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10 PROJECT DESCRIPTION

This Treatability Study Work Plan has been prepared by Baker Environmental, Inc. (Baker) under
the United States Department of the Navy (DON), Atlantic Division, Naval Facilities Engineering
Command (LANTDIV) Comprehensive Long-Term Environmental Action Navy (CLEAN) Program
for Contract Task Order 0212 for Site 69, the Rifle Range Chemical Dump, Marine Corps Base
(MCB), Camp Lejeune, North Carolina. The treatability study is being conducted as part of the
Remedial Investigation/Feasibility Study (RI/FS) for Site 69. This document has been prepared in
accordance with the requirements of the National Oil and Hazardous substances Contingency Plan
(NCP) for remedial actions [40 Code of Federal Regulations (CFR) 300.430]. The NCP regulations
were promulgated under Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA), commonly referred to as Superfund, and amended by the Superfund Amendments and
Reauthorization Act (SARA) signed into law on October 17, 1986. The USEPA's document Guide
for Conducting Treatability Studies Under CERCLA (USEPA, 1992) has been used as guidance for
prepating this document.

MCB Camp Lejeune was placed on the CERCLA National Priorities List (NPL) on October 4, 1989
(54 Federal Register 41015, October 4, 1989). The United States Environmental Protection Agency
(USEPA) Region IV, the North Carolina Department of Environment, Health and Natural Resources
(NC DEHNR) and the DON then entered into a Federal Facilities Agreement (FFA) for MCB, Camp
Lejeune. The primary purpose of the FFA is to ensure that environmental impacts associated with
past and present activities at the MCB, Camp Lejeune are thoroughly investigated and appropriate
CERCLA response/Resource Conservation and Recovery Act (RCRA) corrective action alternatives
are developed and implemented as necessary to protect public health and the environment.

Site 69 was originally included under Operable Unit (OU) No. 4. However, Site 69 has since been
separated into its own operable unit, OU No. 14, to allow the nature and extent of groundwater
contamination to be better defined, through additional field work and independent of work being
performed at other sites under OU No. 4. The primary concern at Site 69 is the presence in
groundwater of chlorinated volatile organic compounds (VOCs) such as 1,2-dichloroethene (DCE).
A Draft FS was completed for Site 69 (Baker, October 1994) in which several groundwater
treatment alternatives were evaluated. Of the groundwater treatment technologies evaluated, the
innovative technology known as in-well aeration, or "in situ air stripping," appears to offer the most
advantages with respect to effectiveness, implementability, and cost. A Draft Final RI Report was
completed in June 1995, which contains the most current site characterization data (Baker, June
1995).

1.1 Purpose and Organization

This Treatability Study Work Plan provides the objectives, scope, and schedule of the proposed
treatability study activities for the UVB/KGB System Pilot-Scale Treatability Study at Site 69. The
UVB and KGB technologies are innovative in-well aeration treatment systems for contaminated
groundwater. The technologies were developed and patented by IEG Technologies Corporation
(IEG) of Charlotte, North Carolina. SBP Technologies, Inc. (SBP) of Gulf Breeze, Florida
represents the sole source of the UVB and KGB technologies in the United States. SBP will be
performing the treatability study under subcontract to Baker.
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The main objectives of the UVB/KGB treatability study are to:

° Determine if the technologies are effective, implementable, and economical for
remediation and/or containment of contaminants of the shallow and upper Castle

v Hayne Aquifers at Site 69.

° Provide engineering parameters and other design-related information necessary to
design and implement a full-scale UVB/KGB remediation system.

The treatability study scope of work has been developed jointly by Baker and SBP in accordance
with USEPA's "Guide for Conducting Treatability Studies under CERCLA" (USEPA, October
1992).

Sections 2.0 through 12.0 describe the treatability study technical scope of work. Sampling and
analysis for the treatability study will be performed by three off-site laboratories. Quality Assurance
- Project Plans (QAPPs) for these laboratories are provided in Appendices A through C. Standard
Operating Procedures (SOPs) for all field-related activities are provided in Appendix D. These

SOPs comply with the USEPA Region IV Environmental Compliance Branch Standard Operating
Procedures and Quality Assurance Manual (ECBSOPQAM) February. 1991. The theory of the UVB

system operation is provided in Appendix E, specifications for the major equipment are provided
in Appendix F, and referenced publications in Appendix G. All on-site work will be performed in
accordance with the site-specific Health and Safety Plan (HASP) prepared by SBP under separate
COVer.

1.2 Site Backsround

Site 69, the Rifle Range Chemical Dump, is located west of the New River in the area of MCB
Camp Lejeune known as the Rifle Range (see Figure 1-1). The site is approximately 14 acres in size
and is situated in a topographically high area (see Figure 1-2). During the period 1950 to 1976, the
area was used to dispose chemical wastes including polychlorinated biphenyls (PCBs), solvents,
- pesticides, calcium hypochlorite, high-test hypochlorite (HTH), and drums of "gas", which possibly
contained Chemical Warfare Material (CWM), such as "mustard gas." The area is overgrown to the
point that the boundary of the former dump is not readily noticeable. Three surface water bodies
are located within a quarter mile of the site: the New River to the west, an unnamed tributary of the
New River to the north, and Everett Creek to the south. The site area is rather secluded; however,
training exercises are conducted throughout the surrounding area. Currently, a fence surrounds the
site to restrict access.

The site is underlain by silty sands from the ground surface to a depth of approximately 18 feet.
Beneath the silty sand is a fairly continuous sandy clay, and sand and clay unit, to a depth of
approximately 27 feet. This unit could potentially act as a retarding layer. The upper unit of the
Castle Hayne Aquifer, which was encountered below the sand and clay retarding layer, consists of
silty sand with shell and limestone fragments.

In general, shallow groundwater appears to flow radially from the center portion of the site to the
outer low lying areas, as shown in Figure 1-3. As depicted in Figure 1-4, groundwater in the upper
portion of the Castle Hayne Aquifer appears to flow in a general eastern direction towards Everett
Creek. Groundwater levels at Site 69 range from 0.34 to 3.3 feet below ground surface (bgs) for the
perched water zone, and from 23.83 to 26.33 feet below ground surface (bgs) for the water table
aquifer. The estimated horizontal hydraulic conductivity for the site is 1.0 x 10* cm/sec and the

1-2



estimated vertical hydraulic conductivity for the site is 1.0 x 10 ® cm/sec. The water table gradient
has been determined to be 0.065.

Groundwater contamination at Site 69 primarily consists of chlorinated VOCs such as 1,2-DCE,
TCE, and vinyl chloride. Concentrations of VOCs detected during the last three sampling rounds
in excess of federal maximum contaminant levels (MCLs) and North Carolina Water Quality

- Standards (NCWQS) are shown in Figures 1-5 and 1-6 for the shallow and deep (Castle Hayne)

wells, respectively. As shown in Figures 1-5 and 1-6, the highest levels of contamination are
centered around monitoring wells 69-GW15 and 69-GW15IW. Monitoring well 69-GW15IW is
screened from 45 to 60 ft below grade. Since a deeper well does not exist near wells 69-GW15 and
69-GW15IW, the vertical extent of contamination is currently not defined in this area. As will be
discussed in Section 4.2.1, installation of a 120-ft deep well, 69-GW15DW will be required prior
to performance of the treatability study to evaluate and monitor the vertical extent of groundwater
contamination in the source area.

Information about the geology, hydrogeology, site contamination, and estimated risks to human

health is included in the Draft Final Remedial Investigation for Operable Unit No. 4, Marine Corps
Base. Camp [ ejeune, North Carolina (Baker, June 1995).

1-3



o 8
L

N

S

SRR T
e I e P R Tt

e PR et

B el

35

iy

ER

e

Caxiet

KL

Aoy g7




\ o N - - y
s/ - S of ﬂ ~ N
- 7 < - DNOT ... :
SPE \ 5! S %INT,/"’ A\
<~ VERONA : ! \ S N
. “ } LA Pé‘*o .
f, : :’,/4/ / - / 477 \..\
l A ‘;CAMP LEJEUNE TN

KWy AN
Y7 MILITAR

looﬁ S B e

g

. o SO A i

; 210 Vs S I
AR Yl
1 : < P

./'
gl
{ N
;N
a
Rad .
!
X!
'
N o \
~ 0 ? /
o < -
9 = m
SN
.,A
v
hY
Al
7
£
i -
Voimm e ;
3 C—t 3. -
s S e
SN / PRI .
s L A E 100 0 50 100
[ e aeeesss |
21200178

FIGURE 1-1
LOCATION MAP
RIFLE RANGE CHEMICAL DUMP
CT0-0212

MARINE CORPS BASE, CAMP LEJEUNE
NORTH CAROLINA

SITE 69 -

o~ " /7
RESERVATION i ~. Ce

MILITARY

e - Ro,
I ) .’ ‘ i \.‘\ AD
i ; \.,\ L \ A
| i ' \ e Y
A ¢ \ A
I g/ /u’ ~ N \,,:'
/ ROAI? g :\. ! rmences’
M : " A
/ o ;i Ve Y
e~ AN 7 NS
I ‘ N ilg s A‘" , Y,
] 2 i- - @
- i -~.. Ve ~ o
CAMP LEJEUNE Y, -~ N, i f ~ \2
4 BOUNDARY g N e QA Re y \®
p -~ Q e )
\ AR - Q ( | . '
| N s )
'\ éf\(, \ v
I3 i e 7/ g
] - —— .
. " i 7 Vo
\ ('. K [ ./ . \i.
— t— l 3 i Nv? ,é P
e < \ H LN By
. g BT N ARY
X RIFLE < N7 57 ¢ [>
N RTINS
i\ JRIFLE RANGE PR
W CHEMICAL DUMP A" PEAN R e
- Vv By, 7

CAMP LEJEUNE
BOUNDARY

Baker Environmental, .




69-GW10
©
394

CHEMICAL STORAGE AREA

// /m WooDs ~N
/
/
s ‘\ O\ o 69-GW13
\ \ \ +_,—-—\
69 GW15 - ~
¥~ TING WOODS P 69—-GW13DW
/m s-owise Y f -si_ B /
9- cwosow <~ BI-GW1Y
s AN
69—GHOT . II > /?é"i’/ /
69— cwozoweab'y*&‘nm N /
F ;\Xh Iy -.- ’ r-\\\// / | l
M- ->¢——><——-><—-—><—* \ ARATERN s 1 |
N — — VAT
| TN -7 AT
- - ) ~1 —
s9-cw14ow g °° owi4 \I \\\\\\\
69-GW14IW ; W\ @@_qu

200

o]

20

LEGEND
EXISTING SHALLOW WELLS (ESE)

S9CWO9 Fy STING SHALLOW WELLS (BAKER)
5CUSZDW EXISTING DEEP WELLS (BAKER)

1 inch

696W2
4

— —go— . TOPOGRAPHIC ELEVATION UINES (FEET, MSL)

SOURCE: REVISED FROM LANTDIV, OCT. 1891

= 200 fi.

100

Baker Environmental, m.

FIGURE 1-2
GENERAL ARRANGEMENT
MAP
SITE 69 — RIFLE RANGE CHEMICAL DUMP
CT0-0212
MARINE CORPS BASE, CAMP LEJEUNE
NORTH CAROLINA




21200378

69-GW1 Y

(23'7{

200 Q 100 200 —4'C])0 = a ke r

1 inch = 200 ft Baker Environmental, nc.

LEGEND
69-GHWOZ

4 EXISTING SHALLOW WELLS (ESE)

FIGURE 1-3
SHALLOW GROUNDWATER ELEVATION

7978109 EXISTING SHALLOW WELLS (BAKER) CONTOURS — FEBRUARY 20, 1995
| (28.85) GROUNDWATER ELEVATION (FEET, MSL) _ -
- GROUNDWATER ELEVATION CONTOUR SITE 69 RIFLE RANGE CHEMICAL DUMP
" =» GROUNDWATER FLOW DIRECTION CTO-0212
MARINE CORPS BASE, CAMP LEJEUNE
SOURCE: REVISED FROM LANTDIV, OCT. 1991 NORTH CAROLINA

IR IR



69-GWO2DWex\STING DEEP WELLS (BAKER)

(28.36) GROUNDWATER

=" GROUNDWATER
1 ==~ GROUNDWATER

=l GROUNDWATER
=I> GROUNDWATER
* GROUNDWATER

SOURCE: REVISED FROM LANTDIV, OCT. 1991

21200475

= st‘swm)w
/ (5.05)
/ /
| r,o=
/ \
® - ~
69-GW1SIW & —~__)1\ /
(8.79) % [ /
[ y
N
AN Y S 2 /
TG — ~ e SNV
69-GWOZDW @  ~ 69~ WA V] /
(9.20) o = " "‘“('\ £ /) /
\‘“ Mo e DX I / \ \ N\ ! {
N — / VWO NG
TS - N / Vi
69-CW14iW g 4 VAR AN
(9.56) P 7/ Iy NN NN
P P / \ Voo
- & y, ;. dee-cwizow I
—— 7 (5.30)
s /
P / .
- - 7 /
- / ,
/
200 0 100 200 400

1 inch

LEGEND

ELEVATION (FEET., MSL)

ELEVATION CONTOUR
ELEVATION CONTOUR (INFERRED)

FLOW DIRECTION
FLOW DIRECTION (INFERRED)
LEVEL MEASUREMENT IS QUESTIONABLE

Baker iEnvironmental, e

200 ft.

FIGURE 1-4
INTERMEDIATE GROUNDWATER ELEVATION
CONTOURS — MARCH 26, 1985
SITE 69 — RIFLE RANGE CHEMICAL DUMP

CT0-0212

MARINE CORPS BASE, CAMP LEJEUNE
NORTH CAROLINA




21200878

\ —
y Y 59-GW04 R
/ / DATE: FEBRUARY 1995 )
/ ; Ba-gw1o CHLOROFORM 3 ~_
/ / J — e —
/ / 294 e X
DATE: MARCH 1995
HEMI TORA £A
/ / / CHEMICAL STORAGE AREA | VL CHLORIDE 557 3(
1,2--DICHLORO— R,
ETHENE(TOTAL) 1804] . — ~
TRICHLORO~ y~  Exsme wooos ~
ETHENE 1504
TETRACHLORO-
« "\§ ETHENE 33
v 1,1,2,2—-TETRA— -
i CHLOROETHANE 3000 AN 69—-GW13
CHLOROBENZENE _ 854 SN ¥ &
-
s-owts T~ _) \ /
l Y !
| 69-CwW! i ~  69-GWiY
Vo | A /
b @R /
PEs-sWo2 LAz oS N
l »“,.\\ // ;1 DATE: JANUARY 1994
\ 1,2-DICHLORO-
e \ \\ \\ \"//I /’ /’ ETHENE(TOTAL) _ 630
\ W= DATE: FEBRUARY 1995
DATE: JANUARY 1994 [{ (TRICHLORO=
TRICHLORO— (AN (7\ ETHENE 8

Tasbicnioro- 0| 1 NNy
g o™ - ~
ETHENE(TOTAL) 2400] / \ O\ @sdiowi2

VINYL CHLORIDE 314

DATE:  MARCH 1995

1,2—DICHLORO
ETHENE(TOTAL) 250

200 0

. — I

LEGEND
EXISTING SHALLOW WELLS

— —so-  TOPOGRAPHIC ELEVATION LINES
(J N (FEET, MSL)

69—%W09

ALL CONCENTRATIONS REPORTED IN

MICROGRAMS PER LITER (ug/L).
SOURCE: REVISED FROM LANTDIV, OCT. 1991

— TRICHLORO~

ETHENE OO 1J ETHENE 7
DATE: FEBRUARY 1995
'TRANS—1,2-DI— |
CHLOROETHENE 230
TRICHLORO—
ETHENE 10

100 200 400

1 inch = 200 ft.

Baker Environmental, ne.

FIGURE 1-5
POSITIVE DETECTIONS OF VOLATILES
ABOVE FEDERAL MCLs AND/OR NCWQS
IN SHALLOW WELLS
SITE 69 — RIFLE RANGE CHEMICAL DUMP
CT0-0212
MARINE CORPS BASE, CAMP LEJEUNE

NORTH CAROLINA I




EGEND

59‘Gg°2°wlesnns DEEP WELLS

_ OPOGRAPHIC ELEVATION LINES
e~ ZFEET, MSL)

e

MICROGRAMS PER LITER (ug/L).

IALL CONCENTRATIONS REPORTED IN
SOURCE: REVISED FROM LANTDIV, OCT. 1991

o s

1 inch = 200 ft.

CHEMICAL STORAGE AREA
394 378

DATE: MARCH 1985

VINYL CHLORIDE 97

FIGURE 1-6
POSITIVE DETECTIONS OF VOLATILES
ABOVE FEDERAL MCLs AND/OR NCWQS

IN DEEP WELLS '
SITE 69 — RIFLE RANGE CHEMICAL DUMP
CT0-0212

MARINE CORPS BASE, CAMP LEJEUNE
NORTH CARGLINA

212008TS

1,2—DICHLORO— /
ETHENE(TOTAL) 2500E
TRICHLORO~- /
ETHENE 2600E((
TETRACHLORO~ \ \
ETHANE 14 \ \
\ ~TN L
69-GWISIW T~ _ } 69~GW13DW
| /
qs—cwoagﬂ /
—~
|/ > /
/ [N /
- 69-GW02 // /] //
- i N
N T e e \\\\\///” (
———— -~ VWA
N A Vol
_ i <] -
DATE: JANUARY 1994 | 69-GW14DW G oy sy
é% ZEDIC(HLOl:E)_ ; 69—GW14IW PN
HENE(TOT 88.0
TRICHLORO~ @ 69Gw120W
1 ETHENE 29.4
VINYL CHLORIDE 8.37J
200 0 100 200 400

Baker Environmental, inc.




20  TECHNOLOGY DESCRIPTIONS

The UVB (Vacuum Vaporizer Well), and the KGB (Coaxial Groundwater Ventilation) technologies
were designed and developed by IEG GmbH of Germany as a methodology for in situ treatment of
groundwater, and were first introduced in the U. S. in 1992. SBP has the exclusive rights to
distribute these technologies to Baker/MCB.

21 The UVB Technology

A description of the UVB technology, as well as information on some of the UVB systems ‘installed
to date, are provided in the following sections.

2.1.1 Description

The UVB is an in situ groundwater and soil remediation system which remediates volatiles and
petroleum hydrocarbons using a combination of physical, chemical, and biological processes. The
UVB system consists of a specially adapted groundwater well that creates a circulation cell to
transport dissolved mobile-phase hydrocarbons to a central well casing for treatment. The
circulation cell is established by the air-lift effect in an air-lift UVB design or by a submersible
pump in a support pump UVB design. An aboveground blower is used to create a reduced pressure
(vacuum) in the treatment well. This results in an air-lift effect, which lifts the water in the well.
The water leaves the well through an upper screen, and to make up for the loss, water enters the well
through the lower screen, thus creating a vertical circulation cell.

For a UVB designed with a support pump, two types of flow can be induced: a standard flow where
water enters the well through a lower screen and leaves through the upper screen; and a reverse flow
where water enters the well through the upper screen and leaves through the lower screen. The
standard flow configuration allows mobilization of dense non-aqueous phase liquid (DNAPL) type
contaminants, whereas, the reverse flow configuration allows mobilization of light non-aqueous
phase liquid (LNAPL) type contaminants. Figure 2-1 shows schematic diagrams of the two
configurations. The type of flow configuration used for the treatability study will be based on the
vertical distribution of VOC contamination in the Castle Hayne Aquifer. As previously noted, the
vertical extent of contamination is currently undefined in the vicinity of monitoring wells 69-GW15
and 69-GW15IW. If significant groundwater contamination does not extend below a depth of 80
ft, then a standard circulation, 8-inch UVB well will be used. However, if groundwater
contamination extends below 80 ft and the distribution of contamination is such that significantly
higher levels of VOCs are present in the upper Castle Hayne Aquifer (e.g., 50-60 ft) then in the
lower portion of the aquifer (e.g., 80-90), then a 10-9 inch diameter reverse circulation UVB well
will be used. In this case, the reverse circulation UVB well is recommended to ensure that the
highest levels of contamination are captured by the treatment well.

The treatment methodology consists of air stripping for VOCs and bioremediation for light and
middle range fraction hydrocarbons. Stripping of VOCs is achieved by the blower, which pulls
ambient air through a stripper plate submerged in the treatment well. At the same time, water
leaving the treatment well is supplemented with dissolved oxygen to enhance in situ biodegradation
of contaminants by native organisms. Stripped VOCs in the off-gas are typically processed in an
aboveground granular activated carbon (GAC) unit. Gas phase bioreactors/thermal oxidizers may
be used if appropriate instead of GAC. Additional information on the operation of the UVB system
is provided in Section 4.3.1.
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Two configurations of the UVB system are available: the UVB-200 (8-inch diameter well); and the
UVB-400 system (16-inch diameter well). The UVB-400 system is designed for conditions
requiring a high groundwater flow rate through the system (e.g., when hydraulic conductivity
exceeds 1 x 102 cm/sec.) or when a high air flow rate is needed due to high contaminant
concentrations (e.g., when total VOCs exceed 10 ppm). The UVB-200 system is used when the site
conditions require lower groundwater and air flows. A UVB-200 air lift system will be used for this
treatability study at Site 69.

2.1.2 UVB Installations and Case Studies

UVB systems have been employed successfully in the United States and Europe for the remediation
of soil and groundwater contaminated with various volatile organic compounds, including BTEX
and TCE. Over 100 systems have been installed in Europe. Currently, there are 25 UVB systems in
operation at 18 sites in the United States. Systems installed in the United Sates are all being
evaluated for their performance and percent reduction in contaminants. None of the 18 United States
sites has as yet received closure because they went into operation between 1992-1994. Successful
demonstration of the UVB technology has resulted in the closure of six sites in Germany (two within
two years of start up).

