
plume of TCE 1n the groundwater. In the borings, soil gas and soil sample
were collected a various Intervals down to the water. Water samples were
collected at the top of the water table. Depth to water in all four areas

ranged from 25 ft to 30 ft. Two borings were over areas of known contamin
by CH-Cl., F-113* TCA, TCE, and PCE. One boring was in a control area of
known contamination. In. both borings over the contaminated areas, contami
from all the chemicals could be detected in the three ft to five ft depth
range, and all concentrations Increased down to the water table. At the c
area, only traces of the contaminants wore detected in the soil gas and wa
and no trends or gradients were evident. The trace amounts may 'in part ha
been due to equipment contamination from measurements at the previous two
sites. Samples at the shallow soil-gas transect were collected through I/
steel pipes driven Into the ground by hand. TCE was detected in the soil
at all sites above the plume and not detected in the uncontaminated areas
both sides of the plume. All measurements were made in the field by gas
Chromatography. The equipment Is capable of measuring two samples of air
water every eight minutes. The detection limits for most contaminants Is
about 0.001 vg/L 1n air and 0.1 wL/L in water.

30093<j
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In conclusion the soil-gas sampling coupled with the rapid field ana

appears to have good potential as- a tool to aid 1n rapidly defining the
distribution of subsurface contamination by volatile organic compounds.

f
300935
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I • • O
A INTRODUCTION (Red)

j The purpose of this work 1s to demonstrate the value of soil-gas
measurements In studies of subsurface contamination by volatile organic
contaminants. Virtually all Industrial chemicals used as solvents that

•

( have become groundwater contaminants are present to varying degrees 1n
the soil gas as well as In the groundwater by virtue of their high vapor
pressure and low aqueous solubility. Measurement of the contaminants 1r
the soil gas provides Information about the overall subsurface distrlbut
that 1s normally overlooked in most contaminant Investigations. In add*
the soil-gas sampling technique Is normally faster than groundwater samp

j because soil gas 1s normally more accessable than the groundwater Itself.
' Consequently, soil-gas sampling may function as a remote sensing techniqt

to delineate groundwater contamination.
In this work, four sites were investigated on the Plant property. J

Sites 1 and 2 contaminant profiles were measured in the soil gas down thr
the unsaturated zone to, and including, the groundwater. The purpose of

*

study at these sites was to show the relationship or the distribution of •
contaminants between the soil gas and the groundwater In areas of known
groundwater contamination. The third site at a location upgradient from
the contamination was selected as a control to show soil-gas distribution
at an uncontaminated site. The fourth site consisted of a transect of
shallow (3.5 ft deep) soil-gas samples collected across a small plume of
TCE contaminated groundwater. This site was selected to test the ability '
the method to locate contaminated groundwater by means of shallow soil-gas
measurements. The results of the Investigation at each site are discussed

Individually In the following sections. The*Investigation at Site 1 was

30093FJ
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( ( R e d )
performed on June 23, 1983. The Investigations at Sites 2, 3, and 4 w»
performed on-the following day, June 24, 1983.

SAMPLING PROCEDURE

Gas samples from Sites 1. 2, and 3 were collected through a drive-
screen attached to 1-1/4 Inch pipe. A bore hole was advanced to the de
depth with a hollow flight auger. A soil sample was collected with a s
spoon driven approximately 18 Inches throuqh the open end of the auger
undisturbed son. After withdrawing the split spoon, a hole approximat
1-1/2 Inches 1n diameter remained. The drive point was Inserted Into t
hole left by the split spoon and the auger was reversed to drop the cut

above the top of the drive-point screen. The cuttings were tamped down
making a seal of 6 to 12 inches o'f packed soil above the screen. A gla

.flow-through sample battle having a valve at each end and a septum seal
syringe access was placed 1n line between the 1-1/4 inch soil-gas pipe i
a vacuum pump used to withdraw soil gas. Soil gas was pumped for two •»*:
then the glass sample bottle was sealed and removed from the line for 1r
analysis in the field.

