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SAMPLING PLAN FOR TRACER TESTING IN BUPFQRT OF THE GROUNDWATER OPERABLE UNIT H2AGH

ABSTRACT

The Groundwater Operable Unit is one of four operable units comprising the Weldon
Spring Site Remedial Action Project (WSSRAP). This sampling plan describes hydrological
characterization that will be conducted at the Weldon Spring Chemicat Plant to provide data of
flow directions and discharge points (springs) for groundwater originating from the southem
portion of the reffinate pits area. The chlorinated solvent trichloroethylene (TCE) has been
detected in monitoring wells on both the chemical plant and the adjacent Weldon Spring Training
Area, with the highest levels observed in wells focated southwest of the raffinate pits. Injection of
a tracer dye inta the subsurface in the vicinity of the highest TCE contamination will be used to
identify the flow paths and discharge points. This plan will outline the injection and monitoring
methods, lacations, and analysis to be performed. Quality control and standard operating
pracedures will also be discussed. '

DOE/ORI21545-755, Rav. O ii
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SAMPLING FLAN FOR TRACER TESTING IN SUPPCRT OF THE GROUNDWATER GPERABLE UNIT H2405

1. INTRODUCTION

This plan describes the hydrogeologic testing that will be conducted at the Weldon Spring
Chemical Plant to provide data for the determination of a subsurface connection between the area
south of the raffinate pits and springs in the Weldon Spring area. The purpose and methodology
for this testing are outlined in this plan.

The chlorinated solvent trichloroethylene (alsc known as tiichloroethene or TCE) has
been detected in monitoring wells screened in the weathered Burlington-Keokuk Limestone at the
Weidon Spring Chemical Plant and Weldon Spring Training Area. Concentrations of TCE
ranging from 0.5 ug/l to 1,300 pg/t have been measured. The regulatory limit for groundwater
quality {maximum contaminant ievel {MCL]) for TCE is 5 ug/l. The higher concentrations have
been detected in wells located southwest of the raffinate pits.

A groundwater divide is present along the southern part of the training area and extends
through the southern portion of the chemical plamt. In general the shallow groundwater mimics
the topography. The understanding of where groundwater flows in the area of TCE impact is
complicated by the presence of this divide extending through this area.

1.1 Porpose and Scope

The purpose of this plan is to outline the objectives for tracer testing that will be
performed in support of the Groundwater Operable Unit (GWOU), mainly the Feasibility Study
(Ref 1), This plan will outling the methadology, monitoring lecations, and sampling analyses for
tracer testing. Quality control and standard operating procedures will also be discussed.

The scope of this task is to monitor specific springs in the Weldon Spring area for the
resurgence of tracer dye which will be injected at a predetermined location at the chemical plant.
Detection of this tracer dye at the specific springs will aid in establishing the direction of
groundwater movement with respect to the groundwater divide. Several groundwater monitoring
wells will also be momitored for the presence of the tracer dye to establish whether these wells lie
along the flow path to these springs. Detection of the dye in this capacity will aid in determining
the direction of groundwater flow from the area of TCE impact.

Information cbtained from this testing will be utilized to determine the applicability of any
ex situ or in situ groundwater treatment alternatives. Understanding the flow path of the
groundwater is necessary to optimize ireatment alternatives in regards to the location of
extraction of groundwater or injection of chemicals for the remaval or degradation of TCE. This
information will also be used to assist in selecting well locations for the long-term monitoring
program for the GWOU. This information will be surnmarized in a report to be made available at
a later date.

DOEAQR{Z1548-735, Rev. 0 1



SAMPLING PLAN FOR TRACER TESTING IN SUPFORT OF THE GROUNDWATER OPERABLE UNIT | 3r24/85

1.2 Objectives

' The objectives established for the tracer test study at the chemical plant are to determine:

¢ Whether a comnection exists between the weathered zone in the Buriington-Keokuk |
I Limestone in the southwestern portion of the chemical plant and Drainages 5300

(Southeast Drainage), 3500, and 6300 (Burgermeister Spring Branch).

. » Relative travel times to these springs, if connections are identified.

