( INSTALLATION R.ESTORATION PROGRAM

FINAL
I \D-A277 739 @
I WNEWRmAL  site in vestigation Repor¢
1

Volume 2

Appendices A Through G .
November 1992 B en

ARIZONA AlIR N

ONAL AIRPORT
PHOEN/ X, ARIZONA

' R ;‘f:v'" ':~

' 161st AIR REFUEL!NG GROuUpP !» .
+ I
/
4 |

ved |
' been oppro
This doctiment bas o .
\dAhlir‘ tzlenss and ?Q‘}G‘ =

bor ol ael s plLrited
JA-._:""" D os

e m——

== [NRMA D 94 4 1 062

CTIN QUALTIY irc JIED B

[ =
' Hazardoys Waste Remediaj Actions Program
Oak Ridge K-25 Site
' .
' Managed by NERGY SYSTEMS INC
Forthe ti DE

GY undyy Lontract D A ¢ G3-840R 2 00




f\“rv.\ S W W wNase w s ~ 2 - Vit (Y0, UT O i ee ~
I {sompner gonerwed)

Pubec re00rsnNg ousden 1or s HTOMMADON IS $TAMEST 1D Bverage | hour DOr FESDONME NCLANG ™8 EMP (O (IVOW ETUCTONY S CIING EXSTNG TS SOUCeS QEiNENNny and
MIRBAN 1or 542 fovirJar] IV L ATOMING BNG IPASVENG the CABECDAN A IOITATLN  *—(W] % Maets [SLNANC T¥5 DU 30N #SHMAIS OFf AV 0! 8S08C of P COMCION o

1 IATRABON 1N MGNG SANIORSDUNS 1OF TEAUCING TUS DU O8N 10 YW ISNGKON SINVMCE M5 I00UNTENS SITACES LATS-I0N I IO FTOMADON LD 300NS 80 Reoors . 1215 Jeflerson Cravs »
ey Sutl Y M Aaneon Vi 3029302 300 [0 T (MhCe ot ManBnement anv Eurne!  F acanvey Re pgon srowdt 107040 SREMWVashinaion D 209070
1. Agency Use Only (Leave Blank) 2. Report Date ! 3. Report Type and Dates Covered Vo Ty
Abis 16992 R Y R N B A e
4. Title and Subttie 5. Fundmng Numbers
. !
d , L . I, / »
Gey pipion  #0s Loir, Posere oz ol
6. Author(s) : .
< S ’
1 7. Performing Organization Name(s) and Address{es) 8. Performing Organization Repornt
i 7 AT a2 s, number
i Z R oR.e TS
? Tl i e, POV il
‘ [Snegri = . Z0V P22
¢ »
9. Spgonsonng/Montonng Agency Nameis) and Addressies) 10. Sponsonng/Monitonng Agency
Hazardous Waste kemedial Action Program Report Number
Oak Ridge TN ’

Air Nauonai Guara Reaainess Center
qd Andrews Air Force Base. Marytand 20321 »

11. Suppiemental Notes

12. DistnbutiornvAvasabirty Statement 12h. Oistnbution Code

Apprcved for pubplic reiease: distnbution 1s unlimited

13. Abstract tmaximum 200 woros)

S T s T Eake sz (. TR
. . - . e ~—
. Aore AP et & e, & Ao Sl ST »
[t Doy, T s Ve rrr Con Ty ,”,;,)/:.‘

14. Subject Terms 15. Number of Pages

- /’f.u".,'/,;,'f do.y /?f,-,":«»/’-/.v':-, /’/J’.,n,//', A e e a8 Soprid Reddiras ﬁ o ‘l ¢

g e, S Tl gy REorTT s s P 16. Price Code

Prialrie ) 3iin iy, P Y S PP I A o PPooyiy ~ =

[ ] 17. Secunty Classification of 18. Secunty Classdication of 19. Security Classiication of 20. Limitation od Abstract »
Report this Page Abstract
Unclassified Unclassified ‘Unclassified None

Rt eale. 1o 4505 T r o 790 (Rev 1.00) Prescroea oy NS Sm TR 18 00T




FINAL
SITE INVESTIGATION REPORT A
161ST AIR REFUELING GROUP
ARIZONA AIR NATIONAL GUARD
SKY HARBOR INTERNATIONAL AIRPORT 3
AND PAPAGO MILITARY RESERVATION
PHOENIX, ARIZONA

VOLUME 2 NI\ ,
APPENDICES {(‘&’\\é'i‘.\’l,h'.
A THROUGH G \‘})

Submitted To:

AIR NATIONAL GUARD READINESS CENTER
ANDREWS AIR FORCE BASE, MARYLAND

Submitted By:

HAZARDOUS WASTE REMEDIAL ACTIONS PROGRAM
Oak Ridge K-25 Site
Oak Ridge, Tennessee 37831-7606
managed by
MARTIN MARIETTA ENERGY SYSTEMS, INC. [Aecemrfor " 1~ —
for the TS R .
U.S. DEPARTMENT OF ENERGY Lie S A
under contract DE-ACO05-840R21400 [ o e o !
s

IJ“ HEVEEERS

Prepared By: F*-ﬁ——*—»“--‘-»-'-;.'.‘_ - _1

By o
IT CORPORATION Gitibete ,
312 DIRECTORS DRIVE SR , !
KNOXVILLE, TENNESSEE 37923 b
]
f

[ TP

Dist i N

NOVEMBER 1992 A-] ;

.

KN/WPSRY.COV/]1-92/F1

-
w

4
[




I :
. List of Appendices
l Appendix Title ’
[ VOLUME 2 ¥

A Variance and Nonconformance Reports
' B Preliminary Review of Hydrogeologic Data for Facilities Adjacent to Sky Harbor ’

‘ Air National Guard Base

l C Geophysical Survey Report

D SOV Survey Report

E Soil Boring Logs ’
l F Piezometer and Monitoring Well Completion Diagrams
l G Piezometer and Monitoring Well Development Records

]

! VOLUME 3
! H Sample Collection Logs

I Slug Tests and Analysis ’ ¢

J Potentiometric Measurements
% K Results of Screening Analyses

L Tabulation of Soil Analytical Results
i M Tabulation of Water Analytical Results ’
%
! »
!
i

»

i
d ’




] APPENDIX A .

VARIANCE AND NONCONFORMANCE REPORTS




| e VARIANCE LOG 1.
l CHRONOLOGIC LIST OF PROJECT VARIANCES ‘
PROJECT NUMBER 409 72| PAGE /_ oF [ ®
) { PROJECT NAME SKELY] HARLLDL '
\ &
i nn DATE proger VARIANCE GRANTED AND APPLICABLE DOCUMENT R i E
L ///z%/am VAr=x)] sk o rFfrinT &G /AAT‘LVMM’ ' ’
‘ FIELD I PLINS— Fi A //E,(f> S, SAks 1
: ///L%T/c)o VAR T2 (5% 0F S ACLARTAN StAsc yihes |
, Fo _sor | FSP s SAzss | °
i /:,//,(//Qo YA TS ModIF I CATIon)  oF 77 T3 Sprfom s
PO /NS L S SAR AR {..glﬁ

¢ .
/’-/A>,/°)” AR . FF4d OnNArsn_ ~ ANAL_/‘,/’/'"ICA/— J
PRocgdons . D EQUiPrassry FoR. op= $I1TE ;

1 Eiged Se@bénaiiNe o7 sgie fopsn ras Dovs FEERY
i e @

' //’//9' YAZ TS (O AAiSrn . A fg_éio‘//wi»hL—

S AN, PAc X S  SAnr e

) /1//‘/?/ A Fb (Zrnrsa LA g‘O/z_ CA&QS [t AT i)

_ Ars\ g—n—;mfx_;/u&,— S e i g S SARES »
//‘/?j | VAI’L Fr S A g ﬁOAPéC/TLLQH/S‘/Mpmm- 3. Sareg }

) / /4 "Ly i

| /17/3 1 Tvan #E Cuunce o Rpnegrs | Zcre |rreomon

/2—4/%1 /Aﬂ. FFE SITE 4 DéctT a0 aamm@ SAmpLsSl S SARES | ®

i 2/// 3/9/ AR T ) &0 ynDLATEL. SRt PatisS—

i LU ROA - RO E£D LIS — S.SANSS
‘ 4}/91/")/ ! FARTE [/ GROVNDNILATAR SARr P ivp OF— ®
! 2N, LleRomp R S SALe s |




-

SIS R s SaEy S EE e

e VARIANCE FORM I

conFonaToN
VARIANCENO.

PROJECT NO. dn7icl.az PAGE _ | OF _

PROJECT NAME S¢Y Hadiol 4nC pése S DATE 5 AV %2

VARIANCE (INCLUDE JUSTIFICATION)

TWE SKY HaREoR ISR PearS were RePaRElD STeiFimg A PHOTNAC 18550 oo/t o
Fol MAGS OF Soy Sgmics FaR  AROMATIC AND HALGENATED VCLATI(E chearii( o fe : AOD
DETTCTIEA LM (TS FOR THAS e eNT #lC TNPiwet! 20- 100 PPB (UI/L) FoR Sey peomarc
Samp> ANO SO WD FoR HAWGINATED, THE SUBCONTUACTR Selerad Fol Se v ANALYS S
PRofesSS T VTILIRE A "SUMADRU 4R 645 cHlomMaTobtafy WitH FID AND €CD  Ruriek
Than) THE PHRTOVAC.  rpe SimadzJ ERVIIMENT 1S 11 afoofATORY @uk(/l'()’“ o5 o faseP TT

I "pao" S CECENING JNSTROMENT Likg THE FOVAC (6550 USC OF THC S iimaDJ SHuD

RﬁcJtOé ME EFQQIMTLA&&A—EK}’O/WG'\/ ANO lowed DeErmTs Lt 173 pe‘f't'c:flb,\j

LM TS Fore THE SHimaDed ...uu%ogqo M eXleTTe) B FE€ affforimatey &1 To | PP

fof HALSETAATED CAmfounOS AND | Plb FOR ARAATIC COM fomOS.

APPLICABLE DOCUMENT: Sacvion 5.2
Tt S nvesTigarion Bel) SamPCNE PUN L) ST pre feruewnlt Gkof AL, AR NaTizA

GIMRD, SKY HakboR jaiTakecaTION AL el RT P/‘fbﬂ\llx, MuZONA, ShraubaZ (996

CC: B. ﬂml-la,(MMﬁﬁ )  REQUESTED BY
APPROVED BY




I

—m  men @GS Sea es w GER WS

L2 )

[ 2= 3

ITE=" VARIANCE FORM

VARIANCE NO. ___ -~ _

PROJECT NO. _4c43c].02 PAGE __ | oF _[

PROJECT NAME SKY HadGok ANG Rese” ST DATE _o7 woy 1¢C

VARIANCE (INCLUDE JUSTIFICATION)

SOV SR comTaNER  CHaE Fom TEDAR BAE TO  EVAUATED &casS (1AL

CONTAINER  FiiL mMETHRO CHANGE FRoM)  JESS jCaToR PeFTion TO  pcmiul jiacoaterST.

S WokK PunS werl [REARED USiNG TTs potaral HOCEDALC For sapl (€ CollenON.
QFPs WERE ¢€T T 7u00 QUALIRED FIRMS Jof execotion ©F Sovy SuRucy. EACH FRM
RESParsDED v (TH MINOR CHansES TO S4mPl CoLieTron amd HNIUNG PRo DS | THE
JenboR o T fAICEIIETS MOST ¢ Losecy RUPWINR TT5 was scecrcd Tme memho o
CotleCns~ 73 DEScRBED Belo .

S4MIe CONTHNELS ARC ENAIATED & L45S VIALS RuemerRr THanl TR Bags. THE VIALS
Wik BE FULED BY AcTVC Sysram  baret THar! DT ca R Peaation. gl mee+
EPA CléAnING CRTEUA FoR oRbami ComPodnDS. Samptisd arRC PINIED 1710 Viats A I P

1t " 5‘;5

TUE JSC of EPR CLEAn  guass r;maé/\/Stao 8F TELDAL 3asS WW ARO THC Acaue
c Har rerer

pLaceEment™ AT} Witl WNoT swws€ Jata QUALTY ) KATHER PUACEMOIT 0F SampuilS /AITO (o NTHATES

AT AEHER THa ATMos el PUESSIRE SHoUll PERENSE MTTNTIAL Fok. SamMPLE ComTawminiaTIo Al OUVE

To coalTHnEL LEAKS AS AV Y LEMES WbULO EE FRUM THE oNTAER yo yHE ATMEIMERC. THE
HobSED Semf£ COLCETTION METHEO WMLl BE s ST it PRO ceVE B

L

APPLICABLE DOCUMENT: ¢ ; O S€Fion S
Final S (7€ IM0EST TN (SAPURE Awnl 4 16157 AR PeoeUnNi 6k, Az ae N ATION A6k,

SKY HREIR  INTekreaTio it iR, Qdoen (I AZ., SEPTaMSER. [990.

yo/u ﬁ/ /
CC: 7. S tomibug(Mme>)  REQUESTEDBY Lt/ W lat—  pate y-27.00
APPROVED BY ——— = DATE _2/

ODATE dzazr20

DATE /ocl97




ma B e wne Sun EEy oW

Lo ]

| s §

2

[ g

| =3

A

= VARIANCE FORM |

CORPORA TION
VARIANCENO. _ %>

PROJECTNO. _ 0302 | PAGE /  oF !
PROJECTNAME __ Sico; mAngmz Are ass STDATE _s2/i/do :

£
VARIANCE (INCLUDE JUSTIFICATION)

I

S UTE. ST Red S AV, PLAA eAS S asfARRAD

Tt A s )T rhil— | Bl o it DA S oA

—_ —
7 /tE /6#\91_—_ A /A;z:r/c_umﬂ_/ STz 3 e AS A o _

STIT2ZAT/E _—— AL A FAEL/Arid o NAVE IS5 B s T id—io
A Cl/CrONE AN CED ATLAp (ATFAC Nrn s T 5 e rar
[/’/-/z—/r’7 Ol AN Acps o 1T al DiSciostd A 1972 %
AL ;ﬁ—'onu,«)s— Tt U Eie STORARGE . ARLGCA  qpger [ )/c/—‘
PVEST o LfiASBe LN T, de URFISE s TS '/(t_IAN.:&i
IS T ZAaQUEST MODIEIC AT ON O SAEP NS ARAERS T »
TART S Meter o AT Tackr s T 2 . Vo scorma 2 eAnsa A
/S S risient D .71,«-1_, SAMMGE . SAWMPRLIN S Lo/rTS OGGVPi

[

AT N Sar @D DIFFEREIT Lo AT)IN T O ADEAVATEA

CHATNACTY serz.1E e ~Prtr- SITHE .

APPLICABLE DOCUMENT:
S AA FrALd SR LLNE~ I’/——A'\)J AR S i) coon) 4 é,

SITY %, frEi. ALADYRR STonass ARSA , A3 Az
AMAT 1 oA &—-/Aﬂ/};/ {p7 TIPS N 1orh

|
|
I
|

'

CC: Duvnd ;M,\fg REQUESTEDBY __ D W.LV\_ DATE />/,1/3
HALWEAP Files -o945 APPROVED BY épﬁ L /1/\ DATE /t/uz%

DATE Maﬁc

Officer
DATE %/Z/




L 4

dhts BDam Pw BN BeaE Sum e

ARTTAL RS

400601-A-5P1¢

PROJ. NO.: 400691

DWG. NO.:

MGR.: D. WILLEN

INATOR: M. BOLTON

PROJ.

¥

—

ENGR. CHCK BY: D Lv

8/5/80 |OATE LAST REV.: 9/20/90 | ORAFT. CHCK. BY:} |,

S. CAROWELL [DRAWN BY: D. HIGGS

$83-01
ge

STARTING DATE:
DRAWN 8Y:

411/

A A

LEGEND
@ =SOV POINT

2 =SOIL BORING

@ =MONITOR WELL

ACAD\ GENERAL\ 40068118

40

UNDERGROUND +——*

WASTE OIL
TANK

[ ) L
' e ° T~
L S83-02
CONCRETE
o @
] o
b
"}
MW3-02
o
ASPHALT PARKING
APRON
" ]
"y
~ 1, BLDG 25
L_d
f*— LEASE UNE
TJ
FIGURE 4—-6
SITE NO. 3
FUEL BLADDER AREA
PROPOSED SAMPLING LOCATIONS
~ 16 1AREFG, ARIZONA
SKY HARBOR WP e
PHOENLX, ARIZONA
40 FEET

- TECHNOIDGY
CORPORATION




/T~
IT . TR
l CORPORA%%N @ .
By S5 Date LL2€CI0 Subject SKemu s of APeh AfeodD Sheet No L of ,
Chkd By__Date Sug Mo 3 Awewd FRom B enS OPmi§Proy No 40i32l
X
)
L )
J
Sw
~
%
L)
2
T . '
i 39
< o
(: - “ s
i da
; t ¢ ) o
u\*\
% \d‘; =
(<8
- =
2
- %i/




¢ ’

INTERNATIONAL "
J § § TECINOLOGY
| CORPORATION VARIANCE NO._4_& .

t ¥

. VARIANCE LOG ,
X

PROJECT NO. 409721 PAGE _1_OF __
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VARIANCE (INCLUDE JUSTIFICATION)

PURPOSE:

¢ The purpose of this variance is to document a change in the )
analytical procedure and equipment for on-site field screening
analysis of soil boring samples at Sky Harbor National Guard. This
change does not Qffect the target compounds or the intended use of
the resulting data, but allows a more accurate qualificaticn and
quantification of the target compounds.

CHANGE:

originally as stated in the SAP, a Photovac 105850 portable gas
chromatograph (GC) using headspace technique was to be used to
determine relative concentrations of the target compounds.

The change will be to replace the 10550 GC with a SRI model 8610 GC
equipped with an PID and FID detector in series, purge and trap,
and Peaksimple data system. The onboard integrator of the 10550
will be replaced with a laptop computer and printer.
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PROJECT NO. PAGE oF
PROJECT NAME AIR NATIONAL GUARD SKY HARBOKR DATE: 12/11,/¢0

VARIANCE (INCLUDE JUSTIFICATION)

JUSTIFICATION:

1. The headspace procedure is an indirect method for
determining the concentration of compounds. The use of
the SRI with the purge and trap allows direct measurement
of the compounds. Because of the direct measurement:

. lower detection limits are ocbtainable

. there will be less variability of measurement
therefore the data will be more accurate

. less sample prep equipment is required causing
a reduction in cost, time, and potential
biasing and errors

. more accurate simulation of standard laborato-
ry procedures

2. Because the SRI utilizes the FID and PID in series it is
easier to more accurately identify and quantify the
target compounds in a complex chromatograph by comparing
the results of the two detectors. The 10S50 only utilizes
the PID thus relying more on the operators interpreta-
tion.

APPLICABLE DOCUMENT:
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PROJECT NAME __AIR NATIONAL GUARD SKY HARBOR DATE: _12/11/90 »
VARIANCE (iNCLUDE JUSTIFICATION)
JUSTIFICATION (continued):
3. The interfacing and utilization of a laptop computer by »
the SRI allows chromatographic data to be stored on
floppy disk in a format that permits the data to be
easily stored an recalled at any future time for reexami-
nation, integration and manipulation. The 10S50 does nct
allow this without the addition of extra peripheral
support. »
4. The higher level of technology in the SRI allows the
operator to easily and more accurately control the GC
operational parameters thus allowing for more accurate
qualification and quantification of the target compounds
» L
»
»
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HAZARDOUS WASTE REMEDIAL ACTIONS PROGRAM
STANDARD OPERATING PROCEDURE S
GROUNDWATER SAMPLING WITH BAILERS

1. OBJECTIVE

The purpose of this procedure is to define requirements for the collection of groundwater
samples.

2 BACKGROUND

Metbods used for the collection of groundwater samples include bailing and a variety of
pumping techniques. Bailers are hollow cylinders with unidirectional (open up) check valves at
the bottom end. Some bailers may also be closed or valved at the upper cod. Bailers used in
environmental applications are typically constructed of stainless sieel, disposable nylon string,
disposable monofilament polypropyicne, Teflon<coated stainless stcel wire, or Teflon, with
stainless steel or Teflon being preferred. The bailer is lowered into the well on an acceptabic
line or coated wire line until submerged. The bailer is then retrieved to the surface for sample
collection. This procedure describes groundwater sampling with baders. For the best results,
the sequence of sampling is from lcast o most contaminated wells. It is preferable for most
ssmpling events using bailers 1o have dedicated bailers or enough bailers to last for 1 day's
worth of sampling (normally 6 to 8/d).

3. RESPONSIBILITIES

: The Site Manager is respoasible for cosuring that field personnel are

trained in the use of this procedure and for verifying that groundwater samples are collected in
accordance with this procedure.

: The Project Ficld Geologist is responsible for complying with
Mpmwdmhcm;mﬂemwhmmmum
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4. REQUIRED EQUIPMENT

For surface sample - bailer types.

For specific depths - beiler types.

Bottom-filling, bottom-emptying bailer (with bottom release, if needed) of the
appropriate material,

Clean rope or wire line of sufficient leagth for conditions.

Appropriste sample containers with labeis and preservatives, as required.
Hard plastic or stesl cooler with cold packs (or ice).

Water-level meter and/or other water-leve) measuring device.

Tempemm, conductivity, pH, dissolved oxygen, and organic vapor meters, if
required.

Plastic sheeting.

Decontamination supplies, as required

Personnal protective clothing and equipment, if required by the sitcapecific health
and safety

plan. _
Late. or polyvinyl chioride (PVC) gloves.

3. PROCEDURE

The following steps must be followed whea sampling groundwater with bollers:

1.

. 2

:’:}t on protective clothing and equipment as specifled in the site-specific health and
ety piso.

Prepare the site for sample acquisition by covering (he ground surface around the
wellhead with piastic sheeting. Arrange the required sampling equipment for
convepient use. If onsite decontamination is required, arrapge the occessary
supplics in a pearby but separate location, swey from the wellbesd.

Open the well and note the condition of the casing snd cap. Check for vapons
usiag vapor snalyzing equipment. Using s water-level meter, determine the static
water level and depth to well bottom. this information ip the field logbook
or oo the water sampling form.

Putge the well according to Hazardous Waste Remedial Actions Progrm
(HAZWRAP) Standard Operating Procedure (SOP) 4, if not alrcady accomplished.
Allow the water leval to recover 1o a depth st Jeast sufficient for the compiete
submergeace of the bailer without contacting the well bottom.

While the well is recovering from purging, decontaminate the bailer. If the bailer
was decontaminated before arrival at the site, remove the protective wrappings.
Securely attach the bailer (o the line. The end of the line should also be secured.

‘ ——— — —_— . - ———
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Arrange the sample containers in the order of use. Volatile organic analyte (VOA)
samples. if required, will be obtained first, followed in order by semivolatiles
(SVOA) and other samples.

Lower the bailer into the well Do pot allow the bailer to touch the casing. The
bailer should enter the water slowly to prevent seration, particularly when VOA and
SVOA samples are being collected. Do not permit the bailer to contact the well
bottom.

Retrieve the filled bailer to the surface. Do not allow the line to contact the
ground. Hang the bailer from a bailer stand or other zupport, if availabie, or have
an amistant hold it off the ground The first bafler of water should be wed as @
rinse and then discarded. Immedistely obtain apy required VOA and SVOA
samples by using the release valve to gently transfer water to the sample bottle,
The sample bottle shouid be tilted whea filling to prevent acration. Cbeck the
filled vial for bubbles. The first volume of sampie should be used as a rinse and
then discarded, unless the sampie botties contain prescrvative. If sample filtration is
required, it should be donc as soop as pomsible, or after sample retrieval. If, after
collecting VOA sad SVOA samples, the total required sample volume is greater
than the water remsining in the bailer, decant the water into & clean compositing
coptainer. The compositing container must have adequate volume (0 contain the
entire volume necessary for collection. Again lower the bailer to collect water for
additiopal sample volume, if neoded.