Following are the case studies in brief of the two most recent UVB installations.
Port Hueneme Site

In May 1994, SBP was authorized to install an in situ bioremediation system for groundwater
remediation and chemical containment at the Naval Construction Battalion Center (NCBC) Port
. Hueneme located in Ventura County, California. Approximately 10,800 gallons of leaded gasoline
containing the additives methyl tertiary butyl ether (MTBE) and 1,2-Dichloroethane were spilled
in the subsurface between September 1984 and March 1985 at the Navy Exchange Gasoline Station.
SBP designed and installed four UVB systems. One was installed at the source, and three were
installed downgradient. The three downgradient UVBs were installed in a series at the edge of the
migrating BTEX plume with overlapping zones of influence. The objective is to initiate a biocurtain
to effectively biodegrade regulated constituents as they passively traverse the active zones. The goal
is to reduce benzene concentrations to less than 5 ppb. The cost savings from this system over the
pump-and-treat alternative is estimated at $ 2.5 million. The unit has already allowed the operators
to avoid a fine for non-compliance of plume mitigation and chemical containment, and, if effective,
will provide for chemical containment.

Sweden-3 Chapman Site

In July 1994, as part of a multi-vendor treatability study demonstration of bioremediation
technologies, SBP received an approval from the New York State Department of Environmental
Conservation (NYSDEC) in collaboration with the EPA Site Program, to install a UVB with an in
situ bioreactor at the Sweden-3 Chapman Site, Sweden, New York. SBP designed and installed this
system to demonstrate treatment of chlorinated volatile organic compounds (TCE, DCE, TCA, vinyl
chloride, etc.) and non-chlorinated volatile organic compounds (toluene, xylenes, MEK, MIK,
acetone, etc.) in soil and groundwater at this former drum disposal site. The objective was to
demonstrate that concentrations of target compounds can be significantly reduced in an area
measuring 50 ft x 50 ft around the UVB system.
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After six months of operation, results indicate that there has been a 45% reduction in total VOCs in
15 groundwater monitoring wells surrounding the UVB system. In addition, soil microbiological
analysis has shown significant increases in TCE degraders, while soil nutrient analysis has shown
significant decreases in nitrate, nitrite, and ammonia.

The original six month project has been approved for an extension of six more months following
encouraging results.

2.2 The KGB Technology

2.2.1 Description

The KGB system is used to create a circulation cell within perched groundwater and thin aquifers
(<15' deep) to remove volatile organics and enhance microbiological degradation. A special
advantage of the KGB system is its ability to effectively remediate the often highly contaminated
capillary fringe. Figure 2-2 shows a schematic diagram of the KGB system. A KGB system is
operated by pumping compressed air into a pressurized air distributor located between the capillary
fringe and the aquifer base. The air bubbles rise within the borehole filled with gravel pack and
cause the water to flow upward via an air lift effect. Consequently, a continuous circulation of
groundwater is established in the area surrounding the KGB well which delivers contaminated water
for air stripping. Volatile hydrocarbons dissolved in groundwater are transferred from the aqueous
phase to the gaseous phase in an amount relative to their gas-liquid distribution coefficients. These
gases, and the vapors from the vadose zone, are drawn by the blower resulting in the removal of
volatile organics. The off-gases are processed in aboveground GAC units. Gas phase
bioreactors/thermal oxidizers may be used instead of GAC, if appropriate.

2.2.2 KGB Installations_ and Case Studies

KGB systems have been employed successfully in the United States and Europe for the remediation
of soil and groundwater contaminated with a myriad of volatile organic compounds, including
BTEX and TCE. Currently, there are three KGB systems in operation in the United States. These
systems are currently being evaluated for their performance and percent reduction in contaminants.

The most recent installation was in June 1994 at the Tyndall Air Force Base in Florida. This system

is a modified version of the KGB for bioventing application. Petroleum hydrocarbon contaminated
groundwater is being air stripped using the KGB. However, the off-gases are not withdrawn for
aboveground off-gas treatment. Instead, the gases are injected back into the vadose zone to be
treated by means of bioventing. Preliminary results indicate that significant reduction in BTEX
compounds has been achieved during the first six months of operation.
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3.0 TREATABILITY STUDY OBJECTIVES
As previously noted, the major objectives of this treatability study are to:

° Determine if the UVB/KGB technologies are implementable, effective and
economical for remediation and/or containment of contaminants in the shallow and
upper Castle Hayne Aquifers at Site 69, Marine Corps Base, Camp Lejeune, NC.

® Provide engineering parameters related to the design and implementation of full-
scale UVB and KGB remediation systems at Site 69.

More specifically, during this treatability study the following questions will be answered:

1. Can the UVB and KGB technologies be implemented on a full scale under the
existing hydrogeologic conditions at Site 69? This question will be answered by
determining, via tracer analysis, if a circulation zone can be established. Without
a circulation cell, active remediation is not possible.

2. How effective are the UVB and KGB technologies? The degree of effectiveness
will be determined from analysis of the stripped off-gases, analysis of the granular
activated carbon (GAC) used to treat the off-gases, as well as periodic analysis of
groundwater in monitoring wells located within and around the estimated zone of
influence (ZOI) for each system. The GAC off-gas treatment system is designed
to adsorb the VOCs stripped by the UVB/KGB systems from groundwater.
Consequently, the concentration of VOCs in groundwater should decrease,
indicating that the UVB/KGB technology is effective in remediating the
groundwater at Site 69. The contaminant removal rate will depend on the
effectiveness of the UVB/KGB circulation cells (under existing hydrogeologic
conditions) to mobilize the contaminants and transport them to the UVB/KGB wells
for air stripping. This will be determined from the amount of organics adsorbed by
the GAC units over the treatability study duration.

3. Is the UVB/KGB remediation technology cost-effective? The economics will be
determined based on the ZOIs created by the UVB/KGB systems. The ZOIs will
be determined via tracer analysis. The ZOIs will determine the number and types
of UVB/KGB systems required to treat the impacted area. The capital costs for
these units along with the associated annual operating and maintenance costs over
an estimated period of operation will be determined.

The following parameters will be determined to assess the technical and economical feasibility of
the UVB and KGB technologies during the treatability study:

° Approximate zone of influence of the UVB-200 well (from tracer study)

° Approximate zone of influence of the KGB well (from tracer study)

® Cumulative water processed by the UVB-200 well (from direct measurement)
) Cumﬁlative water processed by the KGB well (to be estimated)
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Cumulative air processed by the UVB-200 system (from average of weekly
monitoring)

Cumulative air processed by the KGB system (from average of weekly monitoring)

Carbon breakthrough and carbon consumption for the UVB-200 system (from GAC
analysis)

Carbon breakthrough and carbon consumption for the KGB system (from GAC
analysis) '

Contaminants removed by the UVB-200 system (from GAC, groundwater, and off-
gas analysis)

Contaminants removed by the KGB system (from GAC, groundwater, and off-gas
analysis)

Electric power consumption (pump, UVB blower, KGB blower, compressor)
Frequency and extent of maintenance requirements for each system

Cumulative water removed by the knock-out vessels
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4.0 TESTING PROCEDURES

4.1 Mobilization

Mobilization will include site preparation, site clearing, installation of utilities, installation of
temporary facilities, and mobilization of drilling crew and rig.

4.1.1 Site Preparation/Site Clearing

At this time, no site preparation/site clearing activities are envisioned for access roads to the site.
The existing roads are generally accessible for the drilling rigs and 4-wheel drive vehicles. Low-
lying portions of the access road, which become flooded during storm events, will be improved by
the Remedial Action Contract (RAC) contractor prior to treatability study mobilization activities.
Limited site clearing, which may include cutting small trees and removing shrubs, may be required
to install the UVB/KGB systems and the associated monitoring wells. This activity will be
performed by the drilling subcontractor.

4,12 Installation of Utilities

The UVB/KGB systems will be operated using permanent electricity hook-ups to be made available
at the site. No electric power is currently available at the site; however, prior to start of the

" treatability study, a permanent power line will be installed along the site access road by the RAC

contractor. Equipment specification sheets indicating the voltage, amperage, and phase
requirements for the treatment system components are provided in Appendix F.

Water will be made available at the site via a temporary 5,000-gallon high density polyethylene
(HDPE) water tank. A local company will be used to provide water during the treatability study.
This water will be analyzed for VOCs by EPA Method 8260 in accordance with the ECBSOPQAM.

4.1.3 Temporary Facilities

Since the site is located in a remote area, no facilities or services are available on site. The following
temporary facilities will be used during the treatability study:

° No trash pick-up services are available near the site. Trash will be collected in
garbage bags and disposed of at a designated location on the Base. Mobilization
of a dumpster will not be necessary.

o A temporary sanitary facility will be mobilized for use during the well installation
and startup period (approximately 3-4 weeks). The facility will be installed outside
of the fenced area so that it can be serviced periodically.

° No office or storage trailers will be used during the study.
e  SBPwill have a mobile phone on site during the well installation and startup period.
° A local subcontractor will be used to receive and store field monitoring equipment,

_UVB/KGB equipment, sampling equipment, and supplies.
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4.2 illing and Well Construction

This section describes the procedures for the construction and installation of groundwater
monitoring wells (2-inch PVC and 2-inch drive points), the UVB-200 well, and the KGB well. All
drilling activities will be performed under the direct supervision of a licensed well driller. Oversight
will be provided by SBP. In addition, prior to drilling within the fenced area, all boreholes will be
cleared by the Army Technical Escort Unit (TEU) and the unexploded ordnance (UXO)
subcontractor. The TEU will screen each boring for chemical surety agents, and the UXO
subcontractor will screen each area for buried drums and ordnance using geophysical methods. At
a minimum, drilling activities will be performed using Level B respiratory protection (i.e., air line
or self-contained breathing apparatus) until the water table is encountered. Once drilling is advanced
past the water table and the TEU has cleared the hole, the level of respiratory protection will be
downgraded as appropriate in accordance with the HASP.

42.1 PVC (2-inch) Monitoring Wells for the UVB-200

The layouts of the proposed UVB well and the 2-inch PVC UVB groundwater monitoring wells are
shown in Figures 4-1 and 4-2, respectively. As shown in Figure 4-2, 12 monitoring wells are
proposed in two 90° arms; one arm in an approximate downgradient (southern) direction, and one
arm in a cross-gradient (eastern) direction. Two existing wells, 69-GW15IW and 69-GW02DW,
will be utilized in the southern arm. Each arm will contain six wells, three shallow (approximately
35 ft bgs), and three deep (approximately 65 ft bgs). Three such clusters (each consisting of a
shallow and a deep well) will be located at radial distances of approximately 43 ft, 73 ft, and 128 ft
from the UVB well in both arms, except for wells $3,1 and S$3,2 (Figure 4-2). Existing monitoring
well 69GW02DW will be used for wells S3,1 and S3,2, which is located approximately 130 ft from
the UVB. These distances represent the 25% ZOI, 43% ZOI, and 75% ZOI values, respectively (see
Section 4.3.3 for explanation of ZOI). In addition to these two arms, a shallow and deep well cluster
will be located 43 ft west of the UVB well, and another well cluster 43 ft north (upgradient) of the
UVB, as shown in Figure 4-2. In addition, two deep and one shallow monitoring well will be
installed in the annulus of the UVB well (two for monitoring and one for maintenance).

All new monitoring wells will be installed immediately prior to performance of the treatability
study, except for two wells, monitoring wells 69-GW15UW (S1,1) and 69-GW15DW, which will
be installed initially as part of a separate field effort. All treatability study well locations will be
located and cleared during this initial field effort so that remobilization of the TEU and UXO
subcontractor is not required for the treatability study.

Since the size and type of UVB well must be determined prior to mobilization and installation of the
UVB system, an additional field effort is needed to evaluate the vertical extent of contamination near
wells 69-GW15 and 69-GW15IW at Site 69. Therefore, prior to performance of the treatability
study, a 120-ft deep, Type III well (69-GW15DW) will be installed to determine the vertical extent
of groundwater contamination, as described below.

A pilot hole will be drilled using 12-inch outside diameter (O.D.) hollow stem augers. Split spoon
samples will be collected continuously to identify the clay layer which separates the surficial aquifer
from the Castle Hayne Aquifer. It is estimated that the clay will be encountered at a depth of
approximately 12 ft. Upon encountering the clay, a 10-inch inside diameter (1.D.) steel casing will
be set and grouted in place. Drilling will continue using mud rotary (9 7/8-inch diameter bit) with
split spoon samples collected at 5-ft intervals. Hydropunch samples will be collected at 10-ft
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intervals starting at a depth of 50 ft. Due to the groundwater contamination detected in intermediate
well 69-GW15IW, an inner casing will be set at a depth of approximately 80 ft to seal off the upper
portion of the borehole before proceeding to the final depth so that any potential contamination will
not be carried to deeper depths. This casing will be constructed of 8-inch I.D. steel and will be
grouted into place. The grout will be allowed to set overnight before proceeding with drilling,
sampling, and the well installation. Following the setting of the inner casing, mud rotary drilling
will continue with a 7 7/8-inch bit, and split spoon samples collected at 5 ft intervals. Hydropunch
samples will continue to be collected at 10 ft intervals to the final depth of the borehole, which is
anticipated to be 120 ft. Following completion of the drilling and sampling, a 15 foot, 2-inch 1.D.
PVC screen (0.010-inch slots) will be installed with 2-inch I.D. PVC threaded, flush joint riser.

Well 69-GWUW (S1,1) will also be installed as part of the initial field effort. Since there are
currently no on-site wells screened in the 20-ft. to 40.ft interval, the depth of the static water table
(assumed to be 25-ft. to 35-ft.) requires verification. It is desirable to verify this depth during the
initial field effort so that the drilling scope of work can be finalized prior to mobilization for the
treatability study. Installation of well 69-GW15UW, designed to straddle the static water table, will
accomplish this goal. Well 69-GW15UW will also be a Type IIl well. Figure 4-3 shows
construction details of a typical Type III monitoring well proposed for the shallow and deep UVB
monitoring wells.

4.2.2 KGB Monitoring Wells

Figures 4-4 and 4-5 show a layout of the proposed KGB well and the KGB monitoring wells. A total
of eight monitoring wells is proposed in two 90° arms (one downgradient or south and one lateral
or east). Each arm will contain four wells, two shallow (approximately 9 ft bgs), and two deep
(approximately 12 ft bgs). Two pairs (each consisting of a deep and a shallow well) will be located
at radial distances of 11 ft and 16 ft from the KGB well in both arms. These represent distances of
50% ZOI, and 75% ZOI, respectively (see Section 4.3.7 for explanation of ZOI). All KGB
monitoring wells, except one shallow and one deep well, will consist of 2-inch diameter galvanized
steel drive points with 2-ft screens. Figure 4-6 shows construction details of a typical Type II
monitoring well proposed for one shallow and one deep KGB monitoring well.

4.2.3 Procedures

4.2.3.1 Drilling

A combination of hollow-stem auger and mud rotary drilling methods will be used for drilling of
all UVB monitoring wells as described in Section 4.2.1 for monitoring well 69-GW150W. All
drilling will be performed in accordance with the USEPA Region IV ECBSOPQAM. Details on
drilling methods and borehole logging are described in the SOPs (Appendix D).

4.2.3.2 Surface Casing

Due to the presence of perched water (5-12 ft bgs), all drilling work beyond 12 ft bgs will require
installation of a surface casing. A 6-inch surface casing will be used on all shallow and deep 2-inch
PVC UVB monitoring wells. The casing will be set to a depth of 12 ft bgs. The outside and inside
of the casing will be grouted to within 2 ft of surface grade and allowed to dry. Once the grout has
set, drilling will continue through the grouted casing and into the underlying aquifer. Details on
surface casing installation are outlined in the SOPs.
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Surface casings will not be requifed during installation of KGB monitoring wells.

4.2.3.3 PVC Wells and Screen Slot Size

The UVB monitoring wells will be 2-inch diameter SCH 40 PVC with a 6-ft slot screen at the
bottom. The KGB monitoring wells will be 2-inch diameter SCH 40 PVC with a 1 ft slot screen at
the bottom. The screen slot size will be designed to retain approximately 90% of the filter pack
material. Where necessary a sediment sump (trap) will be constructed of blank PVC at the bottom
of each screened interval. '

4,2.3.4 Filter Pack and Bentonite Seal

The grain size of the filter pack will be specified to be between four and six times the grain size of
the formation. The filter pack material will be graded silica sand (Colorado Silica Sand or
equivalent). The sandpack will extend from the bottom of the screened interval to about 2 ft above
the top of the screen section. After the filter pack is in place, bentonite seal will be placed in the
borehole using one of the methods described in the SOPs. Seals will be 1 to 2 ft in thickness. The
borehole annulus will be grouted with a cement-bentonite grout mix which will extend to within
approximately 2 ft of the ground surface. Details on installation of filter pack and bentonite seals
are outlined in the SOPs.

42.3.5 Cement-Bentonite Grout

Grout will be placed directly above the bentonite seal and will extend to within 2 ft of the ground
surface. This will inhibit water flow through the annular space between zones of the aquifer system
and from the ground surface. The grout will then be allowed to settle. If significant settlement of
grout occurs, additional grout will be added to the prescribed depth of approximately 2 ft below
ground surface prior to installation of the protective casing and the concrete pad. Procedures on
installation of cement-bentonite grout are detailed in the SOPs.

4.2.3.6 Protective Steel Casing

Casing stickup above the ground surface will be approximately 1.8 ft. A spacer will be temporarily
installed so that the protective casing is 0.2 ft higher than the top of the well casing. Protective steel
casing with a locking cap will be placed over the PVC stickup with the top of the casing being
approximately 2 ft above the ground surface. Protective casing will be secured by means of a
padlock which will be installed at the time of protective casing installation. The protective casing
will be painted prior to installation. Well designations will be painted or permanently attached on
‘'the protective casing for all wells.

A concrete mix consisting of approximately one part sand to two parts cement will be used for the
concrete pad. The concrete pad will be poured into temporary forms and will be troweled so as to
provide positive drainage away from the steel casing. Four, 4-inch steel protection posts (bollards)
(five feet long, set 2.0 to 2.5 feet into the ground and painted day-glo orange or other high-visibility
paint approved by LANTDIV/Baker) will be embedded into the concrete pad. The posts will be
constructed of 3-inch ID schedule 40 steel pipe.
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424 TUVB-200 Well

The drilling method proposed for the UVB-200 well at Site 69 is mud rotary type. Rotary drilling
methods are used in cases where deep penetrative work is to be conducted in unconsolidated
sediments or shallow penetrative work is to be conducted in soft rock, tills, and other deposits
containing boulders. Rotary drilling procedures are described in the SOPs. A boring log, based upon
continuous or interval sampling and observed cuttings, will be prepared in accordance with the
standard lithologic logging procedures described in the SOPs. Figure 4-7 shows a construction
diagram for the UVB-200 well.

The UVB-200 PVC casing will rise 2 ft above the ground surface where the vacuum line connection
will be made to the blower. The UVB casing will be fitted with two screen sections (a lower screen
[4 ft.] and an upper screen [8 ft.]). These screens will be provided by IEG. The depth of the UVB-
200 well will be determined following installation of well 69-GW150W, as described in
Section 4.2.1.

As discussed earlier, a permanent surface casing will be installed to prevent migration of
groundwater from the upper aquifer to the lower aquifer through the borehole. The UVB-200 well
will be installed through a permanent 18-inch surface casing, grouted in place to 11 ft bgs. For
capture zone calculations (Section 4.3.3), a well depth of 62 ft deep bgs was assumed. The
installation of the UVB-200 system, including three 2-inch PVC wells (two monitoring, one
maintenance) in the UVB annulus will require an open borehole or temporary casing of at least 16-
inch inner diameter.

After the UVB casing stem and annulus sampling ports are set in place, the remaining annular space
can be filled with bentonite (sealed pellets), gravel and portland/bentonite grout in the amounts
required by the borehole size, and as described in the SOPs. A 6 ft x 6 ft concrete pad with steel
protection poles will be constructed around the UVB well, as described for the monitoring wells.

Figure 4-8 shows details of the stripping plate, the packer, the lower screen, and the upper screen
of the proposed UVB-200 for Site 69.

425 KGB Well

Figure 4-9 shows a construction diagram, as well as details of the air distributor and the double cased
screen for the KGB well. The KGB well will be 6-inch in diameter and will be installed to 11 ft bgs.
The KGB well will be hollow stem augured using an 12-inch I.D. auger according to the standard
drilling procedures in the SOPs. No surface casing will be required during the installation of KGB
well.

4.2.6 Pilot Borehole

The purpose of the pilot borehole is to verify that geologic conditions are favorable at the specific
locations where installation of the UVB well is proposed. The pilot borehole will provide
information regarding the presence or absence of subsurface confining layers which could adversely
impact the capability of the UVB to establish a vertical circulation cell between its upper and lower
screens. This pilot hole will eliminate potential downtime and additional costs during the UVB well
~drilling. In addition, last minute changes in the UVB/KGB well construction and design (e.g., well
screen lengths, well screen spacing) can be made from the geologic data collected during this event.
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The proposed depths and spacings of all monitoring wells, the UVB well, and the KGB well may
change depending on the data obtained from the borehole drilling/hydropunching during installation
of well 69-GW15DW and the pilot borehole.

The pilot borehole will be 4 inches in diameter and will be drilled using a hollow stem auger. A 6-
inch surface casing will be installed to 12 ft bgs as previously described. Continuous split spoon
sampling will be conducted after the surface casing to 50 ft bgs. Split spoon samples will be
archived as described in the Sampling and Analysis Plan (SAP) in Section 6.0.

4.2.7 Well Development

The methods used for the purpose of monitoring well development are described in the SOPs. All
development methods will be employed in a manner to enhance flow reversals in the filter pack
material. The water removed in the course of well development will be handled in accordance with
the procedures developed for handling and disposal of investigation derived wastes for the project
(Section 8.2). The volume of water removed, method and time, and other development
measurements will be recorded in the field logbook. In general, the method which will provide the
highest flow velocity into and out from the filter pack will be used. This activity will be conducted
by the drilling contractor or SBP personnel a minimum of 24 hours after well installation is
completed.

4.2.8 Well Identification

A metal identification tag will be mounted on each well indicating date installed, Baker
Environmental, drilling firm, depth of well, screen interval, and well identification number.

4.2.9 Drilling Equipment (Assembly, Decontamination)

All equipment will be assembled, and tested prior to drilling. All downhole drilling equipment will
be decontaminated between drilling locations. Equipment will be placed on plastic sheeting to
prevent contact with the ground surface. If a truck tailgate is used as an equipment bench, it will be
covered with plastic sheeting. Decontamination of all drilling equipment will be performed using
high pressure steam. Decontamination water will be collected, sampled, and disposed in accordance
with Section 8.3.

