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EXECUTIVE SUMMARY

Personnel from Martin Marietta Energy Systems, Inc. (Energy Systems) manage a

closed hazardous waste disposal unit, the Chestnut Ridge Security Pits (CRSP), located

on the crest of Chestnut Ridge near the Y-12 Plant, Oak Ridge, Tennessee. To

investigate the discharge of groundwater from CRSP to springs and streams located along

the flanks and base of Chestnut Ridge, an initial dye-tracer study was conducted during

1990. A hydraulic connection was inferred to exist between the injection well (GW-178)

on Chestnut Ridge and several sites to the east-northeast, eas4 and southeast of CRSP.

A second dye-tracer study was conducted in 1992 to verify the results of the initial test

and identify additional discharge points that are active during wet-weather conditions. No

definitive evidence for the presence of dye was identified at any of the 35 locations

monitored during the second dye study.

Although interpretations of the initial dye test suggest a hydraulic connection with

several sites and CRSP, reevaluation of the spectrofluorescence data from this tes_

suggests that dye may not have been detected during the initial test. A combination of

relatively high analytical detection limits during the initial test, and high natural

background interference spectral peaks observed during the second test, suggest that high

natural background emission spectra near the wavelength of the dye used during the

initial test may have caused the apparently high reported concentrations.

The results of these two tests do not preclude that a hydraulic connection exists;

dye may be present in concentrations below the analytical detection limits or has yet to

emerge from the groundwater system. The dye injection well is not completed within any

significant karst features. Dye migration therefore, may be within a diffuse, slow-flow

portion of the aquifer, at least in the immediate vicinity of the source well. In addition,

low-flow conditions occurred during both dye studies and the dyes may not have yet

emerged at the monitoring sites or may have emerged at springs not monitored.

i

vi



1. INTRODUCTION

• Two different dye-tracer tests have been performed at the Chestnut Pddge Security Pits

(CRSP) hazardous waste disposal unit at the U.S. Department of Energy, Oak R/dge

Y-12 Plant (Fig. 1.1). These tests were designed to delineate the general flow directions

and groundwater flow rates as pan of the groundwater quality assessment monitoring

program at this site. The initial dye-tracer test was performed during the period of July

to October, 1990 (Geraghty and Miller, Inc., 1990). Based on the results of the first test,

the existence of hydraulic connections were inferred between the injection well and eight

sampling sites to the east-northeast, east, and southeast of CRSP. To comply with the

recommendations made to the Tennessee Department of Environment and Conservation

staff, a second dye-tracer study was conducted from March to August of 1992 to verify

the results of the initial dye-tracer study. The second test was also designed to identify

additional discharge points active during wet-weather conditions and obtain qualitative

data on the minimum travel times. However, no definitive evidence for the presence of

dye was identified at any of the sampling locations during the second dye test (Science

Applications International Corp., 1992a). This document is a follow-up report for both

tests that summarizes the field and analytical methods and compares the results and

interpretations of each test to clarify the discrepancies between the tests.

1.1 _ RKX3E SECURITY PITS FACILITY D_ON

The CRSP are a series of subsurface landfills used from 1973 to 1988 for the disposal of

solid and liquid wastes associated with the production processes at the Y-12 Plant. The
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CRSP consists of two, waste disposal, trench areas located along the crest of Chesmut Ridge,

south of the Y-12 Plant (Fig. 1.1). Both hazardous and nonhazardous waste were deposited in the

CRSP. Hazardous waste disposal ceased in 1984 and the facility was closed and capped in

• accordance with an approved Resource Conservation and Recovery Act Closure Plan in June 1989

(Dames and Moore, 1989).

Detailed waste inventories are classified, but an unclassified inventory of materials buffed at the

pits includes: acids, fiberglass, beryllium, biological waste, debris, heavy metals, inorganic,

organic, thorium, and uranium (Energy Systems, 1984). Of the 3,950 tons of material deposited

at the CRSP, uranium represents 44 percent, ferrous material 13 percent, thorium 11 percent,

debris 10 percent, and other inorganic material 10 percent. Minor amounts of lithium hydride,

deuterium, zirconium, alcohols, and chlorinated solvents are also present (Energy Systems,

1988).

1.2 GEOLOGY AND HYDROGEOLOGY

The CRSP are situated in the soil overlying the Cambrian Copper Ridge Dolomite. The Copper

Ridge Dolomite is the basal formation of the Knox Group and consists of massive-to thinly-

bedded, locally chert-rich dolostone with abundant stylolites (King and I-laase, 1987). Strike of

bedding is generally from N 55-650E and dips are approximately 450 to the southeast.
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The potentiometric surface reflects surface topography, resulting in a groundwater divide

at the crest of Chestnut Ridge in the vicinity of the CRSP. To the north of Chestnut

Ridge, the hydraulicgradient is high in response to the steep topographic slope from the

ridge to Bear Creek Valley (BC_. Southward the hydraulic gradient is low, generally

following the slightlymore subdued topography of the upper Knox Group. While

groundwater movement is largely controlled by fractures and dissolution channels within

the bedrock, the area does not appear to have a well developed karst conduit system

(Science Application International Corp., 1992b). Thus, the bedrock aquifer may be

predominantly a diffuse, slow-flow system.

A limited spring and seep survey was conducted prior to the initial test, identifying a

number of springs and surface streams that may receive their discharge waters from

Chestnut Ridge. Four main areas were surveyed as possible dye discharge sites: (1)

Upper East Fork Poplar Creek (UEFPC), north of CRSP; (2) BCV, north and west of

CRSP; (3) South Chestnut Ridge (SCR); and (4) Scarboro Creek, to the east and along

strike with Chestnut Ridge (Fig. 1.2).

2. _ODS

2.1 FIRST DYF_TRACER lt_-i

The objectives of the first dye-tracer test were to determine groundwater flow directions

in the saturated zone below Chestnut Ridge in the vicinity of the CRSP and identify
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some of the natural groundwater discharge points originating from the CRSP area

(Geraghty and Miller, Inc., 1990). The injection well (GW.178) is screened between

1,008 and 1,019 ft above mean sea level, with a total depth of 133 ft below the ground

surface (King et al., 1991). During construction of this weft, several solution cavities

were encountered (from approximately43 to 83 ft), but no cavities were encountered in

the screened interval from 122 to 132 ft. Only two "poss_le" fractures are believed to

occur within the; screened interval (Geraghty and Miller, Inc., 1987). Personnel from

Geraghty and Miller, Inc. (1990) conducted a recharge test on this well in which one

weU-casingvolume (approximately 29.6 gal) of potable water discharged to the

groundwater system over a "few hours";no quantitative hydraulic conductivity values are

given.

Sixteen springs, fifteen surface water sites, and eight groundwater monitoring wells were

selected for monitoring the presence of dye (Fig. 1.2). Three weeks prior to insertion of

the dye, charcoal detectors were installed at each site to monitor the natural background

fluorescence. Dye detectors consisted of I0 grams of reagent-grade, activated charcoal

placed within a nylon stocking and suspended in the water of the sample site by a

"Quinian Gumdrop" (Geraghty and MiUer Inc., 1990). The gumdrop consisted of a

6-inch diameter concrete block, into which a wire is embedded for the attachment of the

detector. Twice during the three weeks of background monitoring, the detectors were

collected and analyzed for background fluorescence. All but three sites had background

fluorescence below the analytical detection limit of I ppb (Table 2.1).



Table2.1: Initialdye-tracermonitoringsites,backgroundconcentrationsand dye
detection(GeraghtandMiller,Inc..,1990).

SITE TYPIC' BACKGROUND (ppb) DYE DETECTION
GW-160 W <1 negative
GW-161 W <I negative
GW-295 W <I negative
GW- 173 W <1 negative
GW-175 W <1 positive

" GW-177 W <I negative
GW-178 W < 1 negative
GW-181 W < 1 negative
BCK-9.00 SW <1 pcm_le
BCK-9.41 SP < 1 negative
BCK-10.14 SP 1.1+0.2 pm_'ble
BCK-11.68 SP < 1 negative
UEFPC-113 SW < 1 Ixmtive
UEFPC-62 SW < 1 po_tive
UEFPC-29 SW <I
UEFPC-17 SP 1.3+_.0.4 _le
UEFPC-12/13 SW < 1 positive
SCR-I.I SW <1 negative
SCR-1.2 SP < 1 negative
SCR-1.3 SW < 1 negative
SCR-I.4 SP <I negative
SCR-1.5 SW < 1 negative
SCR-2.1 SP < I negative
SCR-2.2 SW < 1 negative
SCR-3.1 SP < 1 negative
SCR-3.4 SP < 1 negative
SCR-3.5 SP <1 negative ,
SCR-4.1 SW < 1 negative
SCR-4.3 SP < I negative
SCR-4.4 SW < 1 negative
SCR-5.1 SP < 1 positive
SCR-5.3 SW < 1 negative
SCR-5.4 SP < 1 positive
SCR-7.1 SP <1
SCR-7.4 SP < 1 negative
SCR-7.6 SP < 1 negative
SCR-7.7 SP < 1 negative
SCR-7.8 SP < 1 negative
WS-6.1 SW < 1 negative
WS-7.5 SW 2.6+1.0 poss_le
1 W = groundwater monitoring wells; SW = surface stream; SP = spring
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Ten kilograms of sodium fluorescein powder were mixed with 20 gal of water and

injected into monitoring Well GW-178 on July 11, 1990. Dye injection was preceded and

followed by slugs of 1,000 gal of potable water (Geraghty and Miner, Inc., 1990). During

the test, each detector was collected weekly by Energy Systems personnel and analyzed at

the Y-12 analytical laboratory using full chain-of-custody procedures. Detectors were

stored in ?.S0-milliliteramber jars at 4°C until analyzed. To prevent cross-contamination

during collection of detectors in the field, protective clothing was changed at each site

where technicians had contact with spring or surface water. New detectors were handled

using clean latex gloves during each exchange. At each detector location, an aliquot of

water was sampled and tested for temperature, pH, and specific conductance, with each

instrument calibrated with a standard before the measurements were taken. Throughout

the test several detectors were lost, probably due to predation or other natural causes

(Geraghty and Miller, Inc., 1990).