When the composited sample volume i sufficient, decant water into the remaining
sample contaipers. Add preservative (if needed), cap, scal, and properly label al
containers. Place the filled containers in the cooler(s) immediately.

Record sampie types and amounts collected, and time and date of collection in the
field logbook and on the groundwater sampling form per HAZWRAP SOP 1, Parts
A snd B, respectively. Prepare chain-of-<custody and anaiytic request documents &6
required by the project quality assurance plan.

Decontaminste sampling equipmeat according 1o HAZWRAP SOP 14.

Clean up the ares and pisce dispasabic materials (plastic sheeting, gloves, Tyvek) in
the designated receptacle. Closs and lock the well cover.

6. RESTRICTIONS/LIMITATIONS

Obtain on-site dats such as temperature conductivity, pH, or dissolved oxygen
mmeasurements after samples have been callected. This may require additional time for well

recovery.

i
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POSITION PAPER NO. 2
DEVELOPMENT AND SAMPLING OF LOW RECHARGE WELLS '

Hydrogeology Support Group
Hazardous Waste Remedial Actions Program*
Martin Marietta Energy Systems. Inc.
0ak Ridge, Tennessee 37831-7]06

1. INTRODUCTION

A Yow recharge wall can be defined as a wel) that does not recover to
90% of its static water leve) within 6 to 8 h after baing purged. There are
many other definitions for low recharge formations; however, this is the one
that the Hazardous Waste Remedial Actions Program (HAZWRAP) will use in 1its
discussion of this issue, Low recharge formations can be found in most of the
following environmental scenarios: fine-grained, unconsolidated material such
as clay, s11t, shale, or clay in the interstices of larger-grained material;
or igneous and metamorphic rocks. Under the above conditions, four problem
areas surface when it 1s the task of the hydrogeologist to obtain a
representative sample of the groundwater from these types of aquifers. They
are: how do you reduce siltation within the well, how do you develop a low
racharge well, how do you purge a low recharge well, and when do you sample
for volatile organics after purging a low recharge well?

In the following document, we will discuss these issues and present the
most recent discussions with regard to these issues. It is the intent of this
pesition paper to make the hydrogeologist aware of the problems associated
with low recharge wells and to provide some guidance on the above issues.
the purpose of this position paper, only low recharge aquifers composed of
fine-grained, unconsolidated materials will be discussed.

For

2. SILYATION AND DEVELOPMENT

2.1 STATEMENT OF THE PROBLEM

Siltation and development problems are usually relegated to
unconsolidated sediment aquifers. These are generslly not problems associated
with slow recharge in consolidated sedimentary, igneous, or metamorphic
environments. Both of these issues (1.e., siltation and development) will be

“Operated by Martin Marietta Erergy Systems, Inc., for the U.S. Department of
Energy under contract DE-AC05-840R21400.
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discussed concurrently since, in general, they are related issuas (4.e.,

siltation is largely a prodblem of ineffective davelopment procedures and/or
well construction techniques).

Si1tation s the process whereby, during well construction and/or
development, small-sized aquifer material (generally smaller than that
retained on 3 #50 US standard sieve) can be found within the well casing,
making the water sample turbid. It is of note that this same grain size range
(1.e., less than #50 standard sieve size) makes up over 30% of the aguifer
material, which is the principal reason why the formation is a slow recharger.
This materia) ends up in the wal) casing usually by two methods. In the
first, the fine-grained materials iare introduced into the well casing directly
during well installation. This usually occurs at the same time as the wel)
screen, filter pack, and riser pipe are placed at the bottom of the borehole.
from the time the borehole drilling is complete and the well 1s placed,
groundwater will move up intp the nu?er flights, carrying with it an
associated amount of aquifer material due to hydrastatic pressure. The
screen, casing, and filter pack are introduced directly into this ®soup®,
thereby introducing the fine-grained materia) directly into the casing. Also
during placement, the aquifer material may become integrated with the filter
pack material during placement of the filter pack.

The second siltation problem area occurs during development. In
monitoring well construction, the purpose of the design of the filter pack is
to retain 95 to 100% of the aquifer material. In gemeral, this is not always
accomplished because all too often the well screen size and filter pack size
are selected before the field investigation (i.e., during the work plan
development stage). During this stage, when they suspect slow recharge
aquifers, 10-slot screens with Ottowa #1, Morie #1, or equivalent filter pack
material are selected in advance of actual field information. The development
procedure, therefore, must clean out the residual materials in the wall casing
and must also pull the fine material out of the filter pack since it was
placed and commingled with aquifer material during placement. Therefore, due
to poor construction design, new aquifer fine-grained material is pulled ‘nto

the casing during development because the filter pack material cannot retain
95 to 100X of the aquifer material,

This represents a synopsis of the siltation and development praobliems
associated with monitoring well construction tachniques. The following

section will discuss some of the more recent published articles relavant to
these issuas.

2.2 PUBLISHED APPROACHES TO SILYATION AND DEVELOPMENT
2.2.1 Well Construction Methods

The kay question to be answered in assessing well construction mathods
in Tow-yleld aquifers is, “Can well-designed construction techniques improve
the quality and quantity of groundwater samples from a low recharge aquifer?®.
In review of the literature, the following information {s submitted for
evaluation:

‘o
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o o In a study conducted by Paul, Palmer, and Cherkauer (1988), a series x
of ten wells were placed in glacial tills. Of these wells some had
-~ been installed wet (the well was not cleaned out of excess loose
. material before well placement) because of delays in setting the
screens, and some had beean installed dry (the loose materials had »
.« been removed from the borehole). Of the walls installed wet, the

wat wells exhibited 50 to 200 times greater turbidity than wells
installed dry.

o In an article in Groundwater Age (Wehrmann, 1983), a method that can
be used in clayey environments, where an open borehole can be °
sustained, is to pump water down the inside of the monitoring well
casing, out the screen, and up the annulus of the borehcle. This
should be done both before and after the gravel pack is emplaced to
free fine-grained material from the surface of the borehole and the
gravel pack materials. Circulation should be continued until the
water coming up the annulus looks clear (Wehrmann, 1983).

« o According to Nielson {1988), the continuous-siot, wire- wound screen
is more effective in preventing formation materials from becoming
clogged in the openings. It allows particles slightly smaller than

) the openings to pass freely into the well without wedging in the
opening, making these intakes nonclogging.

; o In an article by Gass (1989), drilling methods and well construction
' tachniques must be adapted to minimize borehole damage before the

installation of a well screen (commonly referred to as “skin
effect”) and a filter pack, or at least to correct borehole damage
before installation of the well screen and filter pack. In
addition, it must be understood that the effectiveness of well
development 1s going to be extremely limited in alleviating this

¢ effect. To reduce this effect, he suggests several techniques: (1)
boring the zone representing the screenad interval with a 3- to
S-1n. Shelby tube, (2) scratching the sides of the borehole with an
oversized brush or wire to eliminata the smear effect, and/or (3)
developing the low-recharge well with a bailer or small-diameter °
surge block to achieve gentle agitation of the filter pack so that

‘ any residual fine material that may have been incorporatad into the
filter pack during its emplacement can be removed.

2.2.2 VWell Construction Materials

) In assessing well construction materials, the following information 1s o
] submitted for evaluation:

o In an article by Gass (1988), Gass states that the filter pack
. should ba graded, fine to medium sand. Because of the gradation,
the effective size of the filter pack will be quite small and yet
will still be orders of magnitude more permeable than the formation [
. and will not restrict well yield. In almost all cases, a 10-slot
! scraen will retain 80% to S0% of the filter pack.

N S ’
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o In an article by Nielson (1988), the use of an artificial filter
pack in a fine-grained material allows the screen slot size to be
considerably larger than if the screen were placed in without the
filter pack. This 1s particularly true where fine slot sizes, which
are designed to hold out formation materials, are efther impractical
or not commercially avatlable. The larger screen slot size afforded
by the filter pack ailows for the collection of adequate volume of
sediment-free samples (Nielson, 1988).

o Paul, et al. (1988), states that the function of the filter pack is
to stabilize the borehole and to prevent formation materials from
entering the well. They recommend that the proper size of filter
pack and screen can be chosen from the grain size distribution curve
of the formation by applying the mathod outlined by Driscoll (1986).
In addition, he states that commonly available well screens and sand
packs were rot capable of filtering out clay-sized particles found
in fine-grained glacial tills. The optimal well design would
require a silt-sized sand pack and a very fine-meshed screen (<0.05
an). In addition, the walls within his study were constructed of
d¢ifferent types of screens (slotted and continuous). From this
condition he observed in his glacial ti11 study that surging of the
wells that had standard factory slot screens pulled more formation
material through the sand pack and into the screen than wells that
had continuous-slot screens. There ware no substantial differences
in the turdbidity measuraments between the thraee types of well
screens that had been bailed.

from the information collected, sevaral {ssues were not discussed. One
of these issues is the use of sumps in well construction in low-yield
unconsolidated aquifers. It has been a standing practice during the past §
years that sumps be used in well construction in low-yield aquifers. A sump
is 3 piece of blank casing placed below the screen and is designed to retain
and separate the siltation materials (accumulated fime-grained material
settlin? out of suspension) from the screened interval. This device is used

y

primarily to keep the entire surface area of the screened interval open to
receive groundwater.

Another issue that has become a standard practice is to ensure an
appropriate filter pack thickness. All too often, particularly in shallow
groundwater wells (1.e., those less than 50 ft), a 2-in. well {s placed in a
nominal 4-in. borehole. It is generally agreed that the filter pack thicknass
should equal the well diameter and that it should be tremied into place. The
reasoning behind this position is that an insufficiently large filter pack
thickness will not retain tha large volume of fine- grained material trying to

enter the well screen and that a sufficient volume 1S needed to effectively
retain or retard this condition.

In addition to the above, Johnson Screens has developed a new screen
specifically designed for low-yield aquifers. This new well screen is called
Channel Pack and is basically two continuously wrapped screens separated by a
glass bead filter pack. This scresn has not been extensively field tested, so
its advantages and disadvantages have not been well established.
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2.2.3 Recommendations

Based on the above information, the following construction methods and
material specifications are recommended:

o Filter pack thickness around the well screen should be at least the

same thickness as the diameter of the casing/riser.

o Sumps should be placed below the well screens to act as a sediment
trap for all low-yield aquifer wells.

0o Well screens should be of tha continuous slot variety,

Well screens, casing, and filtar pack material should be placed in
dry wells (i.e., the loose "soupy" material within the dril) casing
should be cleaned out or removed before materials placement).

[
For optimum design, the filter pack should be graded according to
the aquifer particle size distribution to ensure that the largest

percentage of the aquifer material will be retained by the filter
pack.

o Well screen slot size should be sized to the filter pack. In mast » o
instances, the filter pack should be sized to retain 95 to 100% of
the aquifer material.

3. DEVELOPMENT

The main purpose for the davelopment of a well, any well, is to produce
a turbid-free sample (i.a., to rid the filter pack, screen, and well casing of
the small particles that remain that are the direct result of the installation
procedure or design). Beyand this, the goal for wells in the water well
industry differs significantly from the hazardous waste industry. In the
water well industry, the purpose of well devalopment is to obtain maximum
yield with the least turbidity for the purpose of water consumption. In the

free sample for the purposes of chemical analysis {n the parts per billion
range. Wells designed for pump testing are the exception since increasing
well efficiency may improve the quality of the pump test data. There is a
significant difference between these two goals. In the hazardous waste

’
industry, constructing wells for the purpose of high yields tends to be a
secondary requirement.

Common methods of well development in fine-grained materials are
pumping, surging, bailing, and the use of compressed air to "blow out® the
well. A1l of these, or combinations thareof, are acceptable methods within ’
the witer well industry; however, all do not carry the same level of
confidence within the hazardous waste industry. The following is a

i
I
!
|
i
|
l hazardous waste industry, the purpose of devalopment is to obtain a turbid-
!
|
l
!
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presentation of recent information from literature addressing this issue.

PUBLISHED INFORMATION ON DEVELOPMENT

In the development of wells in glacial tills (Harman, 1988), a
stafnless steel submersible pump was used. The pump was lowered by
hand to decrease the turbidity of the water. The pumping rate was
siow and continuous, with 8 Tow volume of water being pumped. This
pulled the fine-grained material from the sand pack. The silt
settled to the bottom, and water samples could be taken from the top

of the water column, Bailing could be used instead of pumping to
devalop the well.

In tight formations, well development must be sufficiently vigorous
to remove fine-grained particles

without damaging the well (Marbury and Brazie, 1988).

The turbidity
of the water needs to be reduced.

According to Giddings (1985), the steep hydraulic gradient caused by
dewatering the well during pumping causes turbulent flow in the
aquifer and in the gravel and sand pack, and this vasults in a very
turbid sample. A surge and block bailer has been successfully used
in developing low recharge wells.

According to Gass (1588), when an attempt is made to develop 3 silt
or clay formation, the formation will not bridge, and greater
amounts of the formation will be pulled into the well. The same
type of surge energy reaches the formation when a well is purged and
sampled with a bailer that fits snugly within the well or when a
pump that just fits in a well is rapidly inserted or removed from
the well. The key to achieving clean samples then is to reduce or
eliminate surge energy from reaching the formation.

The following study was performed by Paul, Palmer, and Cherkauer
(1988). In this case, some wells installed in fine-grained glacial
tills were surged for 10 min and then bailed along with wells that
were bailed only, Water was collected from the screened intervals
for turbidity analysis. The hydraulic conductivity of the formation
was sufficiently Jow that no significant well recovery occurred
betwaen the time the well was bailed and the sample was taken. Many
of the samples contained 3 considerable amount of sediment.

Bailings of two wells indicated a large amount of clay sediment at
the bottom, which was easily agitated, especially when the bailer
touched bottom. The walls were then pumped dry to reduce the amount
of sediment and were allowed to recover. When samples were taken ¢
months later, the turbidity had been reduced in all but one well.

Surging of the wells increased the turbidity. The turbidity was 50
to 100 times greater than that in wells that were bailed. Sand pack
and screens had little effect on the amount of turbidity. In surged
wells, the average turbidity stayed the same between the two
sampling periods. In the bailed wells the turdidity decreased
fourfold (Paul, Palmer, and Cherkauver, 1988).

- o e ———— — -
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In the restaration of clogged wells installed in glacial tills,
Jjetting was used, and fine sand, silt, and clay are washed out of
the water-bearing formation. The

turbulence created by the jet brings these fine materials back into

the well through streen openings above and below the point of
operation (Gass, 1985).

3.2 DEVELOPMERT RECOMMENDATIONS

Based on the above information and in consideration of the procedures
previously recommended for well design and installation, the following
development procedures are reconmended:

0

Remove any sediment that may exist within the well casing. This may
be accomplished by using a sand bailer (which most drill rig
operators are familiar with for larger diameter wells}), by uysing

pump and surge, or by using air 1ift techniques to remove the
sediment in the sediment trap.

fdeally, the first attempt should be to develop & low yield well by
pumping and/or removing water at a rate equal to or lTess than the
recharge rate of the aquifer. This may be accomplished using
peristaltic pumps, bailers, or bladder pumps for some aquifers. The
object of this methodology !s to induce water into the well at a
very low but constant rate until the watear {s relatively clear.
(NOTE: 1f bladder pumps are to be used, removing the silt from the
well 1s critical because of the potential damage to the bladder.)

1f the above tachniques cannot be accomplished and tha wells are
punped to near dryness even with siow rates of water removal, the
next recommended option is to use a closed-bottom bafler in a pump-
ana-sur?o-type scenaric. Under this scenario, as the bailer enters
the well, the bailer {tself acts as a surge block and forces water
out through the screen, dislodging silt and clay size particles from
the scraen and the filter pack with the intention of the particles
returning through the screen to be ramoved during the bailing
operation. The surging activity, however, should not be so vigorous
as to extend the surging action into the aquifar material itself,

If during this process the well is pumped to dryness, the above
procadure say have 1o be repsated one to two additional times to
obtain a sample that is relatively sediment free. A specific
application of this approach s to develop the well in stages (2 to
3 ft at a time, from the bottom up). In this the surge stroke
should not exceed the surged interval.

At the completion of the development of & well, a well recovery test
should be performed. This test is similar to a rising head slug
test. These data w'1l assist the field hydrogeologist in the
development of other wells and in the scheduling and planning of

= .""'
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' purge and sample activitias. It is not fmplied, however, that well L 3]
recovery tests should be conducted on every wall. The discretion of ’
the use of this test is helid within the purview of the field
: l hydrogeclogist and the HAZWRAP project team. N
‘ 4. PURGING AND SAMPLING
)
4.1 PURGING
l Perhaps the most critical component of collecting a representative
sample of the aquifer water accurs during the purging process. The main
purpose of purging a well is to remove the stagnant water from the waell casing
‘ and borenole and to replace it with groundwater that more accurately raflects .
chemical conditions within the aquifer. A lot of discussion has focused on
this issue. The rationale for purging is to help remove fine-grained
. particles in the well and sand pack that may potentially enter tne well screen
ﬁ and the sample (Pauil, Palmer, and Cherkauer, 1988). (NOTE: Al) operations
need to be performed with materials and equipment that have been thoroughly
cleaned to avoid introducing contamination into the well. This i3 especially
¥ critical in low-yield wells because even a minute amount of contaminant may
] result tn reiatively high concentrations in samples.)
. The following is a presentation of discussions on this fssue that have
: occurrea in technical publications over the past several years:
o According to the Wisconsin Oepartmant of Natural Resources Guidance P
* {Lingorf, Feld, Connelly, 1987), the most straightforward methad for
removing a1l of the stagnant water from wells screened in low
. permeability formations is to pump or bail the well dry. This
procedure may be the best way to ensure that all of the stagnant
2 water in the well has been exchanged with water from the aquifer.
i After purging, the well should be allowed to fully recover and can
be purged a second time 1f needed.
¢ o The Environmental Protection Agency (EPA) Technical Enforcement
s Gutidance Document (1986) is similar to this. It states that when
low-yield wells are being developed, they should be pumped to
" dryness once. 1f the recharge rate of the well causes the formation
- water to vigorouslv cascade down the intake screen and accelerate
» the loss of volatiiss, the well should not be pumped dry. If this
is anticipated, three casing volumes should be purged from the well
L] at a rate that does not cause the rechirge water to be excessively
P agitated.
y ]

‘ If a2 monitoring well is drained completely during purging, the
formation water will be exposed to the atmosphere as it enters the
* well. This may cause 2 10% loss of volatiles within 5 min and a 70%
loss within 1 h. Protocols should avoid draining the well and any
" unnecessary exposure of the sample to the atmosphere, especially
when combined with turbulence {McAlary and Barker, 1987).
[ ]
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I1f the sand pack around screens is drained during purging or
flushing, the formation water will flow into the well by cascading
through the headspace in the dewatered sand filter pack. Some
volatilization can ba expected to affect the groundwater even befors
a sample can be collected (McAlary and Barker, 1987).

0 The amount of recharge may limit the amount of sample that car be
collectad. Frequent purging will 1ikely dewater the saturated zone,
causing the well to go dry for a period of time. In wells that
require a very long period of time to recharge, the interval between
sampling events may not be sufficiant to allow full recovery to
static water-lavel conditions. In such cases, an annual! or

semiannual sampling event may be more appropriate than quarterly
events (Marbury and Brazie, 1988).

The results of a laboratory standing-column volatilization test by
McAlary and Barker (1987) showed that losses will reach 10% within 1
h and 99% n 1 month. The standing water should therefore be
thoroughly purged before sampling. In tha context of a sampling
event, it may be acceptable in moderately low permeability materials
to return for sampling of volatile organics several hours after
purging, provided that the calm surface of the water {n the casing
was the only exposure of the sample to headspace.

4.2 SAMPLING

The problems of purging and sampling low recharge wells are mutually
related events. The type of purging & field team performs may affect the
sampling effort. In addition, within the l{teratura, it 4s not clear as to

the best time to sample for volatile organics. The following are submitted
for evaluation and review:

0 In low-yielding bedrock aquifers, wells may be pumpad dry by
removing only one bore volume of water. If the water- bearing
fractures are located just below the static water table level, the
well will refill by cascading water entering the bore and falling to
the bottom. This alters the dissolved gases in the water and
increases the dissolved oxygen content. Many monitoring parameters
are sensitive to this alteration, and it can lead to
misrepresentative sampling (Giddings, 1985).

o A water-level monitoring period of several hours or days may be
required to determine whether the well bore is making water or to
determine 1f the water level will raturn to static water-level
conditions. In these instances, it be possible to remove only
one casing volume before sampling (Marbury and Brazie, 1988).
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o Samples should be collected as soon as there is a sufficient amount
of watar in the well bore in order to get a sample that is

;;g;:sentatfve of the formation water (Lindorf, Feld, Connelly,

According to the EPA Guidance, as soon as the well recovers, the
order of sampling should be pH, volatiles, oxidation-reduction,
semivolatiles, pesticides/polychlorinated biphenyls (P(Bs), metals,
and inorganic compounds. For wells with a recovery time of greater
than 3 h, samples should be taken in order of their volatility as
seon as there is a sufficient volume of water avatlable for a sample

for each paramater., Parameters that are not pH sensitive or subject
to volatili2ation should be taken last.

In the sampling of naturally purged wells (Robin and G{llham, 1987),
results indicated that a representative sample could be aobtained
from the screened interval through the use of dedicated sampling
device, such as a syringe sampler, The intike would need to be
Yocatad near the battom of the screened {nterval. Tne valume of the
sample would have to be significantly less than the volume of the
screened interval. Some contamination could result from
displacement of water by the sampling device., In this study, as
screen lengths became shorter (screen lengths of 1, 2, and 5 ft),
the first samples ware prograssively more contaminated.

In a recent article by Herzon et al. (1988) eleven 2-in. 0D
stainless steel wells were developad using batlers and a diaphragm
pump. Bailers were used to extract water and to act as surge blocks
to draw in fine materials. This procadure was repeated four times
for each well. The diaphragm pumps were used to pump the wells to
dryness so that a rising-head test could be performed on each well.
Samples were retrieved at severg) different times after purging.

The final conclustons were that wells in low- yield aquifers should
be purged before sampling and that concentrations of volatile

organics {n the sample collected 4 h aftar purging contained the
highest volatile organic concentrations.

§. EQUIPHENT FOR DEVELOPMENT, PURGING, AND SANPLING

To minimize the introduction of contamination into the well, positive
gas displacement Teflon bladder pumps are recommended for purging wells.
Teflon or stainless steel bailers are also recomsended pu

r?1ng squipment,
Where these devices can’t be used, peristaltic pumps, gas-1ift pumps,
centrifugal pumps, and venturi pumps may be used. Where a sampling device

requires an intake line, or discharge line, the composition of the 1ine should
be Teflon, polyethylene lined with Teflon, or polyethylens. Where a sampling
gevice requires a support line to the surface {(as in bailers), the support
1ine should be single- strand, stainless steel wire, Teflon-coated stainless

stael wire (single strand or braided), or a stainless steel leader attiched to
monofilament polyethylene line.

——— . — —— — —

- lh



MO 51543532 -
Mav- 3-97 FRI (035 HACWRAP FAX NO. 5154353268

11

Pumping rates for peristaitic pumps are typically lass than 1500 mi/min

Other types of pumps produce velatilization and high-pressure differentials, '

causirg variability in the analysis of pH, specific conductance, metals, and

volatile organic samples. They are, however, acceptabla for purging wells
(EPA Guidance, 1986).