4.3 System Design and Operation
4.3.1 General Operation of the UVB-200

The UVB well is an in situ groundwater and soil remediation system, which remediates a range of
organic contaminants using a combination of both physical and biological processes. The UVB
system creates a circulation cell that transports the VOCs in groundwater to a central well casing for
treatment. The treatment methodology is primarily air strlppmg, and secondarily bioremediation for
light and middle range fraction hydrocarbons.

During operation, the water level rises inside the air tight UVB well due to a reduced atmospheric
pressure generated by a blower. Atmospheric air enters the well through a fresh air pipe connected
to the stripping reactor; which floats on the raised groundwater level. The incoming fresh air creates
a pressure equilibrium and forms bubbles through the groundwater as it is jetted through the pin hole
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plate of the stripping reactor in the well casing. An "airlift" effect is produced as the bubbles rise
and expand. The "airlift" effect will generate a standard upward flow pattern inside the remediation
well and allow for a variable amount of water to pass into the stripping reactor.

The groundwater elevation in the well casing is also amplified by the rising of air bubbles ("airlift"
effect). The reduced pressure in the well casing accelerates the rise of bubbles by allowing for an
increased rate of expansion. When the bubbles reach the air/water interface inside the well casing
they burst and allow the VOC's to be transported through the well shaft and up to the off-gas
treatment unit. After the bubbles burst, the groundwater then falls along the walls of the well, and
produces a significant hydraulic pressure, forcing the water horizontally into the aquifer through the
upper screen section straddling the top of the aquifer.

Groundwater flows into the lower part of the well to compensate for the water removal from the
upper section. Thus, a vertical circulation pattern develops with water entering the screen in the
lower part of the well near the bottom of the aquifer or contamination zone, and leaving through the
upper screen segment, or the top of the aquifer. The majority of the treated groundwater leaving the
upper screen section of the well circulates through the entire sphere of influence and returns to the
lower screen section a number of times before exiting the circulation cell.

4.3.2 Operational Characteristics of the UVB-200

The stripping efficiency of the UVB is based on the air to water ratio. The UVB 200 system usually
draws in approximately 100 m*h (58.9 cubic feet per minute (CFM)) of air, and in this case
approximately 4 m*h (17.6 gallons per minute (gpm)) of water are being pumped into the stripping
~ reactor producing a water to air ratio of 1:25, and an approximate stripping efficiency ranging from
90 to 99%. !

Based on an aquifer flow rate (Q,) of 0.26 m*/h through the capture zone area (see Section 4.3.3),

and an internal combined flow rate (Q) of 4.0 m%h, the UVB 200 system will be able to recirculate
93% of the influent more than once though the circulation cell.

Assuming complete mixing, 7% of the effluent that moves downstream will have passed once
through the stripping zone, while the remaining 93% of the effluent will have passed through the
stripping zone at [east twice.

43.3 Capture Zone and Circulation Cell of the UVB-200

The capture zone and circulation cell for the UVB 200 system to be installed at Site 69 have been
estimated using the aquifer parameters developed in the Draft Final RI Report (Baker, June 1995)
and the equations and graphical solutions developed by Dr. Bruno Herrling of the Groundwater
Research Group, Hydromechanic Institute, University of Karlsruhe, Germany. These equations and
graphical solutions are provided in Appendix E.

' The estimations were based on the following assumptions and simplifications:

. The aquifer thickness is constant.

° Only confined aquifer conditions are considered in the estimations.
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. The aquifer structure is assumed radially homogeneous to hydraulic conductivities.
Horizontal layers, each with different conductivities, can be used. The hydraulic
conductivities may be anisotropic, but each horizontal layer may have only one
vertical and one horizontal conductivity.

° The local below-atmospheric pressure field near the well is neglected.
o Density effects are neglected.
° The computations assume steady-state conditions.

Based on these assumptions, the following aquifer and UVB parameters have been estimated:
® Darcian velocity = 6.5x10° m/sec
® n (Porosity) = 0.3
. K, (Horizontal Hydraulic Conductivity) = 1.0x10™* cm/sec
® K, (Vertical Hydraulic Conductivity) = 1.0 x 10 cm/sec
° Horizontal Hydraulic Gradient= 0.065
] Thickness of Treatment Zone = 10.27 m (33.7 ft)
. Height of Upper Screen = 1.83 m (6.0 ft)
o Height of Lower Screen in Saturated Zone = 1.22 m (4.0 ft)

o Q, Flow from Upper Zone to Lower UVB Zone = 4 m’/h (estimated) for the
UVB-200 well

- Based on the above parameters, the upstream and downstream stagnation points, and the distances
B, and B, have been estimated, as shown in Figures 4-10 and 4-11. For standard flow UVB systems,
_ distance B, is defined as the bottom width of the capture zone, and distance B, is defined as the top
width of the capture zone. These distances have been calculated for an upstream distance from the
UVB well of 5H, where H is the height of saturated zone affected by the UVB. The distance 5H is
the minimum distance required from the UVB/KGB in order to eliminate any distortion effects
caused by the circulation cell at the points where B, and B, are calculated.

For the UVB-200 treatment system, the estimated downstream and upstream stagnation point (S)
for the circulation cell is 52 m (171 ft) from the center of the system. The stagnation point, S,
represents the minor axis of the ZOI. The width of each circulation cell is {(B, + B,)/2} = 111 m.
The theoretical capture zone width for the top of the zone (B,) is 81 m, and for the bottom of the
zone (B,) is 141 m. The major axis of the ZOI is calculated as {(B,+B,)/4} = 55.6 m.

To calculate the circulation cell capture zone and downgradient release zone dimensions, aquifer
data are entered into a computer spreadsheet, and the variables Q / H** V and a/H are calculated.
These variables are then used in conjunction with Dr. Herrling's graphical solutions (Figures 4-12
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through 4-17) to determine the various ratios. Table 4-1 lists the parameters evaluated for the

. determination of the capture and circulation zones for the UVB-200. These values are inserted in the

spreadsheet to calculate the dimensions of the theoretical circulation cell capture zone and release
zone. The circulation zone of influence (ZOI) is typlcally estimated as 90 to 98% of the major axis.
For this study, the ZOI was estimated as approximately 94 percent of the major axis, which is 52 m
(171 ft). Circulation times were estimated for Site 69 using porosities (n) of 0.3, 0.35, and 0.4 as
shown in Figure 4-18. Using a porosity value of 0.3, UVB monitoring well locations were selected
for the 25% ZOI (40-day circulation time), 43% ZOI (160-day circulation time), and 75% ZOI
(circulation time >700 days).

4.3.4 Maintenance Intervals and Parameters for the UVB-200
The maintenance intervals will begin immediately after start-up and continue every two months

thereafter until completion of the six-month study. The parameters to be checked during these
periods are as follows:

A. Measure and record height of the fresh air inlet pipe above top of UVB-HDPE well
head flange.

B. Check direction of rotation for blower fan. Should match the arrow on the fan
housing.

C. Check for wear and tear of blower fan belt. Replace or tighten as necessary (refer

to blower specifications Section 5 for specifics).

D. ‘Check water content in moisture knock out (remove all water after stripping, if
necessary). To strip water in moisture knock-out, open hose bib to allow for a
minimum of 1 hour ambient air to be drawn into knock out.

E. Check cables holding packer(s) check for fraying and replace as necessary.

F. Check cables for tightness and twisting, if necessary deflate and reset packer to
make cables tight or untwist (inflatable packer only)

G. Check packer air pressure. Add air as necessary, maintain 3.5 bars (inflatable
packer only) :

H. Check air hose(s) for wear, and replace as necessary (inflatable packer only)

I Observe vacuum gauge readings, adjust sieve plate up or down, or open/close

blower butterfly valve accordingly (2/5 blower only) to maintain desired vacuum
(range 65 to 45 millibars as per manufacturer's recommendation for proper

operation)

J. Check buoyancy of the UVB if applicable. UVB floating system should be able to
move freely up or down. If system is not floating, the cables and air lines may be
tangled.

K. Check bearings on blower motor. Replace as necessary.
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"Bird" cage should be secured to top of fresh air intake pipe.

Record hours of operation by checking cumulative hour meter on the blower or at
the electrical panel. ‘

While the blower is ON, verify that air is being pulled in through the air intake pipe,
and through groundwater. This is done by measuring air flow through the fresh air
intake pipe. If neither air flow, vibration or bubbling is heard, re-check items B
through J. If problems persist, contact IEG (see Section 12 for phone numbers). If
air is bubbling through water, vibration of the air intake pipe will be observed, and
a vigorous bubbling action will be heard by placing the ear against the air intake

pipe.

Verify proper functioning of the support pump (if applicable) by switching the
pump ON/OFF. This procedure should cause the air intake pipe to move downward
when the pump is turned "on", and upward then turned "off".

For fixed UVB's, place the ear to the intake pipe and this will allow one to hear
when the pump is turned on and off. ’

Remove iron and scaling build-up on upper screen section and UVB component
parts. This may cause a significant reduction in the performance of the system.
Moderate iron and scaling build-up is removed via high pressure water/steam
washing. Extensive iron and scaling build-up is removed by dilute acid treatment.

The UVB system will be removed from the well for inspection twice during the study. The
following checks will be performed during the inspections:

Check for iron and scaling build-up, any build-up or clogging of the screen holes should be removed.

R.

When all the parts of the UVB system are removed, the packer lines and cables
should be chécked for twisting and tightness, and corrections made if necessary
(floating UVB system only).

When a fixed or floating UVB system is removed, the well should be sounded and
checked for sediment build-up, and any sediment covering more than 15% of the
lower screen should be removed.

In cold weather, check for frost hindering the floating of the UVB or air flow
through the inlet for a floating or fixed UVB. If frost persists, fix the UVB ata
point matching the start-up influent velocity until temperature rises to enable free
floating of the system.

4.3.5 General Operation of the KGB

The KGB system consists of a combination of soil air venting, and in situ groundwater stripping
(push and pull technique) technologies. Clean compressed air is pumped into a pressurized air
distributor located between the capillary fringe and the aquifer depending on the vertical
contaminant distribution. '
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The design of the pressurized air distributor regulates the air flow so that the air can only flow

" 'upWafd. The air bubbles rise within the well, causing water inside the well casing to flow upward

(air-lift effect). Consequently, a continuous circulation of groundwater is generated in the area
surrounding the remediation well, delivering new contaminants to the stripping zone. In contrast to
other sparging methods, the clean water leaving the upper screen section of the well has no air
bubbles, therefore no air-water phases can impede the flow. In addition, a mass balance can be
obtained between influent and effluent air. The KGB system needs lower pressure, less air volume,
and thus, consumes less energy than conventional air sparging methods. Volatile hydrocarbons
dissolved in the groundwater are transferred from the liquid to the gas phase in an amount relative
to their gas-liquid distribution coefficient, and are extracted from the groundwater surface via the
double-cased screen (see Figure 4-9). Soil air from the unsaturated zone is also extracted and
remediated.

The stripping efficiency of the KGB is based on the air to water ratio. The KGB usually pushes in
approximately 3.4 m*h (2 CFM) of air, and in this case approximately 0.5 m*/h (2.2 gpm) of water
is being pumped into the KGB well producing an air to water ratio of 6.8.

Based on an aquifer flow rate (Q,) of 0.0185 m*h through the upstream capture zone (Section 4.3.7),
and an internal combined flow rate (Q) of 0.5 m*h, the KGB system will be able to recirculate 96%
of the influent more than once though the circulation cell.

Assuming complete mixing, 4% of the effluent that moves downstream will have passed once
through the stripping zone, while the remaining 96% of the effluent will have passed through the
KGB well at least twice.

43.6 Capture Zone and Clrculatlon Cell of the KGB

The capture zone and circulation cell for the KGB system to be installed at Site 69 have been
estimated using equations and graphical solutions developed by Dr. Bruno Herrling (Appendix E).
The estimations were based on the assumptions and simplifications listed in Section 4.3.3. Based
on these assumptions, the following aquifer and KGB parameters were estimated:

Darcian velocity = 6.5x10° m/sec

n (Porosity) = 0.3

K, (Horizontal Hydraulic Conductivity) = 1.0x10* cm/sec

K, (Vertical Hydraulic Conductivity) = 1.0 x 10* cm/sec
Thickness of Treatment Zone = 2.74 m

Height of Upper Screen= 1 m

Height of Lower Annulus Zone= 1m

Q, Flow from Upper Zone to Lower Zone = 0.5 m*/h (estimated)

For the KGB treatment system, the estimated downstream and upstream stagnation point (S) for the
circulation cell is 11.37 m from the center of the system. The width of each circulation cell is {(B,
+B)/2} = 25.07 m, as shown in Figures 4-19 and 4-20. The capture zone width for the top of each
zone (B,) is 16.99 m, and for the bottom of each zone (B,) is 33.15 m.

To calculate the circulation cell capture zone and downgradient release zone dimensions, aquifer
data are entered into a computer spreadsheet, and the variables Q / H** V and a/H are calculated.
Table 4-2 lists the parameters evaluated for determination of the capture and circulation zones for
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the KGB. These variables are then used in conjunction with Dr. Herrling's graphical solutions
(Figures 4-12 through Figures 4-17) to determine the various ratios. These values are inserted in the
spreadsheet to calculate the dimensions of the circulation cell capture zone and release zone. For
this study, a ZOI of 12.25 m (40 ft.) was estimated, which represents approximately 98 percent of
the major axis {(B,+B)/4}. Circulation times were estimated for porosities of 0.3, 0.35, and 0.4 as
shown in Figure 4-21. Using a porosity value of 0.3, KGB monitoring well locations were selected
for the 50% ZOI (20-day circulation time) and the 75% ZOI (70-day circulation time).

4.3.7 Maintenance Intervals and Parameters for the KGB
The maintenance intervals will begin immediately after start-up and continue every two months

thereafter until completion of the study. The parameters to be checked during these periods are as
follows:

A. Check direction of rotation of blower fan. It should match the arrow on the fan
using.
B. Check for wear and tear of blower fan belt. Replace or tighten as necessary (refer

to blower specifications Section 5 for specifics).

C. Check water content in moisture knock out (remove all water after stripping, if
necessary). To strip water in moisture knock-out, open hose bib to allow for a
minimum of 1 hour ambient air to be drawn into knock out.

D. Check bearings on blower motor. Replace as necessary.
E. Record hours of operation from blower clock.
F. Maintain 2 to 3 CFM compressed air flow, as water table fluctuates flow rate will

have to be adjusted to maintain the desired flow rate.
G. Check air filter on compressor clean or replace if necessary.
H. Check compressor inlet port. It should be kept free of obstructions.

L Vanes on compressor should be checked for wear by removing six bolts and an end
plate to expose rotor and vanes for inspection.

J. Maintain air tight seals at well head and all blower and compressor connections.
4.4 eTr t
44.1 Objectives

The dye/tracer study will use fluorescent dyes (fluorescein, eosine, and rhodamine WT) as tracers
to realize the following objectives for both UVB and KGB systems:

° Ascertain that a groundWater circulation cell has been established under the given
hydrogeologic conditions.
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] Determine the dimensions of groundwater circulation cell.

(] Determine the time required after startup to establish a Well—deveioped circulation
cell.

The tracer dyes are referred to as either convergent or divergent. The divergent dye moves away
from the UVB to the outer perimeter of the circulation zone. This dye is injected to the subsurface
at the innermost shallow wells for a standard flow UVB. A convergent dye moves toward the UVB
from its point of injection at the outermost deep wells within the estimated circulation zone. A dye
tracer test has been performed at the Letterkenny Army Depot Superfund Site in Pennsylvania under
the supervision of the U.S. Army Environmental Center at Aberdeen Proving Ground, Maryland.
Results of the test indicate that the chlorinated VOCs should not interfere with the dyes proposed
for this study.

4.4.2 Monitoring Wells Included in Dye/Tracer Study

Dyef/tracer tests will be simultaneously performed in both systems (UVB and KGB). Eighteen (18)
UVB monitoring wells will be included to monitor the performance of the UVB during the dye
tracer test. These include the two UVB annulus wells, and the 14 monitoring wells around the
estimated zone of influence of the UVB. The spatial distribution of these twelve monitoring wells
is described in Section 4.2. Eight (8) KGB monitoring wells will be included for dye tracer analysis
of the KGB system. The spatial distribution of these wells is also described in Section 4.2.

4.4.3 Procedures

Immediately after start up of the UVB/KGB systems, two rounds of background samples will be
collected to determine if there are any constituents in groundwater that may cause analytical or other
problems in successfully performing the dye tracer test. A high background concentration of the
dyes to be used in the study would represent a problem; however, such conditions are not expected.
Eosine may be used in cases when there is interference in the emission wavelength of fluorescein.
Immediately after the second background sample is collected, dyes will be injected. Fluorescein is
a divergent dye which will migrate to the edge of the circulation cell. Fluorescein dye will be
injected in the innermost shallow wells (0% ZOI well for UVB, 50% ZOI well for KGB). The time
of arrival and dye concentration will be monitored in shallow wells (43% and 75% ZOI wells for
UVB, 75% ZOI well for KGB). Rhodamine WT is a convergent dye which will migrate towards the
UVB/KGB. Rhodamine WT will be injected in the deep 75% ZOl, 43% ZOI UVB and KGB wells.
The time of arrival, and concentration will be monitored in the deep wells (25% ZOI and the UVB
annulus wells for UVB, 50% ZOI well for KGB).

Following dye injection, charcoal and groundwater samples will be collected periodically as outlined
in the SAP (Section 6.0) to determine the time of arrival and the concentration of dye in the
monitoring wells. The procedures for the dye tracer program are based on the following guidance
document being prepared for the USEPA Office of Research and Development, Washington, D.C.:

A Practical Manual of Groundwater Tracing with Fluorescent Dyes and Particles (T. Aley and M.
Field, In Press).
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The proposed dye amounts to be used are:

° Fluorescein color index 45350 - 2 Ib. per station as a 75% equivalent
® Eosine color index 453870 - 3 Ib. per station as a 75% equivalent
o Rhodamine WT (no color index) - 5 1b. per station as a 20% solution

45  Equipment Decontamination Procedures

All drilling and sampling equipment will be decontaminated before use, between each sampling
station, and at the completion of the sampling program in accordance with the EPA Region IV
ECBSOPQAM. Decontamination standard operating procedures are provided in Appendix D.

4.6  Progress Reporting

Upon initiation of on-site work (mobilization) and through completion of on-site work
(demobilization), SBP will generate a short Weekly Progress Report (i.e., 1-2 pages). One copy of
this report will be telecopied to Baker before 5:00 pm EST on Friday of each week. An additional
copy will be mailed to Baker via regular mail. The Progress Report will include the following
information:

Summary of the work completed that week including personnel on site
Schedule status

Discussion of any problems encountered and how they were or will be resolved
Anticipated changes in scope of work

Preliminary test results

Outstanding issues to be resolved
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[Camp Lejeune UVB 200 . | 717195

Gradient i= 0.016
£ xh= 1.00E-06 m/s
“kv= 1.00E-07 m/s
v=kh*i= 1.60E-08 m/s 1.38E-03 m/d
thickness: saturated zone 10.27 m
Well data
aT= 1.83m
aB= 1.22m
= 4 m3/h 0.00111 m3/s
= ca. 0.1
Q/H**kh= 11
Q/Hz*v= 658 .
Qfor Qo 3.04
HERRLING'S Diagrams
S/H= ca. 5.1 52 S (m)
D/H= ca. 10.9 112 D (m)
BTMH= ca. 7.9 81 BT (m)
B8B/H= ca. 13.75 141 BB (m)
TQO0/IQ= ca. 0.026 0.08 QO (m3)
mA/H’- ca. 12 1266 A (m2)
**** R applies only for NO GROUNDWATER FLOW***##*
'R/H= ca. 0 R (m)
55.586375
5.4125
' TABLE 4-1

SITE 69 'I'REATABILITY STUDY - MCB CAMP LEJEUNE, NORTH CAROLINA



lCamp Lejeune KGB i

Gradient i= 0.065
kh= 1.00E-06 m/s
kv = 1.00E-07 m/s
v= kh*i=  6.50E-08 m/s 5.62E-03 m/d
thickness: saturated zone 274 m
Well data
aT= Tm
aB= , 1m
= 0.5 m3/h 0.000 m3/s
a/lH= ca. 0.4
Q/H**kh= 18

Q/Hz*v = 285

HERRLING'S Diagrams

S/H= ' ca. 4.15 11.371 S (m)
D/H= ca. 9.15 25.071 D (m)
BT/H= ca. 6.2 16.988 BT (m)
BB/H= ca. 12.1 33.154 BB (m)
Qo/Q= ca. 0.037 0.0185 Q0 (m3)
AlH2= ca. 10.45 78 A (m2)
«+++ R applies only for NO GROUNDWATER FLOW*****~*

RH= . ca. 0o R (m)

TABLE 4-2

SITE 69 TREATABILITY STUDY - MCB CAMP LEJEUNE, NORTH CAROLINA
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FIGURE 4-19

SITE 69 TREATABILITY STUDY - MCB CAMP LEJEUNE, NORTH CAROLINA
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5.0 EQUIPMENT

The main compdnents of the UVB and KGB systems are described in the folloWihg sections,
respectively. Specifications for the major pieces of equipment are provided in Appendix F.

5.1 Blowers

An ELEKTRO 2/5 centrifugal blower will be provided for the UVB system. A 5-horsepower (HP)
blower is required to maintain a floating UVB 200 at a vacuum of 20 inches of water. The blower
is a three phase, 230-volt unit and is equipped with a moisture knock-out vessel built into the high
density polyethylene blower enclosure. An ELEKTRO 1/5 centrifugal blower will be provided for
the KGB system. The blower is a three phase, 208-volt, 1.5-HP unit and is equipped with a moisture
knock-out vessel built into the high density polyethylene blower enclosure. The off-gas effluent
from the moisture knock-out will be discharged to an off-gas treatment unit consisting of two drum-
type GAC units connected in series. The concentrations of VOCs in groundwater at Site 69 do not
tequire the use of explosion proof equipment (i.e., contaminant concentrations in off-gas are
expected to be well below their lower explosive limits).