Water samples were collected from the same bore holes by lowering i

through the hollow stem of the auger immediately after the auger Intercc

water. The water samples were bottled, then analyzed In the field.
The shallow soil-gas samples collected in the transect along the pi

lot at Building 10 were collected through small pipes (1/2 inch X 4 feet
into the ground by hand. Soil gas was pumped from the pipe by means of
peristaltic pump for a period of 30 seconds. The soil gas was sampled f
the pump line directly with a glass syringe and injected into the gas ch
in the field. The field analytical equipment was capable of measuring t

300937



of air or water every eight minutes. The detection limit for all of tf
compounds measured except CH2C12 were 0.001 ng/L In air and 0.1 yg/L 1r
water. The detection limits for CH2C12 were 0.01 yg/L and 1.0 yg/L 1n

I and water, respectively.

j RESULTS AND DISCUSSION

SITE 1 .

The results from all of the analyses at Site 1 are given in Table
The confidence Intervals shown represent one standard deviation. In t!

i
of the above-ground air samples, the large standard deviation 1s due tt

[ fact that some of the samples were collected 1n the morning and some 1<
I late afternoon. The large deviations represent changes 1n air quality

probably attributable to chemical vapor releases in the surrounding an
The highest values were measured In the late afternoon.

•
The chemical concentrations In the above-ground air are higher the

the soil gas of the top few feet. This suggests that the atmospheric (
concentrations presented here are not representative of the long-term ;

•

because the atmospheric gases can permeate quite readily through the u;
few feet of soil given a time frame of a week or more.

All of the contaminants, without exception. Increase 1n concentra
downward in the soil This distribution demonstrates unequivocally tha
there Is a subsurface source of the chemicals. The depth to the water
at this site was 25 ft. With the exception of TCE, all of the chemica
concentrations (mass per unit volume of gas or liquid) are higher 1n t!
soil gas than In the groundwater. As an aide to understanding the int
the field data, the behavior or distribution of each chemical 1n a slut
gas-liquid system must be known. This parameter is known as the gas/1
distribution coefficient. This coefficient 1s simply a measure of the

30G9?8
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I ' TABLET. Chemical Data for Site 1. °R!G/NA!

SAMPLE ' CH2C12 F-113 TCtf TCE I

Ground0!!)1 0.7*0.6b 0.08*0.07 0.01*0.01 («.001)c 0.00

. °-M 0.01

340±33 33±3 0.6*0.3 0.4*0.3

" t000 - 40 170° - 14° " - 4 2 1 0-7

^2.000+1300 1800*. 360 13*2 3*0.5

81±26 12±2 16+8

Water
(HLA Lab 95 12 27
Analysis)

* (5) number of samples analyzed.
«

b All analyses expressed as vg/L of gas or liquid, confidence limits ar
one standard deviation.

c Parantheses Indicate "none detected".
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concentration ratio of the chemical at equilibrium in a closed system
containing only water and air. These ratios were measured 1n this study

i for the compounds of interest, and are listed in Table 2. The dlstributl
ratio varies with temperature but 1s Independent of concentration at valu

I below the solubility limit for the chemical. This value Is generally
i proportional to aqueous solubility for a nonpolar compound that does not

react with water. \ .
Several points can be noted with regard to the contaminant dUtribut

at Site 1:
1) The relative proportions of compounds 1n the gas phase correspond roue
to predictions based on the gas-liquid partitioning coefficients. The le
soluble contaminant, F-113, shows the greatest proportion In the gas phase

I and the most soluble, TCE, has partitioned the least Into the gas phase.

Thus aqueous solubility is probably a major factor effecting the gts-Hqui
distribution of the chemicals observed at Site 1.

I 2) The soil-gas concentrations are not 1n equilibrium with the groundwatc
concentrations, and with the exception of TCE, the gradient favors more
transfer from the soil gas to the groundwater.
3) Depending on the depth distribution of contamination below the water

table, the preponderance of the CH2C12 and F-113 1s likely to still exist
in the soil gas. More groundwater measurements with depth are needed to v

I this point.

, SITE 2
I ~ • :

Soil-gas measurements at Site 2 (depth to water, 23 ft) also showed*

I contaminant concentrations Increasing downward into the soil (Table 3). An
4fc like at Site 1, Indicate a subsurface source for the contaminants. Howeve
i* unlike Site 1, the concentration gradient across the water table soil-gas

• ' 30C940
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I

I TABLE 2. Concentration ratio for contaminants at equilibrium <n •* »<1 system at 25*C. norium in an ai

COMPOUND CAIR : CH,0

system

I
CH2C12 2.7 : 1

F-113 4:1

TCA 1:2

TCE 1:3

PCE 1 : 2.3

30C94.
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TABLE 3. Chemical Data for Site 2. ,R
.