The equipment required for jet development includes a jetting tool with
two or more nozzles, a high-pressure pump, a high-pressure hose, and a supply

of w?ter. The nozzles should be evenly spaced on the jetting tool (Gass,
1985).

The valve-typa plunger could ba used in tight formations because it has

a lighter surging action. A bailer can be used along with the plunger (Gass,
1985).

In Paul, Paimer, and Cherkauer, the surging process (in fine-grained
glacial tills) was performed with a length of polyvinyl chloride (PVC)
electrical conduit fitted with an oversized rubber stopper. The rubber
stopper was small enough to allow passage through the well but large enough to

force water before 1t. A peristaltic sampling pump was used to remove the
pottom sediment from the monitoring wells.

In a study Dy Griffin et al. (1988) on the collection of volatile
organics from fine-grained materials, samples were collected using a double-
check valve, Teflon baller with a bottom-draining davice. For shallow,
small-diameter walls with low yields, evacuation of the well by a bailer is
feasible. Syringes can also be used to sample water from Yow hydrostatic head

aquifers because they only remove a small volume of water from the well
(Nielson, 198S5).

6. RECOMMENDED PROCEDURES FOR PURGING AND SANPLING

The following purge and sample procedures are based on a review of the
information provided above, known characteristics of monitoring well recharge
and well dynamics, and the best available technology. The succeeding
infornmation s provided to act as a starting point with regard to planning and
execution of sampliing activities within Yow recharge environments. It is
understood that as field activities commence, minor revisions to the purge and
sample activities may be required basad on site- specific information;
however, the following scenario should be used and planned for during the
early stages of field activity davelopment.

The following procedurss are recommended for purging and sampling of low
recharge aquifers:

o As a general rule, under low recharge conditions, purge and sample
activities snould not occur for a minimum of
7 d after well development. This pariod may be extended, dependent
upon very low recharge conditions and varying site conditions.

g ‘/‘
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Purging and sanpling are considered by HAZWRAP to be mutually
inclusive activities (i.e., they are not separate events).
Therefore, the common field activity of purging a}) wells first then
sampling is not considered to be the best available procedure.

Purging and sampling should be considered, in terms of scheduie, as
one event.

Purging begins with placing the pump or purge device at the top uf
the water column to remove the water from the well casing and
borehole from the top down.

Purge rates should be at a value less than that indicated from the
well development recharge rate recorded at the conclusion of well
development. Under low recharge conditions, this rate will rarely
exceed 0.5 gal/min. This Tow purge rate will pearmit the water within
the casing and borehole to exchange without pumping the well to
dryness or appreciably depressing the static water level,

If the above condition cannot be met, the antire volume of water
within the well casing and borehole should be removed at the rate
determined above. [f it is already known that the well can be
pumped down without appreciable recharge, the rate specified above
should not ba exceeded. Excassive puupin? will only cause turbidity
problems when aventual recharge and sampling begin. (NOTE: As a
reminder, under the well construction recommendations, each well
will exhibit a 2- to 5-ft sediment trap to be located below the

screen. Therefore, the sediment trap should be removed of built-up
sediment before actual purging and sampling).

1f the well does not recover to 90% of its static water level within
6 to 8 h, only one borehole volume need be removed. If the well
recovers in less time, purge activities should be repeated at least
ane more time. At the conclusion of the initial purge activities,
if significant fines have accumulated in the sedimant trap, these
fines should be removed before the sacond purge activity.

Sampling from wells {n which the static water level was not
appreciably depressed is to occur immediately after purge activities
are completed (within 3 h as a genoral rule). Slmpl1ng from wells,
in which the water was completely removed from the well or the
recovery time exceeds 3 h, will occur (for volatiles and pH and
oxidation-reduction sensitive analytes) when the water level has
reached a point above the bottom of the screen such that a
sufficient sampie can be retrieved. Sampling for other nonsensitive
analytes may occur at some point l1ater as the well has had time to
more completely recover and provide sufficient sample. If
sufficient sample has not becoms available within 24 h, the HAZWRAP
Project Manager should be ismmediately informed so that a decision
can be made as to the disposition of this condition,

Y
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HAZARDOUS WASTE REMEDIAL ACTIONS PROGRAM
STANDARD OPERATING PROCEDURE 4
WELL DEVELOPMENT AND PURGING

1. OBJECTIVE

The objective of this procedure is to define the procedural requirements for well
development and purging.

2. BACKGROUND

Moaitor wells are developed to remove skin (ie., near-well-bore formation damage) and
to settle and remove fines from the filter pack. Wells should not be developed for 24 h after
completion when a cement bentonite grout is used to seal the annular space. However, wells
may be developed before grouting if conditions warrant. Wells are purged immediately before
groundwater sampling to remove stagnant water and a sample representative of groundwater
conditions. Wells should be sampled within 3 h of purging (optimum) to 24 h after purging
(maximum, for low recharge conditions).

3. RESPONSIBILITIES

Site Manager: The Site Manager is responsible for ensuring that field personnel are
trained in the use of this procedure and for verifying that development and purging are carried
out in accordance with this procedure.

Proiect Field Geologist: The Project Field Geologist is responsible for complying with
this procedure. '

4. REQUIRED EQUIPMENT

¢ Pump, pump tubing, or bailer and rope or wire line.

® Power source (e.g., generator), if required.

o Water-level meter or weighted surveyor’s tape.

e Temperature, conductivity, pH. and/or dissolved oxygen meters (for Sect. 5.2 below).

o Personnel protective equipment as specified in the site-specific bealth and safety plan.
] o ® ® ® ® |
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o Decontamination supplies, if required on-site.
e Disposal drums, if required.

5. PROCEDURES

WELL DEVELOPMENT

The following steps must be followed when developing wells:

1.

Put on personnel protective clothing and equipment as specified in the site-specific
health and safety plan.

Open and check the condition of the wellhead, including the condition of the
surveyed reference mark, if any.

Determine the depth to static water level and depth to bottom of the casing.
Prepare the necessary equipment for developing the well. There are a number of
techniques that can be used to develop a well. Some of the more common methods
are bailing, overpumping, backwashing, mechanical surging, surge and pump, and
high-velocity jetting. All of these procedures are acceptable; however, final approval
of the development method rests with the appropriateness of a specific method to
the site and the Hazardous Waste Remedial Actions Program (HAZWRAP) project
manager.

For screened intervals longer than 10 ft, develop the well in 2- to 3-ft intervals from
bottom to top. This will ensure proper packaging in the filter pack. Note: It is
good practice to develop all screened and filter-packed wells in stages.

Continue well development until produced water is clear and free of suspended
solids. Record pertinent data in the field logbook and on appropriate well
development forms per HAZWRAP SOP 1, Parts A and B, respectively.

Remove the pump assembly or bailers from the well, decontaminate (if required), and
clean up the site. Lock the well cover before leaving. Dispose of produced water as

required by the project work plan.

VOLUMETRIC METHOD OF WELL PURGING

The following steps should be followed when purging a well by the volumetric method:

1.

2

Put on personnel protective clothing and equipment as specified in the site-specific
bealth and safety pian.

Open the well cover and check the condition of the wellhead, including the condition
of the surveyed reference mark, if any.

Determine the depth to static water level and depth to bottom of well string.
Calculate the well volume (volume of water within the well bore) using the following
formula (or equivalent):
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x
l 7.4805 (?l)d}l = volume (in gallons),

where

D = casing diameter in feet. (NOTE: This equation is used for grouted wells with
short screens. For wells with long screens and/or ungrouted wells, then D =

borehole diameter in feet.)
dH = the distance from well bottom to static water level in feet.

Note these data and calculations in the field logbook.

4. Prepare the pump and tubing, or bailer, and lower it into the casing.

. 5. Remove the number of well volumes specified in the project plans. Generally, three '

to five well volumes will be required. In low-recharge aquifers, the well will

commonly pump or bail to dryness before three well volumes of water are removed.

If this is the case, there is no need to continue with purging operations (HAZWRAP

Position Paper No. 2). Record pertinent data (e.g., water volume) in the field

. logbook. \ PY
{ 6. Remove the pump assembly or bailer from the well, decontaminate it (if required),

and clean up the site. Lock the well cover before leaving. Dispose of produced

water as required by the project work plan.

[ ]

‘ 53 INDICATOR PARAMETER METHOD OF WELL PURGING '

1. Put on personnel protective clothing and equipment as specified in the site-specific
g health and safety plan.
2. Open the well cover and check the condition of the wellhead, including the condition
of the surveyed reference mark, if any. ,
‘ 3. Determine the depth to static water level and depth to bottom. Lower the probe(s)
of the indicator meters (e.g., temperature, conductivity) into the water to a point
near (but not at) the well bottom or use the flow-through system for indicator
l parameter measurement. Alternatively, set up surface probe(s) (e.g., pH, dissolved
oxygen) at the discharge orifice or dedicated probe port of the pump assembly or
within the flow-through chamber. Allow subsurface probe(s) to equilibrate according '
to manufacturer’s specifications. Record the equilibrated readings in the field
ﬂ logbook together with the time.
4. Assemble the pump and tubing, or bailer, and lower into the casing.
S. Begin pumping or bailing the well. Record indicator parameter readings at
3 predetermined intervals. Maintain a record of the approximate volumes of water
produced.
6. Continue pumping or bailing until indicator parameter readings remain stable within
! $10% for three consecutive recording intervals. Purging should continue uniil the
discharge stream is clear. In low-recharge aquifers the well may pump or bail to
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dryness before indicator parameters stabilize. In this case, there is no need to
continue purging. Record pertinent data (e.g., water volume) in the field logbook.

7. Remove the pump assembly or bailer from the well, decontaminate (if required), and
clean up the site. Lock the well cover before leaving. Dispose of produced water as
required by the project work plan.

6. RESTRICTIONS/LIMITATIONS

Where flammable free or emulsified product is expected or known to exist on or in
groundwater, use only intrinsically safe electrical devices and place portable power sources (e.g.,
generators) 50 ft or more from the wellhead and disposal drums.

7. REFERENCES

Driscoll, F. G., Groundwater and Wells, Second Edition, St. Paul, Minnesota, Johnson Division,
1986.

U.S. Environmental Protection Agency, 4 Compendium of Superfund Field Operations Methods,
EPA/540/P-87/001, 1987.

U.S. Environmental Protection Agency, Manual of Water Well Construction Practices,
EPA/570/9-75-001, 1975.
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! [EI== NONCONFORMANCE REPORT f 4

NR NO. / ‘ '
“ )
PROJECT AZANG Sky Harbor PAGE _I oF _] ;
. PROJECT NO. 409721 OATE: 01/18/91 | A

1. NONCONFORMANCE DESCRIPTION

Problem: Poor recovery of some pecle or complete;z( los, of peaks four start of day s'
standard analysis.

Criteria: Per SOP, start of day calibration will be ran ind acceptable recovery cccur for
all compounds.

Impact: Has no impact on previnus analytical data, but will have significant impact on
any future data if not corrected.

g /w/ 01/17/91

|
L
2 PROPOSED CORRECTIVE ACTION, INCLUDING INITIATION AND COMPLETION DATES \
Cleaning of lamp and detector head 01/17, 01/18, 01/19 and recalibrate. f
’ |
. TO BE PERFORMED BY: . Peeny |
3. APPROVAL FOR PROPOSED CORRECTIVE AC'HON % Z
‘ -414“@1 ’
‘ -
[]
¢ 4. CORRECTIVE ACTION TAKEN (W DIPFERENT FROM THAT PROPOSED)
z GC was replaced 01/19/91 with a new instrument from a different vendor. ’
]
i ,
8. CORRECTIVE ACTION COMPLETE \ 01/19,/91 ’
H PEAFORMED BY:-L.. DATR:
VERFIED L= DATE:
i CC: PROGRAM MANAGER /
PROJECT MANAGER ®
QUALITY ASSURANCE MANAQGER
’ QUALITY ASSURANCE COORDINATOR
CENTRAL FILES
| onan: >
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DATA FILE Ci1STSTD4 .PRN

1&E& 3294 323 01 —19—19<91
FULLSCALE MILLIVOLTS 256

1.833

4.633

SKYHARBOR FHOENIX AZ,
DATA FILENAME
16229223 O1L—19—1991

START STaNDARD DAY 4 @& ;$L4L_

~ET.TIME FEAK AREA HEIGHT AREAY NORMY
45,400 1401.95 654,45 8.3007 ?.61
2.467 2602.07 222.7375 15.4064 17 .84
F.190 2059.98 174.75% 12.1968 14.12
10,867 2980.66 204.55 15.2796 1.89
11.987 1057.7% 99.75 &.2626 7.29
12.6%0 280.%54 26.10 1.6611 1.92
12.9517 1590,76 177 .89 9.1818 10.67
12.750 7471.89 I2T.7% 20,3179 27.83
14.467 1667 .60 172.85 9.87%6 11.47
16.077 153.81 27 .90 0.9107 1.05

DILUTION FACTOR = 1

TOTAL NUMBER OF PEAKS DETECTED
roTAaL NUMEBER OF IDENTIFIED PEAKS
TOTAL UN-CORRECTED FEAK AREA

TOTAL NORMALIZED FEAk AREA

INTERNAL STANDARD CORRECTION FACTOR
INTERNAL STANDARD FEAK. NAME

TOTAL HYDROCAREONS(total peal

1
1
1
1
1

area using TFH cal.curve)

FPROJECT £ 409721

C28STSTD4 . FPRN

’

-

LRV

S B o /XTI
S + =XTuL BTEX
EXT.STD INT.STD. FEAKNAME K&
1401.99 1401 .9%01 ' -
2602.07 2602.0691 2.4
2059.98 2059.9827 S
275.12 279.1227 BENZENE 10,2
1087,.77 1057.7277 L
280.54 280.5441% 1..6
1550.76 1590, 7%92 T
T431.59 T431.9970 17,7
1667 .60 1667 .6001 14, d
157.81 157.8100 PR

4 AREA REJECT= 795
USING SkYHAREB.CFT [ LET
688%.5
4587I.97
AT TIME 1

1979 NANOGFame
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NRNO, 2~

PROJECT AZANG Sky Harbor PAGE _| _OF _| |i
PROJECT NO. 409721 DATE: _01/30/91 |
|
1. NONCONFORMANCE DESCRIPTION '
Problem: Significant shifting of retention time and loss of resolution for ethylbenzene ‘:
and xylenes. .

Criteria: Per SOP, calibration should show consistent retention time and separation of

peaks.
Impact: Samples ran during time GC was out of control, some tentative identification

and quantification of compounds based upon information from retention time
data obtained from extra standard runs daily. Samples will be rerun when

back on line. s

2 PROPOSED CORRECTIVE ACTION, INCLUDING INITIATION AND COMPLETION DATES i

Check temperature program, carrier gas flow rate, carrier gas pressures, connectors for
leaks, cycle through program shooting standards monitoring standards data 01/29 through

02/01/91.

TO BE PERFORMED BY: C)@/za c>;)4 Y/

|
\

3. APPROVAL FOR PROPOSED CORRECTIVE ij A ; v

i?

AR

4. CORRECTIVE ACTION TAKEN (W DIFFERENT FROM THAT PROPOSED)

Same as above.

5. CORRECTIVE ACTION COMPLETR 2/ 01/29/91-02/01/91
PERFORMED BY: - DATE:
VERIFIED BY: . OATR: or200/

CC: PROGRAM MANAGER

PROJECT MANAGER

QUALITY ASSURANCE MANAGER

QUALITY ASSURANCE COORDINATOR

CENTRAL FILES

OTHER:

® ] ® ° ° ° °
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CHROMATOGRAM FLOT
' DATA FILE C:STSD11.PRN ‘
1219107 O1l—=O0—19%91

- FIULLSCALE MILLIVIOLTS 44 »
<4 -

-
AR
C A "/f/(L
‘ //‘—‘ _)”/.,],—( ’
. /el /(.'d’_,-"__/ N
--. ~4
q L ’
______ CoTIILIIIzTIoIzziz=zza=e= 3 73
om--
:.
“as=" 9.833
B e o
1 ma---lfZTEIsEIEsmes 10,483 »
A
.
'_----- 12,617
J ' 13.867
o= 3.867 )
l"
- ..
_m=~oSFEme 15,633
g 16.167

SKYHARBOR FPHOENIX AZ, PROJECT £ 409721

DATA FILENAME C:STSD11.PRN
1219207 O1L—S0— 1991 -
START OF DAy 11 STANDARD\LJd&mJ

* RET.TIME FEAK AREA HEIGHT AREAY, NORMY, EXT.STD INT.STD. FERAKMNAME B '
7.oTT 3:146.8% ST,d6 T9.8579 T7.87 161.95 161 .9%19 TCALDCE T
F.877 31.76 17,41 T.9892 1.27 5.87 5.8719 EEN/EME -~
L. 68T 462.07  3I8.52 22.5467 16,75 71.64 71.5407 TCE =
12.617 142.27 17.97  £.9401 2.19 9.34 9.7440 TOLUEME 1.

* 12.847 117,04 13,56 S.7119 14.71 62.90 52.8957 FCE 1T, )
15,637 oeI.61 22,74 17.7261 5.84 24,98 24.9766 DEMXYL 1%, -
146,167 95.20 18.04  4.6941 2.41 10,32 10.7289 Pyl te
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‘ rATeL NUMHER OF FEarS DETECTED 11 akEA REJECT= 380
FOTaL MUMBEFR OF [LENTIFIED FEAKS a DS IMG SE yHARE =T .-
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1. NONCONFORMANCE DESCRIPTION |
SAMUES ARC SEMT To THE LABORATIRY Daily AND HEW Penonb HonNeD-IN /NSTLICHIONS Fok | )
WHICH SAMILES 1o ANALYLE BrIZD o/ FIELD SCREEN/NG. Taio (usES ARE 19ENTIFICO 1N whch 1
MISCTMMOIRN (CATION HaS RESVLTED /N Sampl® NoT EBENE Schepot€D Fok anALyS!S, SampieS i
S81-601-5S-3 AN SBI-CL-25-13 We€RLE NOT ScHeEPULED Fol Ariacy /S, ONLY | SAMIE FRum THS Bolonk |

WAS ANACILEZD. Acso, SAMPLE SB2-0/- SO-ST was NOT ANALYLED: 2 SamfuS FROM Ti15 FoRiNk ‘
WERE ANANED . 7ye wokic Fars cait FoR  THIEE SamPlS T0 BC arimipd FRol EACH Boksng, |

ko5S 06 THEC oA ANOSVOA Wiel NOT casC SANIFIcAmT /mpacts T THE PROI6 RESICTS . EacH 3@,‘;,
HAS (hdotarory LEUeLC JatA FRIM AT L€asT oNC JeirH. Flew -LteJee B Armyses I ERE COpPITED
ON ALL SAMPLES AND AN BE USED A5 /NDIcaTorS OF THE PRESENCE ol ARSENE O F&RSS CONTAM D,
450, TPH MNASES Wil PROVIDE S € L eUEL C /NIIcaTIONS 0F Co ATAM imNaTIan] Fort AL SampecS, |

T HE L08S OF DATA Witl LOWER TWE “"ComILETENGS' & BIECT uE FIT Wil HAJ € M N wtAC W&Ttﬁm’

SIGN A anicd” IDENTIFIED BY: 5.5s26  DATE: 2z Feb §/ o
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55"\((‘,5 Fhen 581-02 Hav € E XCECHED oD TIMC ok VoA AISVOA AND PATE Cam NOT BE REWJ S
. Saed Fumt SBi-ol cany BE ScHEDIED R TPH W imHal Hocink Mg .
SampcC SBL-01-50-S Hao€ ExcEedeD HodinG T Folk {oh ARD S{OA am) PATA Cansot BE LISUEEED ! . P

Samhs 5B 1-0/-50-52- To BE Scaevicen ok T/H ano TAL ANAISIS L on AR S S i
Frr€ INSTRCTI6N Fok Sompus 70 BE miALILE0 To BE WA TEN aAnDFuract-To (A AND Féuo W gy

TO BE PERFORMED BY:  5.5wc /B?/-4; pcpsfersty  PenE VemFrarany
3. APPROVAL FOR PROPOSED CORRECTIVE ACTION™ A
> Ry———)
rgjéct Ma |

er /Daté

AR

Manager ate

4. CORRECTIVE ACTION TAKEN (IF DIFFERENT FROM THAT PROPOSED)

5. CORRECTIVE ACTION COMPLETE ey e
PERFORMED BY: ___ cghrat’ ' DATE: _ 2 -:--
VERIFIEDBY: L. ..s) DATE: 3-2."-4,

CC: PROGRAM MANAGER
PROJECT MANAGER
QUALITY ASSURANCE MANAGER
QUALITY ASSURANCE COORDINATOR
CENTRAL FILES
OTHER:
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: Address:
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i Summary (Decisions & Specific Actions Required by Named Persons):
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Copy to Project Manager _X T\’ &)QGL M M ’/ PAGE L OF 2
- Coopy to Preparer : / ’ ! M

) ‘ sasa-sr P




r ‘N
‘ INTERNATIONAL B TELECON : -
NO
¢ q mgo%!on)m%u RECORD OF O MEETING | .
| ! Project Name [ Number | Phase | Task . Subtasx ‘
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l! S O’U‘Kmmj\ _EA -
g | Prapared ignaturey
« ¥ %‘ ) —
& 8usmbum)ﬂP o 8 Cther Distnbution (By Preparer) . -
1 Onginal to Project File .
,g::::::::::,;:“"g" ._\ ’rY_EJ(SL‘/ MM‘”% PAGE.&OF_&
‘ z $48A -8-07




Adoo pier4 - MOT11IA

48 6t yueL h-22-1  amc . vors’ von ' gaqy ' waa. ey 32 xﬁ.) » o dﬂJJx(#)). a™) x> sajdwes Auedwodoe o) ‘[euibuQ - I1IHM
. e vy
e - “ awny /areq S e e Aq paniasay
AINO 3SN 8Y1 HO4
(‘syjuow jo Jaquinu 3edipuy)) - TYTTL YV —— "~ qeq Aqesods)g - WD 0y wINjaY
(‘yesodsip pue aaiyose ‘Buiddiys '‘Buntoed soj 8bieyd jim ge ‘sishjeue Buimo)joy oa““m 0 uomsodsIp aledIput ases|d) “SOdSIA INdNWYS

(A1deds eswed) —
A ARTSCIoT T MISATOS 10410 " ooy Alybiy AT ey upmzs - ajgewnwe(4 piezey-uoN
v .\Q RS AN ¥°7 Y ﬁJe.:oL \

('seouelsqns snopiezey Jo S18A8| ybiy uiejuod 0) PalOadsns JO/PUB S|ELBIBW SNOpIeZRY BJ€ (S)8|dWes ji 81ed1pul ases|d) NOULLVYDI4ILN3QI AHVYZVH 318I1SSOd

N| o:.uoaw.oo_o.u ||I‘|_= l|= ||cl|_ A.om_mcuh:m:m:_o:oo.n:@ l|..u:z I\'lll .!Eoz
(iom BuiuuiBeq e10j8q qey o) pajliwqns
8 Isnw suewennbai ay1veds-1oeloid 'ebieyains oy 108lgns ) pue 1) s18A87) 13A31 00 (186euep 10eloid Asoieioqe eyl Aq peacidde aq Isnw ysny) ‘A34HINDIY INIL ANNOYYNYENL