5.2 Compressor

A Picolino Model VTEG compressor will be used to sparge air in the KGB well. The compressor
will be used to supply 2-3 cfm of air at a pressure enough to depress the water column in the
sparging pipe. An activated carbon air filter and a flowmeter will be attached to the compressor.
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6.0 SAMPLING AND ANALYSIS PLAN (SAP)

Data collected during the treatability study will be used to assess the performance of the technology,
potential need for pre- and post-processing of the wastestream, applicable types of contaminants and
media, the potential operating problems, and approximate capital costs. Demonstration data can also
provide insight into long-term operating and maintenance costs as well as long-term risks. Sampling
and analysis procedures are therefore very critical. Approved quality assurance/quality control
measures will be stringently followed throughout this treatability study.

This SAP provides the Field Sampling Plan (FSP) in Section 6.1 and the Field Monitoring Plan
(FMP) in Section 6.2. This SAP applies to all sampling associated with the treatability study except
for the sampling to be performed during and after installation of wells 69-GW15UW and 69-
GWI15DW. The Quality Assurance Project Plan (QAPP) is provided in Section 7.0. This SAP
follows the guidelines presented in U.S. Environmental Protection Agency's (USEPA) Office of
Research and Development (ORD) Risk Reduction Engineering Laboratory (RREL) Document
"Preparation Aids for the Development of Category HII: QAPP" EPA/600/8-91/005. It describes the
methods that the subcontract laboratories will use to collect and analyze samples generated during
this treatability study. Laboratory analysis will be performed by the following laboratories:

° Analysis of tracer dyes: Ozark Underground Laboratories (OUL)

o Volatile organic analysis: Laboratory Resources, Inc.
L Inorganic analysis: York Analytical Laboratories (formerly ELI)

6.1 el in

The FSP is comprised of the following components:

Soil sampling (for geologic data only)

Groundwater sampling for target VOCs and inorganics
Groundwater sampling for dyes/tracers

Sampling of GAC samplers for dyes/tracers

Sampling of GAC for adsorbed VOCs

Sampling of off-gases for target VOCs

Table 6-1 shows details of the samples to be collected under the FSP.
6.1.1 Sampling of Subsurface Soils for Geologic Records

Soil samples will be collected at the time of drilling of the pilot hole, monitoring wells and the UVB
well. All soil samples collected in the field will be retained/archived for future geological reference.
No subsurface soil sampling is proposed to determine contamination by target VOCs. Soil samples
from continuous split spoon sampling will be collected during drilling of two deep monitoring wells
located at a distance of 94 ft from the UVB and from the pilot borehole. Split spoon sampling will
be performed from 12 ft bgs (after the surface casing) to 80 ft bgs in the two monitoring wells, and
to 50 ft bgs in the pilot bore hole. Details about sampling equipment and logging procedures are
described in the SOPs.



Samples will be numbered as 69SB-PH (14-16) where:

69: refers to Site 69

SB:  refers to soil boring

PH: refers to pilot borehole (UW for UVB borehole if different from pilot borehole, E22
for the east arm deep monitoring well, S22 for the south arm deep monitoring well)

14-16: refers to the depth, in ft bgs, where the sample was collected

In all, 18 cores will be collected from the pilot hole, and 48 cores from each of the two monitoring
wells.

6.1.2 Groundwater Sampling Plan

Groundwater samples will be collected for analysis of VOCs, inorganics, and dye/tracers, as shown
in Table 6-1.

Samples for VOCs analysis will be collected using a submersible pump in a 40 ml VOA vial. Prior
to collecting the sample, the wells will be purged as described in the SOPs. Samples will be
collected from 12 UVB monitoring wells, 2 UVB annulus wells, and 8 KGB monitoring wells.
Samples will be collected at time zero followed by 2, 4, and 6-month intervals. Samples will be
stored and shipped on ice after collection. Sample results will be provided by the laboratory on a
1-week turnaround basis.

VOCs in groundwater monitoring wells will be analyzed according to EPA method SW846 protocol.
The method used will be EPA 8260 which is recommended for non-chlorinated and chlorinated
VOCs. VOCs adsorbed on granular activated carbon will be first extracted in methanol. Analysis
of extracted VOCs will be performed by method EPA 8260. All VOCs analyses will be performed
by Laboratory Resources, Inc., which is a NEESA-certified laboratory. Details of analytical
procedures are outlined in Appendix B.

Samples will be numbered as 69UVB-GW-VOC(0)-W 1,1 where:

69: refers to Site 69

UVB: refers to UVB monitoring wells (KGB for KGB monitoring wells)

GW: refers to groundwater sample (TB for trip blank, IB for instrument blank)
VOC: refers to sample for volatile organic analysis

(0):  refers to time zero sample (2,4,& 6 for 2 month, 4 month, and 6 month sampling
event)
S: refers to a well in the south arm (E for a well in the east arm, UW for a UVB

annulus well)

1,1:  refers to the shallow 25% ROI UVB well/shallow 50% ROI KGB well (1,2 for the
deep 25% ROI UVB well/deep 50% ROI KGB well; 2,1 for the shallow 43% ROI
UVB well/shallow 75% ROI KGB well; 2,2 for the deep 43% ROI UVB well/deep
75% ROI KGB well; 3,1 for the shallow 75% ROIL UVB well; 3,2 for the deep 75%
ROI UVB well, 0,1 for the shallow UVB well, 0,2 for the deep UVB well).
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In addition to the samples described above, groundwater samples will be collected during the first
two weeks after startup of the UVB system. Samples will be collected from the two UVB annulus
wells (shallow and deep) at intervals of 1 day, 1 week, and 2 weeks after startup. These samples will
be analyzed on a 24-hour turnaround basis to help SBP/IEG assess the performance of the system
and make any necessary changes.

Samples will be numbered as 69UVB-GW-VOC(D1)-UW 0,1 where:

69: refers to Site 69

UVB: refers to UVB monitoring wells

GW: refers to groundwater sample

VOC: refers to sample for volatile organic analysis

(D1): refers to Day 1 sample (W1 and W2 for week 1 and week 2 samples, respectively)
UW:  refers to samples from the UVB annulus wells.

0,1:  for the shallow annulus well (0,2 for the deep annulus well)

In all, 96 samples will be collected (64 for UVB, 32 for KGB) for VOCs analysis during the study.

6.1.2.3 Sampling Plan for Inorganics

The inorganic analyses will be performed using standard procedures outlined in the QAPP document
of Environmental Laboratories, Inc. in Appendix C.

The potential for corrosion or incrustation of groundwater well casings and screens may be estimated
by considering several parameters which characterize the inorganic groundwater quality. These
parameters include: pH, concentrations of dissolved gases (i.e., oxygen, hydrogen sulfide, and
carbon dioxide), total dissolved solids (TDS), total suspended solids (TSS), chloride, carbonate
hardness, iron, and manganese.

Potentially corrosive conditions are indicated by low pH, significant concentrations of the dissolved
gases listed above, high total dissolved solids concentration, and high chloride concentration.
Potentially encrusting conditions are indicated by high pH, high carbonate hardness, and significant
levels of iron and manganese. In order to evaluate corrosion and incrustation potential at Site 69,
SBP will analyze groundwater from two existing wells nearest to the proposed UVB/KGB systems
for inorganic quality. Samples will be collected at time zero and 6 months later.

Parameters including pH, dissolved oxygen, and specific conductance will be measured in situ prior
to any purging of the monitoring well. Probes will be lowered and held stationary at the midpoint
of the screened interval. The inorganic quality parameters to be analyzed are cations (calcium,
magnesium, potassium, sodium, and manganese), total dissolved iron, bicarbonate, sulfate, anions
(chloride), and related parameters (pH, dissolved oxygen, specific conductance, and total dissolved
solids).
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The table below shows the analytical methods, sampling requirements, and procedures.

Parameter Sample Volume Preparation and Storage
Dissolved Iron 2 X 250 m! plastic bottle (i) Filter with 0.45 m filter
(ii) Preserve with nitric acid to
below pH 2.0
(iii) Keep cool
tion:
(Ca, Mg, Mn, Na,K) | 2 X 250 ml plastic bottle (i) Preserve with nitric acid to

below pH 2.0
(ii) Keep cool

Chiloride, sulfate, pH,
TDS, and specific

2 X 1L plastic bottle

(i) Filled to the top
(ii) Keep cool

conductance
Bicarbonate 2 X 1L plastic bottle (i) Filled to the top
(ii) Keep cool
Method Numbers:
Bicarbonate: ASTM D513
Total Dissolved Solids:  Standard Methods 2540-Part C
Specific Conductivity: ~ Standard Methods 2510
Sulfate: Standard Methods 4500-SO, Part E
Chloride: Standard Methods 4500-Cl Part B
Dissolved Iron: EPA SW-846 Method 6010
Catons: EPA SW-846 Method 6010

Samples will be numbered as 69UVB-GW-GA(0)-W 1,1 where:
69: refers to Site 69
UVB: refers to UVB monitoring wells (KGB for KGB monitoring wells)

GW: refers to groundwater sample (TB for trip blank, IB for instrument blank)
GA: refers to sample for group A inorganics analysis (GB for group B, BI for

bicarbonates, DI for dissolved iron)

(0):  refers to time zero sample (2,4,& 6 for 2 month, 4 month, and 6 month sampling
event)

S: refers to a well in the south arm (E for a well in the east arm, UW for a UVB

annulus well)

1,1:  refers to the shallow 25% ROI UVB well/shallow 50% ROI KGB well (1,2 for the
deep 25% ROI UVB well/deep 50% ROI KGB well; 2,1 for the shallow 43% ROI
UVB well/shallow 75% ROI KGB well; 2,2 for the deep 43% ROI UVB well/deep
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75% RO1KGB well; 3,1 for the shallow 75% ROI UVB well; 3,2 for the deep 75%
ROI UVB well, 0,1 for the shallow UVB well, 0,2 for the deep UVB well)

In all, 4 samples will be collected for inorganic water quality analysis to be performed by York
Analytical Laboratories.

6.1.2.4 Sampling Plan for Dves in Groundwater

Two types of sampling will be conducted as part of the dye tracer analysis: groundwater sampling;

and GAGC, or charcoal sampling. Groundwater sampling will be performed to provide information
on dye concentrations at a particular time at the monitoring stations. The charcoal sampling will
help to provide information on the first arrival time of the dye at a particular station. The charcoal
sampling will also help to minimize the frequency and number of water samples required for the
tracer test. Groundwater dye sampling is discussed below, and the GAC dye sampling is described
in Section 6.1.2.4.

Following dye injection, water samples will be collected weekly over a period of 10 weeks, and then
bi-weekly for the next 10 weeks from the UVB monitoring wells. Water samples will be collected
weekly for four weeks followed by bi-weekly for 12 weeks from the KGB monitoring wells after
dye injection. Water samples will be collected at the same time when charcoal samples are collected,
but analyzed for dyes only when the representative charcoal sample shows presence of dye. They
will be collected using disposable bailers in plastic 50 ml research grade polypropylene copolymer
Perfector Scientific vials. The bottles will be placed in the dark and refrigerated immediately after
collection. They will be shipped on ice to OUL. '

Samples will be numbered as 69UVB-GW-FLR(B1)-S1,1 where:

69: refers to Site 69

UVB: refers to UVB monitoring wells (KGB for KGB monitoring wells)

GW  refers to groundwater sample, (TB for trip blank, IB for instrument blank)
FLR: refers to sample for fluorescein (RHD for rhodamine WT, ESN for eosine)

(B1): refers to week one background (B2 for week two background, 1, 2, ...n for week 1,
2, ..... n after dye injection)

S: refers to a well in the south arm (E for a well in the east arm, UW for a UVB
annulus well)

1,1: refers to the shallow 25% ROI UVB well/shallow 50% ROI KGB well (1,2 for the
deep 25% ROI UVB well/deep 50% ROI KGB well; 2,1 for the shallow 43% ROI
UVB well/shallow 75% ROI KGB well; 2,2 for the deep 43% ROI UVB well/deep
75% ROI KGB well; 3,1 for the shallow 75% ROI UVB well; 3,2 for the deep 75%
ROI UVB well, 0,1 for the UVB shallow well, 0,2 for the UVB deep well)

In all, 260 water samples will be collected for analysis of dyes. Tracer dyes (thodamine WT and
fluorescein) will be analyzed using spectrofluorometry methods. Both, groundwater and charcoal
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samplers will be analyzed using this method following extraction of the dyes in an organic solvent.
Details on dye analytical procedures are outlined in Appendix A. All dye analyses will be performed
by OUL. ‘

6.1.3 Sampling of GAC Samplers for Dyes/Tracers

The following sections describe the procedures for performing the sampling of GAC samplers for
dyes/tracers.

6.1.3.1 Description of the Samplers

The charcoal samplers are packets of fiberglass screening partially filled with approximately 4.25
grams of activated coconut charcoal. The charcoal used by the OUL is Barnebey and Sutcliffe
coconut shell carbon, 6 to 12 mesh, catalog type AC. The samplers are typically about 4 inches long
by two inches wide. Samplers are typically closed by heat sealing.

6.1.3.2 Placement of Samplers

Samplers (also called charcoal packets) are placed so as to be exposed to as much water as possible.
The packets are attached using galvanized wire (electric fence wire is ideal); other types of
anchoring wire can also be used, such as electrical wire with plastic insulation. Packets are attached
so that they extend outward from the anchor rather than being flat against it.

Charcoal packets will be lowered into monitoring wells for sampling purposes. In general, if the well
is screened, samplers will be placed approximately in the middle of the screened interval. A weight
will be added near the charcoal packet to insure that it will not float. The weight will be of such a
nature that it will not affect water quality, such as glass marbles sealed into packets of fiberglass
screen. A nylon cord will be run from the top of the well to anchor the charcoal packet and its
weight. Placement of samplers will be adjusted based on actual field conditions.

6.1.3.3 Rinsing of Charcoal Packets Prior to Sampling

Charcoal packets routinely contain some fine powder which washes off rapidly when they are placed
in water. Since such material could remain in monitoring wells, charcoal packets to be placed in such
wells will be triple rinsed with distilled, demineralized, or reagent water known to be free of tracer
dyes. This rinsing is typically performed by soaking. Approximately 25 packets will be placed in
one gallon of water and soaked for at least 10 minutes. The packets will be removed from the water,
and excess water will be shaken off the packets. This procedure will be repeated two more times
using fresh water. Triple rinsed packets are placed in plastic bags and are placed at sampling stations
within three days.
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6.1.3.4 Collection and Rep] f Sampler

Following dye injection, charcoal samples will be collected weekly over a period of 10 weeks, and
then bi-weekly for the next 10 weeks from the UVB monitoring wells. Charcoal samples will be
collected weekly for four weeks followed by bi-weekly for 12 weeks from the KGB monitoring
wells after dye injection.

After the packets are removed from the well, they will be shaken to remove excess water. Next, the
packet (or packets) will be placed in a plastic bag (Whirl-Pak bags are ideal). The bag will be labeled
on the outside with a permanent type felt marker pen. The notations will include station name or
number and the date and time of collection. Labels will not be inserted inside the sample bags. New
charcoal samplers will be placed when used charcoal packets are collected. Collected samplers will
be kept on ice, and in the dark to minimize algal growth on the charcoal prior to analysis. The
samplers will be shipped refrigerated by overnight express to OUL.

Each shipment of charcoal samplers or water samples will be accompanied by a sample tracking
sheet. These sheets (which bear the title "Samples for Fluorescence Analysis") are provided by the
laboratory and summarize placement and collection data. These sheets will be augmented by SBP's
chain-of-custody forms or any other relevant documentation.

Samples will be numbered as 69UVB-AC-FLR(B1)-S1,1 where:

69:  refers to Site 69
UVB: refers to UVB monitoring wells (KGB for KGB monitoring wells)
AC:  refers to activated carbon samplers

S: refers to a well in the south arm (E for a well in the east arm, UW for a UVB
annulus well)

11: refers to the shallow 25% ROI UVB well/shallow 50% ROI KGB well (1,2 for the
deep 25% ROI UVB well/deep 50% ROI KGB well; 2,1 for the shallow 43% ROI
UVB well/shallow 75% ROI KGB well; 2,2 for the deep 43% ROI UVB well/deep
75% ROI KGB well; 3,1 for the shallow 75% ROI UVB well; 3,2 for the deep 75%
ROI UVB well, 0,1 refers to UVB shallow well, 0,2 refers to UVB deep well).

In all, 215 charcoal samples will be collected for dye analysis.
6.1.4 Sampling of GAC for Adsorbed VOCs from Off-Gases

A total of four GAC drums will be used, a set of two in series connected to each blower (UVB and
KGB). All GAC drums will be monitored weekly for breakthrough using a photo-ionization detector
(PID). Whenever a GAC can reaches breakthrough, it will be taken out of service. A fresh GAC can
will then be added to the off-gas treatment system as the lead unit (GAC1), and the former lead unit
will become the new lag unit (GAC2). Spent carbon samples will be collected from the used drums
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in duplicate, and shipped to Laboratory Resources for analysis. If the carbon does not reach
breakthrough by the end of the demonstration period, sampling and analysis will be performed at
the end before disposal of GAC drums.

Samples will be numbered as 69UVB-GAC-1 where:

69: refers to Site 69

UVB: refers to UVB off-gas treatment (KGB for KGB off-gas treatment)
GAC: refers to granular activated carbon sample)

1 refers to sample from the first can in series (2,3,..n for 2nd, 3rd,..nth can)

Number of samples collected will depend on the carbon breakthrough.
6.1.5 Air Sampling

In addition to analysis of the GAC, air streams processed by the GAC units (influent and effluent)
will be analyzed periodically for both UVB and KGB systems. Analysis of the influent air streams
will provide information on the performance of each system (i.e., degree of VOC removal from the
groundwater). Analysis of the effluents will provide data on the performance of the GAC units. Six
(6) sampling events are planned for air analysis. As shown in Table 6-1, samples will be collected
at 1 day, 1 week, 2 weeks, 2 months, 4 months, and 6 months after startup. Samples will be
collected on solvent desorption carbon tubes. A given volume of air stream (as specified by the
manufacturer) will be pumped through these tubes using an air sampling pump. VOCs adsorbed on
the carbon will be extracted in a solvent and analyzed by gas chromatography for specific VOCs
using method EPA 8260.

Samples will be numbered as 69UVB-AIR-VOC-0-1 where:

69: refers to Site 69

UVB: refers to UVB monitoring wells (KGB for sample out of the KGB)
AIR: refers to air sample

VOC: refers to sample for volatile organic analysis

0: refers to sample out of the UVB or KGB (1 for sample out of GACI, 2 for sample
out of GAC2)

1: refers to sampling event 1 (2,3,4,5, & 6 for 1 week, 2 week, 2 month, 4 month, and

6 month sampling event)
6.1.6 Sample Handling, Labeling, Shipping, and Documentation

This section presents the procedures for handling, labeling, and transport of environmental and waste
samples as well as field recording practices necessary for reconstruction of the sampling event. The
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possession and handling of all samples collected will be traceable from the time of collection

* through analysis, until final disposition. Documentation of the sample history is referred to as

"chain-of-custody." Components of the chain-of-custody (i.e., sample seals, field logbook, chain-of-
custody record, and sample analysis request form) and procedures for their use are described in the
following sections.

A sample is considered to be under a person's custody if it is: 1) in a person's physical possession,
2) in view of the person after he or she has taken possession, 3) secured by the person so that no one
can tamper with the sample, or 4) in a secure area. A person who has samples under custody must
comply with the procedures described in the following sections.

6.1.6.1 Chain-Of-Custody Records

To establish the documentation necessary to trace sample possession from the time of collection,
a chain-of-custody record must be filled out in triplicate and must accompany every sample or group
of individually identified samples. Chain-of-custody records will contain the following information:

Sample Identification Number

Date and Time of Sample Collection
Signature or Initials of Sample Collector
Matrix Type

Number of Containers

Signatures of People in the Chain-of-Custody
Date and Time of Each Change in Custody
Method of Shipment

Condition of Samples when Received by Laboratory
Project Name

Project Number

Sampling Location

A typical chain-of-custody form is shown in the SOPs. Each person who has custody must sign the
form. Samples cannot be left unattended unless they are secured and sealed.

6.1.6.2 Sample Labels

Sample labels are necessary to prevent misidentification of samples. An example sample label is
shown in the SOPs. Gummed paper labels or tags will be used and will include at least the following
information:
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L Sample number (referenced to a sampling location) including a sample code that
distinguishes field samples, duplicates, spikes, or blanks. The laboratory should not
be cognizant of the code.

° Signature or initials of sample collector.

. Date and time of sample collection.

L] Location of sample collection.

° Type of preservative used, or "None" as necessary.

Labels will be affixed to sample containers prior to or at the time of sampling. The labels will be
filled out at the time of sample collection. The exact sample location and type of sample will be
recorded in the field logbook.

All boxes used for archiving or sample storage will be labeled at the end and top with an indelible
marking pen. Box labeling will include the following:

Job Number (e.g., 00367-109)
Location (e.g., SWMU 5)
Site (e.g., SBP)

Date (e.g., February 16, 1991)
Disposition (e.g., archived)

Sample seals are used to detect improper handling of samples following sample collection up to the
time of analysis. Items such as gummed paper seals and custody tape will be used for this purpose.
Signed and dated seals will be attached so that they must be broken to open either the individual
sample containers or shipping containers. Seals will be affixed to containers before the samples
leave the custody of the sampling personnel.

6.1.6.3 Shipping of Samples

Samples will be packaged and shipped in ice chests in accordance with U.S. Department of
Transportation and EPA regulations. Samples will be delivered to the laboratory so that the
requested analyses can be performed within the specified allowable holding time (see Table 6-1 for
allowable holding times). Samples will be accompanied by the chain-of-custody record. The
chain-of-custody record received will list the variables to be analyzed by the laboratory and total
number and type of samples shipped for analysis. Authorized laboratory personnel will
acknowledge receipt of shipment by signing and dating the form and returning a copy to the project
manager. The laboratory will also sign and date the airbill accompanying the samples and keep it
on file with the sample information.
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6.1.6.4 Field Logbook

Information pertinent to the sampling effort will be recorded in a field sampling log. The book shall
be bound. All entries will be made in indelible ink and all corrections will follow error correction
protocol of one line through the error and initial and date of correction. At a minimum, entries in a
logbook will include the following:

Purpose of sampling
Location, description, and photographs of the sampling point

Details of the sampling site (for sample, the elevation of the casing, casing diameter
and depth, integrity of the casing, etc.)