SAMPLE CH2CL2 F-113 TCA TCE PCE

Ground°(1) °'1 °'2 (<0'001) <<

l°ft (4) 1'5±°*8 ^Sl0*1 0.14*0.08 0.01 + 0 0.45 +

lfftG(2) 170±23 7116 . 211 0.60 + 0.14 5.0 +

lS1ftG(4) 190±100 100+32 4.0+1.8 0.9 + 0.1 6 + 6

Water
(HLA Lab 70 100 0.50
Analysis)
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4fc Interface Indicates that F-113 and TCA arc moving from the water Into
I soil gas whereas the remainder have the opposite gradient and thus arc

from the soil gas Into the water.

The only speculation that might be appropriate from the data at S
1s that contaminants may have been Introduced into the subsurface at d
times or places. The distribution of'compounds relative to each other
clearly not directly a function of their solubility characteristics as
to be the case at Site 1. If they had all been introduced at once in
same system, the differences In their distribution should vary more pr

( as a function of their physical properties. However, at Site 2 the di
cannot be so simply explained suggesting that other variables, both te
or spatial* may be Involved. More groundwater samples will have tfr be
collected at depth to determine If the major mass of contamination is
OP below the water at Site 2.

SITE 3

Site 3 (depth to water, 24 ft) 1s located at a point upgradient f
the contamination at the Plant. The purpose of the investigation at tl
site was to show what the soil-gas data looked like In an.area where t!
was no contamination. The results are given In Table 4. Only two gas
were analyzed from this site because one or two attempts to collect ga
due to clogging of the drive-point screen in the soil.

The results show only traces of contaminants and no trends or grat
are evident. In fact the trace levels of chemicals observed at this S•

probably represent carryover or equipment contamination from the sample
measured at the previous site where relatively high level contaminatior

Only three gas bottles were on hand and each one had to be reused at e<

30CS43
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TABLE 4. Chemical Data for Site 3.

SAHPLE CH2C12 F-113 TCA TCE

0.003 (<0.001)
*

O-02 0.04 0.003 o.OOl

25 ft (2) °'09 ± °-01 0-01 ± 0.01 0.001 * 0 0.001 * 0.001 O.C
Water (1) , , ..

>;,.') (<LO) 0.3 0.2 (OJ)

Water
(HLA Lab NO NO NO
Analysis) ND

3.00344
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I
4fc Because this site Investigation was started at the end of the last day
| was no time to redo samples or make a special effort to clean the glass

or the sampling equipment before making the measurements. However, mos

I the concentrations observed here are two or more orders of magnitude lov
I than were observed at the contaminated sites and thus are not likely to

misleading results on a typical production-oriented day. In order to g<
positive results near the detection limits, a system employing analysis
known blanks would have been used.

i SITE 4
* ' A transect of shallow soil-gas samples were collected at Site 4 acr
I a known TCE plume where the depth to water was 30 ft. The results of al

gas analyses are presented lit Table- 5. A comparfsw of the TCE soil-gas

data from this study with the groundwater TCE concentrations taken from

i previous study are shown in Figure 1. The results show that TCE was det
every place over the plume, and was not detected over the noncontamlnate
on both sides of the plume. However, the high concentration observed in
soil gas Is not located exactly over the peak groundwater contamination
The so11-gas peak and the groundwater high are separated laterally by ab

I 75 ft.

The fact that the soil-gas concentrations are not proportional to
i the groundwater concentrations Is probably due to variations in the air

permeability of the shallow soil. The soil at this site was partlcularl,s
soft, requiring only two or three hammer blows (with a 10 1b sledge) per

1 to drive the pipe. The soil at the point where the high concentration w
. ̂^ measured was noticeably harder, thus contaminants at this point were
' probably better protected from dilution by atmospheric air.
• 300945
I
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TABLE 5. Shallow soil-gas transect across TCE plume at NE side of the
parking lot.