- SecuTYLING Yol GO w0u~ e elc] ) - OM ~ob ..N...o( +
- IFATIC < Wie, 20%i0-v, 9
voa Ywvas ..no>.£o.r.1m.r \# > X _ w.: -..o-«o:
( .wui IA Y9 G Swwp ix(.-w J.an lo-1
VOA™MES W YON 14 Q) 'W ) . ~0-ho-SOW
Su0NINIISU) [BIDEdS weiBoid Bulsse] peisenbey 8AlleAlBSald own|oA sjdweg odA| eidweg oN ejdweg
T kX4 K Mm P4 \ Nmuw ‘ON INOHdJ LOVINOD 103rodd
o jud.ﬁa)lul HQ..h 10VLNOD 103ro4dd N Sy Ve se S ‘ON H3AYO 3ISYHOUNd
o I § Q34IND3Y 1HOd3H 3V~ W TSoe Xy
T / T MO ﬁg.udﬂ N—M
T BTy - 1) T INTAXoSY - 11 oL 18
T 7J.JJ.3 ZGQ 0Ol 1HOd34Y gv1 AN3S - Lt ARITA AW Cd HIODVNV LO3MOHd
- EAAalh?Y] (JAWQ.SNI LOVANQD AHOLYHO8V T ~ ’ M.M H3IGWNN H31N3D 1140Hd
- ') fo.r.diﬂuv - mdl_.._ NOILVYNIL1S3a gv1 Il- ©6 o )1t bOR H3IGNNN L03rodd
o ‘T\ ;\ ¢ a3ddIHS S3T1dWvVS 31vd - YH 7;\ oI ] KA m. 3JAVN 103rodd
\ TS1§9J ONouued0/o NOLLVHOJ¥0D
29¢ m C N ON 1021107 Y/ SISATVYNY HO4 1S3Nn03Y 150TONHOIL
L TVNOILYNAILNI

[~ - (] | S— [ 2= ] [ == e (R L PRS- -~ - . Py - »ed — el (e

1"‘ v g . o . 2 - . — v



Yoo o) dl!nﬁ PP 92 9V PIyawon ¥

Nﬂ‘ Qe Aq jesods)q
(1esodsip pue aayose ‘Buiddiys ‘Buyoed 10} 8D1eYD |jIm ge] SisAjeue Buimojjo) ejduses jo uomsodsip ejedipul osea|d)

o e * y .
-8-2  par 4 ndk
5901 v92
T TTTT T sy aeq
{'suiuow jo Jaquinu ajwdrPul) "~~~ aayaly
(A1o0ds eswalg)
o TTEITET A TS 3U10 o oAb WA

dS\* hane AL 2 VWAL AL TS

\, T umpg upys

{ s8oueISANS SnOpsezey J0 $19A3) YBIY LIBILOD 0) perdadsns 10/ puk s|eusjew snoplezey

T T T T T T AQ PaAj@daYy

Ado2 pjo14 - MOTTIA

50(dwes Ausdwoadw o} '18ubiO - 3 Hm

AINO 3SN 8v1 504

I)1qewwe|4

91 (s)ajdwes i ajedpul asealq)

WUI1D 0 wnjay

“IVSOdSIO0 31dWVS

piezey-uonN

‘NOILVYDIJILNIQI AYVZVH 318ISSOd

T A 2)193ds jodfouy TTTTUMM N T 9 { abieyouns ysni o} alqng) T Tysny T jewisoN
\ ( 10m Buiuuibaq 810489 qe| 0 panwgns \
8q isnw Ssjuewesnnbai oy1oads-1oalosd ‘abaeyoins o) 1aalans 1 pue i si@as7) “13A35 00 (1abeueyy 1d8lo14 A10jes0ge7 8y Aq pancsdde eq isnw usngl  :Q3YINOIY IWIL ANNOYYNYNL
_w J e [~ T
_ e e —— e
15 L0 B ;2 Y IPRY o B
= - ————— I IS5V —5
S TV VWIS oYY YASTTS TSPV A+ To
- %nw C)Oj\ UO[T oof) , .9 x \ m ow*:snf...uur.\.
“ e tp—— \Il/’
— y ar T e S X P ]
W] 39 YIQuO P Lwa ro| T\ - uﬂo\/ . ok Lo Oh X7 ) PL-V0 -y i
x, W VLV 7 SV IV Ve h @I B 22 X A3z 21 .0 g
5 ASmowy 3vves T ‘qgai J¢P.<o>mﬁo>4f_—1m._r ° L rorv-g Al ‘o5 2804 < '9-v9
§ aJO/I_ 7 NIAYYTIS ISy LA Py
B A L LARL J & 2 dﬁ 2 B X3 f O
—yrvanvzayenry t i/ 24 VIAYFIS 57Vl [ 071070 -
YoL “ ﬁ(gm WON Hd L oh L veoew 92§ 2'es mQ..o.n.w.nwl
SU0NONJjSU) Jerdads weibosd Bunsay paisenbey aatealasald AWn{oA sjdweg odAi ejdweg 'ON oidweg
3251 -3¢2 \ ZJG " 'ON 3NOHJ 1OVINOD 103rodd
g Ay yof. JOVANOD 103r0ud DA &/ BAACTIIE 1 S ‘ON H3aYO0 3SYHOYNd
SYyYTT T a34INDIY 1HOd3Y 31va NV v inTeey
N - v *) TVTV qQ it
3IIA vaMlHIN~ - IONANONT Y o\F | QL Mg
MY T OL 1HOd34 8v1aN3IS  — il 0, HIOVNVI 1D3roHd
vy .a.i MYw S 1OVINOD AHOLYHOBY T 125§ H3BWNN Y31N3D 11304d
Fi ] _—
VI & vovy -5 yi] NOIIVNILS3Q 8V 9% 20 1ItI0R H3IBWNN 103rowd
P ™ 45 03ddIHS 631dWvS 31va T l%jlﬁﬂwll 3WNVN 103rodd

T 9RT 19| °oNI0au0) 9/0
. / Nmo wDN ‘ON 104U0D ¥/ Y

SISATVNY HO4 1S3N03Y

NOLLVIOJdd0OD
ADOTONHOIL
TVNOILVNYILNI



x @ ~ o

[} a [ ] [} [} [ J [ ] [ ] [ ) o
1 Y/ Awan ~aan Adod P14 - MOTI13A
o / 2 RSAyesw voa 5 IR P ar ¥ sajdwes Auedwodde o} ‘|euBiQ - 3L IHM

- - - auny /aleq T TOTTT T T 7T T AQ paaasly
ATNO 3SN 8v1 604
A syjuow §o Jaquinu o.wu_v:: TUTTITTT U aapyay — 77" qe Aq jesodsig - I 0} uinjay
( 1esodsip pue aaiyose ‘Burddiys ‘Buyoed so) 861eyd jim e siskjeue Buimo)|o) @_a_..\m_o uoIISOdSIP B1BJIPUI BSEB|d) IvSOdSIQ 31dNVS
VoWl e (A)o8ds ssee)d) 3
WO R ey gYIATHE 4I0 — ool Ajybiy i?\» uel) upis T siqewnwiel 4 T pasTRY-UON
¥y ~-1wedpay’ e 1"y
( seouelsSqns snoprezey Jo sjeae| ybiy urejuod 0] peldadsns 1o/ pue sielslew snopsezey ese (s)ajdwes j 81edpul 8sea|d) NOIVIISILNIOI UVYZVYH 3181ISSOd
- \ ay108dsg 190f0irg DT ) — : (‘ebreyains ysni o) 120lgng) T ysny . fgl jeunoN
L ("iom Buiuubeq a10j8q qe| 0) palwqns

8Q 1Snw suewsinbel oyioeds-joelord ‘ebieysins oy 108lqns | pue (1 s|8A87)  13ATT D0 (186eueyy 108l014 A10jRI0GET BY) AQ paacidde aq Isnw ysny) :Q3HINDIY IWIL ANNOYHVYNENL

. 82‘Iga&|qylmﬁdi WONTohxZlT TV UL,-10-19W
VL YORS "yok L GG B s S Ak Ay A BT
ST v IO [ T R C A R 3.
”\‘\‘ A.Zzﬁ.:i... ~] ”NC N_.aoz ﬂxd FIVSSWHPY ~Irm G X _ uadmw-o.we(
T YONS WOR AL A PSSt R A
8UOHONABU) [B)108dS weiBory 6unsel peisenbey BMBAIOSBId ewn|op ejdwes odA] ejdwes ‘oN ejdwes
o st ->5t N\Msw ‘'ON INOHd 1OVINOD 103rodd

NeMEL) vo 1OVINOD 103rodd raaley! .(d Y3 ‘ON H3QHO 3SVHOHNd

T SFEIY Q3”IND3IY 1HOdIHAVA (YLt ITwAaeey

_ -q a2y PAkS

TR TEYSTANON 9] N QalL e
EETLY) an Ol 1HOd3Y 8v1 aN3S o) NoC) H3IOVNVWN LO3r0Hd

siéi LOVLINOD AHOLVHOAY? . _ FE$% HIGWNN HILN3D 1140Hd
WUL%J% 1 NOILVNILS3a v . 2t L0R H3I8WNN 103roxd

Th =959 g Q3ddIHS SI1dWVYS 31va Yy VORVeH &G JWVN 103roud
) 5q) ©ONW0MODD/D NOILV¥OJd0D
. §G(08QZ NPV SISATVNY HO4 1S3Nn03Y NOLLYHO4HOD
/ TVNOILVNUILNI




¥ ®
- - - - Y - - - 3 - _~
A T NE VA L4 X HAY "y A o Vgayen e woxs ¥ Ado2 piel4 - MOT13A
9™ se|dwes Auedwo3oe o} 'BUIBLO - FLIHM
e - owyy /e e " Ag peajedeY
- AINO 3SN 8v1 HOA
N ~ qu7 Aq jssods|Q TTTTTTT i) o) winjey
{ 18s0dsip pur ‘Buiddiys ‘Buiyoed s0) 8618UD (1w Qe S1SAlRUR BuIMO)j0) BjdweS JO UOIIISODSID 8182IPUY oseo|4) IWSOdSIO INdNYS
(Airedg eevery4)
T IO SIRT TR 1010 aixoy AlyBiy ey U s|qrwiue|4 piszSyUON
IE o amiaa P ACIRWC Y \/
(seoueisqns snopiezey jo 51649 ybiy uIRIUOD O} PBIIBdSNS JO/PUE SiBIAIBW SNOPIRZEY 88 (S)8|dwes 1 aledipui 3ses|d) ‘NOILVYDIStLNIQI QHVYZVH 3181SSOd
(abisey2ans ysni o0y Jo8lgng) i ysny # 1euION
( 1eBeuep 190l014 By; Aq parcidde aq 1snw ysny) Q3HIND3Y 3NIL ANNOYYNENL
e N - ( . A
VON TTH S, haF a7 WIS YO, X 2 x..MH\dEL&%J xai-eo-Igs
T LT TW 1372 - = [o4d
8 L.(q v.\vq.ﬁnﬂ_ (s B! Jﬁj Hh R 9 - IRTING Svug) VLY \ OU -MN-- N%.Nﬁwm *
ﬁ!:uadﬂwj Uy C‘_Qi Toh Al 97) LLEL TS YY) L9 J.Qm .n.udﬁ.u..ﬂan_w &
SUONINNSU| |81d6dS we.Boid bunse} pejsenbey 8AIlBAIISBIY swnjop ejdwes odA) eidweg ‘ON e|dwes
o 511 -5t 2 \ 269 "ON INOHd LOVINOD 193rOHd
o TYYTII 90 s LOVINOD 103roHd
Rk 3ol 034INO3Y LHOJ3Y 31va A RN 0 4 B AC @R 55 ‘ON H3Q4O 3SVYHOUNd
N | VI = Rxooy T
B AL I A oAl Ara
I K Ol 1HOd3H av1 aN3s AL LA a=y W oL T8
- hMEE LS B Y A u LOVINOD AHOLVYHOBY YTy Yo H3IOVYNVYW 103roudd
- SECTYY T ) -GN L] NOILYNILS3a gv1 0 LT TTESOH H3IBWNN 103r0ud
o b AAVTYCe g ¢ 03ddIHS S3NdINVS 31va P 7R AL E IS Tau INVN LO3roHd
7 'ON 1001L0D O/D
RRAL ON 10105 Vi SISATVNV HO4 £S3ND3Y NOVEQda0D )
80,8 § TVNOILVNAILNI

p | )




AdOD PioI4 - MOV 13A
$010Wes AUBdWOoI28 0} IBWBLIO - JLIHM

TS T T ewpyewg T T - Ag paajedey
_— ATINO 3SN 8v1 HOJ
\A Qe Aq jssodeig T e of winiey
{ 1esodsip pue ‘6uiddiys BuoRd 40} 861643 M QBT SISARUR BUIMO(I0) BIWES JO UOIISOJSIP EDIPY) 50Id) - TWSOJSIT 31GWVYS
(Ayoedg esseid)
40 T T oixoy AyBiH T usigd uiys s|quwiuely pisISyUON
(seoueisqns snopsezey Jo 51043] By VIBIUOD OF Pejoadsns JO/puE SjBjIBJBW SNOPIBZBY BiE (S)ajdWes §i 81BIIPUI BSESIY) NOILVYDIIILNIOI %N(I 3181ISSOd
(abieysins ysmi 0y j03lgng) T ysny \| suLoN
(seBeuepy 100l01g oyl Aq panosdde eq isnw ysny)  .G3HIND3H INIL ANNOHVYNBNL
TETIITRT T TS on g IV [91-583-00
OA TIA [Ty TOR 2B S
g.Z\u—id:j\ L. _:OmaI T Y008 -]
TTTIYITY TONH T Y s
~/§:d¢¢s\ r.wuxww SO gyl ~ M%I INOT VST - ]
TNy TR / M TJH 7%y T™OR X¢
Van | TIUH "7 Tor Xt
J@ AR A V) adhc.._l i BTGP
VONS _ A A
Rd L [ ST 17OH [ W7 7T TVINTT 393 0
suoyonIisu| jeedg weiboid bunsa) pejsenbay oAjjeAIBSaLd awnjoA eidweg ed4A} ejdwes ‘ON 9jdwes
ALLT-31¢ Nﬂ\N 0y ‘ON INOHd 1OV1NOD 103r0OHd
TAVERaR] 9 olm\ 1OVINOO 123r0Hd
7B Elea s Q34IND3Y 1HOd3Y 31va TV ™G S ‘ON H3QHO 3SVYHOuNd
{ N TSR
LA Ao | |P~ L Ua2e EXO IR 2A
SRS == gy OL LHOJ3H 8Y1 ON3S RAALIE S B iy E oL 8
! a 1OVINOD AHOLvVHOS8V Vvt o] H3IOVNVIN 10310OHd

SVYS g Y] _ NOILVNILS3A 8v1 I'¢t o9k H3IGWNN 103rokd

\

| Pl 2 s Q3ddIHS S3TdANVS 31va TNY  WEWH S 3WVN 103r0yd
TRT 9] ©ON104uoD 0/0 NOLLVIOJd30D
. SISATVNY HO4 1S3ND3Y AD0TONHIIL
L20L§ geonNronieovd TVNOILVN¥ILNI

[ ' [ [ L [ 7] L [ - LISt A - o - e -—— e ] p TR ] L -_




[ ) [ 3 - - - -
L Al
.utq\a#{.d uJ w«b;}dw /odé,o o Y -V- l:\.n‘.vb st(.u dv.,j&é * Adoo pi19id - MOI34A
8010wes Ausdwoddw 0} '[BUIBIIO - ILIHM
- — ow|g/018g Ag peaposy
- ATINO ISN BYTIHOA
\a qe Aq jesodeiq T e 0 Wil
( 19s0dsip pu - ‘Buiddiys "Bupyoed o) 085900 j1m QU7 615ABUB BUIMO|10) 9I0WFS JO UOINISOTSID 9182|DUI 9SV8I) “IWS0dSIO 31dWYS
(Aoedg eseeyy)
L TRLTEDY B PR W W0 o - axoy AuBiy sqeMIuS) 4 " PISTSJUON

T yrwvang udw.arOﬂ_

(seouelsqns snop.ezey o sjeae| ybiy uiBlUOD 0} PeIedsns JO/PUB 81411818 SNOPIBZEBY BJE (5)8|d LES §) 8]BIIPUY BSEBOIJ)

A WSl ups

NOILVYDI41LN3AI QUVYZVH 3181SSOd

A feuLoN

{ 1aBeuBpy 1021014 8y} AQ peAacsdde 8q IShw ysny)

(8bisyoins ysru 04 Juelgng) T T ysny

‘03YIND3Y IWIL ONNOYVYNENL

I
1 —

ﬂ vV _rav(J . le
YON PR “Fh & 9] TTOR X2 L;auﬁv\«ttoq 0L -€0-fTw
—- ‘ S 1 —vo=t—
TINNTTRIITIVT IS OO Toh A I GRYINC WG WV X | atog -5 10 -Sow

ﬁradrqz\‘.ukéiz R D TIRYSE vrvg moa-9x =7V TI ¥ VWO=7
4904 'yl ‘VONns ‘Nopf ‘Hdl h | > 1 S -0-(0-LowW

SuodNIsu) |BIDRdS weiboiy Buyse| peisenbey QAIBAIBSBId own|oA 8jdwes odA) ejdwes ‘oN edwes

K AARE R A 4 RALSH
IJQSQJVJNM
?.jj..ﬂl
_
dJJ.J.j l-hnﬁ
2&14.3 2d
-J%gjdll
WWVESY Sy
—r )j<14/~<m A.VM\

‘'ON [0 U0D O/D
2208 gonroreows
7 .

"ON INOHdJ LOVINOD 103r0Hd
10ViNOD 103rOHd
a34IND3Y 14HOd3Y 31vQ

YTV YV T #IST ON H3QWO 3SYHOUNd

N~

TINRREY
L IR LA U A D)

dj.?noa(i |Lf.—

S0 XTOVIEWOh
d?»w POTIYVH rim. -

NOLLVIOdIOD
ADOTONHOIL
TYNOILVNIILNI

o4 18

HIOVNVIN 103rOud
H3IAWNN 103rodd
ANWVN 103roud

11

Ol 140d3d gv1 AN3S
10VINOD AHOLVHO8V1
NOILVYNILS3a 8V
Q3ddIHS S3TdNVS 31va

SISATVNV HOd 1S3N03Y




- - - - - - - 3 o - a
=1y 0(.
A } C, A Adod pjary - M0O113A
LS 1!6 QQU. vd I Doy d)ad A 3 sb ) .wJ\O % $01dwes Auedwodde [+ ._nca:o - JLIHM
- T T T sw g /eea T T T T Tt T Ag peajesey
L ATNO 3SN YT HOS
]\1 - Qe Aq jesode| T 0D 0 wmey
(18s0ds(p pue ‘6uiddiys 'buIN2Bd 10} 86J8YD M Qe SisAIBUB BUIMOJI0) BIdWES JO LOIISOdSIP 81821IPUI 9589y) IvSOdSIO IVdNYS
(Aoedg ssenid)
Y LTIROY TIVIRWSTSE 10410 - oaxo} AlyBiH Nl e upig — (] [TTITT] ) pmrISyUON

‘l'd"hd& e mao&
(sadueisgns snopiezey jo sjane) yBiy uIBLOD 0} PBloBdsns 10/puE seLBIBW snopiezey eie (s)ojdwes jI 81BIIPU| 8688)d ) ‘NOILYDIJILNIA! GHVZVH 318I1SSOd

(eb1vyoins ysni o} J28lqng) T ysny u‘nlll PULON

(‘1eBeueyy 193l01d 8} AQ pascidde eq isnw ysNY) QILWINDIY INIL ONNOBYNENL

L
VON TH T2 TN TR X)) TR BL710-s0w
wrrrmaymrrer~ryarrron—greur SISy ) [+ Guun- v} AYS T YNOFT F-X TCr="7Y
»n TS N WS FUIN BT .&nvo.»l» Tyl _(ﬁ\vbw.a\awp.inwt_l O: — M 1} X Joom ~R-lo-wuw
; R AL UNFA 34 2 MRS ¥ Al T I 132 RAME-A
4aL ) wdAS TYON 'Hd L . ST X -7-0-10 "s¢ W
AP PIWwR <TyTWTYONR Y Y, s + 4 1Y T -y ]
ey TS TVL YOAS "VON W3 TSIV W9 X ] _se o rac|E
MR SR Yo Bl acs BEAS ~H - \‘. OW.Q\..NQ._.‘NM_U *
TENEITYTY ATV R L5 C)OI ud_o..avﬂ 5
- - i BB
Rk M e S I I ﬁ .o_-.Q.M..M:m
Ji.d..r:id.rdr/_: dAuHA.l.-(«i YRFISIG ey i G | ) Maﬂmﬂd .
-¢ - A
yi ! {
WL HORS WO TR [ BRI B ey A TR 5 _ > | JeTee
suoponJIsuy jBIdeds weibosg Bunse] pejsenbey OAIIBAIOSOIY ewn|oA e|dwes edi) eydweg ‘ON 81dweg
LY AR -WW,N\. 709 ‘ON 3INOHd LOVLINOD 103rodd
TTRER £ o L1OVINOD 103royd
ST Q3WIND3Y 1HOd3Y 31va YTV TSSO H3QHO 3SVHOUNd

ﬂ . j\lhn[kj:ddzw~
AL RAMAY C) 1] 3

TRINCYY vy] Ol 14Od34 8v1 ON3S AR R | 01118
Jiddlaﬁq, LOVLINOD AHOLVYHOSBY T95S~ Yy v g] HIOVYNVYWN LO3rOHd
STTVYTYTIPT) NOILYNILS30 8V TZt5oh H3BWNN 103rond
TG oV L7 Q3ddIHS S31dWVS 31va BARAY A dLiad ekl 3WVN L03roud
'ON 101U0D D/0 NOLIVIOJdH0D
N SISATVYNY HO4 1S3NO3Y DOTON.
8TG/. gonwonuoowy 4<»om..<zuwww~.w

o l ean | S— gy [T ] « sconel [ 2 - - - - w ® v = - - o - - . - . x> " g el




[ ]
&Y Y,
DD AR hake T2 <
P 224y o gy Noag o Adod pioy4 - MOTT3A
s8|dwes Auedwod28 0} 1BuUBLO - JLIHM

TTTTTTTTTT T T T T s /8@ T T »D porjedey
AINO 3SN GV HOJ
\_ qe Aq (ssodeiq T ey o1 winjey
{ 19s0deip puw ‘Buiddiys Buiord 10; 8Bi8yd M qB Si1sAjBUR BUIMO)0) B1dWeES JO LOIIISOdSID B1BDIPUI 8588|4) IvSOdSIO INdNYS
(Ayoedy sweery)
W :(«.wl’ﬂ 0o o) Aybiy ql R uNg sjquuwwe|4 T pITRYUON
TN van ] evue 1O
¢ (s82uBEqNSe SNOPIBTRY JO 81840 UBIY LIBIUOD O} PEISSAENS ,O/PUB §1B1IOIBW SNOPIRZEY @18 (9)@(0WIES JI B19IIPUI 8990Id) ‘NOILYDI41AN3QI G¥YZYH 318ISSOd
(efeydins ysni o} 108{qng) —ysny Qﬂl JSUION
(1eBBUBK 1981014 BY) AQ PeaOidde 8q 1SPW ysNY} Q34IND3Y 3WIL ANNOHBVYNBNL
L
v = N 55 - JJ YVoh X 231y
A 1T ¢ 3 oL-20-Fow
~rr Ty 7rees 4 o<t
1 .u!?.d 3V¢“.~ uuW <Q>V4 .SO\/ IL4.~.. u:d.:m WY :w —mvog -5t -t0-Taw
[— \a 7 n =177
RARAMS I AME 78100 N0 5] ﬁJai -0 -10-TOW
TTITTE DT ¥ey 10 -5L ,..nm.%.ﬂﬂ. wi¥
- o T — _ " r g7ty A
VYOons Q% (WAL e lodlﬁﬂmﬁ.—,c{
A~ L8] U =, «* 5 LiaR 2 ALY & BT | -
N> N HJ oh 1 b N w ~6-~10 Ty
SU0IONIISU| |B10edS weuBoig Bupse peisenboy BAIBAINSOd WO/ 8|dwes edA] ejdwesg ‘'ON ejdweg

filwﬂﬂdwwuw\,mdn\l! 'ON 3NOHd LOVLINOD LD3rOHd
TSR o LOVINOD 1O3r0Hd

) SASICY S5YM T a34IND3Y 140434 31va N.AM ARAL DA BN B A "ON "3QYO 3SVHOUNd
— . — ~NT .