Name and address of field contact

Documentation of procedures for preparation of reagents or supplies which become
an integral part of the sample (e.g., filters and absorbing reagents)

Identification of sampling crew members

Type of sample (e.g., ground water, soil, sludge, or waste water)
Suspected waste composition, including estimated concentrations
Number and volume of sample taken

Sampling methodology

Sample preservation

Date and time of collection

Collector's sample identification number(s).

Sample distribution and transportation method (e.g., name of the laboratory and
cartage agent - Federal Express, United Parcel Service, etc.)

References such as maps of the sampling site.
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° Field observations

° Any field measurements made (e.g., pH, flammability, explosivity, and water
depth).

] Signature and date by the personnel responsible for observations.

° Decontamination procedures.

Sampling situations vary widely. No general rules can specify the extent of information that must
be entered in a logbook. However, records shall contain sufficient information so that someone can
reconstruct the sampling activity without relying on the collector's memory.

6.2 Field Monitoring Plan (FMP)

The FMP is comprised of the following components:

° Monitoring of field parameters
] Monitoring of UVB parameters
] Monitoring of KGB parameters

This plan describes the techniques to be implemented for the above parameters to be measured in
the field. Table 6-2 show the details of the monitoring activities under the FMP. At a minimum,
instruments will be calibrated at the beginning of each work day and at any time the calibration
range is exceeded during measurements.

6.2.1 Water Parameters

6.2.1.1 Water Leve] Measurements

Water levels will be measured using a portable well gauging probe. Water level measurements will
be referenced to a known elevational datum. The measuring point at the top of the casing will be
permanently marked and surveyed. Water level measurements will be consistently taken from the
same marked point. Water levels will be measured by lowering the probe or tape measure into the
well until contact with the water surface is indicated. The electric tape will be marked at the
reference measuring point and partly withdrawn,; the distance from the mark to the nearest tape band
will be measured and added to (or subtracted from) the band reading to obtain the depth to water
below the reference point. Readings will be verified by repeating the procedure until successive
measurements differ less than 0.01 foot. Measuring devices will be decontaminated prlor to and after
each monitoring in accordance with the SOPs.
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Water level measurements will be taken in the 18 UVB monitoring wells, eight KGB monitoring
wells, existing nearby monitoring wells, and the UVB well. Water level measurements will be
performed once every week.

6.2.1.2 Dissolved Oxygen and Temperature

These parameters will be measured in situ using a portable field sensor. The sensor will be calibrated
according to the procedures outlined by the manufacturer. Water temperature will be recorded first,
followed by dissolved oxygen. The instrument will be corrected for temperature compensation
before reading dissolved oxygen. Multiple readings will be taken until two identical readings or

“readings with + 10% variance are recorded. Dissolved oxygen measurements will be performed in
18 UVB monitoring wells, eight KGB monitoring wells and the UVB well. Dissolved oxygen
measurements will be performed once every week.

6.2.1.3 pH and Specific Conductivity

These parameters will be determined by lowering in situ probes in monitoring wells. Multiple
readings will be taken until two identical readings, or readings with + 10% variance, are recorded.
Measurements for pH and specific conductivity will be performed once every week in the 18 UVB
monitoring wells, eight KGB monitoring wells, and the UVB well.

6.2.2 Soil Parameters

6.2.2.1 VYOCs in Soil

Soil VOCs will be measured using a portable PID. This method provides a quick and accurate
method of determining the presence of volatile organic compounds in soils while drilling and/or soil
sampling in the field. This monitoring is part of the Health and Safety requirements outlined in the
HASP. Drill cuttings and core samples collected for archiving will be screened using this method
for potential exposure hazard.

Procedure:
L The PID will be calibrated each day before the start of field activities.
] Background levels of volatile organic compounds will be established with the PID
each day before field activities start.
] When monitoring for VOCs from drill cuttings/drilling fluids, measurements will

be performed at the source (not more than 12-inch away from the generated waste).
At least three measurements will be performed in the vicinity.

J
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° When monitoring for VOCs in samples collected by split-spoon samplers,
measurements will be performed at the surface of the soil sample immediately after
the spoon has been split opened. Three measurements will be taken across the
length of the sample.

L The PID reaches a peak response within approximately 5 seconds; therefore, the
. reading should be taken between 5 and 10 seconds after the tip is exposed to the
sample. Resulting PID readings are in ppm of total ionizable volatile organic

compounds.

] Based on the permissible exposure level criteria (to be determined), the Health and
Safety Officer will decide the level of personal protection required in accordance
with the HASP.

o Decontaminate all equipment as described in Section 4.6.

6.2.3 Measurement of UVB Parameters
Table 6-3 shows the details of the UVB specific field monitoring plan.

6.2.3.1 UVB Vapor Parameters

All parameters listed below will be measured from the pressure (UVB effluent port) side of the UVB
Blower prior to off-gas entry to the GAC unit.

° Relative air humidity (% moisture)

L Air temperature (°C)
° Air flow out of the UVB (acfm or actual cubic feet per minute, at recorded

temperature and pressure)

® Off-gas concentration of VOCs stripped from groundwater (ppm of ionizable
volatile organic compounds using PID)

All parameters listed below are measured from the top of the UVB air intake pipe (UVB Influent
Port).

° Ambient relative humidity (% moisture)

° Ambient air temperature (°C)
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) L Air flow into the UVB ( actual cubic feet per min, acfm, specify recorded
temperature and pressure)

o Vacuum (mbars) in UVB well with fresh air pipe open
] Vacuum (mbars) in UVB well with fresh air pipe covered
All parameters listed below are measured at the GAC unit effluent port.

] ‘Off-gas concentration of VOCs exiting the GAC unit(s) (ppm of ionizable volatile
organic compounds using the PID)

° Effluent air flow through the GAC unit(s) ( actual cubic feet per min, acfm, specify
recorded temperature and pressure)

From the above data, using a time weighted measurement of volatiles organics in ppm, the amount
of hydrocarbons extracted by the remediation systems in pounds per day may be calculated and
graphically represented as pounds per day versus time of operation.

6.2.3.2 UVB Groundwater Parameters
The following parameters will be measured in the UVB well:
® Water levels (in feet) as a base line (initial measurement only)

® Water levels (in feet) in the UVB well, and the UVB deep and shallow annulus
wells with the system on.

° Water levels (in feet) in the UVB well, and the UVB deep and shallow annulus
wells with the system off (1 hour after the blower has been turned off)

L Groundwater recirculation flow rate (gallons per minute, gpm)
6.2.4 Measurement of the KGB Parameters

Table 6-4 shows details of the KGB specific field monitoring plan.
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6.2.4.1 KGB Vapor Parameters

All parameters listed below are measured at the GAC unit effluent port.

e Off-gas concentration of VOCs exiting the GAC unit(s) (ppm of ionizable volatile
organic compounds using the PID)

® Effluent air flow through the GAC unit(s) ( actual cubic feet per min, acfm, specify
recorded temperature and pressure)

From the above data, using a time weighted measurement of volatiles organics in ppm, the amount
of hydrocarbons extracted by the remediation systems in pounds per day may be calculated and
graphically represented as pounds per day versus time of operation.

6.2.4.2 KGB Groundwater Parameters
The following KGB groundwater parameters will be measured:
° Water levels (in feet) as a base line (initial measurement only)

° water levels (in feet) in the KGB deep and shallow wells with the system on (both
blower and compressor)

° water levels (in feet) in the KGB deep and shallow wells with the system off (1
hour after the blower and the compressor have been turned off)
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Technical Approach, MCB Ca.:}Lejeune

TABLE 6-1: SUMMARY OF SAMPLING AND ANALYSIS PLAN

MATRIX

LOCATION ANALYSIS/METHOD |[FREQUENCY CONTAINER/SIZE LAB HOLDING TIME
Soil Pilot Hole None / Archiving Every 2 ft, (14'-50") 2' Plastic Cores NA NA
Soil 69UWSE-22 None / Archiving Every 2 ft, (14'-80") 2' Plastic Cores NA NA
Soil 69UWSW-22 None / Archiving Every 2 ft, (14'-80") 2' Plastic Cores NA NA
Water |18 UVB Wells VOCs / EPA 8260 0,2,4,6 months 40 m| VOA LR 2 Weeks
Water |8 KGB Wells VOCs / EPA 8260 0,2,4,6 months 40 ml VOA LR 2 Weeks
Water |18 UVB Wellis Dyes / UV-VIS 2 Weeks Background |50 mi Polypropylene | QUL 4 Weeks
Weekly for 10 Weeks 50 ml Polypropylene | OUL 4 Weeks
Bi-weekly for 10 Weeks }50 mi Polypropylene | OUL 4 Weeks
Water |8 KGB Wells Dyes / UV-VIS 2 Weeks Background |50 mi Polypropylene | OUL 4 Weeks
Weekly for 4 Weeks 50 ml Polypropylene | OUL 4 Weeks
Bi-weekly for 12 Weeks |50 ml Polypropylene | OUL 4 Weeks
jWater  |UVB Annulus Wells |VOCs / EPA 8260 Samples to be taken 40 ml VOA LR 2 Weeks
(deep and shaliow) 1 day,1 week, & 2weeks
after start up
Water |{69UVB-01 Inorganics Group A |0, 6 months 250 mi Plastic York 2 Weeks
Inorganics Group B |0,6 months 1000 mi Plastic York 2 Weeks
Dissolved Iron 0, 6 months 250 mi Plastic York 2 Weeks
Bicarbonate 0, 6 months 1000 mi Plastic York 2 Weeks
Dissoived 02 Weekly |in Well :
Dissolved H2S 0, 6 months 250 ml Plastic York 2 Weeks
Dissolved CO2 0, 6 months 250 ml Plastic York 2 Weeks
TSS 0,6 months 250 ml Plastic York 2 Weeks
TDS 0,6 months 250 ml Plastic York 2 Weeks

SBP Technologies, inc.




Volume | Technical Approach, MCB Camp Lejeune
TABLE 6-1: SUMMARY OF SAMPLING AND ANALYSIS PLAN (CONTINUED)
T Ty - T ————— -y YAy S
MATRIX [LOCATION ANALYSIS/METHOD [FREQUENCY CONTAINER/SIZE |LAB HOLDING TIME
Water |69UVB-02 inorganics Group A |0, 6 months 250 ml PIaStic Ydrk 2 Weeks
Iinorganics Group B 10,6 months 1000 mi Plastic York 2 Weeks
Dissolved Iron 0, 6 months 250 mi Plastic York 2 Weeks
Bicarbonate 0, 6 months 1000 ml Plastic York 2 Weeks
Dissolved O2 Weekly In Well
Dissolved H2S 0, 6 months 250 ml Plastic York 2 Weeks
Dissolved CO2 0, 6 months 250 ml Plastic York 2 Weeks
TSS 0,6 months 250 ml Plastic York 2 Weeks
TDS 0,6 months 250 ml Plastic York 2 Weeks
Air UVB effluent VOCs / EPA 8260 LR 2 Weeks
UVB-GAC1 effluent |VOCs / EPA 8260 Day1, Week1, Week2, |Solvent Desorption LR 2 Weeks
UVB-GAC?2 effluent |VOCs / EPA 8260 Month2, Month4, and Carbon Tubes LR 2 Weeks
Air KGB effluent VOCs / EPA 8260 Month6 after start up LR 2 Weeks
KGB-GAC1 effluent |VOCs / EPA 8260 ; LR "2 Weeks
Charcoal |18 UVB Wells Dyes / UV-VIS 2 Weeks Background  |Polypropylene Bag OuL 4 Weeks
Weekly for 10 Weeks Polypropylene Bag OuL 4 Weeks
Bi-weekly for 10 Weeks |Polypropylene Bag OuL 4 Weeks
Charcoal |8 KGB Wells Dyes / UV-VIS 2 Weeks Background  {Polypropylene Bag OUL 4 Weeks
' Weekly for 4 Weeks Polypropylene Bag OuL 4 Weeks
Bi-weekly for 12 Weeks |Polypropylene Bag OUL 4 Weeks
GAC UVB GAC Unit VOCs / EPA 8260 At Breakthrough 8 oz Jars LR 2 Weeks
GAC KGB GAC Unit VOCs / EPA 8260 At Breakthrough 8 oz Jars LR 2 Weeks
NOTE: Group A (Na, K, Mn, Mg & Ca); Group B (Chloride, Sulfate, Specific Conductance & TDS)

SBP Technologies, Inc.




TABLE 6-2

SUMMARY OF FIELD MONITORING PLAN
‘SITE 69 TREATABILITY STUDY - MCB CAMP LEJEUNE, NORTH CAROLINA

SOIL AND GROUNDWATER
Matrix ‘Parameter Location Frequency Method
Water Groundwater Levels | 18 UVB Wells Weekly Well Gauging Probe
8 KGB Wells Weekly Well Gauging Probe
Water Dissolved Oxygen | 18 UVB Wells Weekly YSI In-Well Probe
8 KGB Wells Weekly YS! In-Well Probe
Water Temperature 18 UVB Wells Weekly YS! In-Well Probe
8 KGB Wells Weekly YSI In-Well Probe
Water pH 18 UVB Wells Weekly in-Well Probe
8 KGB Wells Weekly In-Well Probe
Water Specific Conductivity| 18 UVB Wells Weekly in-Well Probe
8 KGB Wells Weekly In-Well Probe
Soil lonizable VOCs UVB Well | During Drillingy
KGB Well and
Pilot Hole Split-Spoon PID / OVA
18 UVB Wells] Sampling
8 KGB Wells | Activities

o
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TABLE 6-3

SUMMARY OF UVB FIELD MONITORING PLAN
SITE 69 TREATABILITY STUDY - MCB CAMP LEJEUNE, NORTH CAROLINA

Matrix| Parameter Location l-=requency Method Condition
Air Humidity | GAC Off-Gas Influent Port | Weekly Portable Meter
Temperature] GAC Off-Gas Influent Port | Weekly Portable Meter
Flow Rate | GAC Off-Gas Influent Port | Weekly Velocity Meter
VOCs GAC Off-Gas Influent Port §| Weekly PID/OVA
Air Humidity | GAC Off-Gas Effluent Port | Weekly Portable Meter
Temperature| GAC Off-Gas Effluent Port | Weekly Portable Meter
Flow Rate | GAC Off-Gas Effluent Port | Weekly Velocity Meter
VOCs GAC Off-Gas Effluent Port | Weekly PID/OVA
Air Humidity UVB Air Intake Port Weekly Portable Meter
Temperature UVB Air Intake Port Weekly Portable Meter
Flow Rate UVB Air Intake Port Weekly Velocity Meter
Air Vacuum UVB Well Weekly Flange Gauge |Air Intake Port Open
Vacuum UvVB Well Weekly Flange Gauge |Air Intake Port Closed
Water [Level Shallow UVB Annulus Well| Weekly [Well Gauging Tape {Blower and Pump On
Deep UVB Annulus Well Weekly {Well Gauging Tape {Blower and Pump On
UVB Well Weekly |Well Gauging Tape |Blower and Pump On
Water |[Level Shallow UVB Annulus Well] Weekly |Well Gauging Tape |Blower and Pump Off
Deep UVB Annulus Well Weekly [Well Gauging Tape {Blower and Pump Off
uvB Well Weekly |Well Gauging Tape |Blower and Pump Off
Water| Flow Rate UvB Weekly Meter




SUMMARY OF KGB FIELD MONITORING PLAN
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TABLE 64

SITE 69 STUDY - MCB CAMP LEJEUNE, NORTH CAROLINA

Matrix| Parameter Location ﬁequency Method Condition
Air Humidity | GAC Off-Gas Influent Port | Weekly Portable Meter
Temperature] GAC Off-Gas Influent Port | Weekly Portable Meter
Flow Rate | GAC Off-Gas Influent Port | Weekly Velocity Meter
VOCs GAC Off-Gas Influent Port | Weekly PID/OVA
Air Humidity | GAC Off-Gas Effluent Port | Weekly Portable Meter
Temperature] GAC Off-Gas Effluent Port | Weekly Portable Meter
Flow Rate | GAC Off-Gas Effluent Port | Weekly Velocity Meter
VOCs GAC Off-Gas Effiuent Port | Weekly PID/OVA
Air Humidity Ambient Weekly Portable Meter
Temperature Ambient Weekly Portable Meter
Flow Rate Compressor Weekly Velocity Meter
Pressure Compressor Weekly Pressure Gauge




7.0 QUALITY ASSURANCE PROJECT PLAN (QAPP)

The foIl‘owing sections comprise the QAPP for the sampling and associated analytical procedures
to be performed during the treatability study.

71 'Qualig Assurance Objectives

The data quality objectives established are based on project requirements and are designed to ensure
that the data generated during the demonstration are of known and acceptable quality to achieve the
projects objectives. This section of the QAPP delineates the Quality Assurance (QA) objectives for
each of the crucial measurements (VOCs in groundwater, VOCs adsorbed on GAC, dyes in
groundwater, and dyes adsorbed on charcoal samplers) in terms of the data quality indicators:
precision, accuracy, method detection limits, completeness, representatives, and comparability. The
quality assurance objectives established for this QAPP are measured by the analysis of the Quality
Control (QC) samples. The QAPP will also present the actual acceptance criteria for the various
QA/QC analyses associated with each method; the objectives outlined below apply to overall project
analyses. Laboratory-specific QAPPs are provided in Appendices A through C. The data quality
indicators are described below.

Precision: Precision is the ability of the measurement system to generate reproducible data.
Precision objectives for most measurements are expressed as the relative percent difference (RPD)
between laboratory duplicate analyses or matrix spike/matrix spike duplicates (MS/MSDs).
Acceptance criteria are generally based on the precision guidelines of the referenced method, or
laboratory generated control limits calculated from a statistical treatment of historical data.

The precision of VOC measurements will be evaluated by the analysis of MS/MSD pairs performed
on project samples (for both water and GAC). The precision of dyes measurement will be evaluated
by analysis of 5% duplicate samples (for both water and charcoal samplers). Field measurements
of air flow rate will be assessed by duplicate measurements using air velocity meters or rotameters
in the field.

Accuracy: Accuracy is defined as the nearness of the analytical result to the "true" value. Matrix
spike recoveries will be used to assess the accuracy of the VOC /dye measurements, and reported
as percent recovery:

Method Detection Limits: Method detection limits (MDLs) are determined based on the analysis
of extracted low level spiked blanks. Multiple spiked blanks at concentration approaching the
estimated MDL are extracted and analyzed according to method protocols. The MDLs are
determined by calculating the standard deviation of the analyses times the student "t" value at n-1
degrees of freedom. The detection limits are based on SW 846 protocols. All MDLs will be
adjusted as necessary based on required dilution, etc. Detection limits for dyes and VOCs are
explained in their respective laboratory QAPPs (Appendices A and B).
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Completeness: Data completeness is a measure of the extent to which the database resulting from
a measurement effort fulfills the objective for the amount of data required. For this program,
completeness is defined as the percentage of valid data compared to the number of tests planned.

Objectives for data capture, expressed as completeness, are 90-95% for the various parameters.

Representatives: A well-defined sampling strategy ensures that the samples collected are
representative of the site at that stage of the technology process. The sampling strategy for this
demonstration is discussed in the SAP (Section 6.0). Field QC samples will be used to assess the
representatives of sampling activities. Equipment, field, and trip blanks, discussed in Section 8.2,
will be used to ensure representative samples.

Comparability: The use of standard, validated EPA methods achieves comparability measurement
-data. Reporting the data in standard units of measure as specified in the methods, adhering to the
method-defined calibration procedures and, when possible, meeting the method detection limit
contribute to the comparability of the data.

7.2 Internal Quality Control

This section summarizes and defines the various QC analyses employed as part of the quality
assurance program, '

7.2.1 Quality Control for Field Activities

Three types of field blanks will be collected during this demonstration. Equipment blanks consist
of reagent water exposed to the decontaminated sampling equipment in a manner similar to the
actual samples. Field blanks consist of reagent water exposed to ambient conditions. Trip blanks
consist of volatile organic analyte (VOA) vials filled with reagent water, store at the site with the
sample vials, and shipped with the samples in coolers back to the lab to monitor cross-
contamination.

Field duplicates are two samples collected from as near as possible to the same location and
analyzed by the laboratory.

7.2.2 Quality Control for Laboratory Activities

This section describes the scheduled QC and calibration procedures to be employed during the
analytical effort.

The use of a matrix spike and matrix spike duplicate is a means of measuring both precision and
accuracy in an analysis. The three sample portions are prepared and analyzed in the same manner.
The analysis of the unspiked aliquot produces sample data, and the analysis of the two spiked aliquot
generates recovery data. Comparison of the results of the two spiked aliquots allows the calculation
of the relative percent difference between the two measurements. This type of QC sample is used
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for volatile organic analysis, and is analyzed following every ten samples and following highly
concentrated samples to monitor for any carryover in the analytical system.

A sample duplicate is analyzed every 10 samples or at least one per analytical batch, whichever
frequency is greater, to determine the analytical precision. The relative percent difference in the
analyte concentration from the duplicates must be < 30%.

A Quality Assurance Spike, or Laboratory Control Sample, consisting of an aliquot, is analyzed at
least one per analytical batch, or one every 12 hours, whichever frequency is greater. A secondary
QA standard will be prepared by the laboratory for compounds not contained in the NIST standard.
If the % recovery for any critical analyte fails to fall within this acceptable range, the analytical
system is considered "out of control" and corrective action, up to and including recalibration, must
be performed and the analysis repeated until acceptable % recovery data are obtained. Reanalysis
of all affected samples is required.

7.3 QA/QC Samples

All laboratory analyses will follow the internal quality and quality assurance plan as described in
Appendices A through C. In addition, matrix duplicate, instrument blank, trip blank, and field blank
samples will be collected and analyzed periodically to assure quality data.

7.3.1 Matrix Duplicates

At each groundwater sampling event two matrix duplicate samples will be collected from the UVB
monitoring wells (one each from the shallow and deep wells), and one matrix duplicate sample will
be collected from the KGB monitoring wells.

At each charcoal sampler sampling event, two matrix duplicate samples will be collected from the
UVB monitoring wells (one each from the shallow and deep wells), and one matrix duplicate sample
will be collected from the KGB monitoring wells.

At each GAC sampling event, one matrix duplicate sample will be collected from the UVB GAC
as well as the KGB GAC units.