Elutionofpossibleabsorbeddyefromtheactivatedcharcoalwasdoneusinga standard

100-mlaliquotof"Smartsolution"of2.5%distilledwater,25% NH40H,and

50% 1-propanol(GeraghtyandMiller,Inc.,1990).GeraghtyandMiller,Inc.(1990)do

notnoteifthesampleswerewashedpriortoelution.Two aliquotsofthesupematant

solutionweredecantedintoa cleancuvetteandanalyzedina PerkinElmer650-S

spcctrofiorophotometer.One aliquotofsupcrnatantsolutionwasanalyzedafter1hour

ofelution,anotheranalyzedafter24hoursofclution.A representativespectrumband

aboveandbelowtheemissionpeakforfluoresccinwas scanned.The spectrumwas
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interpretedat the midpointof the fluoresceinpeak, andwasdeterminedby scanningthe

representative wavelength range in nanometers (rim)of the excitation peak of the dye

(490 run) and scaling across the abscissa to the specific wavelength. A peak height of

0.30 cm was calculated to be equivalent to 1 ppb at the nominal instrument setting and

used as the detection limit.

Apparent concentrations above background levels or detection limits were reported for

those eluted in the "Smart solution" for either 1 hour or 24 hours. Copies of the

spectrographs(forWeeks2 to9 afterdyeinsertion)showthatsome sampleshad an

increase in fluorescence between the 1-hour and 24-hour analyses, whereas several other

samples show the opposite affect. Some samples showed no fluorescence during one

analysis and fluorescence in another•

Fourtypesofqualityassurancesampleswereanalyzed:cah_orationsamples,reagent

blanksamples,instrumentblanksamples,andspikeddyerecoverysamples(Geraghty

and Miller Inc., 1990). Instrument calibrations were performed each week and each time

the instrument was restarted or readjusted. Serial dilution of batch dye with reagent-

gradewaterwasanalyzedinconcentrationsof<5 ppb,5-I0ppb,50-I00ppb,and

500-1,000 ppb, using sensitivity factors of 10, 3, 1, and 0.1, respectively. The resulting

plot for concentration in the range of 1 to 50 ppb showed a close linear relationship

(Geraghty and Miller, Inc., 1990). The slope of this line was calculated for three

• cah_ration analyses and used as a conversion factor for reading within the specified
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concentration, sensitivity, and response ranges. For concentrations of 50 ppb or less the

conversion factor was 3.7"7(Geraghty m_dMiller, Inc., 1990). Three cah'brationsamples

were analyzed for each concentration range with a duplicate of at least one sample

analyzed. Reagent blank samples were prepared using reagents, charcoal, "Smart

solution", and glassware to be used duringthe test. The reagent blanks were analyzed

only at the beginning of the study and show no fluorescence above the detection limit.

Spiked samples were prepared by suspending a detector in water collected from UEFPC

for 6 days. Water from UEFPC was used so the affects of natural, background-

producing substances would be observed. A known concentration of dye was added after

the 6 days and left in the water for an additional 24 hours, after which the detector was

removed and analyzed. Results indicate that the spiked samples show that the amount of

dye recovered from the activated charcoal ranged between only 8 and 12 percent

(GeraghtyandMiller,Inc.,1990).

2.2 SECOND DYE-TRACER

The rational for the second dye-tracer test was three-fold: to more completely delineate

the groundwater flow directions, provide qualitative data on dye concentrations at the

discharge points related to the CRSP recharge area, and verify the results of the initial

test (Science Applications International Corp., 1992b). Furthermore, the initial dye-

tracer test was begun during the low-flow season which could have hindered the transport

of the dye, thus the second test was designed to compare the results between high-flow

and low-flow periods.
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Additionally, the presence of an old landfill (Fig. 1.2) may have been a possible source of

interference at two of the monitoring sites (SCRT.1SP and WS7.SSW) of the initial dye

test. Also, the relatively high analytical detection limit (1 ppb) and natural background

• interferences make it difficult to distinguish a 1 ppb baseline from a true peak

concentration of 2 to 5 ppb (Science Applications International Corp., 1992b).

I

For verification of the first dye test results, the same injection well was used for

the second test (GW-178). However, a few of the sampling locations used during

the first test were considered excessive and eliminated (Science Applications

International Corp., 1992b). Lack of funds prevented greater coverage of the

area. The monitoring sites for the second dye-tracer test were limited to 5

groundwater wells, 11 surface water sites, and 19 springs (Fig. 2.1; Table 2.2).

WeUs GW-232 and GW-561 were added to monitor poss_le groundwater flow to

the east and south, respectively. Well GW-734 was completed in a large cavity

within the MaynardviUe Limestone, which could provide information on possible

flow to the northeast, and was added to the dye sampling stations after

background testing was completed.

Four weeks of background sampling were completed prior to dye injection

(Table 2.2). Data gaps in some background locations occur due to loss of

detectors from predation, equipment failure, or natural processes. This problem

. wasalleviatedbytheplacementofrebarandback-upanchorsinhigh-flow
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Table 2.2: Second dye-u,acer test monitoring sites, background conccnu_fions and
weekly

Wma/ OCX4.00 BCX4.41 mCX.10.140CZ-11.68SCa-I.qS SC_-I.4SF_._R-I._ SC_.I._SP SCR-LIS SCR.2.2S SC_-lISP 9C_-3..qSP

, .4 OJ_$ _ 31.2 0.04 0.06 0.067 0.U 0.067 0.03 0.021 0.006 0.018
-3 0.027 0.021 323 _ 0.U 0.043 0.12 _038 0.05 0.02 _ Ore2
-2 0.02S Ug7 11.6 0.023 0.046 0.021 0.055 _ _ 0.018 0.019
-1 0.04 0.032 0.8 _ 0.023 0.032 0.043 0.033 0.1038 0.026

• 0
1 0.024 0.027 17.6 0.022 0.1 0.023 0.04 0.03S 0.03 0.4143 0.0'/4 0.038
2 0.075 0_1 15.8 0.aJ 0.047 0.024 0.06 0._5 0.03 0.832 .1.5° U6
3 0.024 12.6 0.024 0.U 0.027 O_S 0.06 0.046 _ 0.029 0.0_
4 O_ 11.q _ 0.06 G.04 0.03 0.043 0.035 U38 0._5 0_7

6 0.032 _ 14.9 0.021 0.06 0.029 0.02 0.O:W' 0.06 _ 0.04 0.046
7 0.043 0.021 32.7 0.06 0.1D5 0.05 0.06 6.043 _ 0.075

9 0._ 0._ 31 _ 0._ 0.0 0.1 0.075 _ 0.019 0.075
10 _ 43.2 0._ 0.075 0._ 0.106 0.086 0._ 0.019 0._
11 0.0_ 0.04 43_9 0.06 0.1 _ 0.12 0.1.5 _ 0._ 0.05 0_4
12 0.015 0.04 42.5) 0.975 0.075 0.033 0.U 0.12 U4 0.021 0.043 0.0_3
13 0.086 0._2 413 _ 0.075 0.0_ 0.0_7 0.U 0.U 0.024 0.055
14 0.06 0.043 ZI.7 0.043 0.075 0.04 _ 0.05 0.043 0.02 0.06 0.03
1.5 0._ 0.046 32.7 0.12 0.1 0.027 0.15 0.075 0.025 _ 0._J O._S
16 0.06 0.025 31 0.05 0.06 0.05_7 0.1 0.0_ 0.075 0.02 0.03.5 0.03.q
17 0.05 0.12 25.2 0.046 0.12 0.06 0.M6 0.075 0.086 0._ 0.016 0.075
18 _ 0.046 173 0.033 0,046 0.03 0.067 0.12 0.06 0.022 0.046 0A_

M]EAN 0.04175 0.02725 19.975 0.034.50.08.53333 0.0_5 0.089_ 0.0437.5 0.037 0.03675 0.042250.02S3333
SIT) 0.023 0.0046 14.18 0.0104 0.0_ 0.0197 0.055 0.01687 0.0089 0.009 0.03 0.007
M+3STD 0.11075 0.04105 64.6U 0.06.570.2_33333 0.0976 0.254_ 0.09436 0.0637 0.03375 0.132250.0463333