FINIK XOTIR -1 }qﬂ.dwmﬂ.ﬁq%
TOv=STCVY g OL 1HOd3H 8v1aN3S BLARMAL SO R R oL
IR LS WL AL O T 1OVINOD AHOLVYHOBV MRCARM NS B RS Y HIOVNVW 103roHd
SOITI¥E S - Syl NOILVNILSIa 8Y1  * ZE50h ¥3IAWNN 103roYd
TG "W VT g7 " Q3ddIHS SI1dWVS 31va GV VOVIH RIS INVN 103rOHd
IZTETT N Ieeo o/o SISATVNV HO4 1S3N03Y HOUNVIOINOR E
L1008 goniereow TYNOILVNHILNI -

L. w-. i .

—~— - - -—— o g g ® . s - ®- I'IC-



a2 A0 5 “3vmy saem ) 9 LBCa
th-£2 - ) A A4 ) v a ¥ Adod PI914 - MOT13A
sejdwes Auedwodde 0} '1eUIBO - ILIHM

owyy /010Q G s mem e g peaedey
ATNO 3SN v HOS
o B N ae1 4q (esodeig —o= Jusid o) uiniey
{ 1850d81p puB Binddiys Buded 17 eBAELD im gBT ISAIEUE BUIMOLIO) @IOWES |0 LONISOASID B18IPU! BERBIA) IVSOdSIQ IINYS
(Ayoedy eseery)
peee T, SRARYAY WO/ i SN0 —= " ajxoy Audiy =TT ) upg o|quuwiwe4 piezeyUON
e ey (seouwiegne sNOPIRIVY JO 919A8) DI 111B)10D 0) PAIDEdINS E\An 8(811018W ONOPIBZYY 0.8 (8)9|dwes j1 81BIIPUI B9BOId) NOILVYII4ILN3QI GHVYZVYH 318I1SSOd
(86iyains ysni o} 128{gns) TTTT T ysny 11\! T (RwWION
( 1aBeuep 100lo1d 8WY) AQ um>oamm 8Q Isnw ysny) a3HINO34 3WIL GNNOYVYNENL
SNL WORS VoM THA_L Doh @ 39] YRSSSe0 L 9] R R T
- SoeuT SN) woy  Qaoy nu.wa....mmaom
PR SeouTYLIIN] YO] Q7 oH -“M..alww..z.m
> TEATYTHLSN) Ye3  ONCO)K -o.%.wwn 19S
N SIS Foy A0H . ,Q_mw..oN..umu *
— | STermwise) YT oy _s 10295
dsancr WL TYORS WOR WAL -0-76 205
| R el YONS VO “hd L -5 g0 i0%
) ‘ , 55t e Mes
YOAS “MONHJL | ™R =351 | oS w90, oS | 5Ot
SuOHONIISUY [8190dS weiboid Bunse| peisenbey B8AlleAIBSOId ewnjoA ejdweg odA ] ejdwng OoN e dwes
S351 -SLZ N..«Ovu 'ON 3NOHd LOVINOO 103roud
LA Y Y h 1DVLINOD LO3roHd
IAIS N & d34HIND3Y LHOd3Y 31va TSy Vo) Y S ON H3QHO 3SYHOHNd
610 WL e
Au Za»dmd.g l’bhnFM.. 0 M,
ISR o) O. LHOJ3H 8V AN3S TouVY A IT) | | oLMi8
VIOV S) Tiver ) LOVINOO AHOLVHOSBY ~E (Y] V] H3IOVNVW 103robd
) Ha ) NOILVYNILS3A gv1 1Lt b9 h HIBWNN 1D3rodd
To-22-1 Q3ddiHS S31dWVS 31va VANAY AT S I AN JAVN 1O3r0oNud
./ _<. N 194890 970 SISATVNV HO4 1S3N03Y N AT E
G8BBLT °oNtomueo W TYNOILVNYILNI
.t . A ! . '

1\!‘1’111“;1‘ ..... TSR T T v v L 4 L J 9 [ J [ J [} e




® [ ] ® ® ® ® a [ ] [ ] [ ] [ ]
—V\.ﬂ.”l— ﬂﬂﬁ«f&.ﬁ Ow c._J.a .
. W T 4 23 YA
( “V I LS ARSIV 3 4dod Piel4 - MOT13A
so|dwes Auedwode 0) TBUIBRO - 3LIHM

— 7~ swi|L/e18Q Ag penjedey
AINO 3SM 8v1 HOA

N_‘l qu Aq (ssodaiq

( 1es0dsip pue ‘Burddiys ‘Buiyoed 10} 8BJeUD (1M GB1 815Aj9uD BUIMO|((0) 8|JLIBY JO UOISOTSIR @EdIpU! %voId)

T lus) o) wimey

IWSOdSIO 31dNVYS

(Ai1o0dg sveeiy)
Ne e e Jj 00

BRI I AT AL

un ung s|qruIwe4

axo) AlybiH \, PRTIYUON

(S85UBIEQNS SNOPIBTEY O 919A8| UBIY UITILOS O} PRIOEAINS JO/PUR S[91 9B SNOPIETEY 88 (8)0I0WES || 018DIPY| osweid) NOILYDI4ILN3AI QUYZVH 3181880d

Iwﬂl IWULION

{ 18BruRp 1261014 8UY AQ perosdde eq isnw ysny)

{eBJgydins ysns 0} 126(Qng) — " yny

a3yIN03Y IWIL ONNOHVYNHENL

[

R {

<Q~/ RP ) S-S A I by) ¢
YORNS VoI Wi L e a3

“YWORX7 FAIV(Y)

.J.OM.

g1 -wo-Tgs
TO*Y%
-5 -10-T0S
A~k 2
~-$8 -£0-TgS
r&7-17
. -az -10-vos|¥
SRR I [ TS VLY ST gt hns]
edA] ejdweg ‘'ON ojdwes

VSTV G

TP TYSE nar_ YOI ij:

T TS YO Y ONS .<Q\»/ L.Qﬂme&..& = HJd 1

weiBoid Bujise | peisenbey

SUOHINS (B199dS

BA1}BAIOSBId wnioA ejdwes

JT2sV- 312 -207)

B o b C ek 1) BA

"ON 3NOHd LOV1INOD 103r04Hd
1OVINOD 103r0Hd

Yo-W- =2 a34IND3Y LHOJ3Y 3LVa Mk | I« WYY ‘ON H3QHO 3ISVYHOUNd
—_— Zlkln + W/’ ..) é:\)
o INTIQ S Tox>I3TQ 2\Z
— AT G 0L 1HOJ3H v ON3S = EL 2 R s W oLTia
— TR PESTS 1OVINOD AHOLVHOBV —wI\TTT Y3 H3IDVNYW 1D3rOHd
Vo ©y Iy NOILVNILS3Q 8V TZE wo: ¥38WNN 103rokd
T wo'2 <y Q3ddIHS SI1dWVS 31va SNV Y S 3WVN 103robd
TTVIOL\) | ONI0403 3/0 NOLLY30Od40D
. . SISATVNY HO4 1S3ND3H AD0TONHOIL
0T0. & gontneown TYNOILLYNYILNI
- )
- Ad -~ - ot . ] P | R ]

-




- - a - a - - - - - a
JPT N2y qpey ey AP vy P YTIETL )y 2thyy Adod piely - MOT13A
sajdwes Auedwaodde 0y 1'wbuQ - ILIHM
RS, [ ewy /019Q -- - - T T T AQ poAedey
. AINO 3ISN 8Y1 HOS
lNﬂi qu Aq jesods|q T ey ) o) wnjey
{ jesodsip pue ‘Buiddiys Bumoed 10) 8B1eYd M qe SisAjeue BuiImo)0) RIdwes JO LOY SOTSID d1eMPUI BSEBRIg) WS04SO INdNWYS
o Jxo g AyBIH gl el uyg ~ sjqewiely plsTeyUON
(092UBIEGNE SNOPIRZEY JO 810AN) YBIY LIGILND O} PAIDBUENS JO/PUR §]B1IAIRW SNOPIBTBY 8.8 (8)8|JWBS j| BIBI|PUI 0608Id ) NOILVYII41LN3Q) QUVZVYH 37181SSOd
{eBivy2inse ysni 0y 100igng) T T oysny TUTA T {SMMON
( 106euepy 1001014 8y AqQ n?oaé\ﬂ_u isnw ysny) Q34IND3Y 3INWIL ONNOHVYNHNL
- WOAS VON ndL Ooh o IOT T 3esgsiig g V1og  [9fer5Y - s0-Tog
YR Ay O] . I Iofas - 54, -39 -10Y
v TTTTTY] Ry CVF 3/ Iron -36- 159
TINOAIN] Py 00w o/oh-sE-50-T
RS £ B TR A LJIT-OF-50- 18] ¥
T RN Yoy 6°0H S\S -7 -50- \ag
TR wed d TCH

.Q\b-o.-nc-ﬂon

i &1,65.:2_ uay O

1o/o1-5-50- rpq
°. \o]5-0-fo-Tas
L ra
— (O>4 £ 4O>4J?L_l Doh L 377 wzﬁm Twy§) 33w J.Q.ﬂ \.‘oﬂho-ﬂaw
SUONDNIISY) |9dedS weibBosd Bupse) peisenbey 8A1BAIBSELd auIn|oA e|dweg edA) sidwes ON ejdwes

SZET-3562/2069

"ON 3NOHd LOVINOD 1D3r0OuHd

‘MNyymH A wdH

10VINOD 103rOoHd

- Tvvva nl.(xrm

a34iND3Y 14Od3H 31vd

)

TVIYAYy o] 33 ‘ON H3QYO 3SVYHOHNd

lotos

dJJ.\zv.o?V‘- - u ~

f ;
2(-‘ CJI¢7K09V“

vy, o) ZOQ

KU LAGEEARS

Ol 1HOd3d 8v1AN3S

S AN Xcev ) - 1) ol 18

vy ) o ° HIDVNVYW 103MOHd

90°10 "iI1h bOWK H3IGWNN 103roHd

TR v ) Jr.:ﬂu 1OVINOD AHOLYHO8VY
Yo e ey Ty NOILYNILS3Q 8V
T \rﬂ\ 7 Q3ddIHS S31dANVS 31vad
TTLRh 30T ONI0AuoD 0/0
€886 )T ©N o0 vy SISATVNV HO4 1S3ND3Y
| 4 buay Perun — ) - - a— - - - -

3WVN 133rOYd

NOILVIOJ¥0D E

AD0TONHOIL
Eo s

62% u&«J.xI A m.vl

TVYNOILVNYILNI

-

o




4
1
{
d

- - - - a [ ] o o ® ®
. LAY -
15 ahb B atulc R an TR LGNS JEERRRY ¥ N2> ¢ Adod pi@1y - MO1134
$9j0wes AuBdwod2w O} '1BUIBIIO - I 1HM
S el T T W, 1 Tt T Ag paajedey

—— . ATINO 3SN 8v1dOy

T qu Aq (wsodg USHD O) wnjey

Ve

(18sods|p pue ‘Burddiys ‘Buiyoed soy 3Bieyd jIm g SISAlRUR BLIMO)I0} 9jAWIBS JO LONISOTSIP BIEDIPU| FEEDId ) IYSOdSIA 3TdNVS

(Aoedg sswsid)

»YI0 T ooy AlyBiH T JURpI) WIS s|qRwIwe|4 \. PIBTBYUON

(saouelsqns snopiezey 0 si8As| YbIY LIBILOD 0) PBIDBdSNS JO/PUE SjRLIBIBW SNOPIBZRY IR (S)3jdWES }i B1eJIpUI 358DId) ‘NOILVYDI4ILNIQI QYVZVH 3718ISSOd

||\.|| |usION

( 1abeuep 198l0.g ayy AQ panoidde aq Isnw ysny)

(ebieyoins ysni o} 109igng) " ysny

Q341NO3Y 3NIL ONNOHWVYNHENL

o

NS R ok A .f:_,( \"ORh -2 \ 191 K DA I
:..::»_ SV VRSN j?.m Toes ) YR
I ATy ey TR ERYARRD VR 0N , W | w
| , WAl 357 ATV EER
: ] - PIn IRy ERYAL T TV ey -y . 124"
s .;...:.J STV Yy VAT A ICIEES XN # 91 D0
R 0k A - \ SR
| SV R AT Se\PTOL - 2 ! 81
, <m> deh) TR SSY)D 110K -2 3 PMm 133 >0
ey ST Pey) J..r\ Yy 13~y ) 23~ M 1330
suononIsy| e10edg weiboiy Bunsa) pajsanbay dAllBAIOSAId awn|oA ajdweg adA) sdwesg ON 3jdwesg

"‘ON 3INOHd 1OVINOD 1037OHd

$S28V-3L7 207
R WA

LOVINOD L03royd
Q3HIND3Y 14O0d3Y 31va

AN T "ON H3IAQHO 3SVYHOHNd

e

VOLOEL W TR
Jdu..o Iﬂnﬂ..‘b:a 7\

S oG OL 1HOd3d 8v1 AN3S IS 1T o118

L )
ST EL I D 1OVINOO AHOLVHO8V ST °g YIDVNVIW 103rOHd
Yo T TS NOILYNILS3A 8V TZEmh HIAWNN 1O3r0kd

| ¥ =
* :\w‘. Q3ddIHS S3dNVS 31va <) ?/\ R >J’ 5 3JANVN 103r0Ydd
f

. ‘ON 101U0D) /0 NOLLVEOJd¥OD
dTH IV SISATVNV HO4 1S3N03Y ASOTONHDIL E
0886/ T °nonueowy TVNOLLVN4ILNI

- . . . . . . -



[ ]
— = .
e o B-22 - | ‘
o ~ ; '_@_“_‘—daﬁf L Q“r‘( —3 w.‘7 So°% Qu\—— -~ AM’ A&r‘oo-\
]
- o au't\y Ll STl
o _;T?e\‘io—-—gg: MG—Q"&xer .- D ?)"\‘\ﬂr‘ ?' B- Q\\F‘V\'JT‘_YEU(';F.
_ Viitern ' MMES - D Benn, F. Lewmo
- PR e —— L;‘i".}:s:‘_.?. ?itcf"i"‘ +.Gi }hﬂ"‘ [ w. w, “‘4‘-' s, A P\"' W Ps N ’
_ _ " Accive at Base at RO MMED Ll bmy arrive  at °
e D*(s . Iu-,;\ﬁe.&;_%&g:&e% el W/ TT & mues,
)
,D.\_“Ac_v,,&.‘hs'_ M la o -
p W\%EL Mps - O4-Ga-0\ Lo Tew, ToR Vom ¢ Svou -
po— ~
. L Deilled ok e pled well MwI-or. Sepld wel o -
e 0% Bced o foeal Beptl, ol ®Ee., sex , 4
o «leen ad el cayiq o R . -
S »
I o - |
_ Co\\ed&:eﬁ_ theee sa——.\glc,i g(- s‘Po.\s r ome each _ __:
p i e el -\ PS-Z a8 PS-3 &-—1\;(& slupoed _4
- B Lo el . u»}b.“ No, OWM43I2N 10 —_—— — ’
|
— e ' e ——— e — — —— . — —
P ‘. CA\\CL,@ e‘%.%—-%ﬁt “:-\Lv.;*t sur-—je\‘ "o QC‘EK\_*__QE.\_, —
sn,...%(er at el Mw3-Of. S-»--{L\e_ suggci_ o abe B
l}w dL. _— . —_
|
; S _




N ————

e \ 7 t
3I-2S5 -t

| Wewcher ’ Cuercase SS°F AM; M CLe-g-rn.;S', s e

-~ .

ITT Cecsomnel ” M-MwafﬁB__@JU:;_S_,_D-.{)MT

J f('lf &uﬂh:

Vi tores Ld-s,(h& = D Tecerso w\w-“;a:s,.i*s_?kilhps

i MMES - D 8enn

' S

C/a‘,tmg:&t,& Mo rla A Ner CC-O-(-ri ;_,;;_) +» uep:L)L ) B
r
°Q&9.;_f < c£ S ?\u sl \.a ?t‘ﬁ_ Y~ &“i r%#ﬂgs&'—éﬁ,— — “L
l Ma\a €0 rou sa.-—§k¢, MB32-01-50 - S "0\__&;» _ -
VOA | SY¥oA  ToORb € Tew. ) T
No't{C\'g_& L—sgb to &..Tect (Q-"sc AL er !:‘C SW{L_&.\ . :r._
L coVlected Set Seo, d Man Loe Tles &e_k;umlh o ’
+o a{emx 4% Ce | C_a._g?\v,e-& 8.(}\\'\...43 o gz--e\(,!,! R
S%s’o) U_.F:ﬂ“ 13‘* —
|
4 !
"Ié@-._u;d\ Steve  Sa t ‘ - (OGP B
. | a% Si¢e - 3
J - TL‘\"&. so\ ber\'j W€ S.e e > @\ EC. \'*\t o —JP
¢ | 1 - .
: YV \ 3 -~ . . N b <
e poly cale ° S me K be 3¢.-——=:‘ [ i &
- ?(C SO o ke PS'Z w.\\L he zﬁe\d Qﬁ_& Q—.&'H }_
4 g‘or SF\@ 3

—paca—ekers, -

)
Py

)

]

)

» |



- T, 1 " .
» e 3- -4\ o o .

1 L‘_)___‘CA_,_&“\C' : AM S-w ‘-e}“ ' e e R (“‘-*r “Q-t'\y \ '
|3
o Q/\w\\—t} PR cermtax & 22le GO°F
I »1.‘- ?crxow“e\ N S R Qar&.:-..er'vre LO'-\L\'~§ , O, s«,\-a,_,? . &T\’EVQL '
I

Visiters ' W Wiliay D, Petemon, M. P\“‘“‘(" ’S‘.& \

- O.Dcu_}ug-ut

‘_Acrive ot Base _at OG3O,

\)E—';-g:cL Cece. fL-Q’E \":"32_'_ S e\& sh. F~e~'& oty
Mace Miter (TT-Cerrtns), Dirccted Mara <
aralyic sa—o le _SB3-03 ~10-0E-0\02  for  VOA, SvOA,

(2 P) A..-Lpﬂ__~_~

el &

’,_’i’;_‘g'—p:ﬁ&«r_\a- M ee IT_:C_-gg;kgl)” of erroe = sa— ?Lc\s _

N < c l S - - -le'% -0\ -
i~ ,A~~Q~_g%_&_srgscf_:ﬁ&7_,~_§~::€£e-__ﬁ.@w 1IS-le’e - was
f o oisdlel pet bt wms et stk L BEA o

-t (T T ™

q E o -—_#W~C&_?_9‘L_C&&¥4__Sﬁz_:€.\_&_g\_2—g&%ﬂi_‘_§&? Lor .

UDA , VoA ToPe _t TP, (Refccece - Telece. JRT

4= |

.
+—

L
I

e Macla M W\eg 3/3&/Qk) . e

B Deweleped cowitr well Mws-od by seemiva. |}

g —mfA‘*—\_.—M%.Q—_M%&C%LAW”@.S&LWL .

%MM&&M}M’: *Q&‘ﬂ'_,__., I

Sv.ge‘.t a@Qrox Ool&ke oG TsH e cael. R

| - 4

et el Seclogment 4y b oecthe Mﬂ_,__.-__#

| codiions: W\ _rescne (03.&-0_3_-‘._%, 4




- (ot
q{
L
. ) Dﬁ@hr-& %a.s¢ at \8(§ ;O" Fed Ex. &7& % ‘
| ) Gardine - e RBase at ROO. 4
[ A &er' .
oo \
a Bl S Y
[} — e
Wewthe = AM - clear bids donds 63°F, PR shyx o
Sﬂrc,et"—, Q*OF.
—-:\_-?erw»-\c\ - \\ BOY&-, A C—rd-—f&:b‘f, 4 Wbui‘\k—;
q
®
¢ A\rriug at Base at GO ’a‘et —ateriads awl Trod
%or S \,( at Stt&* (?a. a o>,
, —t-y e
|
Arcived ot Swee & at XR30O af set ~op at wel
MU)'*‘O\. U)e,\\ (U TIen Y bg,\ﬂ.L 9‘1‘\’ U\t\'\.»-. &W‘b\,_ \kr. )
¢ ‘Zq,‘tu-"wcs. Shwea \oxcer ::p.---s~ “wesc a.“e o F.,\_\ A - CL.&&.»G‘-«.\ ° (
Jég'sa-\\ms. Totu\ vo\u-—-—& ?grbc_& qﬁmk, \3 Squ°~.s,
e wel volowe for corremt  waker \evel . LM
q Xscors w .t T qu.v;'\\L as ?rﬂtelﬁ-ure ’C°“ >~l~?\'~3 .
€wos W“y \ow ?\‘QMES, we\l, -
P ‘ ?\4"5‘* O-—Qh SO—--—?\!L we(k M%-Oz_ . —r\\‘(_\ 9\/‘5?\& CL—&
so.__=€\¢, e Lfed “3-aAl were shJer{& Fed B, o- ] o
weybill o, 0043430, -
¢ N . C B _
" Co\\-c‘tq,&_ va.\ler W;ef.g_..:t flmsake wo. QC." ERZ20O - L
. a9 s\ Wgﬂn o~ awoe kgu:fbl“ -o . =
¢ Do‘t\g‘;cas \L«-—-—\_‘MS\/ ':‘_'k\“mg\ﬂ‘wk Lﬂ}: ac ®
¢
o




v‘:)c_) ,.x_c& \n‘l:__e‘ ‘*"\‘tt.- e

?—e @a.&@&. A v C o \Dfenc. ;\
help redce  cloug. ek —_ PR
S

NC"‘L Ct\\‘* bw{ M&&\lb‘“.k— "na_b t'\’\(:t— F‘\é-—tr :,ﬂ_~rl€a I\C_C,c_‘.ge‘&

&Ltuc.;-ar “-—eye oot \C’\?OC_..' Proc C&—u-‘e. -—v«\\ be.

ce buth (w cudlen <o \v\e\fp <l N

C./\'\a.-——Be(&- e L€ e
S a ey l.')e*(.—»:e, I‘e.'i.ﬂ

€ru C.0n,

De-\m..rk te at \*-Z-oo‘

' e i
-q-ay S
Lewiher ' AM- Clewr wlm G2°F PAM- d2°F

XV Zrsar—el ! 530\’& . M»Gm-rﬁ.(-\er' A \f‘ﬁurﬂ‘\f

A(‘f‘\ve, ot B:L.st Ccﬁ‘ Ce30 . '?\15? 26'&“\;”\"1"\5 Qcﬁ P‘"B“"B

57 paler a—d ,s,_.g,\,;,,s Ps-2 Que well videwme w. W
ot S Swies

. bve “€-euz& ‘C'“?-s- well  ased on &;99"“"c‘? _

e B Seade, (Meewned

© Teleces LFrom S Sares = Noe Cied clut ol Prev.cu.
Sa.m\ih_w( Srcepe _%r_,,%?!,gs shopped Mo “-g) were
-8°C. avae §Fec.;c~ e Yo k'\ﬁg,-iw.raka Chas Sected
all prevovs wells e hg,_tg;L%?Lqu‘_,,.I:@,_ se—gmles

| Camwot be clh el a—,&eﬁuads{,y_A .":—’_L:_\s_q_,_wj,\. be helll

. o»cm;b\a- - el aErarer. Measeeed. reke :%c-t—oz.ﬁii‘fh .
4.6°C whoh o Gely

L eleceron,. te—p prebe ot 4067C whil

L e\ox . "o - r%‘?""}ﬁ.ﬁ&"?i . PN .,5L,*‘3_(‘,\1L)¢_‘,_, o [




(i1 ==" NONCONFORMANCE REPORT

NR NO.
PROJECT NO. 409721 DATE: 03/04/91

1. NONCONFORMANCE DESCRIPTION

Problem: No sensitivity of PID detector for TCA, after finding that TCA and DCE are
not co-eluding as originally thought.