Distance from
North Comer CH,C1- F-113 TCA TCE PCE
of Parking Lot * * ___ __ __ __

II 0 ft 0.06 0.006 0.001 (<0.001) 0.001 •
12 65ft* 0.02 0.05 1.0 0.01 0.004
13 145 ft* 0.04 0.004 0.002 1.0 0.003

14 236 ft* 0.04 0.01 0.003 0.3 (<0.001)

15 325 ft* 0.02 0.3 2.0 0.03 0.002

16 375 ft (<0.01) 2.0 8.0 (-0.005) 0.04
•

* Sample location above, previously determined TCE plume.
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SOIL GAS FROM 3.5 FT DEEP
GROUNDWATER

100

DISTANCE ALONG PARKING LOT FROM
NORTH CORNER (IN FEET)

* PREVIOUS STUDY BY HLA

FIGURE 1. Soil-gas transect across TCE
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| ' Soil-gas samples In this study were collected over a depth Intervi
4P 3-0 to 3.5 ft. In view of the ease of pounding pipe Into the ground 1r

• ' area, any subsequent study should be performed using longer pipe that v

j more definitive results. Ten ft lengths of pipe could have been used n
as easily as the four ft lengths, and probably would have given more ac

' results. In this study, about 15 minutes was required at each transect
: location to drive the pipe, collect and analyze two samples, and remove
' Pipe.

EFFECTS DUE TO SOIL TYPE

| As noted previously, soil samples were collected as part of the ga
sampling process. The soil samples were examined in hand samples and t

1 observations for each boring are shown 1n Figure 2. No correlation cou
be made between the shape of the soil-gas contaminant profile and the pi
of the soil.

CONCLUSIONS

the techniques employed In this study or demonstration showed the
following points:
1) Subsurface contamination by volatile contaminants produces a concent

gradient In the soil gas that decreases in a direction away from the mi
source or body of contamination.

2) All of the groundwater contaminants In this study were detectable ar
distinguishable from atmospheric levels of the same contaminants at a sc
depth of 3 to 5 ft. :- 300943
3) A vertical profile of contaminant concentrations in the soil gas

}^_ down through the unsaturated zone and in groundwater through contaminate
* portion of the aquifer Is probably the most sensitive and rapid method c

i •
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I SITE I SITE 2 (0-97)

BROWN
CLAYEY
SILT

BROWN
SANDY
SILT
BROWN
SAND

s 645 SAMPLE I
SAMPLE 2

exL/0/ ̂SAMPLE BROWN STVJ%
CLAYEY

1645 SAMPLE 4 5ILT

GAS SAMPLE S

SAND
SITE 3

5/ir

(PARTICLE SIZE
\ WITH DEPTH)

' GAS SAMPLE I

a
Vpii

_ GAS SAMPLE 2

VERTICLE SCALE t* • 10'

FIGURE 2. Soil Profiles at Sites 1. 2. and 3. 3009<:3



assessing the overall distribution of a contaminant in the subsurfac
transect of such profiles would serve to obtain horizontal direction

as well.
4) The vertical profiles measured on the second day of this study r
2.5 to 3.0 hrs to drill, collect samples, analyze the samples, and b
the hole.
5) The shallow soil-gas transect which analyzed soil gas from a dep
3.0 to 3.5 ft appears to be a viable way of locating subsurface cont<
The technique 1$ particularly useful for TCE because the ambient bad

of TCE 1n the atmosphere 1s virtually not measurable, thus the trace
concentration observed In the soil gas are significant. Soil-gas sar
collected at a depth of 10 ft would probably give better correlation
contamination levels with groundwater contamination levels.

ORIGINA
(Red)
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION III

CENTRAL REGIONAL LABORATORY
839 BESTGATE ROAD 301-224-2740

ANNAPOLIS, MARYLAND 21401 FTS-922-3752

DATE : June 5, 1985

SUBJECT: Blosinski Superfund Site - Well Monitoring Head-Space Analysis

FROM : James Jerpel
Chemist

TO : Daniel K. Donnelly
Chief, Annapolis Lab

THRU : John Austin
Team Leader/Organic Analysis Section

\

Vapor head-space over well water samples taken from the Blosinski superfund
site was subjected to gas chromtography analysis in the field. Techniques
for preparation and injection were varied to determine the optimal manner
for response to organics and the best replication.
Well water was first balled and agitated then poured into a 40 ml clean
glass vial leaving approximately 10 ml of vapor space above the solution.
Vials were sealed with teflon screw caps and analyzed within one hour
with a Photovac portable photoionization gas-chromatograph. Neither
salt electrolytes nor internal standards were added to these solutions.