RWT (._)
Wemk OC_-9.00 BC_-9.41 _::E-10.14_C_-11.68 SR_-I._ SC_-1.4_PSC_-I-_ SCR-I.g_PSCR-LI_ SC_-2._ SCR-ZI_PSCR-3..qSP

.,4 0.79 0.23 1.04 0.31 0.87 0.52 0.04 0.62 0.74 0.69 0.75
-3 0.86 0,_ _ 0.32 0.86 0.41 0.9'7 Ul 0,JF/ 0.'7'8 0.58 U
-2 LI9 0,36 L13 0.38 0..56 0.49 0.53 0.75 0,,$4 0.54 0.7
•1 L02 0.26 1.54 0.31 0,,82 0.84 0.4 0.41 0.59 0.7 0.75
0
1 0.82 0.23 0.98 0.47 0.82 0.33 0.83 0.92 0.43 0.57 0.8.5 0..54
2 0.96 0.1 _ Q.2 0.62 0.,*28 0.26 0,,.56 0.54 0.$7 0.5 0..59
3 L02 0.21 0.75 0.18 0.78 0.32 0.77 0.33 0.64 0.62 0.62 0.71
4 _ 0.22 1.08 0.14 0.4.5 0.36 0.68 0.q2 0.47 0.14 0.7 0.31

0.51 0.23 0.18 0.2 0.64 0.21 0.q.q 0.71 0.48 0.16 0.7 0,_
6 0.81 0.1 1.14 0.41 0.5 0.34 0.95 0.43 L02 0.2 1.06 0.33
7 0.79 0.15 L02 0.21 0.63 0.27 0.63 0,33 0.46 0.24 0.91 0.3
8 L_ 0.08 LI4 0.19 0.48 0.18 0..U 0.4 LU 0,3S 0.62 038
9 1.27 0.14 L42 0.3 0.66 0.28 0.16 0.82 0.93 0.24 1..51 0.79

10 0.64 0.16 Z61° 0.U 0.7 0.09 0.65 0.56 LU 0.23 0.58 0.27
11 0.68 0.08 L42 0._ 0.62 0.14 0.q2 0.3.5 1.51 0.22 0.3 0.19
12 0.69 0.17 LJI6 0.4.5 0.76 0,27 0.81 L12 0.97 0.14 0.38 0.59
1.3 1.63° 0.11 LOP 0.28 L34° 0.09 L46" 1.27e 1.82o _ 0.87 0A6
14 0.034 0.12 _ (1.33 0.12 0.11 0.18 0.97 0.04 0._ 0.53 0.23
13 1.21 0.2 1.230 0.$4 0.83 0.26 L.5,50 L12° 0.63 0.38 1.740 U6
16 0.75 0,22 0.98 0.46 L47" 0.21 0.92 0.68 1.24. 0.,45 0,82 0.75
17 0.1r7 0.024 2.23" 0.51 1.7" 0.51 0.93 0.92 L74" 033 0.73 0.83
18 1.32° 0.19 Z04° 0.4.5 I.?° 0.77 L08° 1.27" L6e 1.55" 0.5 1.01

MEAN 0.96.5 _ L142_ 033 0.7633333 0.,56 0.82 0.645 0.64 0.697.5 0.6375 0.76(,(d_7
0.178 0.05.q6 0.288 0.0036 0.176 0.1794 0.201 0.1815 0.2047 0.Lq_ 0.0585 0.0288

M+3STD L499 0.4493 Z006.5 0.4308 1.2913333 1.0982 L423 LI895 1..2541 L1763 0.843 0Ji530467
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Table 2.2: Second dye.tracer test monitoring sites, background concentrations and
weeklyanalyses(continued).

lq.UOR
Week SC:R-3.4SPSCR_ISP S::R-4.4SSCR-4.3_SCR.4.11SCR-.q.4SPSC:R*&.I S¢_-S.ISPWS.41.ISWWS-7.SSWSC:R-7.4SPSC_-7..1SPSCR-7.6SP

-4 0._ 0.OM 0.011 0._ _ 0.057 0.032 U33 0,0_ 0.03 0.823 0.016 0.06
-3 0.OM 0.043 0.01_ 0.M 0.0t 0._.5 0.03 0.12 0.03 0.043 0.034 0.WS 0.M6
-2 _ 0.0a4 0A_ 0.0CU 0.WI2 0.0_4 0._ 0.025 0A_ 0033 0.014 0.033 0.06 .
-1 0.032 U_ _ 0.04 0,05 0,013 0.035 0.024 0.05 0.024 0.aM 0.05,5
0
1 _ _ 0,,2° 0.04 0.05 0.o19 0.05 0.924 0.05S 0.04
2 U_ 0.m 0._ 0.05 0.06 0.055 0.032 0.019 0.032 0.011 0.a_ 0.0_7
3 _ 0046 0.075 03143 _ 0.0S 0.Q3Q 0.046 0.01"/ 0.046 0.63 0.011 0.0_5
4 Q.W2 _ 0.0Lq 0.80.5 _ 0.06 0.0_ 0.0_ 0.019 0.032 U21 0.0_2 0.029
5 0.02 _ 0.046 _ U_ 0.033 0.e_ 0.018 0.06 0._3 0.021 0.033_T_'_

6 0.02S 0.QX5 _ 0._ 0.MJ 0._ 0._ 0.05 _ 0.03 0._ 0._ 0.0f7 !
? 0._ 0._ _ 0.1 _ 0.067 0._ _ 0.04 0.04 0.4 0.0
8 0._ 6.043 0._ 0.05 _ 0.05 0.03 0.0 0._ 0.03 0.0Q4 0.019 0.4
9 _ 0._ 0.002 0.067 0.05 0._ 0.0 0.W3 0.022 0._ 0.025 _ 0.1

_ _ _ 0._ 0.103 _ 0,03.5 0._ 0._ 0._ 0._ 0.017 0._
11 0._ _ 0.05 _ 0._ 0._$ 0.05 0._ _ 0._ 0._ 0._7
12 _ _ 0.046 0._ 0.067 0.029 0.023 0.019 0.1 0.032 _ 0.067
13 0.025 0.OM 0._ _ 0.Of/ 0.046 _ 0.6X5 _ 0.06 _ 0.023 0.016
14 _ 0.0_5 _ 0._ 0.116 0.N 0.05.5 0.046 _ 0.4 0.M8 0.046 0.0_5
15 0.02t _ _ 0.05 _ 0.067 0.0X5 0.032 0_1 0.043 0.0_ 0.04 0.0_q
16 0.0_ 0A3S 0.022 _ 0.M.q 0.038 0.058 0_1 0._ 0.01.5 0.a22 0.023 0.12
17 0.023 0,086 0.05 0.12 0JS 0.12 _ 0.04 0.046 0.15 0.e_7 0.033 0.2
18 0.04 _ 0._ 0.043 _ 0.043 0.03 0.027 _ 0.12 _ 0.0£5 0.12

MEAN 0._92S 0_12S 0.02275 0.0345 003475 0.034 0.031 0.05325 0.0245 0.031) 0.02125 0.04775 0.0Lq2S
0.0069 0.00&5 0.00_ 0.0113 0.00_9 0.0116 0.03188 0.044"/ 0.0041 0.0091 Q.00tS.5 0.02S6 0.014

M+3s'rD 0.04995 0.05675 0.0_D5 0.0684 0.0S392 0.0688 0.0_,4 0.18735 0.e_lJ 0.0663 0.0_58 0.12A,5S 0.1072S

Week SCR-3.4SPSCR-3.1SP_:R..4,4S SC:R_ SCR-4,1S SCR-&4_PSC::R-_3SSC:R-&ISPWS4,1SW WS.7.qSWSCR.7._P SC:R.7.3SPSCR-7.(_SP

-4 0.75 0.51 0.49 0.62 0,.32 0J8 0.72 0.44 0.24 1.31 0.33 0.32 0,33
-3 0.&S 0,.51 0.83 0.74 0.55 1.44 0.79 0.$6 0.47 0.88 0..13 0.67 0.46
-2 0.28 0.41 0.56 0.74 0..33 0.,51 0.74 0.54 0.31 1.,3.5 0.46 0.42 0.6S
-1 0.q3 0.51 0.93 0.7 0.61 0JD 1...28 0.54 0.9 1.02 0.43 0.67 0.77
0
1 0.68 0J4 0.49 0.8 0.37 0.82 0.87 0.25 0.61 1.14 0.3.5 0.47 0.36
2 0.51 0.52 0.,5 I 0.64 0J3 1.09 0.ql 0.27 0.M 0.3 0.3'7 0.40
3 0.32 0..53 0.3) 0..54 0.31 0.6 0.32 0.27 0.22 0JI6 0.17 0.7 0.49
4 0._ 0.26 0.&5 0.36 0.23 0J_ 0.41 0.21 0.12 0.92 0.18 0.27 0.41
.q 0.23 0.39 0.23 0.42 0.33 0.72 0.68 0.1,5 0.18 0.51 0.23 0.28 0.23
6 0.24 0.27 0._ 0.37 0.28 L11 0.73 0.24 0.17 0.41 0.23 0.38 0..5
7 0.38 0._ 0.16 0.43 0.27 0.54 0.41 0.3 0.21 0.56 0.27 0.18 0.$7
8 0.36 0.23 0.11 0..q5 0.26 0.68 0.41 0.2 0.07 0.93 0.2 0.47 0.2
9 0.47 0.34 0.42 0.62 038 2JI° 0.35 0.14 0.12 0.97 0.2 0.24 0.47