* If monitoring wells MWS-021, MWS-003, and MWS$-112 are located along the flow .
' path.
'. DOE/ORI21548-735, Rav. D ' 2




SAMPLING PLAN FOR TRACER TESTING IN EUPPORT OF THE GROUNDWATER OPERABLE UNIT - 32as8

2. BACKGROUND

The Missouri Department of Natural Resources, Division of Geology and Land Survey
{MDNR-DGLS), conducted a 3-year investigation of the shallow groundwater system in the
Weldon Spring area (Ref 1). As part of the shallow groundwater investigation, a survey was
performed in 1987 to locate springs and seeps that might be affected by groundwater or surface
water discharges from the chemical plant area, the training area, and the ordnance works area. A
total of 75 springs and seeps {Figure 2-1) were located in the ordnance works area (Ref 1).

Twelve stream tracer injections were made during the final two years of the study, and 11

of these indicated at least one subswrface hydrologic connection. The dye test showed two
general patterns of subsurface drainage:

o Groundwater in drainages of the Missouri River watershed (south of the groundwater
divide) does not cross into other adjacent drainages.

. Gmuﬂdwater in dramnages of the Mississippi River watershed (north of the
- groundwater divide) can cross surface water divides and emerge in other drainages.

The results of the MDNR-DGLS investigations (MDNR 1991; Price 1991) indicated that

" the shallow aquifer beneath the chemical plant area and the ordnance works srea has

characteristics typical of a carbonate groundwater system (e.g., weathered bedrock and solution-
enlarged joints, fractures, and bedding planes).

As part of the remedial investigation for the groundwater operable unit (GWOU) (Ref 1)
dye tracing was conducied to determine whether a subsurface hydraulic connection could be
detected between Burgermeister Spring and the northern and western portions of the chemical
plant area. On the basis of datz from the previous aquifer testing (high values of hydraulic
conductivity), the location of bedrock lows presumed to be pre-glacial drainages, and the
presence of specific contaminants detected at Burgermeister Spring, it was suspected that these
sections of the chemical plant area connected directly with the conduit system that discharges to

.Burgermeister Spring. Two angled borings and one monitoring well were selected for injection of

dye. Three springs in the 6300 Drainage were monitored for resurgence of the dye; however, the
dye was only detected in Burgermeister Spring. Tracer was detected in Burgmnmstm‘ Spring as
soon as 2 to 3 days after injection (Figure 2-1).

Compatison of the geo]—::rgjr in the area of the successful tracer tests indicates that the
lower section of the residuum near the bedrock cotitact has been identified as more permeable

DOE/OR/Z1 548735, Rev, O 3




U.$. ROUTE
46/61
| f
| |
| L - -
L / A ’ /
'_ e 6601 / ~ 6306 I
1*—-—.__., " L I EEG‘G ~ -
/. VS LEII J;"‘"’- ‘u;___a'r
AT . '
' 7 6600 A,
: 5 " LA saot 7 -
| " ) e 4 Tesoy par i !
' [ e . / W f' ﬁ 1 ¥ [0} £
| & : / ! )
. L1 e \\ v, & / SH-6202 e
7 A , ' 6305 .
l ! /A SHge01 \ {:f AOSH-6201 -
- - ; STATE™ - 3 ] 1
f / <y 8500 RGUTEI Tl 6200 ’
i SH-6602, G Pal aut (MR = 7 6100
l' ! C‘;A B304~ TER
. b P 7 “ STATE
vy e = ROUTE
| : o N f'f . L ‘I 94
: A H‘\;’ WELDON SPRING 3502
A ey ~ . TRAINING AREA S e = JewELDONT =
. . — /0 b
. .r-— ___________ "\\ _,...--"""# \"‘--—...-— EEH 3o ': I-Il'.-thNT iﬁ‘lﬂﬂl‘
| el RS 1 L W T B
. 5600 ; _ . N 3027, -
] : =80z e 7~ ESDG‘ ™~ $,5201
: ‘mseos\ (. ) VAR
‘ | ] %xf‘( ) L) ) 5402, ‘.l e
L. X \s612. T }
| : N 5504 ;
R _ _ N 50
' . | ; L
: AR MISSOURT
¥.S.0. w,x"“, 5601 - £5603:" RIVER
l BOUNDARY: | o
Lo, - A
. j 350 b ~ 4000
' LEGEND P T e
s L — - SURFACE WATER DIVIDE ./ et SCALE FEET
BETWEEN MISSISSIPPI RIVER
s it
<3 — POND OR LAKE SPRINGS AND SEEPS IN
| & - PERENNIAL SPRING THE WELDON SPRING AREA
l Q, - WET WEATHER SPRING
6302~ SPAING R SEEP IN DES 1GNATED) |
- NA N
el T R 2
e = MENT : . :
—— - GAINING 5TREAM SEGMENT o DOE/OR/21548-735 7T A/vP004/0398 | |
e - THACER RUNS wmaTaTR Lo e o ||‘.u!'£: 3/6/98




-.-n—nmn-'unnnnu

SAMPLING PLAN FOR TRACER TESTING IN SUPPORT OF THE GROUNDWATER OPERABLE UNIT 24l

because of the presence of relic chert beds, gravels, and weathered limestone. Preferential
horizontal groundwater flow occurs along the contact of the saturated residuum with the
underlying weathered limestone.