7.3.2 " Trip Blanks

One trip blank will be included per cooler for each type of analysis/matrix sample.
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7.3.3 Equipment Blanks

At each groundwater sampling event for VOCs, two equipment blank samples will be collected
during the sampling of the UVB monitoring wells, and one equipment blank sample will be collected
during the sampling of KGB monitoring wells.

Sampling of groundwater for dyes will be performed with dedicated disposable bailers.

Consequently, no equipment blanks will be collected for dye analyses.
7.3.4 Field Blanks

At each groundwater sampling event, one field blank will be collected during the sampling of UVB
monitoring wells, and one field blank will be collected during the sampling of KGB monitoring
wells.

At each charcoal sampler sampling event, one field blank will be collected during the sampling of
UVB monitoring wells, and one field blank will be collected during the sampling of KGB
monitoring wells.

At each GAC sampling event, one field blank will be collected during sampling of the UVB GAC
and/or the KGB GAC units.

7.4  DataReporting

All original laboratory data will be recorded in a permanent manner, and will be readily traceable
through all steps of the data generation/reduction/validation/review process. Field measurements will
be recorded in appropriate field notebooks and results will be reported in tabulated summary form.

Laboratory data are originally reported by the analyst-specific report forms. These data are reviewed,
validated, and approved for reporting by a senior technical staff member. Critical analysis data will
be retained by the lab for period of 3 years. Samples will be retained by the lab for 3 months after
the report is issued.

The laboratory will compile a report that contains a narrative summary, a listing of sample
identifications and cross references, a holding time summary, and quality assurance discussion for
each parameter. Any deviations from the approved methods and/or other QAPP specifications will
be pointed out in this summary. Anomalies in the data or unusual sample characteristics will be
discussed and any data that do not meet QC criteria will be identified. Also in this section, the
laboratory will discuss any corrective actions taken to bring problems into control and the impact
on the data from any samples which were lost or broken or have a non-usable results.

Where applicable, the laboratory shall report the data for volatiles using the procedures and forms,
or equivalent, as described for the Level III (Navy's Level C) Data Quality. Where applicable, all
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matrix spike, duplicate, method blank, and calibration analyses will be reported on standardized
forms and the QC raw data submitted.

Following the narrative summary and discussions, the analytical raw data will be presented for each
parameter. Included for all parameters, where applicable: surrogate recovery summary form, matrix
spike summary and raw data for matrix spike, method blank summary form and raw data, GC/MS
tuning form and raw data, internal standard summary, initial calibration summary form, daily
calibration summary and raw data, laboratory duplicate results summary and laboratory control
sample results summary.



-

8.0 RESIDUALS MANAGEMENT

Investigation derived wastes (IDW) will be generated during the drilling and sampling activities
associated with the treatability study. The IDW to be generated will include soil and mud cuttings,
purge and development groundwater, spent decontamination fluid, and personal protective
equipment (PPE) and clothing (PPC).

8.1 il IDW men

Soil cuttings (and drilling mud) generated during soil boring and monitoring well installations, and
spoil generated from trench excavations will be managed in one of three ways. Soil cuttings and
spoils obtained from soil borings and excavations will be backfilled into the boreholes or trenches
upon completion. Soil cuttings obtained during shallow (or intermediate) well installation will be
spread on the ground surface near the borehole. Lastly, soil and mud cuttings obtained during deep
well installation will be temporarily containerized in roll-off boxes, sampled, and disposed either
on site (if determined to be nonhazardous) or off site (if determined to be hazardous). One
composite soil sample will be collected from each roll-off box and analyzed for full TCLP, TCL
PCBs, and RCRA hazardous waste characteristics.

82  Groundwater IDW Management

Groundwater generated during well development and purging activities will be managed in one of
two ways. Groundwater obtained during purging of existing site wells will be discharged to the
ground surface near the monitoring well. For all newly installed monitoring wells and existing
wells, the development and purge groundwater will be temporarily containerized in tanks, sampled,
and analyzed for TCL organic, TAL metals, and RCRA hazardous waste characteristics. Hazardous
groundwater will be transported and disposed off site and nonhazardous groundwater will be
discharged on the ground surface. Note that groundwater exhibiting visual indications of
contamination will be containerized in the tanks and subject to analysis.

83  Decontamination IDW Management

Spent decontamination fluids will be containerized temporarily in drums at each site, sampled, and
analyzed for TCL organic, TAL metals, and RCRA hazardous waste characteristics. Upon receipt
of analytical data, the fluids will be either discharged on the ground surface (nonhazardous) or
transported off site for disposal (hazardous).

84  PPE and PPC IDW Management

PPE (e.g., spent respirator cartridges) and PPC (e.g., tyvex) will be double-bagged, labeled, and
disposed of as solid waste. If the PPE or PPC is exposed to potentially hazardous substances or
excessively contaminated soil or groundwater, it will be placed in a drum and disposed of in a solid
waste landfill. :
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9.0 COMMUNITY RELATIONS

Community relations activities and requirements are outlined in the Base-wide Community
Relations Plan prepared by Baker for the CERCLA RI/FS activities being performed on-Base. A
Technical Review Committee (TRC) has been established for the MCB Camp Lejeune CERCLA
activities, which includes LANTDIV, Base, USEPA, DEHNR personnel, and local citizens. The
TRC reviews CERCLA documents and participates in periodic meetings with Baker to discuss
ongoing CERCLA activities.



10.0 REPORTS

Two main reports are associated with the treatability study effort: this Treatability Study Work Plan;
and the Treatability Study Report, which will document the treatability study results and
conclusions. Submission and review of these two reports are discussed in the following sections.

10.1 ili

The Draft Treatability Study Work Plan (April 1995), which details the scope of the treatability
study activities to be performed, was submitted to the Navy, USEPA Region IV, and NC DEHNR
for review. Comments were received from the NC DEHNR and USEPA Region IV, addressed, and
incorporated, as appropriate, into this Final Treatability Study Work Plan. Baker has distributed the
appropriate number of copies of the Final Treatability Study Report to the Navy, USEPA Region
IV, NC DEHNR, and the other members of the TRC.

10.2 r ility St

Upon completion of the on-site UVB pilot study, a Treatability Study Report shall be prepared in
accordance with USEPA's "Guide for Conducting Treatability Studies under CERCLA" (USEPA,
October 1992). The Treatability Study Report will provide a presentation and evaluation of the
treatability study test results. The Treatability Study Report will also include engineering and

~design-related information needed for evaluating the short- and long-term effectiveness,

implementability (including long-term operation and maintenance requirements), and cost (both
capital and operation and maintenance) of implementing full-scale UVB and KGB systems on site.

Two versions of the Treatability Study Report will be prepared as follows: a Draft Treatability Study
Report for review by the Navy, USEPA, and NC DEHNR,; and a Final Treatability Study Report,
which will incorporate review comments from the Navy and regulatory agencies. Upon completion,
Baker will distribute the appropriate number of copies of the Final Treatability Study Report to the
Navy, USEPA Region IV, NC DEHNR, and the other members of the TRC. '
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110 SCHEDULE

A preliminary schedule depicting the treatability study process is provided in Figure 11-1. As shown
in Figure 11-1, the on-site operational period for the UVB and KGB pilot systems is approximately
six months, whereas, the entire treatability study process, which includes development and review
of the Treatability Study Work Plan and Treatability Study Report, is expected to require a total of
19 months to complete.
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" FIGU™R11.1

UVB Treatab,  Atudy Schedule
Site 69, Operable Unit No. 14
Marine Corps Base, Camp Lejeune, North Carolina

UVB Treatability Study Start Finish }:: : Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | ;:1? : Feb Mar Apr May Jun Jul Aug Sep Oct Nov
Work Plan 2/1/95 2/1/95
Draft Treatability Study Work Plan 2/27/95 4/6/95 —
Navy/EPA/State Review 4/7/95 8/11/95 I I
Final Treatability Study Work Plan 8/14/95 9/12/95 .
Pre-Study Site Characterization 9/5/95 10/5/95 .
Mobilization | 9/5/95 9/25/95 -
Well Installation/Sampling 9/26/95 10/3/95
Laboratory Analysis 10/2/95 10/5/95 4
Treatability Study 10/5/95 5/1/96 S ——
Mobilization 10/5/95 10/13/95 |
On-Site Pilot System Construction 10/16/95 10/30/95 -
On-Site Pilot Study 10/31/95 4/30/96
Laboratory Analysis 11/24/95 5/13/96
Treatability Study Report 5/14/96 8/16/96
Draft Treatability Study Report 5/14/96 6/25/96
Navy/EPA/State Review 6/26/96 7/26/96 i |
Final Treatability Study Report 7/29/96 8/28/96




120 MANAGEMENT AND STAFFING

As previously discussed, the treatability study scope of work has been developed jointly by Baker
and SBP. SBP is currently under contract with Baker for development of the Treatability Study
Work Plan and will be performing the on-site treatability study activities under subcontract with
Baker. IEG Technologies, the developer of the UVB and KGB technologies, will provide technical
support to SBP. All drilling and laboratory work will be performed by second-tier subcontractors

under contract with SBP. A project organization chart is provided in Figure 12-1.

Telephone numbers for Baker, SBP, and IEG support staff are listed below:

Mr. Gordon Ruggaber, P.E., Baker Telephone: (412) 269-4697

Mr. Matthew Bartman, Baker Telephone: (412) 269-2053
Dr. Fayaz Lakhwala, SBP Telephone: (904) 934-2476
Dr. Clayton Page, SBP Telephone: (504) 753-5255
Dr. Eric Klingel, IEG Telephone: (704) 599-4818

12-1

Fax: (412) 269-2002
Fax: (412) 269-2002
Fax: (904) 934-2420
Fax: (504) 753-5256
Fax: (704) 599-4815
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) FIGURL )1
‘ PROJECT ORGANIZATION

SITE 69 TREATABILITY STUDY
MARINE CORPS BASE, CAMP LEJEUNE, NORTH CAROLINA

LANTDIV : LANTDIV
Contracts Program Management

LANTDIV
Environmental/Technical
Code 18

LANTDIV

Ms. Katherine Landman
Code 1822

Navy Environmental

_ Technical Representati

Mr. Raymond P. Wattras
Sr. Technical

Mr. Matthew Bartman
Baker Activity Coordinator

Mr. Gordon Ruggaber
Baker Project Manager

SBP Technologies, Inc.

Laboratories
Driller

IEG Technologies
Corporation

Baker Technical and Support Staff

Project Engineer
Environmental Scientist
Project Engineer
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APPENDIX A

QAPP FOR DYE/TRACER ANALYSIS
OZARK UNDERGROUND LABORATORY

SBP Technologies, Inc.
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OZARK UNDERGROUND LABORATORY -

1572 Aley Lane + Protem, Missouri 65733 + (417) 785-4289

PROCEDURES AND CRITERIA
ANALYSIS OF FLUORESCEIN, EOSINE, AND RHODAMINE WT
DYES IN WATER OR CHARCOAL SAMPLERS

February 22, 1994
Thomas Aley, PHG 179

_ President
Ozark Underground Laboratory

_ Water and Land Use Investigations in Soluble Rock Terrains




OZARK UNDERGROUND LABORATORY A

1572 Aley Lane + Protem, Missouri 65733 « (417) 785-4289

CHARGE RATES OF THE OZARK UNDERGROUND LABORATORY
September, 1994

Professional Services
Thomas Aley, $80.00/hour
Catherine Aley, $65.00/hour
Technician, $40.00/hour
Travel and Incidental Expenses
Meals and lodging at cost.
Airline tickets, car rental, rental car gas at cost.
Mileage by OUL vehicle, $0.38/mile.
All other expenses at cost.
Dye Analysis Charges
Note: We supply unused samplers for all dye analysis work. All analysis work is in accordance with our
written procedures and protocols and is conducted on either a Shimadzu RF-5000U or Shimadzu RF-540
Spectrofluorophotometer operated under a synchronous scan mode.

Analysis of optical brighteners and/or Direct Yellow 96 from cotton sampler. $25.00/sample.
Analysis for fluorescein, eosine, or Rhodamine WT from charcoal sampler or water sample. $25.00/sampie.

Sampling materials (such as Whirl-Pak bags, sample bottles, etc.) at cost.
Clean and return coolers. $12.50 per cooler.
Tracing Materials

Note: No charge for cotton or charcoal samplers if analysis work is to be done by the Ozark Underground
Laboratory. '

Standardized fluorescein dye (powder form). $25.00/pound.

Standardized Rhodamine WT dye (20% liguid form). $35.00/pound.

Standardized eosine dye (powder form). $50.00/pound.

Note: No charge is made for analysis of daily standards if the dye used in the trace is supplied by the OUL.
Work Product from Dye Analysis

Clients are provided with photocopies of the analysis graph for each sample submitted. On larger projects
these photocopies are included with the final report. On smaller projects these photocopies are included with

a signed Certificate of Analysis. Dye concentrations and peak wavelengths are calculated for all water and
charcoal samples; peak wavelengths are determined for all cotton samplers.

Water and Land Use Investiqations in Soluble Rock Terrains




Ozark Underground _ Dye Analysis
Laborstory Procedures and Criteria

PROCEDURES

'Description of the Samplers

The charcoal samplers are packets of fiberglass screening partially filled with
approximately 4.25 grams of activated coconut charcoal. The charcoal used by the
Ozark Underground Laboratory is Barnebey and Sutcliffe coconut shell carbon, 6
to 12 mesh, catalog Type AC. The samplers are typically about four inches long
by two inches wide. Samplers are typically closed by heat sealing.

Placement of Samplers

Samplers (also called charcoal packets) are placed so as to be exposed to as
much water as possible. In springs and streams they are typically attached to a
rock or other anchor in a riffle area. Artachment of the packets uses galvanized
wire (electric fence wire is ideal); other types of anchoring wire can be used. .
Electrical wire with plastic insulation is also good. Packets are attached so that
they extend outward from the anchor rather than being flat against it. Two or
more separately anchored packets are typically used for sampling springs and
streams.

~ When pumping wells are being sampled, the samplers are placed in sampie
holders made of PVC pipe fittings. Brass hose fittings are installed at the end of
the sample holders so that the sample holders can be installed on outside hose bibs

~ and water which has run through the samplers can be directed to waste through a

connected garden hose. The samplers can be unscrewed in the middle so. that
charcoal packets can be changed. The middle portions of the samplers consists of
1.5 inch diameter pipe and pipe fittings.

Charcoal packets can also be lowered into monitoring wells for sampling
purposes. In general, if the well is screened, samplers should be piaced
approximately in the middie of the screened interval. Some sort of weight should
be added near the charcoal packet to insure that it will not float. The weight
should be of such a nature that it will not affect water quality. In some cases (but
not all cases) we use glass marbles sealed into packets of fiberglass screening as
dedicated weights at a sampling well. We typically run nylon cord from the top of

- the well to the charcoal packet and its weight.

Placement of samplers requires adjustment to field conditions. The above
placement comments are intended as guidance, not firm requirements.

Rinsing of Charcoal Packets Prior to Sampling

Charcoal packets routinely contain some fine powder which washes off
rapidly when they are placed in water. Since such material could remain in
monitoring wells, charcoal packets to be placed in such wells are triple rinsed with
distilled, demineralized, or reagent water known to be free of tracer dyes. This
rinsing is typically done by soaking. With this approach, approximately 25 packets
are placed in one gallon of water and soaked for at least 10 minutes. The packets
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mthenranoved&omthcmanda:wswatcrzsshakcnoﬁ'thcpackas. The
packets are then placed in a second gallon of water and again soaked for at least
10 minutes. After this soaking they are removed from the water and excess water
is shaken off the packets. The packets are then placed in a third gallon of water
and the procedure is again repeated. Rinsed packets are placed in plastic bags and
are placed at sampling stations within three days. Packets can also be rinsed in jets
of water for about one minute; this requires more water and is typically difficuit to
do in the field with water known to be free of tracer dyes.

Collection and Replacement of Samplers

Samplers are routinely collected and replaced from each of the sampling
stations. The frequency of sampler collection and replacement is determined by
the nature of the study. Collections at one week intervais are common, but shorter
or longer collection frequencies are acceptable and somerimes more appropriate.

Shorter sampling frequencies are often used in the early phases of a study to better |

characterize time of travel. As an illustration, we often collect and change
charcoal packets 1, 2, 4, and 7 days after dye injection. Subsequent sampling is
then weekly.

: Where convenieat, the collected samplers should be briefly rinsed in the water
‘being sampled. This is typically not necessary with well samples. The packets are
shaken to remove excess water.. Next, the. packet (or packers) are placed in a
plastic bag (Whirl-Pak bags are ideal). The bag is labelled on the outside with a
permanent type felt marker pen. The notations include station name or number
and the date and time of collection. Labels are not inserted inside the sample bags.

Collected samplers are kept in the dark to minimize algal growth on the
charcoal prior to analysis work. We prefer (and in some studies require) that
samples be placed on ice upon collection and that they be shipped refrigerated by
overnight express. Our experience indicates that it is not essential for samplers to
be maintained under refrigeration, yet maintaining them under refrigeration clearly
minimizes some potential problems.

New charcoal samplers are routinely placed when used charcoal packets are
collected. The last set of samplers placed at a stream or spring is commoniy not
collected. '

. Water samples are sometimes collected. They should be collected in either
glass or plastic; the Ozark Underground Laboratory routinely uses 50 mi research
grade polypropylene copolymer Perfector Scientific vials (Catalog Number 2650)
for such water samples. The vials should be placed in the dark and refrigerated
immediately after collection. They should be refrigerated unul shipment.

When water or charcoal samplers are collected for shipment to the Ozark ‘

Underground Laboratory they should be shipped promptly. We receive good
overnight and second day air service from both UPS and Fed Ex; Airborne Service
is excessively slow, and the Postal Service does not provide next day service to us.

2
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Each shipment of charcoal samplers or water sampies must be accompanied
by a sampie tracking sheet. These sheets (which bear the ttle "Sampies for
Fluorescence Analysis") are provided by the Ozark Underground Laboratory and
_summarize placement and collection data. These sheets can be augmemted by a
client's chain of custody forms or any other relevant documentation.

Receipt of Samplers

Samplers shipped to the Ozark Underground Laboratory are refrigerated
upon receipt. Prior to cleaning and analysis, samplers are assigned a laboratory
“identification number. All samples are logged in upon receipt.

Cleaning of Samplers

Samplers are cleaned by spraying them with jets of clean water. At the
Laboratory we use unchiorinated warter for the cleansing to minimize dye
deterioration. Effective cleansing cannot generally be accomplished simply by
washing in a conventional laboratory sink even if the sink is equipped with a spray
unit. A garden hose with a pistol grip spray nozzle will provide effective packet
cleansing.

The duration of packet washing depends upon the condition of the sampler.
Very clean samplers may require less than a minute of washing; dirtier samplers
. may require several minutes of washing. :

After washing, the packets are shaken to remove excess water. Next, the
packets are cut open and the charcoal is emptied into an unused disposable plastic
beaker. The beaker has been pre-labelled with the-laboratory identification
number. -The charcoal is now ready for elution. The emptied fibergiass screen
' packet is discarded. At stations where two or more charcoal packets are collected,
one is selected for analysis and the other is frozen and retained until the under of
the study. In some studies the analysis protocol stipulates that 5% of the sampies
should- be duplicates; in these cases the second charcoal packet is separately
_analyzed. Note that these are duplicate samples, not replicate samples since each
packet is, of necessity, placed in a somewhat different location and is therefore
exposed to somewhat different conditions.

Cleaning of Glassware

Most of our work uses disposal plastic comtainers. A small amount of
glassware is occasionally used for dilution of particularly large dye concentrations
in samples. Such glassware is carefully cleaned before re-use. Containers are
rinsed several times in clean water. Glassware which may be contaminated with
dyesxswashedwmhdetergent, and then again rinsed. Next, the glassware is
soaked for one hour or more in a bleach and water solution.. Upon removal from
this soaking, the glassware is rinsed again and allowed to air dry. Glassware which
comes in contact with dyes is dedicated to dye use. ‘
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Elution of the Charcoal

There are various eluting solutions which can be used for the recovery of
tracer dyes. The solutions typically include an alcohol, some water, and a strong
basic solution such as aqueous ammonia.

The standard elution solution now used at the Ozark Underground
Laboratory is 2 mixture of 5% aqua ammonia and 95% isopropyl alcohol solution.
The isopropyl alcohol is 70% aicohol and 30% water. The aqua ammonia solution
is 29% ammonia. Preparation of eluting solutions uses dedicated glassware which
is never used in contact with dyes or dye solutions.

The eluting solution we use will elute fluorescein, eosine, and rhodamine WT
dyes. It is also suitable for separating fluorescein peaks from peaks of some
naturally present materials found in some samplers. .

15ml of the eluting solution is poured over the washed charcoal in a
disposable sample beaker. The sample beaker is capped. The sample is allowed to
stand for 60 minutes. After this time, the liquid is carefully poured off the charcoal
into a new disposable beaker which has been appropriately labelled with the
laboratory identification number. A few grains of charcoal may inadvertently pass
into the second beaker; no attempt is made to remove these from the ‘second
sample beaker. After the pouring, a small amount of the elutant will remain in the.
initial sample beaker. - After the transfer of the elutant to the second sample beaker,
the contents of the first sample beaker (the eluted charcoal) are discarded.

Analysis on thé Shiimadzu RF-540 or RF-5000U

The Laboratory uses both a Shimadzu RF-540 and a Shimadzu RF-5000U
Spectroflucrophotometer capable of syncronous scanning.

A sample of the elutant is withdrawn from the sample container using a
disposable polyethylene pipette. Approximately 3 mi of the elutant is then placed
in disposable rectangular polystyrene cuvette. The cuverte has a ‘maximum
capacity of 3.5 ml. The cuvette is designed for fluorometric analysis; all four sides
and the bottom are clear. The spectral range of the cuvettes is 340 to 800 nm.
The pipettes and cuvertes are discarded after one use.

The cuverte is then placed in the RF-540 or the RF-5000U. Both instruments
are controlled by a programmable computer. Each instrument is capable of
conducting substantial data analysis.

Our instruments are operated and maintained in accordance with the
manufacturer’s recommendations. On-site installation of the instruments and a
training session on the instrument was provided by Deita Instrument Company, the
deaier for Shimadzu Instruments.