10 0.1.5 0.47 0.2 O,.q.5 _ 0.03 0._ 0.24 0.12 0.6 O_ 0.17 0.21
!1 0.12 0.3 0.19 0.?8 037 0..59 0.13 0.21 0.13 ,..42 0.14 0.5 0.41
12 0.33 0.33 0.19 0.'78 0.$2 1.$7 0.37 0.5 0.21 O..q6 0.17 0.49 0.33
13 0_ 0.6"7 0.12 0.27 0.31 _ 0.61 0.38 0.21 0.7.5° ._ 0.21 0.4
14 0.23 0.29 0._ 0.27 Q.U LI60 0.37 0.1.5 0.59 0.8 0.4 0.69 0.5'7
1.5 0.12 0.51 L72" LI40 0.3S L12 0.58 0.47 0.41 LI30 0.92 0.97* 0.63
16 0._ 0,.14 0.41 0.36 0.44 L3,5* 0._ 0.21 0,,22 1.37 0.14 0._ 0.34
17 0,62 0.62 0_ 0.73° 0.37 1.68" _ 0.13 0.56 ?..S° 0.47 0..q9 035
18 0..ql .4* 1.09 0.68 0.31 1.62" 0.58 0._ 0.78* 2.14" 0.5.5 0.47 0.41

MP.,A/q 0.6025 0.48.5 0.70_ 0.7 0.4525 0.915 0JI2S 0..q2 0.48 LI4 0.3875 0..52 0.&q2S
0.2S3 0.05 0.211 0.0_6S6 0.149 0..306 _ 0.054 0.296 0.22'7 0.0675 0.17'79 0.1956

M+3b"I'D 1.3615 0.63,5 L33&5 0.J6g_ 0.8995 2.073 1.680S 0.682 t.MA 1J21 0.59 1.0_3'7 LD93
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i-TT,t T--

8 0,043 0,032 0.075 0.022 0.alS 0.01,5 0.053 0.75 _ 0.1
9 0.063 0.05.5 0.Om _ _ _ 0.0_ 0.1 0.021 0.635

10 0.033 0.075 _ 0.019 0.015 0.027 0._ 0.U 0_ 0.021
11 0.055 0.06 0.0&q _ 0,019 0.0 0.0_ 0,067 _ 0._
1:2 0.06 0,04 0.067 _ 0.833 0.0 0.01.5 0.0_ 0.0_
1,3 0.05.5 0.0_5 0.043 0.027 0.03 0,025 0.033 0.0M 0.027 0,026
14 0.06 0.e38 0.1 0._2 _ 0,022 0.0_3 0.0dk3 0.0_6 0._
1,5 0.06 _055 0.1 0._ 0.a:tJ 0.027 0.05 0,067 d13 0.025
16 0.043 0.046 0,067 0.m8 0.04 0_6 0.05 0.075 0.G23 0._t
17 0.086 0.2 0.1 _ 0.027 0.0_ 0.0S 0.06 _ 0.08_¢
18 0.2 0.032 0.086 0.04 0.08 0.032 0.06 0.1.5 0.026 0.024

MEAN 0.05_r75 0.099 0.0_,5 0.09425 0.0_75 0,02U 0.a25 0.062 0.02175
0.01084 0.0441 0.01239 0.0_4 0.01M2 0.0092 0.01067 0.0586 _198

M+_'TD 0.05:55 0._13 0.07367 0.0t045 0.08S35 0._I 0.05701 0.2378

Week SC_-7.TSPSC:R-7JISPSCR-7.1SPUEPPC-SPUEFP_29 GW-232 GW-MI GWI_ GW-221 GW-7_

-4 0.,53 0.44 0.41 1.44 5.44 0.19 0.21 0.2
-3 0.4 0.62 1.24 5.2 0.42 0.18 0.17 0.1
-2 0,33 0.31 0.61 0.6.5 0.82 0,.5 0.15 0.21 0.11
-I 0,51 0.47 0.94 1.04 3.76 0.17 0.21 0.083 0.16

01 0.58 0.47 L07 1.35 1,36 0.44 0.33 0.11 0.14 0.15
2 0..55 0.33 0.78 0,13 7.16 0.77 0.1,5 0.09 0.08 0.23
3 0..53 0.49 0.21 0.49 1_7 0.11 0.11 0.04 0.1 0.07'/
4 0.31 0,27 0.24 0.,5'7 3.18 0.2 0.13 0.11 0.14 0.12
5 0.49 0.13 0.63 1,02 Z4 0.06 0.13 0.1 0.0_ 0.17
6 0.49 0.16 0.33 0.93 3.73 0.14 0.19 0,09 0.M 0.1
7 0.24 0.14 0.48 0.99 LI4 0.07 0._ 0.08 0.06 0.09
8 0.48 0.16 0,3 1,31 2,7 0,1.5 0.0"/ 0.04 0.04 0.04
9 0,t 0.18 0,31 Lt 172 0.16 0.2 0.1 0.08 0.09

10 0.22 0.39 033 137 4.74 0.04 0.09 0.05 0.1 0.07
11 0.23 0.13 0.53 0.8"7 3_4 0.08 0.05 0.06 0.05 0.07
12 0-14 0..35 0.2'7 1.65 1'_4 0.19 0.12 0.07 _ 0.1
13 0,34 0.3,5 0.6'7 2.21" 3._ 0.03 0.07 0.08 0.18 0.16
14 _ 0.18 0.22 1.410 9.3 0.08 0.11 0.05 0,2 0.04
1.5 0.16 0.47 1.12 1.3 7.8 0.45 0,14 0.09 0,16 0.I
16 0.31 0,2 0.$8 0.Y2 5.61 0.28 0.12 0,1 0.16 0.16
17 0..36 0.37 0.73 1.51" 7.19 0,26 0.19 0.12 0.1 0.42
18 0.65 0.5,5 _ 1.51" 7.5 .Y_ 0.21 0.04 0.12 0.24

MEAN 0.4425 0.4046667 0.64,5 LO92S 3.805 0.3633333 0.1GS 0.1(dDS 0.14'_
0.0943 0.085 0,2191 0.3371 1123 0.172 0.025 0_ 0.0464

M+3STD 0.72_ 0.6616667 _ 11088 10.174 0,8793333 0.25"/$ 0.347_ 0.2817



16

streams, and encasement of all detectors within stainless steel cages.

i

Two dyes were injected into Well GW-178 on March 13, 1992. The two dyes used

for the second test were Rhodamine WT (RWT), a red dye, and C.alcofluorWhite

(FB28), an optical brightener (Science Applications International Corp., 1992a,

19926). Prior to dye injection, a primer slug of 836.6 g_ons of water was gravity

fed into Well GW.178 at a flow rate 52 gal/hour. Next, 22.2 gallons of RWT

(20% solution) and a mixture of 20 kg of liquid FB28 and 40 gallons of potable

water were injected into the weft. Post dye injection was followed by a chaser slug

of 1,000 gallons of potable water. Flow rates for the chaser slu,?,-were much

slower than the preinjection primer slug. For the 5 days after dye injection, flow

rates increased slightly from 12 to 15.6 gal/hour.

Approximately one month into the second dye-tracer test, GW-178 was mistakenly

purged of 40 gallons of water by K-25 Sampling and Environmental Support

Department personnel. Analysis of the purged water indicate that approximately

28 g of FB28 and 11 g of RWT were removed. Compared to the 20 kg of each

dye injected into GW-178, only an estimated 0.14% of FB28 and 0.06% of RWT

were removed from the well. The purged water was not reinducted into GW-178,

however, the well was scrubbed and potable water was jetted through the screen

to clear any possible obstructions or clogging of the screen and sand pack, and a

total of 292.4 gallons of potable water was added to provide a positive hydraulic
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head.

Two different dye detectors were used during the second test: charcoal detectors

(like those used in the first test) for absorption of RWT dye, and cotton detectors

for absorbtion of FB28 dye. Both types of detectors were enclosed within a nylon-

mesh packet. The thread used to sew the packets was found to be fluorescent

and caused a false fluorescence at the location were the thread contacted the

cotton. Visual screening of the cotton detectors under a long.wave, ultraviolet

lamp prior to spectrofluorometer analyses allowed for the identification and

isolation of these false fluorescent areas.

Field methods, measurements, and quality control were the same as those outlined

for the initial dye-tracer test. To avoid cross-contamination between sampling

sites, field equipment was decontaminated between sites using a solution of 5%

bleach and de.ionized water. Gloves were either decontaminated or disposed of

between sites. All decontamination was performed downgradient, but as close as

practicable, to the sample site to avoid contamination of the field vehicle and

restrict the transport of dye from the vicinity of the sample site.

In the laboratory,both the cottonandcharcoaldetectorswerewashedfor

approximately5 minutesunderdistilledwater to removesilt andorganicdebris.

. Charcoal samples, standards, serial dilutions, and laboratory blanks were all stored
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in a refrigerator until analyzed, at which time all were removed together to insure

temperatureequih'brationbetweenall solutions.Charcoaldetectorswereeluted

in a beakerof 30 ml "Smartsolution"consistingof a 5:2:3mixtureof 1-propanol,

concentratedNH_OH, anddistilledwater. Charcoalsampleswere notdried prior

to elutionin the extraction""tooart solution",assuggestedin the Work Plan

(ScienceApplicationsInternationalCorp., 1992b),became the dried charcoal

effervescedconsiderablyin the extractionsolutionproducingmore fine particles,

whichelevatedbackgroundscatteringduringspectrofluorometry.