Based on the present understanding of the hydrogeology in the chemical plamt area, it is
expected that similar conditions occur in the area of TCE impact. Based on the bedrock
topography (Figure 2-2), a pre-glacial drainage is present in the southwestern corner of the
chemical plant that extends westward into the training area. This drainage is coincident with a
Jow in the groundwater surface (Figutre 2-3). This low connects with a larger gmundwater tr{mgh
that is directed toward the Burgermelster Spring Branch (Ref 2).

DOE/OR21548-735, Rov. 5
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SAMPLING PLAN FOR TRAGER TESTING IN SUPPORT OF THE GROUNDWATER OPERABLE LUNIT J2405

3. TESTING METHODBOLOGY

This section outlines the testing methodology and locations for this task. The outline for
the performance of the tests and analyses for tracer are summarized in this section.

3.1 Testing Locations

Monitoring welt MW.-2037 has been selected for the introduction of a tracer to the
groundwater in the weathered Burlingten-Keokuk Limestone (Figure 3-1}  This well was
selected for the following reasons:

¢ The well monitors the highest concentrations of trichloroethene (TCE) in the'
groundwater at the chenncal plant.

» The well is within the area of TCE impact.
» The well is situated in a bedrock low er paleochannel feature.

* The well is screened at the contact of the residuum and the weathered limestone. This
contact has been identified through previous geologic characterizations to be a
location of preferential grousdwater movement when coincident with a bedrock low.

# The hydraulic conductivity of the seturated weathered bedrock of this well is
2 x 10°% em/s, which is favorable for injection.

« The fluctuations of the static water levels at this location and in the area are typically
Jess than 1 fi, which indicates rapid movement of groundwater through these materials.

3.2 Monitoring Locations

- Four springs have been selected for monitoring of dye tracers in this study. The springs
are:  5P-6301 (Burgermeister Spring), SP-6303, SP-5304 (Southeast Drainage), and SP-5501.
These springs have been seiected to determine whether: '

. » SP-6301 is a resurgence point for groundwater in the weathered bedrock originating
from the southwestern portion of the chemical plant since it has been identified as a
discharge point for gmundwater from the northern and northwestern pnmc-ns of the
chemical plant

DOE/DR/21548-735, Rev. O 3
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SAMFPLING PLAN FOR TRACER TESTING IN SUPPORT OF THE GROUNDWATER OPERABLE UNIT 3124008

» SP-6303 is a resurgence point for groundwater in the weathered bedrock originating
from the southwestern portion of the chensical plant, aithough it has not been
identified as a resurgerice point for groundwater originating from the northern and
northwestern portions of the chemical plant.

o SP-5304, located southeast of the chemicai plant on the opposite side of the divide, is
hydraulically connected with the southwestern portion of the chemical plant. This
spring was selected because it typically has flow yeer round.

= §P-5501, located southwest of the chemical plant on the opposite side of the
groundwater divide, is hydraulically connected with the southwestern portion of the
chemical plant. This spring was selected because it typically has flow year round.

Three monitoring wells have been selected for monitoring of dye tracers in this study
(Figure 3-1}. The wells are: MWS-021, MWS-003, and MWS-112. These wells have been
selected because they are situated within the bedrock tew and/or groundwater trough extending
from the southwestern portion of the chemical plant to Burgermeister Spring. These wells are
also screened negar or at the residuum/bedrock contact where it is assumed that 1he bulk of the
graundwater movement occurs.

' 3.3 Bsaseline Determination

Baseline fluorescence must be determined 1o adequately evaluate the levels observed at
each spring. Fluorescence at a location prior to injection of a tracer can be caused by natural
fluorescence and suspended sediment. The presence of organic materials and suspended sediment
can raise apparent background fluorescence and reduce the effective dye fluorescence due to fight
absorption and scattering of light by the particles. Also, dye trace studies have been performed -
periodically in the drainage system; therefore, some fluorescence may still be present, which may
be mistaken as a positive result if not quantified prior to the injection of more dyes.