Criteria: Scope of work required analysis of samples and reporting contamination
concentration for TCA.

Impact: Reported concentration for DCE will change along with detection limits; will
not be able to report confident TCA values.

o C@) /%2/“"‘- 02/02/91

2. PROPOSED CORRECTIVE ACTION, INCLUOING INITIATION AND COMPLETION DATES

Continue program on present course, at end of project re-intergraffe DCE values. review
FID response for TCA and see if its possible to determine TCA concentration from FID.

TO BE PERFORMED “f/MZ/ZI/M 03/04/91

3 APPROVAL FOR PROPOSED CORRECTIVE ACTION—— /ﬂw)jz L;;,f
o

(A e %é?é

«commmrmmmmumrm)

Same as above. OCE values were reintergrated and corrected values reported, TCA detection
Timit for FID was high and resulting curve was poor and inconsistant. Results reported with
unique qualifier.

6. CORRECTIVE ACTION COMPLETE 03/04/91
PERFORMED BY: DATR:

VERFIED BY: Z DATE:




. . . .
80000 503 i o
-7 orZ 6 0(8 o -
A Bbz 0 B(L
T Bb2 0 B (9 & -
Py bBST ST Lb'Tebh OR8T (S %
P £19 L2 9°1806 026 (b .
e gua\\x 95 b'E 95'9BL BB (€ G
P 692 6°0T Lb'T69 8'9E (2 &
P pooseseec T(T | °
= INI-A 3d07S YIMY INOOWY
SIN10D Y3UY @Ask o ]
IAUND NOLIVHAITED 111 300 "
Jat? 7 »\\_MWMQ\Y M
- ) e e e e e mee e




-00'00L UL

JAYND NOIIvHAIT®D 61-T 300

SINN0D YIdy 6ale

-~ T -~ B =~ S o~ I e~

60°LE0¢
56 'TOFI
64298

-~ B~ T -~ B -~ R -~

tt9
e
t'P9

(8
(1L
(9
(S
(b
(¢
(¢
(1




APPENDIX B

PRELIMINARY REVIEW OF HYDROGEOLOGIC
DATA FOR FACILITIES ADJACENT TO
SKY HARBOR AIR NATIONAL GUARD BASE

Y
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TECHNoLoey Memorandum

To

From.

Subject

Don Willen, Project Manager Date September 18, 1990

-

C
Stevefgares, Principal Hydrogeologist

Preliminary Review of Hydrogeologic Data for Facilities
Adjacent to Sky Harbor Air National Guard Base

I. INTRODUCTION

In accordance with your request, I have prepared a brief summary of
data collection activities and analysis of hydrogeologic data for
facilities adjacent to the Sky Harbor Air National Guard facilities
at the Phoenix, Arizona Airport (the Base). These activities and
preliminary conclusions regarding the hydrogeology of the vicinity
are presented below.

The goal of this data collection and review effort is to aid in
determining appropriate monitoring-~well placement and design
specifications for wells to be installed during the Base Site
Investigation (SI). As you are aware, there has been much
discussion of appropriate depth, screen interval, and location for
the SI monitoring wells.

Data collection activities for this task were conducted between
July 9 and 11, 1990 and consisted of locating and obtaining
available potentiometric records for facilities generally within
one and one-half miles of the Base. Field activities such as
verification of well locations or measurement of water levels were
not conducted during data collection activities. All findings
presented below are based on the assumption that data collection,
reduction, calculation, and presentation contained in the records
are accurate and complete. Records were obtained from the

following agencies:
City of Phoenix Environmental Services Department
Arizona Department of Environmental Quality (ADEQ)
Arizona Department of Water Resources (ADWR)

In addition, a Remedial Investigation report was located at a
public library which contained hydrogeologic information relevant
to the Air National Guard facilities at the Papago Mili.ary
Reservation (Papago). The sources of information and relevant
hydrogeologic information are further discussed below.

44 8 85
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II. DATA SOURCE BIBLIOGRAPHY

Six primary sources of information were identified and evaluated in
this effort. Selected pages of reports and files were extracted
and copied from the sources listed below:

A. Summary of the Phase II Site Investigation for the City
of Phoenix at the West Sky Harbor Fuel Storage Facility
and Vicinity, Phoenix Sky Harbor International Airport,
Phoenix, Arizona. (May 31, 1990), Groundwater
Technology, Inc. Received from Mr. Donn Stoltzfus, City
of Phoenix.

B. ADEQ files for Avis Sky Harbor, ADEQ File No. 4715.122.
Received from Mr. Douglas Jamison, ADEQ.

C. ADEQ files for wuvarrett General Aviation Services
Division, ADEQ File No. 4715.355. Received from Mr.
Douglas Jamison, ADEQ.

D. Draft Remedial Action Plan for Del Rioc Landfill, City of
Phoenix, Arizona (February 23, 1990), Dames and Moore.
Received from Mr. Donn Stoltzfus, City of Phoenix.

E. Estes Landfill Hydrogeology. Received from Mr. Donn
Stoltzfus, City of Phoenix.

F. Remedial Investigation Report, 52nd Street RI/FS,
Phoenix, Arizona for Motorola, Inc. (June 1987), Dames
and Moore. Copy at Saquaroc Library, Phoenix, Arizona.

In addition to the above referenced documents, several others were
reviewed and received from the agencies listed above. Information
in the additional documents either duplicated information presented
below or are for facilities remote from the Base. Mr. David Annis
of the ADWR also provided much valuable discussion regarding
facilities and history of hydrogeologic investigations in the area
adjacent to the Base.

II. FINDINGS

Results of the hydrogeologic investigation at the Sky Harbor fuel
facilities (Reference A) are likely to be directly applicable to
the SI as the fuel facilities are located approximately 4,300 feet
(0.8 miles) from the center of the Base on a bearing of fifty

degrees west of north (N 50 W). These findings are summarized
below.
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Five monitoring wells, 90 feet deep, were installed at
the site in March and April 1990. The water level in
each well is approximately 71 feet below grade or at an
elevation of 1,038 to 1,036 feet above Mean Sea Level
(feet MSL).

Detailed casing elevations and depth to water were not
included in the information provided, however, a site
gradient map indicates a due westerly groundwater flow
direction at a gradient of approximately 0.002 or 10.9 ft
per mile.

Lithologic logs indicate mixed, unindurated alluvium at
the site consisting generally of sand to silt in the 0-5
foot depth interval, sand to pebbles in the 5-15 foot
interval, and sand to cobbles below 15 feet.

Avis Car Rental facility at Sky Harbor 1is conducting an
investigation for a fuel release (Reference B). The Avis facility
is located approximately 7,600 feet (1.4 miles) from the center of
the Base on a bearing of N 82 W. Findings from these files are
summarized below.

The depth to water, measured on 24 Nov 87 ranges from
61.26 to 64.51 feet below the surface, this corresponds
to an approximate elevation of 1,035 to 1,039 feet MSL.

The groundwater flow direction at the site is generally
west with the flow direction diverging to northwest and
southwest west of the Avis site. Reports suggest that
the divergence may be caused by an Arizona Department of
Transportation (ADOT) dewatering project located in line
with 21st Street between Buckeye Road and the Salt River.

The ADOT project was in operation at the time the
material in the files was prepared (1987). At that time
the dewatering system consisted of 11 wells each pumping
at approximately 1,500 gallons per minute.

The U.S. Geological Survey (USGS) conducted a pump test
during the dewatering project and determined the aquifer
transmissivity (T) to be 194,000 GPD/ft, and hydraulic
conductivity (K) to be 1,200 GPD/ft, using a saturated
thickness of 150 feet.
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Garrett General Aviation Services Division operates a facility
located approximately 6,300 feet (1.2 miles) southwest of the
center of the Base on a bearing of S 73 W. This facility is
conducting an investigation for fuel and solvent release (Reference
C). Findings from the Garrett files are summarized below.

The depth to groundwater was measured to be approximately
55.5 to 57.9 feet below grade or at an elevation of 1,044
to 1,042 feet MSL on 5 Dec 88.

Garrett has presented the groundwater flow direction to
be northwesterly (N 36 W). The ADEQ disagrees with this
interpretation and states that the ground water flow
direction at Garrett is North 80 East. This direction is
inconsistent with the regional flow direction as
indicated by all other references from the area. I have
reviewed the available potentiometric data at Garrett and
the flow direction, based on three-point solutions ranges
from N 15 W to S 36 E depending on the combination ouv

wells used. Thus the data from Garrett appears
inconsistent and should not be relied upon for the Base
SI.

The City of Phoenix owns a landfill located approximately 14,600
feet (2.8 miles) southwest of the Base on a bearing of S 74 W.
This landfill is called the Del Rio or 16th Street landfill and it
is located on the south edge of the Salt River (Reference D).
Findings from the files are presented below.

Depth to groundwater is typically 35 to 40 feet below
ground level or at an elevation of 1,045 t* 1,040 feet
MSL.

Water levels in wells have demonstrated fluctuation of up
to 28.7 feet in a single well over a period of ten years.
The peak water level (all wells) was 1,055.6 feet MSL
(approximately 24 feet below ground level). The minimum
water level over the same period was 1,020.51 feet MSL
(approximately 59.5 feet below ground level).

Hydrographs for monitoring wells over the period from
1979 to 1990 indicate that water elevations in wells in
the period 1986 to 1990 are at the lower end of the range
(1,025 to 1,045) while during the period 1983 to 1986
they were in peak ranges (1,055 to 1,045). In general,
water levels in these wells have declined approximately
20 feet from the 1983 peaks to the 1990 lows or an
average of 2.8 feet per year. Prior to the 1983 peak
levels, water levels were in the 1,030 foot range as late
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The City of Phoenix also owns another landfill southeast of the
The Estes Landfill is located approximately 6,500 feet (1.2

Base.

5

as 1982. Water levels in monitoring wells demonstrate a
strong correlation to flows in the Salt River, thus a

continued decline in water levels cannot be projected.

Reference D provided several potentiometric maps for the
Del Rio Landfill. These maps were prepared by the
authors of the report by unknown means. Based on the
maps presented, the groundwater flow direction averages
a bearing of N 60 W (300 degrees azimuth) for nine maps
Jresented in the report under dry river conditions. One
potentiometric map representing conditions of flow in the
river was also presented, the groundwater flow direction
in this case was S 57 W (213 degrees azimuth).

miles) from the Base on a bearing of S 82 E (Reference E).

The

miles) on a bearing of S 15 W from ANG facilities at the Papago

Military Reservation. Findings from review of Reference F are

Depth to water at the Estes Landfill is typically 40 to
60 feet below ground level or at an elevation of 1,080 to
1,060 feet MSL.

Water 1levels in monitoring wells also fluctuate in
association with flow in the River at the Estes Landfill.
The maximum fluctuation observed in a single well over a

period of seven years is 43.77 feet. The peak
groundwvater elevation in all wells is 1,111.5 feet MSL
(approximately 20 feet below ground level). The minimum

water level in all wells was 1,038.63 feet MSL (84 feet
below ground level.

Potentiometric data from shallow and deep wells suggest
a downward vertical gradient at the Estes Landfill,
however, lack of well specifications in the information
presented prohibits and analysis of the ve.'tical gradient
conditions.

The groundwater flow direction from prepared maps
reviewed averages S 83 W during dry conditions in the
river. One map presented for streamflow conditions
depicts a groundwater flow direction of S 51 W.

Motorola facility is located approximately 3000 feet

presented below.
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Depth to water at the Motorola facility is approximately 22
feet below the ground level or at an elevation of 1,198 feet
MSL.

Hydrograph records for well DM101 (nearest to Papago) indicate
a maximum fluctuation of five feet, primarily in response to
precipitation, The peak water level in this well was 17.5 feet
below the top of casing and the minimum measured was 23 feet
below the top of casing.

Groundwater flow direction in the shallow portions of the
aquifer is approximately S 70 W.

Alluvium overlies volcanic bedrock to a depth of approximately
26 feet. The alluvium thins to the north and west and may be
thinner at ANG facilities at Papago.

ITI. DISCUSSION AND CONCLUSIONS
A. MONITORING WELL SCREEN INTERVAL
Sky Harbor

The Base 1is 1located in an area with ground elevation of
approximately 1,110 feet MSL. The current monitoring well design
calls for 50 feet of screen to be placed 30 feet below the ambient
water table and 20 feet above the water table.

Data from the Sky Harbor fuel facility investigation and other
sites in the area suggest that the water table will be encountered
at a depth of approximately 70 feet below the surface or at ar
elevation or 1,040 feet MSL. This configuration will require soil
borings to be extended to approximately 100 feet below the ground
surface for well construction. The well bottom will be located at
an elevation of approximately 1,010 feet MSL and the top of the
screen interval will be approximately 50 feet below ground or 1,060
feet MSL.

Using data from the Del Rio Landfill (Reference D) during periods
of prolonged flow in the Salt River, water levels may be expected
to rise as much as 20 to 25 feet. Assuming a 20 foot rise in the
water table due to flow in the river, the water table elevation at
the Base would be approximately 1,060 feet MSL. This is at the
level of the top of screen in proposed monitoring wells. Based on
this scenario, it may be prudent to set the top of screen at an
elevation of 1,(65 or 25 feet above the expected water table.
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A screen length of 50 feet would place the bottom of the well at
1,015 feet or 25 feet below the expected water table. Assuming
five feet of saturated well are required for representative samples
to be collected, the water table could go as low as 1,020 feet and
the wells would remain useful. This is approximately the lowest
level recorded at any of the surrounding areas, the 1,020 level
also represents over seven years of useful life at an average water
table decline rate of 2.8 feet per year. The 50-foot-long screen
proposed should be adequate for the objectives of the SI and future
use.

Papago

The current proposed monitoring well design for Papago wells is the
same as the wells designed for the Base; thirty feet of screen to
be placed within the water table. Given the information presented
in Reference F, above, it is 1likely that upon completion of
piezometers at Papago and measurement of water levels, it will be
desirable to modify the screened interval to allow 15 feet below
and five to ten feet above the water table. This interval should
be sufficient to accommodate anticipated water-level fluctuations.

B. MONITORING WELL PLACEMENT

Sky Harbor

Proposed monitoring well locations for the Base SI were developed
assuming a westerly (N 90 W) groundwater flow direction. The
possibility of significant deviation from this direction motivated
the collection of existing data to verify the assumption of
westerly groupn- rater flow.

Because the potentiometric data obtained during this effort were
not collected from a single point in time, they cannot be used in
preparation of an area potentiometric map, therefore accurate
prediction of groundwater flow direction for the base cannot be
made.

Generally, published groundwater flow directions are in a westerly
(S 83 W) to northwesterly (N 60 W) direction during no-flow
conditions in the Salt River. The exceptions to this condition are
during flow in the river and one combination of water levels at the
Garrett Aviation facility. Groundwater flow direction during river
flow is discussed below. The Garrett data are inconsistent, using
the same four data points groundwater flow direction variation of
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140 degrees can be obtained. It is advisable not to utilize this
data in placement of SI wells unless separate conformation of
easterly flow directions can be made.

The available data indicate that during periods of river flow, the
groundwater gradient on the south side of the river is in a
southwesterly direction (S 57 W to S 51 W). It follows, assuming
flow in the river creates a mound in the water table coincident
with the axis of the river, that the groundwater flow direction
north of the river would be in a northwest (N 57 W to N 51 W)
direction during periods of river flow.

Using the above discussion it is reasonable to assume that
groundwater flow direction around the Base is primarily westerly,
with a maximum northerly component of 30 degrees north of west
during no-flow in the river and a maximum northerly component of 39
degrees during periods of flow in the river. Given this analysis
it is recommended that the initial plan of piezometer installation
and flow direction determination prior to well placement be adhered
to for the SI. It may be prudent to periodically measure water
levels in elevation-surveyed wells from surrounding facilities to
develop an area potentiometric map during the SI. Any offsite
monitoring should be limited to facilities within a one and one-
half to two mile radius of the Base.

Papago

Proposed monitoring well 1locations for Papago were developed
assuming a westerly groundwater flow direction. Should piezometric
information agree with the data contained in Reference F,
indicating a southwesterly flow direction, it may be desirable to
relocate well MW4-03 to the west side of Building 112. However
this determination should be postponed until site-specific
potentiometric data are available.
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GEOPHYSICAL SURVEY

1.0 Introduction

A geophysical survey was conducted from December 13 to 23, 1990 at Sky Harbor Interna-
tional Airport (IAP) in Phoenix, Arizona. The survey was conducted in two phases. The first
phase involved the geophysical clearance of all proposed soil organic vapor (SOV) sampling
points and soil boring and monitoring well locations of underground pipelines and utilities at
Site 1 (JP-4 Hydrant Area), Site 2 (Hazardous Waste Storage Area), Site 3 (Fuel Bladder
Area), Site 4 (107TCS Hazardous Waste Collection Area), and Site 5 (Ammunition Disposal
Area). Electromagnetic (EM) utility locators and ground penetrating radar (GPR) methods
were used during this phase of the investigation.

During the second phase of the geophysical investigation, EM and GPR surveys were
conducted at Site 5 to locate buried ammunition. In 1980, live 50-caliber ammunition was
discovered in excavations during installation of a closed circuit television (CCT) system
(AZANG, ;990). Ammunition was found in two areas shown in Figure 1. The Preliminary
Assessment (PA) reported that ammunition was found at depths ranging from 6 to 8 feet at a
location approximately 50 feet south of the CCT trench locations (HMTC, 1988).

The locations of the Site 5 EM and GPR surveys are shown in Figure 1. Several modifica-
tions .o the original survey design were necessary based on unanticipated field conditions. As
originally planned, magnetic and EM surveys were to be the primary means of locating buried
ammunition with the use of GPR restricted to problem areas or areas requiring additional
data. However, due to the abundance of surface structures, vehicles, and underground
utilities, EM surveying was conducted only in areas relatively uncongested with metallic
material. The magnetic survey was not performed because of interference from unwanted
sources over much of the area of the site. As a consequence, GPR was used as the primary
exploration tool. In addition, the EM survey was extended 130 feet to the west to include a
more open area approximating background soil conductivity conditions.

2.0 Field Procedures.

This section describes the field procedures used for the geophysical clearance and the
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l geophysical survey at Site 5 (Ammunitions Disposal Area). A Geophysical Survey Systems, ‘
Inc. (GSSI) Subsurface Interface Radar System 10, which was equipped with 120-, 300-, and %,
LI 500-MHz monostotic antennae, a Radio Detection Model RD-400 electromagnetic cable »
locator, and a Metrotech Model 810 pipe and cable detector were used during the geophysical
clearance phase. The GPR unit and a Geonics EM-31DL (EM-31) with a digital data logger
were used during the geophysical surveys at Site 5. Detailed equipment descriptions and
L supporting theory are included in Appendix A. ]

2.1 Geophysical Clearance
Geophysical field procedures used to clear drilling locations of subsurface obstructions are
¢ described in this section. First, all utilities near the drilling point evident from utility maps ]
and visual observation were traced by placing the Metrotech or RD-400 transmitter on the
line, delineating the line using the receiver, and marking it on the ground surface using
orange surveyor’s paint. Individual drilling locations were then cleared by holding the
¢ transmitter on the line and circling with the receiver at a radius of approximately 40 feet. ’
When a line was located using the receiver, the transmitter was relocated to that point and the
line was traced and marked in the vicinity of the drill point. If a utility was found within
approximately 3 feet of the drilling location, it was moved and the entire procedure repeated.
¢ Finally, in areas where nonmetallic pipes or large numbers of utilities were present, two ’ ®
perpendicular GPR profiles were conducted over the drilling point using the 120-, 300-,
and/or 500-MHz antennae. If additional utilities were located within 3 feet of the drilling
location, the boring was moved and the clearance procedures repeated.

2.2 Geophysical Survey: Site 5 - Ammunition Disposal Area
EM and GPR surveys were conducted at Site 5 to determine the possible location of buried
ammunition disposed of during the 1950s.

To provide spatial control, a 20- by 20-foot grid was marked with surveyors paint in the area
of interest. The location of the base grid relative to permanent site features is shown in
Figure 1.

Readings of conductivity and in-phase component field strength, as measured by the EM-31,
were collected at 5-foot intervals along both north-south and east-west lines spaced 20 feet
apart. The locations of the EM survey lines are shown in Figure 1. Data were stored in a
digital data logger and downloaded to a laptop computer at the completion of the survey.
Many of the EM survey lines were conducted in segments due to buildings and other
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obstructions. For example, data were not collected in the Liquid Oxygen Storage Area
(Building No. 46 and its perimeter) because of the adverse effects of the oxygen tanks and
surrounding fences.

The GPR survey was concentrated in the vicinity of the Ammunition Dump and in the areas
where ammunition was discovered during trench excavations in 1980. The locations of the
GPR profiles are shown in Figure 1. All GPR profiles within the Liquid Oxygen Storage
Area (Lines GPR-1 through GPR-9) were conducted with both the 300- and 120-MHz
antennae. All other GPR profiles were conducted with only the 300-MHz antenna. All GPR
data were stored on digital tape for later processing.

To allow an accurate interpretation of the geophysical data, the locations of all surface
metallic objects were accurately plotted relative to the base grid as shown in Figure 2.

3.0 Data Processing and Interpretation

Computer-generated plots of the EM profiles are included in Appendix B. In-phase and
conductivity anomalies were tracked from line to line when possible, or noted as single

anomalies. Some portions of the data severely affected by buildings and vehicles were

deleted before plotting.

Field mapping of surface metallic objects made it possible to distinguish anomalies caused by
known sources from those caused by buried pipelines and other conductive objects. Contour
maps of the EM data were not generated because a significant portion of the data was
affected by buried objects and surface features.

Color plots of the GPR sections were made for interpretation, with a color scale proportional
to the amplitude of the reflected signal. Two-way travel times were converted to depths
using an assumed relative dielectric constant of five. Anomalies due to known sources, such
as surface objects or buried pipes, are noted on the profiles. Examples of interpreted GPR
sections are included in Appendix C.
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4.0 Discussion and Results

The first phase of geophysical surveying involving geophysical clearance of subsurface
obstructions to drilling resulted in the successful installation of all SOV probes, soil borings,
and monitoring wells.

In the second phase of geophysical surveying, EM and GPR were used to assess the likeli-
hood of additional buried ammunition at Site 5. The results of the EM survey are presented
graphically in Appendix B and are summarized in Figure 2. After discarding in-phase and
conductivity anomalies due to known sources, significant remaining anomalies were observed
to exhibit continuity between parallel survey lines, and because of their linear character are
interpreted to be caused by underground utilites.

GPR profiles are presented in Appendix C. Assuming a relative dielectric constant of five for
geologic materials at Site 5, effective depth of penetration was approximately 5 feet for the
300 MHz antenna and approximately 12 feet for the 120 MHz antenna. Although the
penetration depth of the 120 MHz antenna was significantly greater, its resolution was
correspondingly lower then the 300 MHz model. In addition, the 120 MHz antenna was not
shielded, and therefore was subject to signal interference from aboveground sources. An
example of this can be seen in Figure C-4, in which a fence is responsible for a hyperbolic
reflection between 75 and 90 feet. Because of these shortcomings, it is not likely that the 120
MHz antenna was capable of resolving containerized ammunition.