Samples were analyzed using a synchronous scanning spectrofluorometer (Perkin

Elmer LS-50). At the beginning and end of each day of sample analyses, three

standards of each dye (100 ppt, I ppb, 10 ppb) were used as a calibration for the

day. A laboratory blank was analyzed each day to ensure that the eluant solution

was not contaminated. To check for field and transportation contamination, a

field blank was also analyzed. Throughout the second dye-tracer test, no

contamination was noted from the field or laboratory blanks (Science Applications

International Corp., 1992a). One charcoal sample in every 20 samples was split

and analyzed to check the precision of the instrument, no significant differences

were noted. The reader is referred to Science Applications International Corp.

(1992a) for split sample data. One in every 10 cotton samples was measured

using three consecutive scans to validate the instrument precision. Cotton
s

detectors were also visually scanned for fluorescence under a long-wave ultraviolet
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lamp.

3. COMPARISON OF FIRST AND SECOND DYE-TRACER TEST _TS

I
!

3.1 FIRST DYE_TRACER rP_,bq__TS AND _P,_"_ATIONS

During the first dye-tracer test, a positive result or inferred presence of dye, was

considered to be any concentration above the analytical detection limit (1 ppb) at

those localities where no previous fluorescence baseline (background) was

observed. A "possible" result was based on a concentration at sites above the

observed background fluorescence at that site. Eight sites were identified as

having positive results, suggesting hydraulicconnections with GW-178. These sites

include: SCR-5.4SP, SCR-5.1SP,SCR-7.1SP, UEFPC-113, UEFTC-62, UEFPC-29,

UEFPC-12/13 and GW.175 (Table 3.1). A possible connection was inferred to

exist between GW-178 and Sites BCK-10.14SP, BCK-9.00SW, UEFPC-SPI7, and

WS-7.SSW (Table 3.1).

In BCV, one surface water (BCK-9.00) and one spring (BCK-10.14) site were

identified as having dye detected. The BCK-9.00 had po_ible dye detected during

the eighth week after injection, but at levels slightly above the detection limit

(Fig. 3.1). The BCK-10.14 had apparent fluorescence concentrations above the

" background fluorescence of 1.1 ppb (Table 3.1) in 11 of the 15 weeks monitored,

• with its highest concentration of 3.24 ppb during Week 1S (Fig. 3.1).



Table 3.1: Initial dye-tracer monitoring sites with fluorescence peak concentrations
exceeding the 1 ppb analytical detection limit.

week BCKg.00 BCKI0.14 UEFIPC-113 OEFIPC.62 UEFIPC-29 UEFPC-SPI7 UEFPC-12/13 SCRS.ISP SCR.q.4SP SCRT.tSP WST.SSWOW-175
2 I..58 3.32
3 1.21 1.92
4 1.55 3.02 1.85 5.5 1.13 3.54
5 1.17
6 1.43 1.73 1.43 4.52 1.28
7 1.09 1.51 7.09
8 1.09 2.64 1.09 2.68 1.21 1.32 12.82
9 1.13 2.6 2.45 9.05

10 1.66
II 1.55
12 2.26 1.4 1.47 1.51 1.28
13 1.66 1.21 1.09 2.71
14 1.96 I. 13 1.43 1.06 2.19
15 3.24 I..36
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° 4

BcKg.00

o I0 ----,.-----
r'z 4

BCK10.14

1 2 3 4 5 6 7 8 91011121314

week

S-3SITE
BURIALGROUNDS WASTE-MANAGEMENT

WASTE-MANAGEMENT
AREA OILLANDFARM AREA

WASTE-MANAGEMENT

BEARCREEK
AREA

VALLEYI

Figure 3.1: Initial testmonitoringsitesin Bear CreekValleywith fluorescein
concentrationsreportedabovethe detectionlimit (lppb) for BCK-9.00 and

• backgroundfluorescence(1.1 ppb) for BCE-10.14.
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All the monitoring sites in UEFPC were interpreted to have had positive dye

detection at least once during the initial test (Fig. 3.2). The UEFPC-SPI? was the

only spring monitored in UEFPC and had apparent fluorescence concentrations

above the 1.3 ppb background fluorescence during the second week after dye

injection (Fig. 3.2). Most of the observed concentrations were below 2 ppb, with

slightly higher concentrations at UEFPC-12/13 and UEFPC-62 during Week 4 and

at UEFt'C-SP17 during Weeks 8 and 9 (Fig. 3.2).

Two springs within the same drainage (SCR-5.1SPand SCR-5.4SP) had apparent

fluorescence concentrations above the analytical detection limit (Fig. 3.3;

Table 3.1). Most of the apparent concentrations were slightly above the detection

limit, with the highest concentration of 2.45 ppb duringWeek 9 in SCR-5.4SP

(Fig. 3.3). Also, Well GW-175 had apparent fluorescence concentrations slightly

above the detection limit during Week 6 (Fig. 3.3; Table 3.1).

Along Scarboro Creek, two sites were interpreted as having dye present (Fig. 3.3).

Spring SCR-7.1SP had an apparent concentration slightly above the detection limit

during Week 6 (Fig. 3.3; Table 3.1). The surface stream monitoring site,

WS-7.5SW, had the highest background fluorescence (2.6 ppm) of all the sites

monitored during the initial test (Table 2.2) and had the highest concentrations of

any site during this test (Fig. 3.3).
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UEFPC-113
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AREA Y-12PLANT
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Figure 3.2: Initial test monitoring sites in UEFPC with fluorescein concentrations
reported above the detection limit (lppb) for UEFPC-113, UEFPC-62,
UEFPC-29, UEFPC-12/13 and background fluorescence (1.3 ppb) fori.

UEFPC-SPI7.
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Figure 3.3: Initial test monitoring sites on south Chestnut Ridge with fluorescein
concentrationsreportedabove the detectionlimit(lppb), andat Scarboro
Creekwith fluoresceinconcentrationsreponed above the detectionlimit
(Ippb) for SCR-7.1SPand backgroundfluorescence(2.6 ppb) for
WS-73SW.
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Specific conductivity data measured in the field were evaluated using the method

of Shuster and White (1971) to determine whether springs monitored during the
6

initial test were fed by diffuse flow, conduit flow, or a combination of diffuse and

' conduit flow (Geraghty and Miller, Inc., 1990). The premise of Shuster and

White (1971) is that in slow, diffuse-flow systems recharge waters chemically

equih'brate within the system and chemical and physical variability will be low. In

rapid, conduit-flow systems, large volumes of water can be carried to springs in

pulses resulting in high physical and chemical variability between baseflow and

flood conditions (Shuster and White, 1971). The coefficient of variation (CV)

(standard deviation divided by the mean, multiplied by 100) of the specific

conductivity was used to infer whether a spring was fed by conduit flow, diffuse

flow, or combinations of both (Geraghty and Miller, Inc., 1990). Table 3.2

presents the calculated CV of specific conductivity and proposed flow types for

springs monitored during the initial tracer tests (Geraghty and Miller, Inc., 1990).

Ten of the eighteen springs were believed to represent conduit flow and all of the

springs where fluorescence was noted are from these conduit-type springs

(Tables 3.1 and 3.2).

i

3.2 SEC'OND DYE-TRACER TEST _TS AND INTERPRErATIONS

In contrast to the first dye-tracer test, except for two locations (discussed below)

" where fluorescence spectra were present during background monitoring, no

. unequivocal dye spectral peaks where observed during the second test. The mean
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Table 3.2: Coefficient of variation of specific conductance for the initial dye-tracer test
(Geraghty and Miller, Inc., 1990).

SPRING COEFFICIENT OF VARIATION FLOW TYPE
OF SPECIFIC CONDUCTIVITY

I I i i II [ ] i iiii

SCR-1.4SP 9% BOTH
SCR-1.2SP 8% BOTH
SCR-2.1SP 15% CONDUIT
SCR-3.5SP 9% BOTH
SCR-3.4SP 6% BOTH
SCR.3.1SP 4% DIFFUSE
SCR-4.3SP 16% CONDUIT
SCR-5.4SP i0% CONDUIT
SCR.5.1SP 10% CONDUIT
SCR.7.4SP 4% DIFFUSE
SCR.7.6SP 5% BOTH
SCR-7.7SP 6% BOTH
SCR.7.SSP 10% CONDUIT
SCR-7.1SP 11% CONDUIT
UEFPC-SP17 20% CONDUIT
BCK-11.68 11% CONDUIT
BCK-10.14 20% CONDUIT
BCK-9.4I 14% CONDUIT

<5% = diffuse flow/slow flow
5 to 10% = Both conduit and diffuse flow
> 10% = Conduit flow/quick flow
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plus 3 standard deviations above the calculated backgroundfluorescence

concentration for each site was used as a criteria to infer possible low-level dye

detection. For a complete analysis of the second dye.tracer results the reader is
o

referred to Science Applications International Corp. (1992a).

During background testing, a rhodamine.like spectral peak was noted at

LrEFPC.29SWand continued to be detected throughout the test at this location in

apparent concentrations as h/gh as 9.3 ppb (Table 2.2). For several years prior to

and during the second dye test, Rhodamine B dye was used to test drains within

the Y-12 facility, and it is believed that it is this dye that persistently caused the

rhodamine-like spectral peaks at UEFPC-29SW.