Baseline packets will be placed at all springs and wells to be monitored during the study
period and allowed to remain at this location for-48-hours. Monitoring wilt be performed for two
sampling periods. Monitoring shall be performed as outlined in Section 3.5.

DOE/GRIZ1548-735, Rev. 0 ' 10




SAMPLING PLAN FOR TRACER TESTING IN SUPPORT OF THE GROUNDWATER DPERABLE UNIT 2495

3.4 Test Methodology
3.4.1 Dye Injection

The tracer dye will be introduced into the monitoring well followed by a minimum of
1000 gal of potabie water to promote movement of the tracer slug into the groundwater system,
This water will be gravity fed from the well head under atmospheric conditions (i.e., no
pressurized injection). Injection of the tracer will be performed in accordance with The Water
Well Drillers Act, Section 256.621.

3.4.2 Dye Types

Several dye types have previously been utilized at the chemical plant; therefore, baseline at
each of the springs and monitoring wells will bave to be determined before a dye can be selected
(Section 3.3). Fluorescein, Rhodamine WT, Tinopal, and Pyranine dyes have been used
previously by both the Missouri Department of Natural Resources (MDNR) and Project
Management Contractor (PMC). Based on the results of the baseline monitoring, one of the’
previously used or a new dye will be selected for this test,

3.4.3 Amount
Most tracer testing is performed in stream trading projects that typically require the

introduction of about 1 gal or less of the tracer into the subsurface system. Since the tracer dye is
to be injected 1nto the subsurface, it is expected that the amount of tracer dye required will be

‘greater than that which is required for an open channel because of dilution of the dye and slower

travel time in the subsurface. It is proposed that Z gal to 3 gal of dye will be injected into the
monitoring well based on the amount utlized during previous successful tracer tests at the
chemical piant (Ref 1),

3.4.4 Handling

To minimize the potential for contamination of equipment that may come in contact with
the charcoal packet detectors, the dye handiing will not occur on the same day as packet
placement, or if this is to occur, the dye should not be handled by the same person who will be
placing or collecting the packets. The dye should be sealed in a secondary container during
transportation to the injection site to minimize potential for contamination. The dye will not be
stored in the same location as the charcoa! packets, sampling equipment, and semple containers.

DOEAR/Z1548-735, Rev. O 11
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3.5 Monitoring

Monitering for the dye will be done through the use of charcoal or cotton packets,
depending on the dye selected for this activity. These detectors will indicate break-through of the
tracer at the spring. More frequent analysis of the packets can be used to determine the duration
of tracer passage at the spring resulting in a more precise time of travel determination. Samples
will be numbered in accordance with Procedure ES&H 4.1.1 - Numbering System for
Environmental Samples and Seupling Locations. Sample numbers for each location are
provided below:

5P-5301 - date
SP-6303 - date
SP-5501 - date
SP-5304 - date
MWS-003 - date
MWS-021 - date
MWS-112 - date

* % =2 82 = = @

Packets for this study will be supplied by MDNR-DGLS. Packets are made by folding an
8-in.by 8-in. piece of nylon screen in half and sealing the three cut edges About 2 cu in of
activated charcoal is used in charcoal packets. A 2-in. X 2-in. piece of cotton material is used in
the cotton packets. Dye is absorbed onto the charcoal or cotton as the tracer flows through the
detector,

3.51 Placement

- "Packets will be placed near the resurgence points of the sptings (Figure 3-1) where flow
can be determined visually. The packets will be staked in place to prevent movement into the
stream channel and to allow for placement of subsequent packets at the same location in each
Spring. '

Packets will be placed in the monitoring wells (Figure 3-1) to allow for complete
submergence in the well column. Packets will be placed near the mid-point of the screened
portion of the well. Weights will be utilized to prevent the packets from floating on the top of the
groundwater surface.

DOE/ORIZI548.735, Rev. O . 12




'
;
I
'
'
I.