Standards were prepared the day previous in the laboratory by three
distinct methods each of which was evaluated concurrently with testing
procedures.
1. A multiple gas standard of methylene chloride, hexane, benzene,

trichloroethylene, toluene was prepared by injecting microliter volume
solutions of each component from its stabilized aqueous mixture into
30 ml organic free water. Concentration of the resultant head-space
vapor was calculated from the equilibrium constant empirically
determined for each compound.

2. Purgeable A and Purgeable B Supelco standards were injected (1
microliter of solution of each) into 30 ml water. This head-space
was used primarily to determine relative retention times of response
of each component.

3. A vol/vol standard of benzene, methylene chloride, trichloroethylene,
toluene was prepared by classical gravimetric techniques and diluted
1 ml to 1 liter in a demonstrated clean glass gas bottle. Concentrations
of components were calculated at standard temperature and pressure as
parts per billion per component. A NBS traceable vinyl chloride gas
tank was used for dilution into this multiple gas component standard
at 50 ppb concentration.

300952



I (Reef;

( I d e n t i f i c a t i o n of methyl ethyl ketone in Well #5-1 and trichlorofluoromethane
in Well #9 was based on relative retention times from previous testing
with the identical gas chromatograph columns. These compounds were not
present in the standards prepared.

Samples were allowed to stand after agitating and adjust to room temperature
before injecting.

To confirm the qualitative analyses, water samples from Well 13 and Well
#8 were chosen for gas-chromatography/mass spectrometry. Samples had been
refrigerated during transport to the laboratory; an unpunctured teflon
septum replaced those used in the field.

One thousand microliter of vapor above the water'was injected directly
onto a narrow-bore fused-silica capillary column and cold-trapped with
liquid nitrogen. The column was temperature programmed and eluting peaks
were identified by computer stored library search.

Well #3 - GC/MS analysis confirmed chloro-ethene (vinyl chloride), benzene,
toluene, ethyl benzene, chlorobenzene, and sulfur dioxide.

Well #8 - GC/MS analysis confirmed chloro-ethene, 1,2-dichloroethylene,
1,1-dichloroethane, trichloroethane, benzene, trichloroethylene, ethylbenzene.

Following is a list of purgeable reagents detectable by photoionization
gas-chromatography previously demonstrated detectable on this equipment
and testing conditions at a minimum limit of 2 parts per billion by volume
of benzene.

Di chlorof1uoromethane
Bromomethane
Tri chlorof1uoromethane
Vinyl chloride
Methylene chloride
Trans-l,2-dichloroethylene
1,1-dichloroethane
Methyl ethyl ketone
Chloroform
1,2-dichloroethane
1,1,1-trichloroethane
Benzene
1,2-di chloropropane
Trichloroethylene
Bromodichloromethane
cis-l,3-Dichloropropene
trans-l,3-Dichloropropene
1,1,2-trichloroethane
Toluene
Dibromochloromethane
Tetrachloroethylene
Chlorobenzene
Ethylbenzene
Bromoform
Tetrachloroethane

JJ:ad

cc: Atwood Davis,
NUS Corp.
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SAMPLE RECEIPT

On ^ftAJu c23 j If?1!** , NUS CORPORATION representative
1 ^ * 7 . J r * * ^ . ^ j k