The anomalies observed on GPR profiles north of monitoring well MW5-02 were compared
with known surface and subsurface features as shown in Figure 2. Two significant anomalies
could not be related to known features. Anomaly A, shown in Figures 2 and C-2, is located
at approximately 19 feet south on Line 440 east. This anomaly is traceable through several
parallel survey lines, and its trace intersects a manhole located at the intersection of Lines 400
east and 20 south. Further, the depth of the anomaly is less than approximately 3 feet. There
is little doubt that the source of the anomaly is an underground utility. Anomaly B (Figures 2
and C-2) is characteristic of a metal object very near the ground surface. A similar anomaly
was caused by an iron manhole at the intersection of Lines 400 east and 20 south.
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. GPR surveys in the area north of monitoring well MW5-02 were apparently capable of .
resolving underground utilities down to several inches in diameter. Therefore, assuming that Y
ammunition was containerized or buried in some other bulk fashion, it is likely its presence ’

would be indicated in the GPR data to a depth of roughly 5 feet. The lack of unaccounted- x
for GPR anomalies is an indication that large concentrations of ammunition are not present in

this location.

GPR profiles in the vicinity of Building 46, labelled GPR-1 through GPR-9 in Figure 1, were

compared with known surface and subsurface features. Anomalies traceable across several

records can be explained by the presence of features shown in Figure 2. For example,

comparison of Figures 2 and C-4 demonstrates the hyperbolic signature of several under- ’
ground utilities and the masking effect of the concrete-slab floor of Building 46.

No anomalies were found that strongly indicated the presence of buried ammunition near
Building 46. However, as shown in Figure C-4, geologic layering below a depth of approxi-
mately 2 feet is apparently indistinct to nonexistent. This leads to two possibilities: (1)
layering does not exist; this may be a natural condition or layering may be disturbed, (2)
layering exists but was not resolved with GPR due to poor penetration or interference from
known features. In considering the latter case, Figures C-1, C-2, and C-3 should be compared
to Figure C-4. Figures C-1, C-2, and C-3 are radar profiles obtained along survey lines
located approximately 150 feet northeast of Building 46 (Figure 1). Geologic layering in this
area appears much more distinct than in the vicinity of Building 46; thereby lending support

j to the former possibility.

5.0 Conclusions

Two phases of geophysical surveying were conducted at Sky Harbor IAP using GPR and EM
methods. The first phase of surveying involved geophysical clearance of drilling and SOV
locations of subsurface obstructions. In the second phase of the survey, subsurface conditions
were assessed for the presence of buried ammunition.

The geophysical clearance phase of work resulted in the successful installation of all borings,
monitoring wells, and SOV sample points.

The results and conclusions of the second phase of the investigation are based primarily on
GPR data. The EM data were of limited use because of the adverse effects of abundant
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l surface and subsurface electrically conducting material not related to previous disposal ‘
X operations. .
e
Radar data in the vicinity of Building 46, the Liquid Oxygen Storage Area, did not provide x
N direct evidence of buried ammunition. However, the apparent lack of layering in geologic
materials within this area may be due to excavation and disruption during disposal operations.
®
Geologic layering appears more distinct in the survey area northwest of Building 46. This
may be an indication that disposal has not occurred in this area. Further, no anomalous
materials were apparent in the radar data to its approximately 5-foot depth limit, although
underground utilities were clearly resolved in this same interval. This implies that buried L
ammunition, if present and of approximately the dimensions of a typical underground utility
diameter, would be detected to a depth of approximately 5 feet.
Direct confirmation of the presence or absence of buried ammunition at Site 5 is not possible L
based solely on nonintrusive methods. Individual cartridges smaller than the minimum
dimensions resolved by GPR may be present at any of the locations surveyed. Ammunition
in any form may be present at depths greater than effectively sensed by radar. Finally,
ammunition disposal occurring in discrete zones of dimensions smaller than the geophysical ® ®
grid spacing of 20 feet may not have been crossed by a geophysical survey line and therefore
could remain undetected.
]
o
®
o
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APPENDIX A
THEORETICAL BACKGROUND

A.1.0 Electromagnetic Induction

Electromagnetic (EM) induction equipment used during this investigation consisted of a
Geonics EM-31DL terrain conductivity meter (EM-31) with an Omni digital data logger, a
Metrotech Model 810 pipe and cable detector (Metrotech), and a Radio Detection Model RD-
400 electromagnetic cable locator (RD-400).

The EM-31 has a transmitter and receiver coil mounted at each end of a 12-foot-long plastic
boom. An audio-frequency alternating current is applied to the transmitter coil, causing the
coil to radiate a primary EM field with a magnetic field vector parallel to the axis of the
coils. This time varying magnetic field induces eddy currents in any conducting material in
the subsurface as described by Faraday’s Law on induction. These eddy currents have an
associated (secondary) magnetic field with a strength and phase shift relative to the primary
field that is dependent on the conductivity of the medium. The receiver coil measures the
resultant effect of both primary and secondary fields. By comparing the signal at the receiver
to that at the transmitter, the instrument is able to record the in-phase component (in-phase)
and the component 90 degrees out of phasc (quadrature) with the primary field.

Most geological materials are poor conductors, and the flow of current through the material
takes place in the pore fluids (Keller and Frischknecht, 1966). Conductivity is predominantly
a function of soil type, porosity, permeability, pore fluid ion content, and degree of saturation.
The EM-31 is calibrated so that the out-of-phase component is converted to electrical
conductivity in units of millisiemens per meter (mS/m) (McNeill, 1980). The in-phase
component is read in parts per thousand (ppt) of the primary EM field and is generally
adjusted in the field to read zero response over background materials.

The depth of penetration for EM induction instruments is dependent on the transmitter-
receiver separation and coil orientation (McNeill, 1980). The EM-31 has an effective
exploration depth of about 18 feet when operating in the vertical dipole mode (horizontal
coils). In the absence of large metallic features such «s tanks, drums, pipes, and reinforced
concrete, the maximum instrument response results from materials at about 3 to 5 feet below
ground surface. A single buried drum typically can be located to depths of about 5 feet
whereas clusters of drums can be located to significantly greater depths depending on
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background noise. The EM-31 generally must pass over or very near to a buried metallic
object to detect it. Both the out-of-phase (conductivity) and in-phase components exhibit a
characteristic anomaly over near-surface metallic conductors. This anomaly consists of a
narrow zone having strong negative amplitude centered over the target and a broader lobe of
weaker, positive amplitude on either side of the target. For long, linear conductors such as
pipelines, the characteristic anomaly is as described above when the axis of the coils
(instrument boom) is at an angle to the conductor; however, when the instrument boom is
oriented parallel to the conductor, a positive amplitude anomaly is obtained.

EM-31 applications include the delineation of soil contamination, oil brine pits, buried
metallic and nonmetallic debris, landfill boundaries, buried pipes and cables, and buried
drums and tanks.

The RD-400 and Metrotech are specifically designed to accurately locate and delineate
underground pipes and utilities. A transmitter emits a radio-frequency signal that induces a
secondary EM field in nearby utilities. A receiver unit measures the signal strength of this
secondary field and emits an audible response to allow the precise location of the pipe, cable,
or other conductor in which a signal is induced. If the utility is accessible anywhere, the
source signal can be directly applied to it, making the secondary field much larger and readily
measurable.

A.2.0 Ground Penetrating Radar
Ground penetrating radar (GPR) equipment used during this investigation consisted of a
Geophysical Survey Systems, Inc. (GSSI) Subsurface Interface Radar System 10 equipped
with 120-MHz, 300-MHz, and 500-MHz monostatic antennae.

In conducting a GPR survey, a transmitter antenna that emits a high frequency (center
frequencies in the range of 80 to 900 MHz) EM wave into the subsurface is pulled along the
survey line. This wave propagates at the speed of light in a vacuum scaled by the square root
of the relative dielectric constant of the medium and reflects at boundaries where the relative
dielectric constant (and therefore the propagation velocity) changes. The contrast in velocity
between the two media can be quantified as a reflection coefficient at the boundary. The
magnitude of the reflection coefficient increases as the contrast in velocities increases, and its
sign is positive or negative depending on whether the velocity increases or decreases,
respectively, at the boundary.

KNWP451 APP/08-26-01/DRAFT #1 A-2
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The reflected signal is detected at a receiver antenna, often as a characteristic triplet that is ‘
the result of the receiving antenna response and multiples generated along the propagation *

— oy ey

path. The signal is transmitted to a contro! unit, displayed on a color monitor, and saved on ®
digital tape (if necessary).

As predicted by Maxwell’s equations for a propagating EM wave, two kinds of charge flow

are caused by the alternating electric (E) and magnetic (H) fields associated with it (Ulriksen, ®
1982). These are conduction currents and displacement currents. The conduction current

term is predominant at lower frequencies and it is these that are used in the EM induction

method. At the higher frequencies used in the GPR method, the displacement current term

becomes predominant. The high frequencies will set bound charges in motion causing ®

polarization.

The material physical properties that describe the movement of charges by conduction
¢ currents and displacement currents are the conductivity and the dielectric constant of the ®

——c [ T [ ] _——,

medium, respectively. The conductivity is a measure of the ease with which charges and

charged particles move freely through the medium when subjected to an external electric

field. The dielectric constant, or its value normalized by the dielectric constant of free space,

called the relative dielectric constant, is a measure of how easily a medium polarizes to L e
accommodate the EM fields of propagating wave (Keller and Frischknecht, 1966).

Although conductivity has a lesser effect on the transmission of EM waves emitted from a

GPR unit, it does have an important effect on the attenuation of the waves (Ulriksen, 1982). ’
Highly conductive media will attenuate the EM signal rapidly, restricting depth penetration of

the first several feet. Highly resistive (poorly conductive) media will allow much deeper

depth of penetration. The frequency of the transmitted waves also affects the depth of

frequencies can resolve smaller objects and layers at the expense of decreased effective depth
penetration.

In unconsolidated materials, conduction takes place mostly through the pore fluids (Keller and
Frischknecht, 1966). Changes in pore fluid content, porosity, permeability, and degree of
saturation will therefore affect reflected and refracted EM signals. This is how trenches, in
which there may be different compaction relative to the surrounding area, can be identified.
When the target of a GPR survey is a metallic conductor such as metal pipes and cables,

i
\ g penetration. Lower frequencies penetrate deeper, but have low resolution, whereas the higher ’
5 drums, tanks, ammunition shells, etc., the mechanism is somewhat different. An EM wave
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will completely reflect when reaching a metallic conductor. This total reflection makes
metallic targets well suited for the GPR method when they are within the depth of penetration
range of the instrument. There will be no reflections from below the metallic conductor,
although there generally will be multiples. The edges of the metallic reflector will have
diffraction patterns that are a result of the fact that both the transmitting and the receiving
antennae are not focused, but emit and receive from a 45 degree cone. This cone allows the
radar 1o see objects that are ahead of it, placing them deeper in time. As the radar
approaches the object, the reflection becomes shallower, with the shallowest reflection taking
place when the radar is right above it. The same pattern will be seen as the antenna moves
away from the object.

Applications of GPR include delineation of pits and trenches containing metallic and
nonmetallic debris; location of buried pipes, drums, and tanks; mapping of landfill boundaries;
and mapping of near-surface geology. Near-surface metallic objects such as pipes and tanks
exhibit a characteristic high-amplitude hyperbolic anomaly and generally are relatively easy to

recognize.
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EXECUTIVE SUMMARY

From January 15-17, 1991, TARGET Environmental Services, Inc.
(TARGET) conducted a soil gas survey at the Sky Harbor Air National
Guard Base and at the Papago Military Reservation, Phoenix,
Arizona, as part of a site investigation. Samples were analyzed
by GC/FID for petroleum hydrocarbons and by GC/ECD for chlorinated
hydrocarbons.

Very low levels of FID Total Volatiles occurred in several
locations in the JP-4 Hydrant Area and the Hazardous Waste Storage
Area at the Sky Harbor Air National Guard Base and at the Papago
Military Reservation. None of the standardized FID analytes were
present above their 1 ug/l detection limit in any of the areas at
either site.

GC/ECD analysis indicated that relatively low levels of 1,1-
dichloroethene (1,1-DCE) were present in samples collected from the
JP-4 Hydrant Area and the Hazardous Waste Storage Area at the Sky
Harbor Air National Guard Base. Tetrachloroethene (PCE) was
observed in all field samples. However, since comparable levels
were also observed in all Field Control Samples (indicating
persistent carryover in the sampling equipment), it is questionable
whether the concentrations present in the field samples accurately
reflect conditions in the soil gas at the sampling locations. None
of the other standardized halogenated hydrocarbons were present
above their respective detection limit in any soil gas samples from

either site.



i
|
l
l
l

o g

Introduction

IT Corporation contracted Target Environmental Services, Inc.
(TARGET) to perform a soil gas survey at three locations on the Sky
Harbor National Guard Base and at one location on the Papago
Military Reservation, both in Phoenix, Arizona, as part of a site
investigation. The field and analytical phases of the work were

performed from January 15-17, 1991.

Field Procedures

Soil gas samples were collected at a total of 32 locations at
the three sites. Fourteen (14) samples were collected at Site 1
(JP-4 Hydrant Area), 11 with the hydraulic probe and 3 with the
drive rod. Twelve (12) samples were collected in Site 2 (Hazardous
Waste Storage Area), all using the hydraulic probe. Sampling was
attempted but was unsuccessful in three locations in Site 3 (Fuel
Bladder Area). Six (6) samples were collected at the hazardous
waste collection area on the Papago Military Reservation, all with
the drive rod. Sampling order is included in Table 1 and sampling
depths are shown in Table 2.

To collect samples with the van-mounted hydraulic probe, the
probe was used to advance connected 3' sections of 1" diameter
threaded steel casing down to the sampling depth. Although the
proposed sampling depth was 10', some samples were collected at
shallower depths due to probe refusal. The entire sampling system
was purged with ambient air drawn through an organic vapor filter
cartridge. A teflon line was inserted into tne casing to the

bottom of the hole, and the bottom-hole line perforations were




isolated from the up-hole annulus by an inflatable packer.

To collect samples with the drive rod, a 1/2 inch hole was
produced to the sampling depth. Where pavement was present, an
electric hammer drill was employed for penetration prior to using
the drive rod. The entire sampling system was purged with ambient
air drawn through an organic vapor filter cartridge, and a stain-
less steel probe was inserted to the full depth of the hole and
sealed off from the atmosphere.

Whether using the hydraulic probe or the drive rod, a sample
of in-situ soil gas was then withdrawn through the probe and used
to purge atmospheric air from the sampling system. A second sample
of soil gas was withdrawn through the probe and encapsulated in a
pre-evacuated glass vial at two atmospheres of pressure (15 psig).
The self-sealing vial was detached from the sampling systenmn,
packaged, labeled, and transported to the laboratory for analysis.

Prior to the day's fiela activities all sampling equipment,
drive rods, and probes were decontaminated by washing with soapy
water and rinsing thoroughly. Internal surfaces were flushed dry
using pre-purified nitrogen, and external surfaces were wiped clean
using clean paper towels.

Field control samples were collected at the beginning and end
of each day's field activities and after finishing a day's sampling
in an area. These QA/QC samples were obtained by inserting the

probe tip into a tube flushed by a 20 psi flow of pre-purified

nitrogen and collecting in the same manner as described above.



Laboratory Procedures

All of the samples collected during the field phase of the
survey were subjected to dual analyses in the field in TARGET's
climate-controlled mobile laboratory using a Shimadzu 14-A gas
chromatograph.

The first analysis was conducted according to EPA Method 601
(modified) on a gas chromatograph equipped with an electron capture
detector (ECD), but using direct injection instead of purge and
trap. Specific analytes standardized for this analysis were:

1,1-dichloroethene (1,1-DCE)
1,1,1~trichloroethane (1,1,1-TCA)
tetrachloroethene (PCE)

Ten other halogenated hydrocarbons are also included 1in
TARGET's standard gas mixture and are standardized in every
analytical batch. These compounds (and their respective detection
limits, in ug/l) are trichlorofluoromethane (0.05), methylene
chloride (1.0), trans-1,2-dichloroethene (1.0), 1,1-dichloroethane
(1.0), cis-1,2-~dichloroethene (1.0), chloroform (0.10), carbon
tetrachloride (0.05), trichloroethene (0.10), 1,1,2-trichloroethane
(0.10), and 1,1,2,2~-tetrachloroethane (0.1).

The second analysis was conducted according to EPA Method 602
(modified) on a gas chromatograph equipped with a flame ionization
detector (FID), but using direct injection instead of purge and
trap. The analytes selected for standardization in this analysis

were:

benzene

toluene

ethylbenzene

meta- and para- Xylene
ortho-xylene




' . ' These compounds were chosen because of their utility in evaluating
the presence of fuel products, or petroleum based solvents.
¢ The FID Total Volatiles values were generated by summing the
— areas of all chromatogram peaks and calculated using the instrument
response factor for toluene. Injection peaks, which also contain
¢ the light hydrocarbon methane, were excluded to avoid the skewing
of the Total Volatiles (Totals) values due to injection distur-
bances and biogenic methane. For samples with low hydrocarbon
1 concentrations, the calculated Total Volatiles concentration is
occasionally lower than the sum of the individual analytes. This
is because the response factor used for the Total Volatiles calcu-
¢ lation is a constant, whereas the individual analyte response fac-
tors vary with concentration. It is important to understand that
the Total Volatiles levels reported are relative, not absolute,
) ‘ values. »
The analytical equipment was calibrated using an instrument-
response curve and injection of known concentrations of the above
¢ standards. Retention times of the standards were used to identify »
the peaks in the chromatograms of the field samples and their
response factors were used to calculate the analyte concentrations.
q The tabulated results of the laboratory analyses of the soil gas »
samples are reportced ... micrograms per liter (ug/l) in Tables 3
through 5. Although "micrograms per liter" is equivalent to "parts
) per billion (v/v)" in water analyses, they are not equivalent in »
gas analyses, due to the difference in the mass of equal volumes

of water and gas matrices.

‘ For QA/QC purposes, a duplicate analysis was performed on »




every tenth field sample. Laboratory blanks of nitrogen gas

(99.999%) were also analyzed after every tenth field sample.

Quality Assurance_ sSamples

All laboratory blanks were free of detectable levels of the
standardized analytes.

All Field Control Samples contained tetrachlorocethene (PCE)
ranging from 0.08 to 4.0 ug/l, indicating persistent carryover in
the sampling equipment. The PCE observed in the field samples
(0.60 to 6.7 ung/l) may not accurately reflect conditions in the
soil gas at the sampling locations. Unsuccessful attempts were
made to remove the contamination from the sampling equipment.
Instead of immediately outflushing the nitrogen drawn into the
sampling system during the purging step, the nitrogen was allowed
to set in the sampling box for 5 minutes prior to flushing. 1In
addition, sampling boxes were evacuated for 1/2 hour at the end of
each day.

Analyte concentrations in duplicate sample pairs were within

acceptable limits.
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. ' TABLE 1
T SAMPLING ORDER .
JANUARY 15, 1991 JANUARY 16, 1991 JANUARY 17, 1991
SITE 2 S8ITE 1 SITE 4
SAMPLE SAMPLE SAMPLE ®
1* 6* 1%
2 7 2
3 8 3
4 9 4
5 10 5 4
6 11 6
7 12 7
8 13** 8**
9
10
11 ®
12
13 %%
SITE 1 SITE 2 SITE 1
’ SAMPLE SAMPLE SAMPLE .
1 14 14
2 15% %% 15
3 16
4 17
5*** 18***
»
* Beginning of Day, Field Control Sample
** Field Control Sample
**x*xEnd of Day, Field Control Sample .
»
- ®
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TABLE 2
! »
SAMPLING DEPTH SITE 1
SAMPLE FEET
1 10
2 9
' 3 10 ’
4 10
7 10
8 10
9 10
10 10
( 11 7 *
12 7
14 10
15 4
16 4
‘ 17 4 .
SAMPLING DEPTH SITE 2
‘ SAMPLE FEET .
2 10
3 10
4 10
5 10
6 10
‘ 7 9 [
8 10
9 10
10 9
11 9
12 10
‘ 14 10 g
SAMPLING DEPTH SITE 4
' SAMPLE FEET ®
2 2
3 2
4 4
5 3
' 6 2 ®
7 2
7
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SOIL BORING LOGS
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MONITORING WELL CONSTRUCTION LOG —— Stangard Flush Mount
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MONITORING WELL CONSTRUCTION LOG = Standard Flush Mount
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MONITORING WELL CONSTRUCTION LOG — Stangard Flush Mount
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% g Comoosttlon & Prooorttons__g__iw
% *f Tremied ( Y /@
% é Interval BGS
4 CENTRALI (Y
% % Depth(s) @
SEAL
Y. ¢ Type /4 Wypminy, Genonws Pooian
3.5° Source
Setup/Hyaration time_LE pum VOl Fluld Added\Cped.
? Tremiea (Y /@D
wWe'l- - F - -

FILTER PACK
TVW_._JQEQ_CL‘.‘.‘SZQ_S__&.SM—
Amt. Used
Tremied
Source

Gr. Size Dist. %g foR Sy facs . GO top ntil Pren.
scREN | C
Type
Diameter
Siot Size & Type
interval BGS

SUMP (Y /N)
Tnterval 8SG
gottomCap (Y7 N)

BACKFILL PLUG
Material AA

Setup/Hyaration time _ANA
Tremied (Y/N)

(Y /

Seravucg wO  PuC

O.0tQ .

Length




. REV. DATE: MAY 1990 ‘
MONITORING WELL CONSTRUCTION LOG -- Stanagard Flush Mount

[WELL 110:: E&H-;“ installation Sy v Hesflog [ Site: 2
Project Ho.: %1 Client/Project: MM )

HA2WRAP Contractol (TCperagarion Drig CoNtraclor Lawask Basw ideasiinTAS

Comp. Start:  g/ejay ({4 : 50 _£_m) | Comp. Eng: 2—%6[1 - =
Bullt By: Gty e Well Coord.. _N @80\ 3o

‘ € 10386 4>
Elev._\\¢ SO
+ : Heigt L2 PROTECTIVE CSG '
. S0 Sateral ] T
2: 22‘;{_\.\6\100_ Material / Type _Skes T /Coesritime Fopma,

Diameter
Deptn BGS Y:| Depth BGS

watertight O-Ring 1-y-an

SURFACE PAD )

Composition & Size 3 A4 x(f Comycagr
Breathes With vadose Zone (Y/N)

RISER PIPE

Type Gt . 40 FVQ-
Diameter —_“Cavue I.0,

Total Length (TOC to TOS)—_ S0 ¥
VentilatedCap (Y /N)

-t -

v

¢

J Elev. W, 20
: Depth BGS 2.3

Gmcon s Srunmn
35

J x

2 ;
‘%
qs

GROUT

Composition & Proportions_ . Bets Tea LAL Coepnoor,
. Chua?, LY S'-w

Tremied (Y

interval BGS

CENTRALIZERS (Y
Depth(s) @

SEAL

e

Type Y‘1 * Doprrove re Rurs
Source

Setup/Hyaration Vol. Flula Adced (el Wed> )
3 Tremied (Y /( § j

=30l FILTER PACK

) T Type 20040 CocmaroSois S0 + L0 foanrsa

Amt. Used
Tremied (Y
source
B 2% Gr. 5126 DISt. Z0/MQ Fiome Pace v |4 4D ony vor
SCREEN
_J/ Type SEA: Yo Pyc
[ —— oo - Diameter _ Y -i~veet 1.0

Slot Size & Type ___0-010wa. S0 f
interval BGS

7 by
/ ewval Q)N_)._LQO_&._-JALZLLengm_éL
/A Bottom Cap (¥ N)
FE|le B

Setup/Hyaration time _AA .
Borehole dia. Tremt

\\\\\\\\\\\\\\\\\\;\:’\'\‘\_\\\\Lﬁ,

et e e Al

-

\al
£
~JInmmme_

-

e M




l . REV. DATE. MAY 1990
nomromua WELL CONSTRUCT!ON LOG — Standard Flush Mount

| Site: 3

FAZWRAP éontract T s Tt

CodPorniony \RondecEnsome.
_ Comp. Start: Sf2zfa( (42 45 _g@ m [CompEnd  Ifrez/4; (1S i~ g m

Butit By: AAD s B A, well Coord..