Our typical analysis of an elutant sample where fluorescemn, eosine, or
rhodamine WT dyes may be present inciudes synchronous scanning of excitation
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and emission spectra with a 17 nm separation between excitation and emission.
The excitation scan is from 443 to 613 nm; the emission scan is from 460 to 630
nm. The emission fluorescence from the scan is plotted on a graph. The typical
scan speed is "very fast;" typical sensitivity is "high."

The excitation slit for charcoal packet elutants is typically 5 nm, the emission
slit is typically 2 nm on the RF-540 and 3 nm on the RF-5000U. This is because
the RF-540 does not provide a 3 nm slit setting and the RF-5000U does not

provide a 2 nm slit setting. For water samples, the excitation slit is typically 5 nm.

and the emission siit is typically 10 nm.; the same settings are used for both

‘instruments. The abscissa scale is typically set so as to keep the resuiting chart to

a size which can readily be photocopied. The ordinate scale selected is designed to
provide good data resolution while not exceeding the upper limit of the resuiting

_graph.

A plot of the synchronous scan for each sample is produced by the
instrument; the plot shows emission fluorescence only. It is photocopied as 2 part
of the final record. On the RF-540 the synchronous scan is subjected to computer
peak picks; peaks are picked to the nearest 0.1 nm and to the nearest 0.1 units on
the ordinate (magnitude) scale. On the RF-5000U, peaks consistent with the dyes
being used are picked on the RF-5000U monitor and a vertical line is drawn

indicating the peak emission fluorescence wavelength.

" The-original RF-540 plots are on 'pressure sensitive chart paper. During

analysis, identification numbers and other notes are made on the original charts.

All samples run on the RF-5000U are stored on disk and printed on normal typing
paper with a laser printer.

- Quantification

We routinely calculate the magnitude of fluorescence peaks for fluorescein,
eosine, and rhodamine WT dyes. Dye quantities are expressed in parts per biliion.
On the RF-540 the dye concentrations are calculated by separating fluorescence
peaks due to dyes from background fluorescence on the charts, and then
measuring the height of the peak due to the dye. These heights are proportional to \
those obtained from standard solutions. On the RF-5000U the dye concentrations
are calculated by separating fluorescence peaks due to dyes from background
fluorescence on the charts, and then calculating the area within the fluorescence
peak. This area is proportional to areas obtained from standard solutions.

We run dye concemtration standards each day the machine is used. Four
separate standards are used; the standard or standards appropriate for the analysis
work being conducted is selected. All standards are based upon the as-sold
weights of the dyes. The standards are as follows:

1) 10 ppb fluorescein and 100 ppb rhodamine WT in well water from the Jefferson
City-Cortter Formation.
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2) 10 ppb eosine in well water from the Jefferson City-Cotter Formation.
3) 10 ppb fluorescein and 100 ppb rhodamine WT in the standard elutant.
4) 10 ppb eosine in the standard elutant.

Quality Control

Laboratory blanks are run for every sample where the last two digits of the
laboratory numbers are 00, 20, 40, 60, or 80. A charcoal packet is placed in a
pumping well samplers and at least 25 gallons of water is passed through the
sampler at a rate of about 2.5 gallons per minute. The sampler is then subjected to
the same analytical protocol as all other samplers.

System functioning tests of the analytical instruments are conducted in
accordance with the manufacturer's recommendations. At a minimum such tests
are conducted quarterly.

Reports

Reports are provided in accordance with the needs of the client. At a
minimum we provide copies of the RE-540 (and/or RF- 5000U) plots and a listing
of stations and samples where dye was: detected. -~ The reports indicate dye
concentrations. ' _

Work at the Ozark Underground Laboratory is directed by Mr. Thomas Aley.
Mr. Aley has 30 years of professional experience in hydrology and hydrogeology.
He is certified as a Professional Hydrogeologist (Certificate #179) by the American
Institute of Hydrology. Mr.- Aley has 28 years of professional experience in
groundwater tracing with fluorescent tracing agents.



| Dye and Medium E:nrmal Acceptable Petection Limit (ppb)
mission Wavelength
ge (nm)
Fluoresceinin Elutant  [515.3 10 519.6 0.015
Fluorescein in Water 509.2 to 514.1 0.0005
[Eosine in Elutant 538.0 to 544.6 0.03
Eosine in Water 534.0 to 542.8 0.001
Rhodamine WT in Elutant [567.2 to 574.4 0.235
'Rhodamine WT in Water [574.5 t0 579.9- - 0.01

Ozark Underground Dye Analysis
Laboratory » Procedures and Criteria

‘CRITERIA FOR DETERMINATION OF POSITIVE DYE RECOVERIES

Table 1. RF-540 Spectrofiuorophotometer. Normal emission wavelength
ranges and detection limits for fluorescein, eosine, and Rhodamine WT dyes
in water and elutant samples. The normal acceptable wavelength range equals
the mean pius and minus two standard deviations; these values are from actual
groundwater tracing studies previously conducted by the Ozark Underground
Laboratory (OUL). Detection limits are based upon the as-sold weight of the dye
normally used by the OUL.

Table 2, RF-5000U Spectrofluorophotometer.- Normal emission wavelength
ranges and detection limits for fluorescein, eosine, and Rhodamine WT dyes
in water and elutant samples. The normal acceptable wavelength range equals
the mean plus and minus two standard deviations; these values are from actual
groundwater tracing studies previously conducted by the Ozark Underground
Laboratory (OUL). Detection limits are based upon the as-sold weight of the dye
normally used by the OUL.

Dye and Medium ormal Acceptable Detection Limit (ppb)
mission Wavelength
ge (nm)

uorescein in Elutant 510.7 to 515.0 0.01
Fluorescein in Water 505.6 to 510.5 0.0005
Eosine in Elutant 533.0 to 539.6 0.02
Eosine in Water 529.6 to 538.4 | 0.001
Rhodamine WT in Elutant [561.7 to 568.9 - 0.155

odamine WT in Water [569.4 to 574.8 0.007




Ozark Underground ' Dye Anailysis
Laborstory Procedures and Criteria

Normal Criteria Used by the Ozark Underground Laboratory for
Determining Positive Fluorescein Dye Recoveries in_Elutants from Charcoal
Samplers.

There is often some fluorescence background in the range of fluorescein dye
present at some of the stations used in groundwater tracing studies. We routinely
conduct background sampling prior to the introduction of any tracer dyes to
characterize this background fluorescence and to identify the existence of any
tracer dyes which may be present in the area. For charcoal packet elutant samples
subjected to analysis on the RF-540 we routinely identify all fluorescence peaks
with wavelengths between 508.5 and 525.5 nm. For charcoal packet elutant
samples subjected to analysis on the RF-5000U we rouunely identfy all
fluorescence peaks with wavelengths between 503.9 and 520.9 nm. The fact that a
fluorescence peak is identified in our analytical results is pot proof that it is
fluorescein dye or that it is fluorescein dye from the trace of concern. The
following 4 criteria are used to identify wavelength peaks which are deemed to be
fluorescein dye recoveries from our tracing work.

Criterion 1. There must be at least one fluorescence peak at the station in
question in the range of 515.3 to 519.6 nm for samples analyzed by the RF-540.
The range must be 510.7 to 515.0 for samples analyzed by the RF-5000U.

Criterion 2. The dye concentration associated with the fluorescence peak
must be at least.3 times the detection limit. For the RF-540 the fluorescein
detection limit in elutant samples is 0.015 ppb, thus this dye concentration limit

equals 0.045 ppb. For the RF-5000U the fluorescein detection limit in elutant

samples is 0.010 ppb, thus this dye concentration limit equals 0.030 ppb. -

Criterion 3. The dye concentration must be at least 10 times greater than
any other concentration reflective of background at the samplmg station in
question.

Criterion 4. The shape of the fluorescence peak must be typical of
fluorescein. Much background fluorescence yields low, broad, and asymmetrical
fluorescence peaks rather than the more narrow and symmetrical fluorescence
peaks typical of fluorescein. In addition, there must be no other factors which
suggest that the fluorescence peak may not be fluorescein dye from our
groundwater tracing work.

Normal Criteria Used by the Ozark Underground Laboratory for
Determining Positive Fluorescein Dye Recoveries in Water Samples.

There is commonly some fluorescence background in the general range of
fluorescein dye at some sampling stations used in groundwater tracing studies.
The following criteria are used to identify wavelength peaks which are deemed to
be fluorescein dye in water.



Ozark Underground | Dye Analysis
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“Criterion 1. The associated charcoal samplers for the station should aiso
contain fluorescein dye in accordance with the criteria listed above. This criteria
may be waived if no charcoal sampler exists.

Criterion 2. There must be no factors which suggest that the fluorescence
peak may not be fluorescein dye from our groundwater tracing work. For samples
analyzed on the RF-540, the fluorescence peak should generally be in the range of
509.2 to 514.2. For samples analyzed on the RF-5000U, the fluorescence peak
should generally be in the range of 505.6 to 510.5 nm.

Criterion 3. The dye concentration associated with the fluorescence peak
must be at least three times the detection limit. Qur fluorescein detection limit in
water samples is 0.0005 ppb, thus this dye concentration limit equals 0. 0015 ppb.

Normal Criteria Used by the Ozark Underground Laboeratory for
Determining Positive Eosine Dye Recoveries in_Elutants from Charcoal
Samplers.

There is generally little or no detectable fluorescence background in the
general range of eosine dye encountered in most groundwater tracing studies. The
followmg four criteria are used to identify wavelength peaks which are deemed to
be eosine dye.

Criterion 1. There must be at least one fluorescence peak at the station in

' question in the range of 538.0 to 544.6 nm for samples analyzed by the RF-540.

The range must be 533.0 to 539.6 nm for samples analyzed by the RF-5000U.

‘Criterion 2. The dye concentration associated with the fluorescence peak
must be at least 3 times the detection limit. For the RF-540 the eosine detection
limit in elutant samples is 0.030 ppb, thus this dye concentration limit equals 0.090
ppb. For the RF-5000U the eosine detection limit in elutant samples is 0.020 ppb,
thus this dye concentration limit equals 0.060 ppb.

Criterion 3. The dye concentration must be at least 10 times greater than
any other concentration reﬁecuve of background at the sampling station in
question.

Criterion 4. The shape of the fluorescence peak must be typical of eosine.
Much background fluorescence yields low, broad, and asymmetrical fluorescence
peaks rather than the more narrow and symmetrical fluorescence peaks typical of
eosine. In addition, there must be no other factors which suggest that the
fluorescence peak may not be eosine dye from our groundwater tracing work.

Normal Criteria Used by the Ozark Underground Laboratory for
Determining Positive Eosine Dye Recoveries in Water Samples.

There is generally little or no detectable fluorescence background in the
general range of eosine dye encountered in most groundwater tracing studies. The
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following three criteria are used to identify wavelength peaks which are deemed to
be eosine dye.

Criterion 1. The associated charcoal samplers for the station should also
contain eosine dye in accordance with the criteria listed above. This criteria may
be waived if no charcoal sampler exists.

Criterion 2. There must be no factors which suggest that the fluorescence
peak may not be eosine dye from our groundwater tracing work. For samples
analyzed on the RF-540, the fluorescence peak should generally be in the range of
534.0 to 542.8 nm. For samples analyzed on the RF-5000U, the fluorescence peak
should generally be in the range of 529.6 10 538.4 nm.

Criterion 3. The dye concentration associated with the fluorescence peak
must be at least three times the detection limit. Our eosine detection limit in water
samples is 0.001 ppb, thus this dye concentration limit equals 0. 003, ppb. '

Normal Criteria Used by the Ozark Underground Laberatory for
Determining Positive Rhodamine WT Dye Recoveries in_Elutants from
Charcoal Samplers.

There is generally little or no detectable fluorescence background in the
- general range of Rhodamine WT dye encountered in most groundwater tracing
“studies. The following four criteria are used to identify wavelength peaks which
are deemed to be Rhodamine WT.

Criterion 1. For samples analyzed on the RF-540, there must be at least one -
fluorescence peak at the station in question in the range of 567.0 to 574.4 nm. For
samples analyzed on the RF-5000U, there must be at least one fluorescence peak
at the station in question in the range of 561.7 to 568.9 nm.

Criterion 2. The dye concentration associated with the Rhodamine WT peak
must be at least 3 times the detection limit. For the RF-540 the detection limit in
elutant samples is 0.235 ppb, thus this dye concentration limit equals 0.705 ppb.
For the RF~-5000U, the detection limit in elutant sampies is 0.155 ppb, thus this
dye concentration limit equals 0.465 ppb.

Criterion 3. The dye concentration must be at least 10 times greater than
any other concentration reflective of background at the sampling station in
question.

Criterion 4. The shape of the fluorescence peak must be typical of
Rhodamine WT. In addition, there must be no other factors which suggest that the
fluorescence peak may not be dye from the groundwater tracing work under
investigation.

10
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Normal Criteria Used by the Ozark Underground Laboratery for
Determining Positive Rhodamine WT Dye Recoveries in Water Samples.

The following criteria are used to identify wavelength peaks which are
deemed to be Rhodamine WT dye in water.

Criterion 1. The associated charcoal samplers for the station should also

contain Rhodamine WT dye in accordance with the criteria listed above. This

criteria may be waived if no charcoal sampler exists.

Criterion 2. There must be no factors which suggest that the fluorescence
peak may not be Rhodamine WT dye from the tracing work under investigation.
For samples analyzed with the RF-540, the fluorescence peak should generally be
in the range of 574.5 to 579.9 nm. For samples analyzed with the RF-5000U, the
fluorescence peak should generally be in the range of 569.4 to 574.8 nm.

Criterion 3. The dye concentration associated with the fluorescence peak
must be at least three times the detection limit. Our Rhodamine WT detection
limit in water samples is 0.007 ppb, thus this dye concentration limit equals 0.021
ppb. _

11
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_ EXAMPLES OF DYE ANALYSIS CHARTS
OUL Number C8073. Characocal sampler with no tracer dyes present

OUL Number C9225. Charcoal sampler with 26.6 ppb fluorescein dye
present

OUL Number C9696. Water sample with 0.166 ppb fluorescein dye
present

OUL Number C8846. ' Charcoal sampler with eosine dye present.
Note that the sample has received a 50 fold dilution. As a

result, the dye concentration is 14.5 ppb X 50 = 725 ppb eosine.
OUL Number C9201. Charcoal sampler with 1,090 ppb rhodamine WT
dye present. . e

OUL Number C8821. Water sample with 7.10 ppb rhodamine WT dye
present.

OUL Number DO161. Water sample with 0.535 ppb eosine and 1.62
ppb rhodamine WT present.
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Station 325: Dozens Spring

OUL number: C9225 Type: Charcoal Analyzed: 6-28-1994
Date placed: 6—2-1994 Date recovered: 6-16—19394
Time placed: 13435 Time recovered: 1150

. ' Peaks within normal range of tracer dyes: ’
Pegk nm  Left X Right X  Height Area H/A  Conc.

512.7 488.4 556.0 87.11 1860.12 0.08 26.6
. 535.9 S32.6 538.2 0 0 0 ND
565.1 561.5 568.7 0 0 0 ND
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Station 201: Well EW—-1 N :
QUL number: C8073 Type: Charcoal Analyzed: 6—2-13994
Date placed: 5—-17-1994 Date recovered: 5=-23-1984
- Time pilaced: 0810 Time recovered: 1853

Peaks within normal range of tracer dyes:

Peak nm  Left X Right X Height Area H/A  Conc.
512.8 510.7 515.0 0 0 0 ND
536.0 532.8 539.4 0 0 0 ND
565.2 561.7 568.9 0 0 0 ND
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Station 242: Well 88-1

QUL number: C8846 Type: Charcoal Analyzed: 06—22—-13994 Diluted 1:ZC
Date placed: 06—11—1994 Date recovered: 06—14-1934

Time placed: 1350 Time recovered: 1145

Peaks within normal range of tracer dyes:

Peak nm Left X Right X Height Area H/A  Conc.
515.0 51289 5172 0 0 0 ND
538.3 506.1 568.0 21.93 469.41 0.058 14.5
567.86 564.1 571.3 0 0 0] ND
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- Station 325: Dozens S1p
OUL number: C3696 Type: Water  Analyzed: 7—1—-1994
D_crte collected: 6—-22-1994 Time collected: 1500

Peaks within normal range of tracer dyes:

Peak nm  Left X Right X  Height Area H/A  Conc.
507.8 479.0 537.2 6.6 138.79 0.05 0.166
537.6 528.7 544.7 -0 0 0 ND
571.7 5638.1 574.5 0 0 0 ND
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Wavelength (nanometers)

Station 299: Rowe Spring
QUL number: C8821 Type: Water  Analyzed: 6—17-1984
Date collected: 6—11-1894 Time collected: 1530

Peaks within normal range of tracer dyes: .
Peak nm  Left X Right X  Height Area lo-f/A Conc.

506.9 504.5 509.4 0 0 ND
536.8 528.8 543.8 0 0 0] ND
570.8 537.9 615.9 3.82 235.96 0.04 7.1
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460 480 500 520 540 560, 580 600

Wavelength (nanometers)

Station 299: Rowe Spring _

OUL number: C9201 Type: Charcodl Analyzed: 6—28—-1994
Date placed: 6—2—-1994  Date recovered: 6—-14—-1894
Time placed: 1817 Time recovered: 1810

Peaks within normal range of tracer dyes:

Peagk nm  Left X Right X  Height Area H/A
511.1 508.9 513.2 0 0 0
534.2 530.9 537.5 0 0 0

620

Conc.

: . D
563.3 4943 612.7 191.74 5658.41 0.03 1080
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Waveilength (nanometers) .

Station 298: Rowe Spring '
OUL number: D0161 Type: Water  Analyzed: 7—11-1994
Date collected: 6—-30-1994 Time collected: 0715

Peaks within normal range of tracer dyes:

Peak nm  Left X Right X Height Area H/A  Conc.
502.3 489.9 504.7 0 0 0 ND
531.9 501.8 551.4 2.40 64.49 0.04 0.335
569.8 551.4 592.3 2.24 52.25 0.04 1.82
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DISTRIBUTION CONTROL PAGE
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the Laboratory Resources, Inc., corporate Document Control Officer. Controlled copy updates will -
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SCOPE OF THE CORPORATE QUALITY ASSURANCE MANUAL

~ This Corporate Quality Assurance Manual contains general quality assurance information necessary to

implement the Laboratory Resources, Inc. (LRI) Quality Assurance Program. All LRI management and
analytical personnel are required to be familiar with the contents of this manual and are responsible for
implementation of the Quality Assurance Program within their respective domains.

This manual does not, however, include all the information necessary for complete implementation of the
Quality Assurance Program. Additional information and procedures are found in the following LRI

manuals.

1. Statement of Qualificarions: Information about LRI facilities. instrumentation, organization, and
resumes for key personnel

2. Sample Management Manual: Procedures for sample management, inciuding sample login,
storage, and chain of custody
3. . Corporate Data Management Marual: Procedures for data management, including data review,

validation, deliverables generation, and compliance screening -

4, Standard Operating Procedures for Analyses: Method-specific quality control requirements



Corporate Quality Assurance Manual

Section 0C
April 27, 1994 Y
Page 2 of 2
A»g‘ pendices
A Math and Statistics Apnl 26, 1994
B Audit Forms : Apnl 26, 1994



Corporate Quality Assurance Manual
Section 1B '

Aprl 22, 1994

Page 1 of 1

QUALITY ASSURANCE OBJECTIVES

,

Prepared by: e o =
Quality Assurance Director

Reviewed and
approved by:

esident

Results generated by environmental laboratory analyses are used to make decisions involving the

- expenditure of large amounts of time and money, and could even lead to the incarceration of responsible

parties. It is imperative, therefore, that the data supplied by the laboratory are of known and measurable
quality. The following quality assurance objectives ensure that data produced by Laboratory Resources,

Inc., (LRI) will meet these requirements.

® Ensure compliance with certification requirements

® Ensure compliance with regulatory agencies

o Ensure compliance with contract requirements

® Ensure compliance with published methodologies .

° Establish minimum standards consistent with industry practices

The procedures in this manual were developed to achieve these objectives and are binding on all LRI
employees. '
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QUALITY ASSURANCE POLICY

Prepared by: _ Z

Reviewed and P
implemented by: v 7 e e

Quality Assurance Director

The quality assurance policy of Laboratory Resources. Inc., is expressed in the following extract from
the corporate Mission Statement. :

Laboratory Resources will be known for its ability to consistently meet customer

demands and for the high quality of analysis which becomes part of every analytical

report it generates. Customers will be assured their expectations wiil be met on
. time, every time. ‘
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INSTRUMENT SPECIFICATIONS

Prepared by: St
. Quality Assusance Director
7
Reviewed and ST
implemented by: va /"
General Mﬁgcr

Prepurchase Requirements for All Instruments

1. The Technical Director shall review all proposed instrument purchases to ensure the following
requirements are met: .

a. The instrument must meet all requirements of the analytical procedure(s) for which it will
be used.

b. The instrument must meet all requirements of this section of the Quality Assurance
Manual.

c. The proposed purchase shall be reviewed for compatibility with existing and proposed

hardware and software, operator training requirements, and fit into the overall LRI
business plan.

If the purchase includes software or involves interfacing with software, the proposal must be
reviewed by the information systems analyst for compatibility and stability.

2

Analytical Balances
Analytical balances must have a2 minimum sensitivity of 0.1 mg (0.0001 g).

General Purpose Balances

General purpose balances must have a minimum sensitivity less than 1% of the target weight or 0.1 g,
whichever is less.

Visual/Ultraviolet Spectrophotometers

 Spectrophotometers must have a bandwidth of no more than 20 nm and a wavelength accuracy of 2.5

nm.
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aH Meters

pH meters must have an accuracy and readability of at least +0.05 pH units within the pH range of 2.0
10 10.0.

Specific Ton Meters

Specific ion meters must have an accuracy and readability of at least =3 mV.

Cornductivity Meters

Electrodes for conductivity meters should have platinum electrodes; nonplatinum electrodes must be
calibrated against a platinum electrode every six months. ‘

Thermomelers

1. All thermometers must be of the appropriate immersion type for the intended use.

[

Thermometers used for measurement of water sample temperature must be graduated in 0.1 *C o~
increments. o

()

Thermometers used for temperature monitoring of incubators must be graduated in 0.2 °C
increments. ’

Thermometers used for temperature monitoring of refrigerators, and ovens must be gradua:ed
in 0.5 °C increments.