____t&rZiJdd of r> _LJ/)v') I_________ received permission

from JD<3AjAid £ Cs)SJtf£ i-_____ to remove material from

his/her property, contained in ________________ 2-quart glass organic

sample bottle(s), ___/_______ 40-ml glass volatile organic sample

bottle(s), _______________________ 8-oz. glass sample jar(s),_______________^

_______'________ inorganic'ptkiuart polyethylene sample bottle(s), and

_______________ inorganic 1-liter glass sample bottle(s).

- GJĈ U<̂ CV/
Property Owner, Signature & Date

NUS CORPORATION
1 Representative Signature & Date

' 300956
6-6
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SAMPLE RECEIPT

On 3"U>U ^?3 . ) ̂ ffjT" NUS CORPORATION representative

I ___rî fcVogJĉ ĉ  \. £>/YU f__________ received permission

from //&£. L, <j rfa/Z'Tfi''. £ T 2._____ to remove material from

I^P his/her property, contained in ___~ ~~̂ - 2-quart glass organic

I sample bottle(s), ______/______ 40-ml glass volatile organic sample

bottle(s), ______ "——______ 8-oz. glass sample jar(s),

_____/______ inorganic^quart polyethylene sample bottle(s), and

___' ___ inorganic 1-liter glass sample bottle(s).

Propertywner, Signatuoc

NUS CORPORATION'
Representative Signature &. Date

j 6-6

(Red)



(Red)

SAMPLE RECEIPT

On CfM ft-t <£ 3, / f?5" NUS CORPORATION representative

/_______ received permission

from flVMM D/^/txfVc//________ to remove material from

his/her property, contained in ____'—____ 2-quart glass organic

sample bottle(s), _____]________ 40-ml glass volatile organic sample

bottle(s), ________"""""________ 8-oz. glass sample jar(s),

_____ inorganics-quart polyethylene sample bottle(s), and

'______ inorganic 1-liter glass sample bottle(s).

3 Property Owner, Signatu^ & D$fte
fa
'

NUS CORPORATION / /
Representative Signature & Date

300957
6-6
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PLEASE COMPETE ALL it»FORMAT>CN IN THE 5 BLOCKS OUTLINED IN ORANGE
Ser BACK Of FORM SE~ PC* COMPLETE PREPARATION INSTRUCTIONS.

DATE

OM (Your Name)Si TO (Recipient's Name) If HOC For Pick-up or Sabnliy Dtfvcry,
RaupNnt's Phora NUDOK

DEPARTMENT/FLOOR NO.

U5 e
STREET ADDRESS (P.O. BOX NUMBERS ARE NOT DELIVERABLE)REET ADDRESS

UtS tJlCtfc bCtO^t »^ t»A4> £3<?
CITY ' STATE CITY . ' " STATE

Ph
JR HOTES«EfERE«E NUM8BB (HRST 12 CHARACTBS WU ALSO APPEAR ON INVOICE)

IN TENDERING THIS SHIPMENT. SHIPPER AGREES THAT IJF.E.C. SHALL NOT BE LIABLE FOR SPECIAL. IHCIDfN-|
ITAL OR CONSEQUENTIAL DAMAGES ARISING FROM
•̂••••̂ •̂•̂ •̂* fAnalARE uEDcnc c c r. nic.

PAYMENT KMSDppW • • D MIMplMnFiC. Aoct O M M Pvty F.E.C. Acct DMOndHCvO

SEBV1CES
CHECK ONLY ONE BOX

OVcaNISnT I

pto 70 IBS,}
HOUMO »D(UWO«OZ.|

COURIER PAH ?P
nOVBMWTBNaOR ••PI(IMB 2IJS ) 9L*J

•D

DBJVBIY AND SPECIAL HANDUNG
CHECK SERVICES HEOUMEO

• HOLD FOfl PICK-UP AT FOLLOWING
D FEDERAL EXPRESS LOCATION SHOWN

IN SERVICE GUIDE, RECIPIENT'S
PHONE NUMBER IS REQUIRED

JJUMIIK.)

STANDARD AIR
D

(Up U 70 US, I

-^ERNIGHT" IS NEXTeUSINESS DAY
I ONDAY THROUGH FRIDAY); TWO" DAYS
I }M ALASKA/HAWAII. SATURDAY DEUV-
I f AVAILABLE IN CONTINENTAL U.S.
*>t£ "SPECIAL HANDLING."

StTUIOAr SIMCf HEOUW)
Sil MMKIU1 am MM In MM<y I
ttSTNCTEO UmOES SCTVICE (M M

3D
4D
t n SSS ISiMn Suntr« LJ *v*t maw

7 Q OW««CWl.S8IV!Ct

eD
«D

TOTAL

WBGHT

TOTAL TOTAL

D REGULAR STOP
D F.E,C,'

fmm CX̂ MI Copofiton Efflpttyx No.