'
'
»
'
'

'

'

'

|

’
'y
'

SAMPLING PLAN FOR TRACER TESTING IN SUPPORT OF THE GROUNDWATER OPERABLE LINIT 2430

3.52 Sampling Frequency

Packets will be changed out every 48-hours throughout the first 10 days of the study and
weekly for the duration of the test at all sampling locations. Monitoring for the tracer will -
¢ontinue until detection has been established in a spring or for 3 months after injection, whichever
period is shorter,

3.5.3 Sampling Procedure

Samples will be retrieved from the spring and placed directly infto clean, reseatable plastic
bags using clean, disposable gloves. New glaves wiit be used at each sampling location 1o prevent
Ccross contamination between packets,

The following sampling information shall be written directly onto the sample bag using a
permanent marker: sample ID, date and time of collection, personnel, and water clarity (turbidity,
color, etc.). No preservation is required for the detectors. It is recommended that the detectors
be protected from direct sunlight after collection and during transport to Missouri Department of
Natural Resources, Division of Geology and Land Survey (MDNR-DGLS).

3.5.4 Sample Transfer

Samples will be transferred to the MDNR-DGLS using the Environmental Sample Chain-
of-Custody form (Appendix B). Each transfer of custody wilt be documented on the Chain-of:
Custody. Samples will be shipped from the site shipping group to MDNR—DGLS Coptes of the
Chain-of-Custody forms will be kept for reference.
3.5.3 Sample Shipment

All samples will be shipped in accordance with applicable Department of Transportation
regulations and Weldon Spring Site Reémedial Action Project standard operating procedures.

DOE/OR/21543-735, Rev. 0 ' 13
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SAMPLING PLAN FOR TRAGCER TESTING IN SUPPORT OF THE GROUNDWATER OPERABLE UNIT I2488

4. ANALYSIS

4.1 Method

Analysis for the presence of dye is done with a synchronous scanning spectrofiuorometer.
This analysis will be performed by Missouri Department of Natural Resources, Division of
Geology and Land Survey. For charcoal packets, the dye is elutriated from the charcoal using a
solution of 5% ammonium hydroxide and 95% ethyl alcohol. . The elutriant is analyzed using the
spectrofluorometer.

The synchronous scanning spectrofluorometer shines an excitation kight beam through a
sample. When a flucrescent material is present and excited by light of the proper wavelength, the
material will emit light at a longer wavelength. The wavelength of both the excitation light and

the Jight being measured by the detection system are varied simultaneously over a range that

includes the known characteristic excitation and emission wavelengths of the flucrescent material
being investigated. For each sample the emission wavelength and intensity data are recorded and
plotted on an emission spectra. Peaks in the emission spectra can be correlated to the known
wavelength peaks for the individual dyes. The peak intensity can be correiated with the dye
concentration. The spectrofluorometer results can identify a specific dye type or types in the
sample. In the case of charcoal packet eiutriant samples, the intensity of the pesk only yields a
qualitative estimate of the dye concentration emerging from the resurgence point because of

“variables associated with adsorption and release of dye from the charcoal, the iength of the

sampling interval, the potentially changing concentration of dye in the water during the sampling
interval, and the elutriant the sample is selected for testing.

4.2 Awmalysis

All packets will be analyzed for the presence of tracer dyes. Tracer dyes will be identified

‘and their respective concentrations reported by thR-DGLS on Monitoring Point Water

Tracing Information Sheets (Appendix C).
4.3 Quaslity Control Sampies
Standard concentrations of dye are penudmaﬂjr tested to calibrate the spectroflucrometer,

Results from the calibrations performed in conjunction with these samples will be reported.
Duplicate analysis of samples will be performed on 5% of the samples submitted for analysis.

DOE/OR/21548-735, Rev. 0 14



SAMPLING PLAN FOR TRACER TESTING IN SUPPDRT OF THE GROUNDWATER OPERASBLE UNIT J24BE

5. DOCUMENTATION

" 5.1 Logbook

All field actevities will be documented by field personnel in accordence with Procedure
ES&H 1.1.4, Logbook Procedure. Entries will inciude, but not fimited to, sample location, date
and time of sample collection, water clarity, flow conditions at springs, weather conditions, and
any other pertinent information.

5.2 Completion Report
A completion report will be generated which presents the findings of this investigation.

The report will include summaries of field procedures and tracer analyses for each location.
Discussions of the results will accompany the summaries.

DOE/ORI21548-735, Rev. 0 15
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PROCEDURES

ES&H 1.1.4, Loghbook Procedure
ES&H 4.1.1, Numbering System for Environmentol Samples and Sampling Locations
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APPENDIX A
Deocument Hierarchy
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APPENDIX B
Environrnental Sample Chain-of-Custody Form
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APPENDIX C
Monitoring Point Water Tracing Information Sheets
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