Elev.

q Height

6S E PROTECTIVE CSG )
GS l‘bT;\t Q.00 Mater1al / Type _ =T&ee i

Diameter ——12°
Depth BGS ﬁ g Depth B6S— 2 - L% &
, ‘ watertight O-Ring ¥y N)

Elev. - SURFACE PAD PAD
Depth BGS 2L A& Composition & S1ze Claucrets ucose AS vy )
Breathes With vadose Zone (Y/N)

Y3s¢ boe PIC Diameter Moey IO
g & Total Length (TOC to T05)—_S2 4.
q (i (o™ Ventilatea Cap N) )

GROUT
Composttion & Propartions L% Bensaves [TaZ di

_’Lcur_'ﬁ.%_w
Tremiea (Y/

q interval BGS O-N1'% &

CENTRALIZERS (Y 41D '
Depth(s)

SEAL
.',lv ; @ Type %’” z& E m

Source (Yoo, I
4y Setup/Hyaration time___ 2 smeea VO!. Fiuld

Tremied (Y /4D

FILTER PACK
Type shscm O G
Amt. Used

' Tremied (Y
- Source 2
- Gr. Stze Dist. _m__ s D oas 1or )

K ’Sfpre] S ensrmy 4O PYC,

o | - 1- -—-—- Dtameter e, 10O

t:li\{

kal
=
T

Slot Stze & Type =
interval BGS .50 - 100

sup @ N) '
interval (& -~ O¢ Length __1
—_ ¥ BottomCap (Y N)

—-»> @l“ m‘ter'ia""Ll AL NA
q Borehole dia. Setup/Hyaration /a8

-
N

TD:

Tremied ) e
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. . REV. DATE: MAY 1990
MONITORING WELL CONSTRUCTION LOG — Stangarg Flush Mount

- WELL NO.: Mw3- o2 | Instaliation Basz | Site: 2
‘ Project No.: :S, | Client/Profect: BAIRAT [ Swy Hargan AN

* HAZWRAP Contractor [T Cozs oasrmion Drig Contractor: [ Ageg Evv.dom mge ,
T 777 A W WY A W (Y e 1 (TR Ty N

Built By: 6*104_'2_ well Coord.:

Elev e
: Height
¢ ng;ev \ PROTECT!VE CSG [
' — Materfal / T .,ﬁm_mdmm._zm_
65 Helght 2.00 r [ o

Depth BGS T Diameter

Depth B6S & -1 Ye
watertight 0-Ring (YYN)

SURFACE PAD

Cotmosltlm &Size U 2% | Conijcqure. ¢
Breathes With Vadose 2one (Y/N)

/ Type__m Yo PVC
Diameter Qicoem LO
Total Length (TOC ta T0S) &~ O
ventilated Cap N) ®

GROUT . -
Comeosition & msmﬁﬂm,lﬁw

Tremieg (Y

Interval BGS O- Yo’ %

®
CENTRALIZERS (Y { j :)
Deptis)

EleVom
Depth BGS YLY
(o]
2 ov° o

‘ (}n::p

source by s
Setup/Hyaration time__L3 #~<t_vol. Fiula Added K5l
M) - D *

Tremied (Y
W/ _
A =N FILE.R PACK
T ybe 40 3 [le) Sree,

— 20400 S/ i
Gr. Size Dist. ___20/uc> Pace, 4 &) o~ vor ®
s %ype $-«&o-ﬁ, w0 Puc

Diameter "6 D s 1O

Slot Size & Type ___%_O_ML___
interval BGS_S2 - 0O

SUMP 1y AN)

interval ﬁ—ml A Length 1 ¥h
Bottom Cap )
-" o7 "" e )

] Borehole dia Setup/Hydration time VA ®

N
L
(LTTIECECCIDEIETE

Tremied—tY7M~




REV. DATE: MAY 1990

MONITORING WELL CONSTRUCTION LOG -~ Stangard Flush Hount

WELL HO.: -of [Installation Sy Haniloe, [Site.  §

Project No.. MAMLetf Client/Project: HAKOCAP / SEy Hagdet ANK

HAZWRAP Contractor: n’m Drig Contractor:
‘ . Start: 2 ) | Comp. Eng: LYY Y oo P.m
Bulll By: WeliCoord:..__M34538

E hWoSo o)
Elev \WF \o
es Em W10 \ PROTECTIVE CSG

GS Helght 2.00°

Depth BGS

Elev.1\\©.80
Depth B6S.C-2
Suu.ut

S—
35 .
30 "

4l [3:;-]

/3 - A (60)
2 o (=
C G| |E
...4-__-.._2::;;

{7 ///
|TD:~p‘E| /
| T4]|*
Borehole dia.
° ° °

Depth BGS,
watertight O-Ring (VPD T 3-w-a

SURFACE PAD
Composition&Size 3k xTh c 1R Govegapy
Breathes With Vadose Zone (Y/N)

RISER PIPE

Type —Gaut ‘o RL
Diameter ez I.0:
Total Length (TOC to TOS)
VentilateaCap (Y

SOk,

Ty A

- ]

GROUT
Composition & Proportions
s ¥

Tremied (Y /8D
interval BGS 0-42 &,

CENTRALIZERS (Y (&7)
Depthls)

SEAL .

Type " UNpay Buvsonrds follg
Source -
Setup/Hyaration time_fdmma Vol. Fluld Added (k.
Tremied (Y/ &

FILTER PACK

TYDQ ot e

Amt. Useg_2 3
Tremied (Y /

Source

Gr. S1ze Dist. _ZafgD Coong fuxa + LO souTRE
SCREEN

Type___Sen © %
Diameler .

Slot S1ze & Type O 10 wscse

Interval BGS ) U MO & ~ SAA

SuMp

Intewal (L ™ (0O [ength A
Bottom Cap YYN)

BACKFILL PLUG

Material AA

Setup/Hyaration time AA

Tremied Y7

B
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PIEZOMETER INSTALLATION SKE TCH!

BRNJECT NAME Shy Handes Ang INSTALLED BY (tAtawiBt_ DnTE __Lf2e Mot
PROJECT NO _“Mefi3Y.02.0¢ CHECKED BY [ DATE __ Ba

BORING NO
FIEZOMETER NO _PP-O |

. DPE ~AF
.~ QUARD ~0STS W) ’

7 20° 6§ SCm Ee
90 ;s PIPE N ‘ =
B S ZONCRETE ! »
. M«m..5 poot
O i s PO
APPROXIMATE EXISTING wel
| / SROUNC  SURFACE cas:
£ ow \2us.2l
g ”E‘LE /@%/ S MW WWPWW

> NN
2% 1.3 S O ‘& '
GROUT ,“ ;
208G %
10w. % é
. \
Swiot $om N |

PM ‘ﬁwﬁ‘zq ‘ . z%’z lll“\

ConinsT, B om 4T B2 $

Bépruvons.ru Foumtn: \ o

were_ - ,J

gl-am I

I 4 o i LA ¥

;55 - i el b *
% *l T 80TTOM OF BORING

!
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PIEZOMETER INSTALLATION SKETCH

« PROJECT NAME JHjAg\ INSTALLED BY_SwetBwugy .75 _I/L'él_ ’
! PROJECT NO _Y401%4.0L O CHECKED BY BA DATE ___ N&
- BORING NO
| PIEZOMETER NO__EP~OR .
L~ PIPE A .
-~ :-;?A;g:(oss'.s (5%:)’-4 EL_ nNA
¢ Ay B © T « Mgnioniny & ’
¥ I i Pint
f : i o VO wel
i ) cas
0 g e
1Y L *
] —-"-s‘»s B //smé/ § D /&TW@ >
| ; | \ : I
" N . t\ ‘| }: !
= 4\ |
I,
¢ \ o ’
? ’4§ L
PVC PIPE : {
Sem Y 2 6§ 1 : '
4 ! :
GROUT ) :
[ MMR‘& 0% )
BORING \
206 . 0.0I0 Scanan o \
; ‘\ |
Yo fl. Biamx \ | Scuany
« I~ Miman 120 v C e 4\ ! 35 A ’
. J- TP AP Lo ‘o | '§ 20
) "‘1301 P N
Lo ? 5"‘ [ / ’3
I RA : —
: ¢ f ¥l
. Semo 2 I, Bags ; J
Bavoure B jowen 4| | 4 E
« Cavon . g . ; ’
' --------- A TP E. 1
i U
SS'%: g -
¢ 30TTOM Of BORING )




E

PIEZOMETER INSTALLATION SKETCH

L PROJECT NAME Sky Haaoan ANIG  INSTALLED BY.AARINAN& DuTE ifzofes ®
PROJECT NO _‘Lﬁ.iu.mz..n‘____ CHECKED BY DA DATE aa
- BORING NO
PIEZOMETER NQ l’f- oz
N - PIPE AP
GUARD BQOSTS (3)
- ;g“zcﬁ 26 stn EL WA
/s Pt IN b=y
¢ . _r——‘ CONCRETE ) T [ ]
‘ \ \ | 4 *Mfl.b?“\‘*
‘ O i e aPoRgXiMaTE Existng M TYC well
: ‘ SROUND SURFACE Cose s 123K.42
! EL * .'3 :
q 7'!77$75 4 //Emé/ \v ‘ /W/WW@ »
\ * 4 !
18 N R I
1 | { : .
» » t \ I K '
s < U ' '
¢ C ’
9 | ! ‘
. PVC PIPE i .' .
1 N |
L', sen o { . 3
: ‘ I }
,.( ‘ GROUT i
(;" } .
¢ / ' ‘i »
BORING
®
S |
q ]
7
q Y l )
f/ .
),
q _ ‘. »
..... TP EL *
4 j
/7 AR J
qQ BOTTOM OF BORING )




. REV. DATE: MAY 1990

MONITORING WELL CONSTRUCTION LOG -- Standard Flush Mount

WELL NO.. Mw H4-0 ({ Installation

Project No.. “ovils

Client/Project:

HAZWRAP Contractor: Y

Comp. Start: 2] [4

(1

& | Site: 4
Sy bime

BUlLBY.  OngdtDrog il

- Hangoe ANX,
(oflotATiard Drig Contractor i
(j§: 20 _§_m |Comp. Ena: 2ﬁﬂ Uk 40 gm |

Wwell Coord.. N1y 33 A

B i M.

L S

Elw-_l"_-}l-."'_
PROTECTIVE CSG
g: if;u—,% \ Material / Type _Smmas Ror /Secssz Aipme Bomn-
Depth BGS Diameter
Depth BGS
Watertight O-Ring @/m 3-4ean
slw..;E‘-T"’:_ SURFACE PAD
Depth BGS L2

Composition &Size__3 - A4 D €0 X IR Gaxssrs
Breathes With vadose Zone (Y/N)

RISER PIPE
Type __Sea Y0 AJC
Diameter oY on TuD:
Total Length (TOC to TOS) 22 6
Ventilated Cap (Y iR

GROUT
Cognoosluon & Pmoa'tlor;s S« -

e

Tremied (Y /

interval BGS ~\.L. Baw
CENTRALIZERS /N)

Depti(s) N s

SEAL

Tyve Y1’ Liomesy Pheiraca ik Fhesdd
Source

Setup/Hyaration time__Yz #&. Vol. Fluld Aoded_IGadl Hes
Tremied (Y AN

FILTER PACK
Type Lokado S i e Sovmo
o

Amt. Used

Tremied (Y )

Source

Gr. Size Dist. 20/40 Finima fawn’ (D ouitne
SCREEN

Type  Sew.

Diameter Y. oD

Slot Size & Type ___0.0i®
Interval BGS 21-41 f

sup /N)
interval BQ vr.S -0|
BottomCap  (Y)/ N)

WM’*_

Length _9-5¢%

Setup/Hydration time AR
Tremied (¥4




REV. DATE: MAY 1990

MONITORING WELL CONSTRUCTION LOG --Standard Flush Mount
. [WELL HO.. Mwu-oZ |instaliation Parsis M [Site: o
Project No.. ‘%4 Client/Project: Har
HAZWRAP Contractor I Drig Contractor:
Comp. Start: 21114# ‘w— Comp. Eng: zg Z: ({2 4 ? )] '
- BulllBy: (SerD. sk well Coord.: __AN \3332 .2\
E Sat™ 3%
Elev._\z™ .22
Helght
GS Elev. lZWa9 \ PROTECECo0
. terfal / Type _Smtu Yie /Srpszrasonl Btres
GS Helght .00 Diameter
Depth BGS 4 99' Depth BGS —
| watertight O-Ring (/K v +-«-n
Elev. \ZWL G SURFACE PAD
Depth BGS.2.> Composition & Size 3
’ Breathes With Vadose Zone (Y /N)
RISER PIPE
Type EVC

-

-

Borehole dia.

Diameter . 2.B,

Total Length (TOC to TOS)__ 245 -
Ventilated Cap (Y /@)

Composition & Proportions
h Bm B

+
[2]

Tremiea (Y
Interval BGS = Va“
CENTRALIZERS (D7 N) ~+)

momS>_xa.s.a._,_ms A

SEAL .
Type. Y XY onein Bonires gz Prersny

Source

Setup/Hyaration time__L & Vol. Flu.= Added {0 gedl w(up

Tremied (Y (K)

FILTER PACK

Type G

Amt. Used

Tremied (Y /@

Source

Gr. Size Dist. 4 o~ TOf

SCREEN
Tyoe___ Scae. MO PVC

Diameter

— LD,
A 477\ —
Interva: BGS

SUP  (Y)N) »d

interval Q Ys-F& Sl Length_L R
BottomCap  (TYN)

BACKFI UG

Material NI

Setup/Hydration time _NA

Tremied (N=v-MY
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PIEZOMETER AND MONITORING WELL
DEVELOPMENT RECORDS
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- REV. DATE: MAY 1990 1’
' WELL DEVELOPHMENT LOG 2 S-) | well No./P< { | page | _of __1__ ‘
Installation R LSlte: Geveral
- Project No. 9% V2 ( [Client/Project: MM E S - ANG "
HAZWRAP Contractor: Dev. Contractor: & sl »
‘ Dev. Start  ( : _——m) Dev. Ena: ) CsqDia: 2 ineh
Developed by: _NA Dev.Rig (Y/N) A
Dev. Method 50\1‘5&_ 2al .‘ﬂ\_ th_ﬂm& 1Q - 20 \NLL\( \&\j meL ,
AVX) ;Sb l&.‘ \o o
Equipment Srmeod T-<
»
A,
Pre-Dev. SWL . Maximum orawgdown ouring pumping ft at A gom
Rar‘\ge ana Average Discharge rate ___ . O Quk( gm
Tota! quantity of material balled »
Total quantity of water dlscha~9e6 by pumping LA
Disposition of discharge water Ta be AQ;\’JL(‘Y\ N A‘
water » [ |
voiume Turpidity|Clarity/| Temo
T e |50 || Cor | oC | T |CneetM]  Remanes

VA wWell coud ret

ve d-&vele‘aﬁl
with ALe wller ’
o hol | Bu&
ac SECe Wil

x%eh?t wiel

shonter buile-
at later date . >
LT

‘/lz/ﬂ




x
« ( »
IT S
. CORPORATION
By ART Date 1-20-a1 Subject _Cale, weit €S- Sheet No.___ of I
¢ f Chkd. By_™_Date__® Canny Volu—g Proj. No. tA3z\ ’
&N

!
« Total De,?t‘n : QAR. 42 £ 'Y

. Waser Qepth e 12 Le

Water Colemd ! 22 .30 fe
(| rd ®
\}O\ b <Z_,-. x \Le > _‘_H w, T w 22.30 - O %8 ~Ct3
\Z. o
or
3 (@ {
; 3& 3 »
- Ra:il Bl o F %w\s

« ] |
‘ (3
‘ »
‘ ®
‘ °

108-10-88 ®




[ =

ek S—4 o, REV DATZ. MAY '253

 wEL. DEVELOPMENT LOG _wellNo. PSy  [page I _of 4
installation’  Sky Barbor w | Site. 1

Sroject No. Zj0A 12 .07 O | Client/Protect  Sky R Lo¥ AN Raal

HAZWRAP Contracter |T ¢ a¢. Dev Contracter !

Oev Start (IS Ne—_m) Dev Enc (% a©__m) Csg Dia. )
Deve'opec bv | & vy LAJMO}[IWM Dev. R'c [T/ N)

fizzth\ ~
NS R A, . - - J’. .o

Dev Merhoc AL (VAN R A",

[ Ny /.
Ecuipment ’.5 &[D P"C/ BO%OALM‘A?{ ﬁdo&"/{
Pre=Dev. SwL _memum grawdown CJrirg pumying N/;' ‘tat ‘/14 co

) ‘ {
Range ana Average Discharge rate A <
Total quantity of material balleg 2—7 Q&%ﬂ/)
Total quantity of water disct a‘gec oy oumpmg U/ 4

Disposition of discharge water u d‘ w 1o {7 cwljg? L"L gl oA

water
Volume i |Terpiaity [C1aNY/E Temp 4 oy e sne ity

Time R?E&Ysgo ftL.eg'lgCI)C C:E °oc Remarks
1S90 Huddy | Mudiy 2478 |7.27 | [0CC, S
NYAEE) Hedtdey | M 23,> L. 0| 9B0uS
kol | 10 Huddy M/7 %0 17.07]914S
2013 %E;O 109 i?%us
20 "55 j 23.1 102|950,
640 ’ 22.3)6:93|950u3

,(0554 Elsrr 2.5 4. 9| 70u5

00 Fig 224 |65 1940,S
o 13
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- REV. DATE: MAY 1990

WELL DEVELOPHENT LOG AP5- ) [weliNo. PS-2  page L _of _T
installation | Site: (o 1r ra.
Project No. 404 72 | | Client/Project: _ /M /7 ] - /A
HAZWRAP Contractor: Dev. Contractor: r
Dev. Start (\t:ivo M) Dev. Eng: (3 :s3 ___m) CsqDia.
Developed by: Casoe®uw  Souctwcht dlel Servees Dev.Rig (Y/N)
R W‘l \-20-4\
Dev. Methoa _S 479 wTh  hgiler a“{_ﬂ%rpc?* 1020 yu bl vylimes K
_bailtc
Euoment __ Smeel T8

Pre-Dev. SWL__Z4-95  Maximum Grawdown during pumping
Ra:\ge and Average Discharge rate

~ 71)}15‘ ft at » QL( gom

L 05 v O T h e Y3

gom
Total quantity of matertal bailed A értLﬁ
Total quantity of water discharged by pumping M A

Disposition of discharge water

1o ke J{IT{‘I s 17

Vol water. Clarity/| T
Time R?m:d Level Turbigity cag]oz ."C" PH  lconauctivity Remarks
1210 /o NA c\-:l-‘ 20 [TS | 70 [ Pine Semd I
y229| S dz‘,:n-: W3 Ty 1080 A an
el \o Pody/beu| 2.0 | F.40 o Sy, (yfe) wates
Ja v 23 “d’/‘\-a l\.Q 7‘12 tt 20 oy .‘v/ &J:i ..hu-( .
30| 23 Clodyfa| 2.8 | 734 H3e | gy / uﬁ\
y329| 26 ot 203 |93% | 1S s. ,Uw
1333 | 27 / ook /| W.L{1R| I
13751 ow W93 190 ,\ﬁ;,
1399 | 3/ u.‘.:‘v, 209|730 (i ﬂ’ §
)%3| 32 dody (200|237 Jogels: Iﬁ/
j Fof p’o |
o ° ® ° ° ° °
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INTERNATIONAL
TECHNOLOGY
CORPORATION

By 2 &T Date_l-20-%! Subject
Chkd. By Date

Cale Well Ps-2

O

Sheet No.._'_ of !

Cﬂ-ﬁ:wq VO\U‘&

d

Nowal Otrnu qq , 8¢
Water D!_Fth 8 82
Water Colomm (& oy
Vel = (Z.‘-.& &¢.>‘-.-‘-x x W x \&.O%
2.

Qe |

3O e O ga.\s

-

e.3yq Le?

or

-~ ‘5_30.\5

Proj. No. o Fzi

108-10-88



Flevnd S—4q, 7502 REV.DATE. MAY 1680
TWELL DEVELOPMENT LOG [wellNo. SHP=—A~  (Page_y of [ o

installation Barbor [ Site N
' Broject No. 409721 (7 (1. | Chient/Protect = kv Har bor AN (5

HAZWRAP Contractor T (o, » | Dev. Contractor !
Dev Start (vscss___m) T [Dev.Eng. (\wide___m) CsgDia. 2 ) [)
# Develobel bY: L cwmi . Linv. Voapicwte & Dev Rig fY)/N)
[ Zad Devalepmene Z-4-an = 4

-
Dev. Method &ALM/

Equipment J,il' &H@VL [Oad“’"f} QUC Dﬂ( L‘%J/
# | Pre-Dev. SWL ML_Hax:mum grawdown guring pumping U /‘: ft at /V A“ ¢ .

Range ana Average Discharge rate U A’ [

* g.a/é
Total ouanmy of material bailed SZ

J Total quantity of water discnarged by pumping MA’
D:sposition of ischarge water /—(?/[0/ N 53'%,@ A vl rQ9\/ a”%/ﬁ\/w )
/
v Volume | Water oo lClaritys | Temp
Time Level |Turbidity PH  [Concuctivity Remark
# REBAL? | 1t BTOC Color | °C arks ,
[

3% | Z
Y353 | 10

4 400 | e

nddy | 2191709 | (3o | SiishAt Cery
::f{d 2:.; 7,2; 1080

m 7&/ ,
M 243 117 ﬂr% '

/i 2|
(438| 32

)

t{




- REV. DATE: MAY 1990

. WELL DEVELOPMENT LOG PS-23 [wellNo. pg-3  |Page__! of 1
Installation 1St Genera)
- Project No. “toq32| | Client/Project: MMES /Sky Harker ANG
HAZWRAP Contractor: Dev. Contractor: we Eau,
"Dev. Start (0’ (%5 —m) Dev. End:  {(w 1o ﬁ) CsqDia: Z .uclh
Developed OY:  Soyebent By, Wl Services Dev.Rig (Y/N)
Oevetuped {-w-2

Dev. Method gureg‘ (e \EL\ h; &z g m’t \O~ 20 we_(\ vo(u:&;

w.th badler

Equipment g-s‘ Sweql T-S

Pre-Dev. SWL _2-S.50 _ Maximum arawdown during pumping . 85 ftaa__~0 S

Range and Average Discharge rate O,Sag_. Over \Wr ZO mi-s
Total quantity of material bailed SSanls

g8

Total quantity of water discharged by pumping NA
Disposition of discharge water __ = be deter—i-cA

Time n% r\g%t,% Tuotaity|C2NY/) TET0 | o Conauctivity Remarks
Rus NA

woe | IS ¥ | e |3u | o080 Fue s, sile
1=/ 8 q“‘tl;" Q.9 X 1060 Sty e
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