Spectral peaks denoting the presence of optical brightenerwere observed during

background monitoring and continually throughout the second test at

Station BCK-10.14SP, with apparent concentrations as high as 43.9 ppb. The

presence of an opt/cal brightener at BCK10.14SP is unclear; however, industrial

and domestic effluent such as detergent and antifreeze can cause FB28-1ike

fluorescence. Data personnel at from Geraghty and Miller, Inc. (1989) indicate

that this spring is hydraul/ca_ connected to Bear Creek. Thus, it is possible that

BCK-10.14SP is receiving nearby optical brightener input from either the Oil

Landfarm or Burial Grounds Waste-Management areas which has migrated into

• Bear Creel
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In BCV, spectral peaks in the range of FB28 and above the mean +3 standard

deviation criteria were observed at BCK-9.00, BCK-9.41, and BCK-II.68 (Fig. 3.4;

Table 3.3). Fluorescence peaks in the range of RWT and above the detection

criteria were observed only at BCK-II.68 (Fig. 3.4). The poss/ble presence of

both FB28 and RWT fluorescence above the detection criteria occurred only at

one site (BCK-I 1.68) duringthe same weeks (Weeks 12 and 15); however, total

possible concentrations were extremely low (< 0.6 ppb).

in the SCR.1 drainage, apparent FB28 concentrations above the detection criteria

was observed at SCR.I.2SP and SCR.I.ISW(Fig. 3.5; Table 3.3). Apparent RWT

concentrations above the detection criteria occurred only during Week II at

SCR-I.ISW (Fig. 3.5_. No correlation is apparent in this drainage for both the dyes

being present at the same time. If FB.28 were present in this drainage,

concentrations were less than 0.2 ppb. High natural background fluorescence was

observed at this surface water site during 4 of the 18 weeks of the test; thus, it is

unclear if the RWT fluorescence during Week 11 is a low RWT tracer

concentration, or related to a high natural background in the stream.

in the SCR-2 drainage, poss_le FBT.8concentrations above the detection criteria

was observed once at SCR-2.2SW and possible RWT above the detection criteria

was observed at SCR-2.1SP (Fig. 3.5; Table 3.3). In the surface waters of

SCR.2.2SW, RWT spectral peaks were absent and if FB28 were present,
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Figure 3.4: Second test monitoring sites in BCV with fluorescence concenu'adons
above the detection criteria.



Table 3.3: Second dye-tracer mor.itoring sites with RWT and/or FB28 apparent
concentrations above the background mean plus 3 standard dcviatk)m.

FLU(_

Week Bc]r_.n BCK-•.4I BCK-_I4 BCK-II.M _Jt.t..IS SCI-L3S 9(]t4-2SP S(:R-I.IS SCSt-23S S(]t-ZtSP SCR-XSSI, S(:Jt-14SP

1

2 .15" 0.O6
3 ILOTS O.O5
4
$

6 0.O45
7
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I0
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3
4
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7 LM
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Table 3.3: Second dye4racer mmitming sites with RWT and/of FB28 apparent
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Table 3.3: Second dye-tracer monitoring sites with R WT and/or FB28 apparent
conccntrations above the bac_und mean plus 3 s_ deviations
(continued).

Week _ LMIqI_2D 0W-2_2 OW-S61 _ OW-22J

t
2
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4
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6 L@4)
7

S LTS

le
|I
12
I3

IS b_
16 aN

18 O_ LU
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I
2
3
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$
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18 .97"
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concentrations did not exceed 0.075 ppb. No apparent FB28 was identified at site

SCR2.1SP, and if RWT was present, concentrations did not exceed 1.51 ppb. "

Apparent 1:1328concentrations above the detection criteria in the SCR-3 drainage

occurred at Sites SCR-3.5SP, SCR-3.4SP, and SCR-3.1SP (Fig. 3.5; Table 3.3).

Possible RWT concentrations above the detection criteriawas observed at

SCR-3.5SP and SCR-3.1SP (Fig. 3.5; Table 3.3). Fluorescence peaks in the range

of both FB28 and RWT were observed at SCR-3.1SP, but not during the same

week. No apparent correlation is present between sites in this drainage, and if the

dyes were present in this drainage, RWT concentrations were below 1.01 ppb and

FB-28 concentrations did not exceed 0.086 ppb.

In the SCR-4 drainage, possible FB28 spectral peaks were observed at

Sites SCR-4.4SW, SCR-4.3SP, and SCR-4.1SW (Fig. 3.6; Table 3.3). Apparent

RWT concentrations above the detection criteria were present during Week 2 at

SCR-4.3SP (Fig. 3.6). The poss_ie presence of RWT and FB-28 in SCR-4.3SP

did not coincide temporally. If the dyes were present in this drainage,

concentrations of RWT were 1.0 ppb or less and FB-28 concentrations were 0.075

ppb or less.

Apparent FB28 concentrations above the detection criteria in the SCR-5 drainage

were observed at SCR-5.4SP and SCR-5.3SW (Fig. 3.6; Table 3.3). A possible
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Figure 3.6: Second test monitoring sites in SCR-4, SCR-5, and WS-6 dr'amagesand
Well 561 with fluorescence concentrations above the detection criteria.
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RWT spectral peak wa_ "_bservedonly at SCR-5.1SP during Week 17 (Fig. 3.6).

There is no apparent cc. _lation between the two dyes in this drainage. If FB28

were present, it was in low concentrations (0.12 ppb or less).

At the surface water Location WS-6.1 only FB28 was poss_ly, detected at

concentrations at or below 0.055 ppb (Fig. 3.6; Table 3.3). No spectral peaks in

,ae range of RWT were observed above the detection criteria at this site.

Along Scarboro Creek, apparent FB28 concentrations above the detection criteria

were observed at SCR-7.1SP, SCR-7.4SP, SCR-7.6SP, SCR-7.7SP, and WS-7.5SW

(Fig. 3.7; Table 3.3). Spectral peak in the range of RWT were only observed at

SCR-7.4SP during week 15 (Fig. 3.7). The apparent FB28 and RWT spectral

peaks do not appear at the same time within SCR-7.4SP but occur within a week

of each other. Possible correlations for FB28 may occur between SCR-7.1SP,

SCR7.6SP, SCR-7.TSP, and WS-7.5SW for Weeks 17 and 18 and SCR-7.1SP, and

_':" :'.7SP for Weeks 14 and 15. However, if FB-28 and RWT were present,

acentrations did not exceed 0.2 ppb and 0.92 ppb, respectively.

In the area of UEFPC, apparent FB28 concentrations above the detection criteria

were reported from UEFPC-SP17 and UEFPC-29SW (Fig. 3.8; Table 3.3). No

apparent RWT concentration above the detection criteria were reported from this

area. If FB28 dye was present in UEFPC, concentrations were 0.04 ppb or less.
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Within the groundwater monitoring wells, apparent FB28 concentrations above the

detection criteriawere observed in GW-561 (Fig. 3.6), GW-160 (Fig. 3.8), and

GW.221 (Fig. 3.8). Although no background analyses were available on GW-734,

an apparent elevated FB28 concentration appears at Week 8 (Table 2.2). The

possible presence of RWT in concentrations above the detection criteria was

observed in GW-561 during Weeks 1 and 7. Within this groundwater well, the

poss_le presences of both dyes did not occur at the same time. If the dye were

present in these wells, concentrations did not exceed 0.75 ppb.

During the last two weeks of the second test (Weeks 17 and 18), a large number

of sites show fluorescence concentrations above the detection criteria, and these

elevated concentrations correspond to an increase in rainfall at that time (Science

Applications International Corp., 1992b). It is possible that with the increase in

rainfall, dye was flushed from the karstsystem and detected at those locations.

However, if dye was flushed from the karstsystem the concentrations for both

dyes were below 1 ppb (Table 2.2).

Two dyes were used to enhance detection, under the premise that both dyes

shouldtravelalongthesamepathwaysandshouldbe detectedtogether.The

presence of two different dyes at a monitoring site would alleviate uncertainties

related to natural background fluorescence. However, during the second dye-

tracer test only 2 sites showed spectral peaks in the range of both FB28 and RWT
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in apparent concentratiom above the detect/on criteria (BCK-11.68 duringWeeks

12 and 15, and SCR-3.1SP duringWeek 17). One possible explanation why both

dyes may not move at the same rates is that although both dyes have high

adsorption rates when in contact with organic compounds such as humus, the

adsorption rate of RWT is h/gher than many dyes when in contact with limestone

and kaolin/te (Smart and La/dlaw, 1977). It may be possible that movement of

the RWT dye has been inh/bited and concentrations decreased by adsorption

within the aquifer to rock, clay, and organic matter.

An analyses of the coefficient of variation of specific conductivity was complete for

the data collected during the second test for the same springs analyzed during the

first test to compare results (Table 3.4). For the second test, the coefficient of

variation of the specific conductivity suggests that all but one spring (SCR.7.6SP)

are fed by conduit-flow. In all but one location (UEFPC-SP17), the coefficients of

variation were larger duringthe second test than the first (Tables 3.2 and 3.4).