W)

Temperzrure Control Equipment

1. Freezers used for storing organic standards or extracts must maintain a temperature not exceeding
-10°C.

Refrigerators used for storing standards or sample must maintain a temperature between 1 °C znd
4.5°C.

(3]

BOD incubators must maintain a temperature of 20.0 °C =1.0 °C.

LI

4. Total coliform incubators must maintain a temperature of 35.0°C =0.5 °C.

Fecal coliform ificubators must maintain a temperature of 44.5 °C =0.2 °C and a relative humidity
of at least 90%. _ : PN

U
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INSTRUMENT MAINTENANCE

-’ -

Prepared by: ey T en T
Quality Assurance Director
Vs
Reviewed and S
implemented by: s S
Generaya-{ger

e

The chart on the following page lists minimum maintenance requirements for gas chromatography (GC),
gas chromatography/mass spectrometry (GC.MS), inductiveiy coupled argon piasma (ICP), graphite
dirnace 2tomic absorption (GFAA), and direct aspiration flame atomic absorpticn (FLAA) instruments.
The maintenance requirements listed are general and minimal; any additional maintenance reqmrem nts
listed in the manufacturers' manuals are aiso required and shall be included with these minimum

requxreme'xts in the LRI instrument operanon manual

All scheduled and unscheduled maintenance activities shall be recorded in the instrument maintenznce
logbook. A separate instrument logbook is required for each instrument. The maintenance logbook must
conform to the requirements of the Laboratory Notebook Procedures section of this manual and must
be maintained in the same room as the instrument. The following information shall be recorded for 22ch

maintenance event:

Date and time maintenance was initiated

Triggering event

Description of maintenance performed

Date and time maintenance was completed

Initials of person who performed maintenance

Initials of supervisor if maintenance was not performed by supervisor
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Minimum Maintenance Requirements

Instrument Procedure Frequency
GC/MS Change pump oil Annually or when oil becomes dark
Change alumina beads Annually or when beads become dark
Change VOA packed columns When ketone peaks broaden
Change BNA capillary columns When the column becomes too short to
resolve N-nitrosodimethylamine or when
response for acids can't be restored
Change BNA glass wool liner Daily or after analysis of "dirty" extract
Change VOA trap When gases and ketones lose sensitivity
Clean VOA source When BFB mvz 75 is too high
Clean BNA source When DFTPP m/z's 219 and 502 are too
low or ion focus is greater than 30 V
GC Change septa Daily or every sequence, whichever occurs
: first
Change injection liners At the beginning of each sequence
Clip column Every two months; sooner if indicated by
chromatography
Change pesticide column Every six months; sooner if indicated -
: _ chromatography :
Change volatiles column Annually; sooner if indicated by
chromatography
Change oxygen and moisture filters Annually; sooner if indicated
Change volatiles trap Annuaily; sooner if indicated
Clean ECD detector Annually
~ Change PID lamp Every six months
ICP Clean torch Weekly
Clean nebulizer end cap Weekly
Replace pump tubing Weekly
Clean filters Weekly
Clean autosampler Weekly
Adjust dark current and
light current Annually
Furnace Clean contact rings Daily _
Change contact rings Monthly
Clean quartz windows Daily
Check cooling water Weekly
Align optics ' As required
Flame AA Clean instrument Weekly

Align optics As required T
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GLASSWARE SPECIFICATIONS

Prepared by: I
Quality Assurance Director
”~
Reviewed and ‘<
implemented by: fé 7
General Mapager

o

All glassware used for chemical analysis must be manufactured from borosilicate glas.s unless
specified otherwise by the analytical procedure.

All volumetric glassware must be Class A. Volumetric glassware shall not be exposed to

‘temperatures greater than 105 °C.

Dangerously broken, chipped, or cracked glassware shall not be used for analysis. This does not
apply to broken tips on separatory funnels.

Before use, glassware must be cleaned according to the Glassware Cleaning procedure in this
manual.

Mohr and similar measuring pipettes shall not be used for chemical analysis.
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Prepared by: A T
Quality Assurance Director
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implemented by: Vs
General Managy/

This procedure is to be used for cleaning all glassware used for sample analysis.

ALL GLASSWARE MUST BE THOROUGHLY RINSED WITH TAP WATER BEFORE
SUBMITTING TO BE CLEANED.

Glassware cleaning personnel must wear their lab coats, aprons, gloves, and safety glasses as required
by laboratory safety policies. ~

Initial Cleaning of All Glassware

1. Thoroughly wash the glassware in tap water and phosphate-free detergent until the glassware is
free of visible material. If this does not adequately clean the glassware, soak the glass in

Chromerge™ solution for one hour.

Rinse the glassware at least four times with tap water to remove all detergent.

L

INORGANIC ANALYSIS GLASSWARE ONLY. _

[¥3)

a. Rinse the glassware with 20% nitric acid, taking care that all internal surfaces are rinsed.
b. - Rinse the glassware with tap water to remove all traces of the nitric acid.
4. Thoroughly rinse the glassware with reagent water (DI water).

5. Dry the glassware at 105 °C in the drying oven.
6. Return the glassware to the appropriate room.

Pre-analysis Rinsing for Qrganic Analysis Glassware -
P

This procedure is to be performed by the analyst just prior to using the glassware for extraction
analysis.

1. Rinse the glassware with acetone.
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2 Rinse the glassware with the solvent to be used in the extraction or analysis procedure.
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Reagent Water

REAGENT SPECIFICATIONS

. ~ ‘
.-J.:- ’ 4 ,i'-. vl W -
Quality Assurancg, Director

/
I'/? .
/ "y n/“"-j
(7
General Manag

Reagent water used for chemical or microbiological analyses must meet the following specifications. If
any parameters are outside control limits the reagent water cannot be used until the reagent water supply
is serviced. Boftled reagent water may be used if the laboratory reagent water supply is out of
specifications provided the bottled water is tested and found to mest the requirements below.

Reagent Water for Chemical Analyses T
1 Conductivity-must be measured and recorded daily. The control limit for conductivity is

0.5 umho/cm maximum (2 Megohm/cm minimum) at 25 °C.

N

(73]

pH must be measured and recorded daily. The pH must be between 5.5 and 7.5 units.

Specific chemical contamination is monitored by the analysis of method blanks. The

reagent water supply must meet all method-specific requirements for method blank

analysis.

Additional Monitoring for. A/{{crobiology Analyses

1. Residual chlorine must be analyzed and recorded monthly, and must be less than 0.1

mg/L.

Heterotrophic plate count must be analyzed and recorded monthly, and must be less than

[

1000 colonies/mL.

L)

‘Cadmium, chromium, copper, lead, nickel, and zinc must be analyzed and recorded

annually, and the concentration of each metal must be less than 50 ug/L.

4. All TAL metals must be analyzed and recorded annually, and the total concentration
all metals must be less than 1000 ug/L.
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s. Bacterial quality must be analyzedv énd recorded annually, and must be between 0.8 and
3.0.

Reagents

1.

!\)

9

All inorganic reagents shall be ACS Reagent Grade or equivalent unless the analytical procedure
specifies a different grade. :

All organic reagents used to prepare standards shall be of the highest quality obtainable. Organic
reagents used to prepare general reagent solutions shall be free of detectable interferences as
demonstrated by the analysis of acceptable method blanks.

All organic solvents shall be free of detectable residue as demonstrated by the analysis of
acceptable method blanks. For organic analyses contamination shall not be restricted to target

analytes.

Other Supplies }

1.

19

(¥3]

Supplies such as filter paper, glass wool, and boiling.beadsmust be free of contamination as
demonstrated by the analysis of acceptable methcd blanks. For organic analyses, contamination

shall not be restricted to target analytes.

Supplies such as those listed above used for preparation of organic extracts shall be prerinsed
with the solvent(s) used in the extraction and concentration procedures.

All dessicants must contain moisture indicators.

Frs
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Purchased Chemicals and Solutions
L The labels of all purchased chemicals and solutions must be marked with the date of receipt. If

chemicals or solutions are purchased in case quantities, the date of receipt can be marked on the
outer case at the time of receipt. As each container is removed from the case the date of receipt

must be copied to the label on the container.

2. " As new stock is received, rotate the old stock so that the oldest stock is most accessible (in fi
or on top) and the newest stock is least accessible (in back or on bottom).

3. Ifan e:fpiration date is not provided by the manufacturer, the following default dates shall be
recorded on the label:

Volatile organic solutions: one (1) month from the date opened

a.
b. Other solutions with organic solvents: three (3) months from the date opened
c. Aqueous solutions: six (6) months from the date opened
b. Neat chemicals: two (2) years from the date opened &
4. If the storage requirements are not provided by the manufacturer, the following storage
requirements apply: ’
a. Aqueous solutions and neat chemicals: store at room temperature
b. Solutions in organic solvents:
1) Sealed ampules may be stored at room temperature until opened
2) All other containers must be stored in a freezer (-15 °C)

3) Volatile organic solutions shall not be stored with any other solutions
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Solutions Prepared in the Laboratorv

1. The following information shall be recorded on the storage container label for each standard:

Name of solute
Concentration -
Solvent (if other than water)
Storage conditions
Expiration date

Lot number

2. The following information shall be recorded in the laboratory notebook or logbook:

Date prepared

Name of solute

Weight of solute

Solvent (if other than water)
Final volume of solution
Concentration of solute

Lot number assigned to solution
Name of preparer

" The following expiration times apply to all solutions where the expiration time is not provided by

(93]

the method:
a. Volatile organic solutions: one (1) month
b. Other solutions with organic solvents: three (3) months
<. Aqueous solutions: six (6) months
4. If the storage requirements are not provided by the method, the following storage requirements
apply: :
a. Solutions with organic solvents shall be stored in a freezer (-15 °C)
b. Volatile organic solutions shail not be stored with any other solutions

c. Aqueous solutions shall be stored at room temperature
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STANDARDS LABELLING, DOCUMENTATION, AND STORAGE
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General y

Labellin

The following information shall be recorded on the storage container label for each standard:

Name of solute
Concentration

Solvent (if other than water)
Storage conditions
Expiration date

Lot number

Documentation

The following information shall be recorded in the standards preparation logbook:

Date prepared o

Name of solute

Manufacturer of solute

Lot number of solute

Weight of solute

Purity of solute

Corrected weight of solute if purity is less than 95%

Solvent (if other than water)

Manufacturer of solvent

Lot number of solvent

Final volume of solution

Concentration of solute

Lot number assigned to standard N
Name of preparer -
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Purchased Standérds

All certificates and documentation pertaining to concentrations, punty, traceability, erc., must be
retained for a minimum of five (5) vears.

—
.

The concentrations of uncertified standards must be venfied using primary standards or secondary
standards that can be traced to primary standards. Record verification data in the standards
preparation logbook.

[

Storage
Lxpiration

The following expiration times apply where the expiration time is not provided by the
manufacturer or method:

a. Volatile organic standards: one (1) month
b. Other standards with organic solvents: three (3) months

c. - Aqueous standards: six (6) months
 Storage Conditions

The following storage conditions apply where the storage conditions are not specified by the

manufacturer or method:

a. Standards with organic solvents shall be stored in a freezer (-15 °C)

b. Volatile organic standards shall not be stored with any other standards

c. Aqueous metals standards and stable inorganic standards shall be stored at room
temperature :

d. Unstable aqueous standards shall be stored in a refrigerator (1 - 4 °C)
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General My

The personnel requirements of this section merge the USEPA minimum requirements for certification and
contract compliance. The requirements are listed by function; the actual titles will differ in certification
and contract documents. If an individual performs more than one function, that individual must satisfy
the requirements for all the functions he or she performs. In addition, many contracts require redundancy

for most functions.

This is 2 guidance document and the requirements herein are not mandatory for LRI laboratores.

. s - . . . -
However, all personnel employed by LRI must meet the minimum requirements for the states in whi
the laboratory holds or seeks certification, as well as the requirements of any contracts in which the

laboratory is engaged.

Industrial Hygiene Laboratory Director
Education

o Bachelor's degree in science
 Experience
o Full certification by the American Board of Industrial Hygiene or
o Five years combined education beyond the bachelor's degree level and experience in an industrial

hygiene laboratory

Industrial Hygiene Laboratory Manager

Education
o Bachelor's degree in science

Experience

o Full certification in chemical aspects by the American Board of Industrial Hygiene or
o Five years combined education beyond the bachelor's degree level and experience, at least half
of which must be in industrial hygiene chemistry and the remainder in other analytical chemistry

procedures
Environmental Laboratory Manager —~
Education 0

o Bachelor's degree in science '
o Ifthe degree is not in chemistry, chemistry courses equivalent to a minor in chemistry are required
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Experience
o Two years of experience in an environmental laboratory

Quality Assurance Officer
Lducation
o Bachelor's degree in any scientific or engineering discipline
Experience
o Three years of laboratory expenence
o  One year of applied experience with quality assurance principles and practices in an environmental

laboratory

Deliverables/Compliance Screening Supervisor

Experience o
o Three years of experience in compliance screening and preparing data deliverables }

o One year of supervisory experience in the preparation of data deliverables

Sample Custodian
@erience

o Three years of experience in sample receiving, login, chain-of-custody documentation, and

~ internal transfer
o One year of related supervisory experience

GC/MS Supervisor

Education

o Bachelor's degree in any scientific or engineering discipline

o Ifthe degree is not in chemtstry chemistry courses equivalent to a minor in chemistry are required

° A formal training course in GC/MS operation
verience

o Three years of experience in interpretation of GC/MS data, and operation and maintenance of
GC/MS systems

o One year of supervisory experience

Misg;&ct_ral_ln_tcg___matm_sms_t
Education
o Bachelor's degree in any scientific or engineering discipline
o A formal training course in mass spectral interpretation

Experience

o Two years of experience in mass spectral interpretation

GC/MS Operator
FEducation
o Bachelor's degree in any scientific or engmeenng dxsc1plme or
increase the experience requirement to three years
o A formal training course in GC/MS operation
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Experience
o  One year of experience in operation and maintenance of GC/MS systems

GC Supervisor
Education
o Bachelor's degree in any scientific or engineering discipline
o Ifthe degree is not in chemistry, chemistry courses equivalent to a minor in chemistry are required

Experience
o Three years of experience in interpretation of GC data, and operation and maintenance of GC

systems
©  One vear of supervisory experience

Pesticide Residue Specialist
Education '
o Bachelor's degree in any scientific or engineering discipline

Lxperience

© Two years of experience in interpretation of GC data, and operation and maintenance of GC
systems

GC Operator
Education

o Bachelor's degree in any scientific or engineering discipline or
increase the experience requirement to three years
o Ifthe degree is not in chemistry, chemistry courses equivalent to a minor in chemistry are required

Eg_nerience

©  QOne year of experience in operation and maintenance of GC systems

Organic Extraction Supervisor
Education
o Bachelor's degree in any scientific or engineering discipline

Experience
o Three years of experience in organic sample preparation
o One year of supervisory experience

Extraction/Conceéntration Specialist
Education

o High school diploma
o A college level course in general chemistry

Experience

© One year of experience in extraction and concentration

Inorganic Chemistry Supervisor
Education "
o Bachelor's degree in any scientific or engineering discipline
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Experience
o Three years of laboratory experience

o One year of supervisory experience

ICP Spectroscopist
Education
o Bachelor's degree in any scientific or engineering discipline
o Specialized training in ICP spectroscopy

Experience

o Two years of experience with ICP analysis of environmental samples

ICP Operator
Education

o Bachelor's degree in any scientific or engineering discipline or
increase the experience requirement to four years

© A short course in ICP

Experience

o One year of experience in operation and maintenance of ICP systems-

AA Operator
Education

o Bachelor's degree in any scientific or engineering discipline or
increase the experience requirement to four years

Experience
© One year of experience in operation and maintenance of ICP systems

Inorganic Sample Preparation Sgecxahs
Education

o High school diploma
o A college level course in general chemistry

erience

o Six months of experience in an analyucai laboratory

o Ifmicrowave dxgesnon is used, six months of experience in sample dissolution using microwave

digestion techniques is required

Classical Chemistry Specialist
Education

o Bachelor's degree in any scientific or engineering discipline or
increase the experience requirement to three years |
erience

o One year of experience in classical procedures
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Microbiology Supervisor
Education
o Bachelor's degree in science
© A minimurmn of three credits in microbiology
© A minimum of two weeks formal training in microbiological analysis of dnnking water

Experience
©  One year of experience in microbiology

Microbiology Specialist
Education
o High school diploma or equivalent

Experience
o One year of experience in sanitary, water, milk, or food microbiology

Industrial Hygiene Analvst
Same as the requirements for the corresponding specialist above

Education ' : .

o Bachelor's degree with four or more intermediate courses in programming, informati,.
management, database systems management, Or-systems requirements analysis »

o Three years of experience in data systems management or programming

o One year of experience with the software being used for data management and generation of

laboratory reports

Programmer Analyst
FEducation

o Bachelor's degree with four or more intermediate courses in programming, information
management, database systems management, or systems requirements analysis

Experience ' '

o Two years of experience in systems or applications programming

o One year of experience with the software being used for data management and generation of

laboratory reports

N
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EMPLOYEE TRAINING
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1. The manager of administration shall orient all new employees and provide each new employee
with an Employee Packet. The new employee shall verify that he or she has reviewed the
materials provided in the Employee Packet by signing the form provided at the end of the
Employee Handbook.

2. Safety training is the responsibility of the laboratory safety officer.

a. Each employee whose duties involve work in the laboratory or sample management areas
shall receive a copy of the laboratory contingency plan, chemical hygiene plan, and
chemical waste plan. This must be read and a statement signed by the employee
indicating the plans were understood.

b. The employee shall be given a tour of the laboratory, and all safety equipment and exit
locations shall be pointed out.

c. The employee shall receive the laboratory safety training course and then must complete
the safety training examination and obtain a passing grade for each section of the test.

d. In addition to the above, employees whose duties require access to the hazardous waste
storage room shall receive respirator training and a respirator fit test.

3. Each new analyst shall receive orientation from his or her immediate supervisor. This orientation
" shall include location of the Quality Assurance Manual, SOPs, notebooks, and physical layout of
the department. The new analyst shall be briefed on quality assurance practices, use of SOPs, and

laboratory etiquette.
4. Each analyst must be qualified in each analysis he or she is to perform.

a. The analyst will be provided with a copy of the LRI SOP for the procedure in which he
or she is to be qualified. The analyst will be provided an opportunity to discuss the
procedure with the department manager or a lead technician designated by the department
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manager. When it is determined that the analyst understands the procedure and its quality
control requirements, the analyst and department manager shall enter the analysis name
and LRI SOP number in the Laboratory Training Log, and both the anaiyst and
department manager shall sign and date the entry LRI SOP READ AND

UNDERSTOOD.

The analyst will perform the analysis on blanks and laboratory control samples under the
direct supervision of the department manager Of lead technician. The analyst must
demonstrate proficiency in the analysis of QC samples by obtaining results within the
method specified laboratory control sample recovery limits. When acceptable proficiency
has been demonstrated, the analyst and department manager shall sign and date the
Laboratory Training Log entry PROFICIENCY DEMONSTRATED.

- NOTE: Some analyses, such as ignitability, cannot be spiked. In these cases 2
standard reference material or previously analyzed sample must be

analyzed.
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APPROVED ANALYTICAL METHODS
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General Manag’é/

Most -environmental regulations stipulate the methods which must be used to perform analyses. This
stipulation may take the form of a specific procedure, or a list of procedures or references from which
an appropriate method may be chosen. In general, these procedures must be performed without
modification. There are two exceptions: - :

1. - Ifaregulatory agency mbdiﬁes a published procedure, the modified procedure must be used for
analyses performed within the agency's jurisdiction. :

2. The stipulated procedure may not be appropriat  for analysis of some samples. (This most often
happens when a water method is specified for 2 nonaqueous sample.) When this occurs, the
laboratory must, with the client's permission, work with the regulatory agency to determine 2
course of action. Possible actions are, in order of preference, to (1) use a different procedure,
(2) use an agency modification, (3) use a laboratory modification, or (4) delete the analysis for

the affected samples. When contacting the regulatory agency, the laboratory should be prepared
to suggest appropriate alternate or modified procedures. The section in this manual on Alternate
Methods should be consulted. '

NOTE: Any agreement reached between the laboratory, client, and regulatory agency must be
confirmed in writing, and the written document must include the scope of the agreement. (The
scope of the agreement may be specific samples only, a specific project, any project for this
agency, etc.) The written confirmation must be included in all applicable hardcopy data packages.

Divisions of Laboratory Resources, Inc., (LRI) are restricted to methods from the following list. When
selecting methods from this list, the laboratory must ensure that the method is appropriate for the
regulation and the sample to be analyzed. Methods with an asterisk (*) appended are LRI modifications
that must be approved before use.
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Leachate Procedures

EP Toxicity Extraction by Federal Register/SW-846 method 13 10
TCLP Bulk Extraction by Federal Register/SW-846 method 1311
TCLP Zero Headspace Extraction by Federal Register/SW-346 method 1311

Organic Extractions

Extraction Procedures

Herbicides by SM14 method 509B
Herbicides by EPA method 515.1
Herbicides by SW-846 method 8150
Pesticides and PCBs by ASP 12/91
Pesticides and PCBs by OLMO02 (CLP)

" Pesticides and PCBs by EPA method 505
Pesticides and PCBs by EPA method 508
Pesticides and PCBs by EPA method 608
Pesticides and PCBs by SW-846 method 3510 7
Pesticides and PCBs by SW-846 method 3520 - 7N
Péesticides and PCBs by SW-846 method 3550
Pesticides and PCBs by SW-846 method 3580
Petroleum Hydrocarbons Fingerprint by SW-846 method 8015*
Phthalates by EPA method 606
Phthalates by SW-846 method 3510
Phthalates by SW-846 method 3520
Phthalates by SW-846 method 3550
Phthalates by SW-846 method 3580
Semivolatiles (BNA) by ASP 12/91
Semivolatiles (BNA) by OLMO02 (CLP)
Semivolatiles (BNA) by EPA method 625
Semivolatiles (BNA) by SW-846 method 3510
Semivolatiles (BNA) by SW-846 method 35