For Ftbirai E>praw Uw

CARRIAGE HEREOF. F.E.C. DIS-1______________
CLAIMS ALL WARRANTIES. EXPRESS OR IMPLIED. WITH
RESPECT TO THIS SHIPMENT. THIS IS A NON-NEGOTIABLE
AIRBILL SUBJECT TO CONDITIONS OF CONTRACT SET FORTH
Of) REVERSE Of SHIPPER'S COPY UNLESS YOU DECLARE A
HIGHER VALUE, THE LIABILITY Of FEDERAL EXPRESS COR-
PORATION IS LMIKO TO H00.00. FEDERAL EXPRESS DOES
NOT CARRY CARGO LIABILITY INSURANCE,

'I M I
o
(0

A6TMO

A8T/PM

rtipHW. tAfflcSa USE m
FflBGHT DUKES q.

I O.

OECLAREDVALUE CHARGE

ADVAICE

ADVMCEKSIMATON

OTHER

PART
*2041730751
FEC-Ŝ )751 OHM

REVISION DATE
2/83 S
PfllNTED U.S.A.

ORIGINAL
(Red)

3003^3



I
f<I

i:

m

i

APPENDIX 5

300860
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T* <b if '

edhot) — <£<->« boft.

NUS 067 REVISED 0581 '



NUS CORPORA TION TELECON NO TE

CONTROL NO: DATE: TIME:

DISTRIBUTION:

BETWEEN: OF: PHONE:

AND:

(NUS)

DISCUSSION:

CLvJOU

\ W 3
f

l»
ACTION ITEMS:

NUS 067 REVISED 0581



NUS CORPORA T/ON TELECON NOTE

NUS 067 REVISED 0581



NUS CORPORA T/ON TELECON NO TE

CONTROL NO: DATE: TIME:

DISTRIBUTION:

BETWEEN: OF: PHONE:

AND:

(NUS)

<̂ gja.gJu -̂ 0i *• r.-
aj.AS &W <*.* fe**. is AfJ 0***-

Q/ULA QA-y ^̂ m̂ ô̂ ^ e-Vc. . -<.U.O*\4-k—*
v> > Lau

IT

ACTION ITEMS:

300964

NUS 067 REVISED 0581
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NUS CORPORATION TELE CON NO TE

CONTROL NO: DATE: TIME:

/O
DISTRIBUTION:

?/„£" (Red)

BETWEEN: OF: PHONE.

AND: f •

(NUS)

DISCUSSION:

300985
ACTION ITEMS:

I \ ̂  ~ X A W l 4 1 A U _ . I 1 — . A ^ ^ M I I I ' l l

IA!
<• \M 0 \ \ _.< i j ri!ft.. DPinn\̂ -̂ lr»£.t<>>M*vgKi<ig.o "fUcô r f̂v-o Ujtĝ yjr̂ cc '5Aw>oUt̂ 6. lag- o

M - "t>\5"K t̂f'yflM'i
• V >4 i * I

V/iftl . "tV*. UOl(V\N\g C^O >^sQdLAN><l^ »J CK*«- SOti PCll

\"b>»J ;

U5T36WU5T367 B6V/SED OS8I
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. A <s£ 3.l i_____________n_±
/Vi/S CORPORA T/ON TELE CON NO TE

CONTROL NO:

DISTRIBUTION:

BETWEEN:

DISCUSSION:

ACTION ITEMS:

DATE: TIME:

(Red)

OF: PHONE:

AND:

(NUS)

NUS 067 REVISED 0581 _

3003BB



NUS CORPORA TION TELE CON NO TE

CONTROL NO: DATE: TIME:

DISTRIBUTION:

(Red)

BETWEEN: OF: PHONE:

AND:

"*" ' (NUS)

DISCUSSION:

t

;rfly

y/<Mfy
//A e_K!J./»** + *tl*A^_________.71

£**„ _____._8a

t-y&i.*1 •

y aaM^ejeS &J//*̂  S99ti

3009G7
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NUS CORPORA TION
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