The difference between these data may be related to different sampling

techn/ques, equipment calibration, or seasonal variations. However, the

d/fferences between these two results are significant and suggest that, for these

two data sets, the coefficient of variation of specific conductiv/ty is unreliable in

determining if these springs are discharged through diffuse.flow systems,

conduit-flow systems, or a combination of both types.
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Table 3.4: Coei_cient of variation of specific conductance for the second dye-tracer
test.

!

SPRING COEFFIC_NT OF VARIATION FLOW TYPE
OF SPEC_C CONDUCTIVITY

SCR-I.4SP 19% CONDUIT
SCR-I.2SP 16% CONDUTr
SCR-2.1SP _% CONDUIT
SCR-3.5SP 18% CONDUIT
SCR-3.4SP 15% CONDUIT
SCR-3.1SP 15% CONDIUT
SCR-4.3SP 33% CONDUIT
SCR-5.4SP 31% CONDUIT
SCR-5.1SP 23% CONDUIT
SCR-7.4SP 11% CONDL_
SCR-7.6SP 8% BOTH
SCR-7.7SP 15% CONDUIT
SCR-7.SSP 15% CONDUIT
SCR-7.1SP 10% CONDUIT
UEFPC-SP17 14% CONDUIT
BCK-11.68 14% CONDUIT
BCK-10.14 25% CONDUIT
BCK-9.41 23% CONDUIT
SCR-7.3SP* 20% CONDUIT

< 5% = diffuse flow/slow flow
5 to 10% = Both conduit and diffuse flow
> 10% = Conduit flow/quick flow

" Spring not monitored during first dye-tracer test.
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4. D_ION

4.1 COMPARISONOF BOTHTESTS q

Twodye.tracertests conductedon ChestnutR/dgeduring 1990and 1992to

provideinformationon pms/ble kant systemdischargelocationsfrom Chestnut

R/dge haveprovedinconclusive. Interpretationsof the firstdye-tracertest suggest

thatdye was detectedin at least eightmonitoringlocationsand may have been

detected in four othersites (Geraghtyand Miller,Inc., 1990). In contrast,data

from the seconddye test indicatethat, except for the two sites where fluorescence

was presentduringbackgroundmon/toring,no dyewas defin/telydetected. Both

tests used the same injectionwell, mon/toredappr_ately the same sites, and

collecteddata for approximatelythe same amountof time. Severalfactors,such

as field or analyticalmethods,may be responsibleforthe discrepancybetweenthe

two tests.

Field and analyticalmethods, measurements,and qualitycontrolwere generally

the same for the firsttest as those outlinedfor the seconddye-tracertest. During

the in/tialtracertest, the dyewas eluted from the activatedcharcoalusing a

standard100.ml al/quotof "Smartsolution"consistingof a 1:1:2mixtureof

distilledwater,NH4OH,and 1-propanol.Duringthe secondtest the charcoal

detectorswere eluted in 30-ml of a 3:2:5mixtureof distilledwater,NH,OH, and

1-propanol.The smallervolumeof eluantsolutionused duringthe second test
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would increase the overall concentration, allowing better recovery and detection of

dye if it were present.

Experiments on the wash/rill times of the charcoal detectors were conducted after

the second test, and results indicate that a two-hour wash under tap water prior to

the extract/on procedure sign/flcantlyreduced bac_und interference. During

the second test, detectors were washed for five minutes. Personnel from Geraghty

and Miller, Inc. (1990) do not note if the samples of the first test were washed

prior to elution.

The first dye.tracer test used Sodium Fluorescein (Acid YeUow 73), a green

fluorescence dye. A disadvantase of this dye is that natural background

fluorescence (i.e., from fulvic acid extracted from the soil) in the green region of

the spectrum can mask the fluorescel.-1emission peak (Smart and Laidlaw, 1977).
I

Thus, natural background fluorescence in the green part of the spectrum may

make it diWcult to note the presence of low concentrations of fluorescein or

discern a natural background spectral peak from a dye peak.

The relatively high analytical detection limit (1 ppb) of the first test make it

difficult to distinguish between the presence of dye and poss_le high natural

background interference. During spectrofluorometric analysis, the known

excitation and emission wavelengths of the dye are scanned, where the peak height



44

represents the concentration. However, if other fluorescence material is present,

they will produce their own spectral peaks. Fluorescence is additive, so that the

tail of one spe_al peak can produce an apparently high spectral peak (and

concentration) in another adjacent wavelength (Smart and Smart' 1991). During

the second test, large interference peaks occurred at several mon/toring locations.

These interference peaks oc,curred at about 500 nanometen (rim) and the tails of

this peaks gave anomalously high spectral peaks in the fluorescence range for

Rhodamine WT (at 550 run). These same elevated natural baclr_ound peaks at

500 runcould also affect the spectra in the range of fluorescein from the initial

test, with excitation and emission peaks at 490 and 520 rim, respectively.

Figure 4.1 is a spectrograph showing a natural background interference at an

intensity of 3.1 (approximately equivalent to 10 ppb) at about 500 run and a

smaller RWT peak at 550 nm corresponding to a 2 ppb concentration. The tailing

effects of this 10 ppb interference peak could completely mask and cause

apparently h/gh concentrations in the excitation range of fluorescein at 490 nm

(Fig. 4.1). In this hypothetical example, where no true fluorescein dye is present,

the high natural background peak would give an apparent fluorescein

concentration of approximately 10 ppb.

A comparison of those locations considered to have had "positive" and "possible"

dye detection during the first test and those locations with interference

background noted during the second test suggest that background interference
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could have affected results for some of these sites in the initial test. Table 3.1

showsthoselocationsandconcentrationsthat exceededtile detectionlimit of

1 ppb during the initial test. LocationsUEFPC.113,UF.,FPC-62,UEFPC12/13,

and GW-175 were not monitored duringthe second tell and are not discussed.

Locations BCK-9.00 and BCK-10.14 had elevated backsround peaks for one to

four weeks, which resulted in anomalously Itighapparent RWT concer,trations

between 1.0"/and 2.61 ppb during the second test. Figure 4.2 shines the

fluorescein concentrations from the initial test, with respect to the apparent RWT

concentrations related to the background interference from the second test, at the

Bear Creek sites. The highest background concentrations for each location

recorded during the second test are noted by the bar labeled '_G" at the r/ght

side of Figure 4.2. h is conceivable that high background interference peaks in

the 500 runrange gave anomalously high concentrations in the range for

fluorescein (490 nm).

The UEFPC-29 had rhodamine detected throughout l_e second tracer test related

to Rhodamine B dye being used at the Y-12 Plant. Thus, it is likely, though

uncertain, if natural interference fluorescence had afl'ected the results of the initial

test at that site. The UEFPC-SP17 had two weeks of high background

interference that produced apparent elevated RWT ,_ncentrations between 1.41

and 2.21 ppb (Fig. 4.3). As with the Bear Creek monitoring sites, the initial test

concentrations for UEFPC-SP17 could be a result of high natural background
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FIRST DYE-TRACER TEST
Upper East Fork Poplar Creek
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Figure 4.3: Initial test monitoring sites in UEFPC with fluorescein concentrations
reported above the detection limit (lppb) for UEFPC-113, UEFPC-62,
UEFPC-29, UEFPC-12/13 and background fluorescence (1.3 ppb) for
UEFPC-SPI7. BG = apparent RWT concentrations at 550 nm related to
background interference at 500 nm.
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fluorescence (Fig. 4.3).

i

Both SCR-5.1SP and SCR-7.1SP had no detected interference peaks during the

second test, but SCR-5.4SP had four peaks which gave RWT an apparent

concentration between 1.16 and 2.38 ppb. The apparent fluorescein noted at the

SCR Sites during the initial test could be artifacts of high background fluorescence

in the 500 nm range (Fig. 4.4).

The WS-7.5SW did have two interference peaks during the second test, but at

much lower apparent concentrations than those reported during the first test (Fig.

4.5). Personnel from Science Applications International Corp. (1992b) suggest

that a closed municipal landfill, upgradient of SCR-7.1SP and WS-7.5SW, is a

possible source of the fluorescein detected at these sites.

Additionally, there is no apparent correlation between the estimated minimum

travel velocities between the first and second dye tests, as well as between the

minimum travel velocities on the RWT and FB-28 dyes iv the second test.

Table 4.1 lists the estimated minimum travel velocities between the injection well

and the sampling sites where the possible detection of dye was noted. These

estimates assume the most direct pathway and are calculated for the first week in

which concentrations exceeded the detection limit or criteria. The difference

between travel velocities of the first and second tests could be a result of different
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amounts of precipitation between tests; however, the mean precipitation during

the second test was only slightly lower (0.16 inches) than on the first test

(Fig. 4.6). Therefore, travel velocities during the second test should be

approximately equal to those of the initial test. However, in all but one of the

initial test sites, the estimated travel velocities were significantlygreater than those

of the second test (Table 4.1). Theoretically, both the RWT and FB28 dyes

should travel the same pathway and at the same velocity within the aquifer;

however, the apparent travel velocities for these two dyes differ significantly

where both spectral peaks were observed at the same location (Table 4.1). For

example, at BCK-11.68SW, FB-28 had an estimated travel velocity of 109 f't/day

whereas at the same location, RWT had an estimated velocity of 1314 h/day.

4.2 CONCI_SIONS

The conclusion is that both dye-tracer tests conducted at the CRSP have not yet

provided information on any hydraulicconnections with the surrounding areas. If

dye was indeed present at the monitoring locations, it occurred in such low

concentrations that it was difficult to distinguish any poss_le dye fluorescence

peaks from natural background fluorescence. There are several reasons that dye

was not detected: inappropriate injection welt, affects of the CRSP cap,

abnormally low precipitation, adsorption of dye within the matrix of the aquifer,

slow travel times for the dye, or deep migration of groundwater.
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Table 4.1: Est/matedm/n/mumtravelveloc/t/esof dyesfor the firstand seconddye-
tracertests.Estimatesare based on the most d/re_ path between the
inje_on well andsampl/ngsites and the firstapparentdye detection.

FII_'TTEST SECONDTEST
Site Min/mum M/n/mum "

velocity velodty
(ft/day) (ft/day)

FB.28 RWT
BCK-9.00SW 321 171
BCK-9.41SP 173
BCK.1024SP 660
BCK-11.68SW 109 1314
SCR.I.ISW 61 87
SCR.1.2SP 109
SCR.2.1SP 750
SCR.2.2SW 271
SCR.3.1SP 21 357
SCR.3.4SP 171
SCR.3.SSP 357 47
SCR.4.1SW 250
SCR..4.3SP 77 232
SCR.4.4SW 309
SCR-5.1SP 112 53
SCR-5.3SW 1000
SCR.5.4SP 285 65
SCR-7.1SP 240 368
SCR.7.4SP 157 105
SCR-7.6SP 97
SCR-7.7SP 786
WS.6.1SW 179
WS.7.SSW 843 139
UEFPC-113 36
UEFPC.62 71
UEFPC.29SW 114 71
UEFPC-17SP 286 32
UEFPC-12/13 125
GW-160 82
GW.221 161
GW.561 14 750 •



55

4.2.1 _te InjectionWeft

The construction of the injectionwell (GW-178) may inhibit groundwater recharge

into a kant system..AJthough several solution cavities were encountered during

• the drillingof this well, they were cased off and only two "pouible" fractures are

believed to occur within the screened interval. It is possible that the fractures

within the screened interval only allow groundwater and dye access to _,

slow.flow portions of the system rather than the conduit, quick-flow portion.

During injection of the primer slug for the second test, GW-178 had a flow rate of

52 gal/hour. However, during injection of the chaser slug, flow rates had slowed

to between 12 and 15.6 gal/hour. Ideally, a dye test would provide an

instantaneous slug of dye to enter the groundwater system. However, because the

injection was not completed for several days, the dyes slowly diffused into the

groundwater system. Personnel from Geraghty and Miller, Inc. (1990) gave no

indication that the injection rates during the initial test varied, although no

quantitative data is provided.

4.2.2 Affects of the CRSP Cap

The CRSP were capped with a multilayer,low-permeability cap in 1988 (HSW

Environmental Consultants, Inc., 1992), which may retard recharge on the crest of

Chestnut Ridge in the vicinity of the injection well (which is located slightly north

of the CRSP capped area). Infiltrationof recharge water falling on Chestnut
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ll/dge should be impeded by th/s low permeability cap. However, piezometric

surface maps for times before and after cap construct/on indicate that GW.178 is

located w/th/n a groundwaterh/gh on Chestnut R/dge, and that the cap has had
4

little or no affect on the piezometr/¢ surface (Shevenell and Goldstrand, in press).

Thus, it appears that the CRSP cap hu not affected groundwaterflow in the

injection well area.

4.2.3Low een

The initialdyetestwasconductedduringthe low.flow_n (July to October,

1990). The secondtestwasplannedto coincidewith the historicalwet seasonof

the Oak RidgeReservation(OP_R,).Rainfall datafor the last30yearsindicate

that the peakaverageannualprecipitationfor the ORR areagenera]b/occurs

betweenDecemberandMarch (ScienceApplicationsInternationalCorp., 1992a).

During the secondtest,measuredprecipitationwasapproximately25 percent

lowerthan the 30-yearaveragerainfall for the first 10to 14weeksof the test

(ScienceApplicationsInternationalCorp., 1992a). Asa result, onewell and

several of the sprinp and stream monitoring stations were dry or at low flow

conditions during part of the second dye.test (Table 4.2). Th/s low seasonal

ra/nfall may have lowered the baseline flow allowing dye to remain in storage until

increased baseline flow conditions, or perhaps migrated to deeper karst systems

(Science Applications International Corp., 1992a). During the last four to eight

weeks of the monitoring period, baseline flow increased to normal-or h/gh-flow
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I,

Table 4.2: Dryto low flowconditionsduringthe seconddye.tracertest (Science
. Appllcat/onsIntemat/onalCorp.,1992a).

I

_ _w TREND

GW.561 13-18 WELLDRY
ncz.9.oosw s.13 tow Row
BCK.i0.14SP 5.7 LOWFLOW
SC'K.xx.eSSP 5.7 LOWt_W
SCR.2.1SP 5.17 IN'I'ERMITI-_DLOW FLOW
SCR.2.2SW 4-18 DRY
SCR.3.1SP 5-7 LOWFLOW
SCR.3.4SP 5-7 LOWFLOW
SCR.4.1SW 5-15 LOWFLOWTO NEARLY DRY
SCR..4.4SW 5-6 LOW FLOW
SCR.7.1SP 5-9 STAGNANTTO LOWFLOW
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conditions(ScienceAppl/catiomInternationalCarp.1992a).

q

4.2.4 .,Ml_rptiomof_

It is pouible, that in conjunctionwithlowflow conditions,RWT and fluorescein

dyeswere lost to admrpttonwithinthe matrix. Both RWT and fluorescetnhave

high8dmrptionrateswhenin contactwithorganic compoundssuch as humus

(Smartand l.nid18w,1_. Additiona_, RWT has a reintivelyhighadsorption

rate to inorsnnicmaterialssuch as kaoliniteand limestone(Smartand Laidlaw,

19_. Thus,duringthe low.flowconditionsof the initialtest and the firstpartof'

the secondtest, the dyesmay have adsorbedon the matrixof the aquifer.

4.2£ SlowTravulTimes

As noted above,the injectionwell monitorsa morediffuse,slow-flowsystem

ratherthana conduit-orquick.flowsystem. The screenedintervaldoes not

containsolution featuresand maynot monitora well-connectedflow system.

Duringthe second test, severaldayswere needed to accomplishinjectionof the

chaserslug. Ideally,an imumtaneousslugof dye andchasershouldbe injected

into the groundwatersystem. The slowflow into the groundwatersystemafterdye

injectionprobablyresultedin lowerdye concentrationsthroughoutthe system

(ScienceAppLicationsInternationalCorp., 1992a).
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4.5 neepUraeoe

Kant aquifers may have multiple flow paths which are, in part, dependent on
P

_line flow conditions. As noted above, the first dye-tracer test and the first

' part of the _ dye-tracer test occurnM during low-flow conditions. It may be

that the dyes miplted to sUshtlydeeper levels beneath C'_estnutRidp durin8 the

low-flow condit/ons and have not yet emerr-d. It is also pt_ible that the injection

site is not connected with any of the monitoring sites and may be connected with a

deeper.flow system not yet recosnized.

S. SUMMARY

Two dye.tracer tests conducted on Chestnut Ridge do not definitively prove that a

hydraulicconnection or.curtbetween GW-178 and the monitoring sites

surroundingCRSP. Althoush initial interpretations of the first dye test suggest a

hydraulic connection with several sites, the relatively h/sh analytical detection

Ihn/ts during the first test, and the hish interference baclqp'oundpeaks observed

during the second test, ind/cate that dye was not detected during the second test

and may not have been actual__b/detectedduring the initial test. Hish natural

bac_und in the ranBe of the fluorescein spectra may have caused the

apparently htsh reported concentrations of dye during the initial study. However,

one monitorinB site durin8 the initial test (WS-7.5SW) appears to have had

• fluorescein present, but it is unclear if this indicates a hydraulic connection with
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CRSP or is derivedfroma closed landfillsite upgntd_lentof that location.

4

The result*of these two tats do not precludethata hydraulicconnectioneximt*;

dye maybe presentin coneentratiombelow the am__ detection limit*or has

not yet emerged. The injectionwell is not ,creened withinany significantkant

feature, and dye migrationmay be withina _ slow-flowaquifer. Also, low.

flowconditionsoccurredduringboth test*and the dyesmay not have yet emerged

at the monitoringsitet, or they may haveemerged g_tspringsother than throe

monitored.

Recommendationsfor futuredye.tracertests are prc_idedin Science Applications

InternationalCorp.(1992a) and include:(1) baselinemonitoring(at least eight

week long) priorto tests, (2) baseline monitoringfor specificinterferencepeaks in

the spectralrangeof of the dyes to be used duringthe tests, (3) selection of an

injectionwell that intersectsknownkant features, (4) completea specificcapacity

test on the injectionwell prior to the test, (5) conductthe test duringhighflow

conditions,(6) considerthe uses of inorganictracen, (7) QA assessmentof

analyticalmethods to minimiTeinterferences,and (_l)new and improvedanalytical

method shouldbe considered. In additionto these recommendation,,a year-long

studyshould be conductedon selected wells andsplings to determinethe seasonal

variabilityof naturalbackgroundfluorescence.
4
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